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Effect of Urban Open Spaces on Users Behiav. An Najah University
Campusas a Case Study
By
Nada Jamal Hasan
Supervisors:
Dr. Hasan Al Qadi
Dr. Ihab Hijazi

Abstract

This thesis aims to contribute to theerature by analyzing open spaces
uses, particularly squares in university campuses, and to tiemship
betweenits physical settings and movement patterns. Therefore two
guestionsaareanswered through thresearch Ho w d o cirsutatioml e nt 0 ¢
relate to the physical features of an open space? Anddbew the spatial
designof the university campus affect studentulationand interaction?

In order to address these questions, An Najah National Univeesitpus

was chosen as a case studyhe researchemployeda methodology that
combires direct field observationanobile sensing and space syntax
theories in different ogn spaces ithe university campusto expose the

activity patterns that relates with particular use of design features within the
square.

Direct field observation, nppvided direct experience and understandi of

the space. Types and locations of the activities taking place within the
spacewerer ecor ded I n order t o provi de
Moreover mobile sensingugasu s ed f or mor e accur at e

movements and activities.



Xl
Finally, the campus wasnodeled as spatial configurations using space
syntax methods. It was usedto find the relationship between spatial
configuration andstudent activitiesn the spaceAxial line, visibility and
isovist analysis wredone to the whole campus
The results of space syntax analysiere compared with the field
observation in order to come out with the results and conclusion to this
thesis.
Research concluded that the spatial configuration and the physical features
of the urban space influenbew the space is use and how oftéoreover,
the spaces on campus lack the adequate amount of seating and natural
elements, and if found were not used efficiertialso found that the space
syntax is a useful method for studying the relation betweenspatial
setting of the space and the form of uleaddition, visibility is a key
element in understanding human preferences and the study showed that

students tend to sit on spaces with maximum visibility.

Thereforethe thesis witithe proposed methotbgy will help finding out

why some urban spaces work while ot
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Chapter One

Thesis Introduction and Methodology

This chapter is going to provide artroduction to the subject. Will give a
brief background; define the problem, fo@ml objectives. lvill show the

value of the studandclarify the followed methodology

1.1Introduction

Researchers have found t hat stude

environment is related to academic accomplishment. Additionally, studies
have foundthat the designed environment of the university can influence
the degree of stress students may fdatFarland, 2007)

Thus, it becomes important to evaluate and investigate actual use of these
open spaces, how and why theg aised. Therefore, an opportunity exists

to reveal and understand the interrelationship between physical patterns of
open spaces and studentos activity
The researchemploys a methodology that combines direct field
observationsmobile sensing and space syntax theory, in different open
spaces irAn Najah University Campuso expose the activity patterns that
relates with particular use of design features within the square.

Therefore, the value of this thesis is in studying #&lationship between

the activities and the physical settings of urban public spaces through using
the proposed methodology. Analyzing this relationship will add insights

into and complement the application of urban design theories and practice
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which couldlead to further studies to improve the existing open spaces

design and provide data and guidelines to new campus area design.

1.2 Problem Statement

As the literature review shows, there are few researches related to the
relationship between university uss 6 acti vities and t
campus, and mainly the open spaces features within campus. Some used
surveys and observation, while others used software programs such as
space syntax theory. Thigesearchaims to contribute to this literature by
analzing An Najah National University by using mobile sensing to
produce activity maps and relate them with space syntax theory. This
problem forms the main reason to clarify, evaluate and analyze the
rel ationship bet ween phyyspatteraslwithmat t er
open spaces in campuses. . Therefore two questions would be answered
through the paper: How do studento
features of an open space? And hodwaes the spatial desigof the

university campus affect student movement and interaction?

1.3 Study Objectives

The main goal of this research is to investigate the relation between open
spaces design I n uni v er sirculayon anch mp u s
activity. This goal willbe achieved through the following objectives:

1. Identifying the design features open spaces and characteristics

affect the movement patterns.
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2. Studying the spatial organization of the university campus.
3. Evaluating open spaces in campus; whether & @fciently used or
not.
4. Producing guidelines to improve the existing open spaces design and

provide guidelines to new campus area design.

1.4 The Case Study

In order to achieve the above stated objectives, An Najah National
University New Campusn Nablus City will be used as a case study. Using
the suggested methodology, a comparison betwidérent squares and

spaces within the campusll be conducted to achieve the results.

1.5 Methodology

The research is divided into three phases in work plastly, the literature
and theoretical framework. Secondly, the data collection and management.
Finally, Data analysis, results, conclusion and recommendations. And the
following scientific methodological approaches will be used:
1. Descriptive Approach:
This approach will be used in describing the theoretical background
and the literature review. In addition to the study importance and
objectives.
2. Data Collection
Direct field obsevation using activity maps and mobilersing to

record st udeand locationmithin ¢hen sefletted case
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study, n addition to preparing plans and mapstlé university
campugo be used in space syntax.

3. Analytical Approach:
Data analysis for thactivity maps the movement patterns drawn
using mobile software and ddtam space syntax.

4. Comparative Approach:
The study presenta comparison betwedhe different squares and
spaces in the campuwdgth different contexts, design, configuration
and organization. This comparison will help in defining the
advantages and disamhtages for eachpaceto conclude the most
suitable design qguidelines for open space design and urban

configuration in campuses.

1.6 Research tools:

The research will be based on the following tools for gathering the needed
information:
1. Photography:
The need for taking photos for S
picture is worth a thousanavords , pictures hel p
understanding the idea and enhance it. Pictures will be needed to
show the overall design of the open spaces, landscape features and
open space surroundings.
2. Observation:

The observation of students use and movement.



3. Mobile Sensing:
It will be used to produce maps that present students locations and
movement within campus area. Number of students will be asked to
download this app toontribute to this research.

4. Space SyntaXheories (DepthmapX software)
Software used to study the relationship between the built
environment and physical activity. It would be used to study the

spaces spatial configuration, parameters, accessibility, et

1.7 Sources of Data:

The data and information in this study will rely on available sources of
data, whether written or electronic, as follows:
1 Libraries sources: all available references, books, these, articles, etc.
1 Electronic & Internet sources.

1 Information that will be collected by the researcher herself, to serve

the research.

1.8Research Structure

This study includes the following chapters:

Chapter 1: Introduction
This chaptergives background of the past studies about the
subject of theresearch. In addition,esearch objectives are
identified, as well as the importance of this stumyd the

methodology used idarified.



Chapter 2: Literature Review
The literature review focused on the dimension of the space
which influence student us@a perception of the spaces within
the campus. It included a brief definition of the urban space and
its classification. It also discussed the morphological, the
perceptual and visual and the social dimension of urban spaces.
Finally, It concluded with th&tamework of the research.

Chapter 3: Activity Maps and Mobile Sensing
This chapter discusses the activity maps produced from
observation. The data collection procedure for conducting the
maps and the mobile software used to detect students
movements inhe university. Finally the data are analyzed and
discussed.

Chapter 4: Space syntax Analysis
The chapter presentdrief information about space syntax
methodology and analysis. It also provides the reader with some
information of the university campus, itland use and
configuration. In addition, Depth Map X software is used to
analyze the university campus using space syntax techniques.
Axial map, Visibility graph and Isovist analysis are presented
and discussed.

Chapter 5Correlation of space syntaxalysis and Observations
This chapterprovides comparison of the results from the
different methods of analysis used.present the correlation
between the space syntax analysis and the activity maps

produced from observation.
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Chapter 6 Conclusion and Recommendation
This chaptergives conclusions regardingpen spaces design
and configuration and its influence ent u d activitysltGalso
puts forward recommendations foniversity campuses design

In general an@dpen spaces and sqaalinparticular.
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Chapter Two

Urban Space Background

University campuseform a small community and can be treated as small
districts of a city. Therefore this chapter will discuss urban spaces in
general in the literature. A brief definition igresented;urban spaces
classification and the dimensions that influence the udepanception of

the space are mentiondd addition, space syntax theory will be discussed,;

its elements and methods.

2.1 Defining Public space

Public space has been defingddifferentresearcherCar r ®mtheiral . 0 s
definition concentrate orthe acessibility of the space, defining public
space as Mndopen, publicly accessible
1992),

Public space is an essentrt of the public realm. The physical public

realm means thesequence of spaces and settings that sumpoassists

public life and social interaction. It isonsidered aplacesof formal and

i nfor mal publ ic i fe thhatd BEBibe ( ODpa
activity) dimensionsCarmona et ain their bodk defined public space.

fiPublic space relates to all those parts of the built and natural environment
where the public have free access. It encompasses: all the streets, squares
andother rights of way, whether predominantly in residential, commercial

orcommunity/ civic uses,; the open spa
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pri vspaceswherpubl i ¢ ac ces Caimena,iHeatheCe,t r i ¢
& Tiesdell, 2003)
These spaces are integral contexts that contribute for the so@etytyid
They endorse sense of place, public life and people connection, therefore
creating a sense of belongin@glRasouli, 2013)
Since in this thesis our concern is the open spaces within university campus
areas, our discussion would be on plazas and squdnresh an Pl az a:
mostly hardsurfaced, outdoopublic space from which cars aggcluded.
Its main function is as a place fsirolling, sitting, eating, and watching the

wor | d (€aopeb&Francis, 1998)

2.2 Classification of urban spaces

Although urban spaces come FEFiE7ad |

Wl
f;g g
- v".\"_'.ﬂ &
4 Pt
- i

shapes, there are two ma

types: 'streets’ (roads, path

avenues, lanes, boulevardf

alleys, malls, etc.) and 'squaref=—=LE
Ratio approx.

(plazas, circuses, piazzas,
places, cots, etc.).Streets are |

‘dynamic' spaces with a sense

]

movement, while squares are =
i

movementAs figure (1) shows, Figure 1: width to length ratio of urban space

(Carmona, Heath, Tiesdell, & Oc, 2003)
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the Width-to-length ratioshelp to differentiate between the street and the
squareRaitos on planof greater than:B startto imply dynamicmovement
as one axisstartsto control The width to length ratio of 1:5 suggests
movement along the dominated axis. Ratios more than 1:5 suggests a street
while ratios less than 1:3 suggests a squ&armona, Heath, Oc, &
Tiesdell, 2003) Rob krier also classified urban space into streets and
squares. He argues that the geometrical characteristics of both are the same,
and they are different by the wall that surround them, and by the function

and circulation that occur withiKrier, 1979)

2.3The dimensions of urban space

It is recognized that configuration of space, distribution of attraciiwsh
the physical settingsand social environment all hatieeir importancan
users behavior in the spadhus this section will discuss each dimension

its influence on users of the space.

2.3.1The morphological dimension.

This dimension focusesn the layout and configuration of urban form and
space

Sitte's (1989), Unwin (1909) and Zucker (19%5@)hlighted the concept of
enclosure as a key factor for a successful urban sgate illustrated that
only enclosed spaces couydovide the users a sense of well being, comfort
and pleasurethus preferring those spaces over other not enclosed ones

(Compos, 2000)
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The amount of enclosukepends partly on the plan arrangement to create
a sense of containmentBooth (1983) cited the quality of enclosure
through anumberof simple diagrams(CarmonaHeath, Oc, & Tiesdell,
2003)

a) A single building with a simple form does not define spgégure
2a).

b) When buildings are aligned in a long rowetweakestefinition of
space typicallyccus (Figure2b).

c) Placing buildings at right angles to oneotrer. (Figure2c).

d) Placing the building masses at varying angles to each otioer,
introducea degree of variety into the layo(Eigure2d)

e) Arranging buildings and blocks around a central space could create a
positive sense of enclosure. (Figuie).

f) When the building wallsorm a right angled rectanglkeepingthe
views within the central space, a stronger seofs enclosure is
created (Figuref).

g) If the whole spaces visible it does not invitdor further experience
Having a complex perimeter dnvariations in buildings facades
would result inricher qualityof space with a numbeiof hidden or
partially concealedsubspaces creating a sense of stasy' or
'intrigue’ (Figure2g). Sitte identify the property of "irregularity”,
which he defines as theterruptionof the synmetry of surrounding
buildings He argues that irregularity is important since it can

contribute to apicturesqué character andreate a levebf surprise
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induced from thalisrupted symmetry Observers are faced with new
and unexpected views aseth move inside the urban square.
(Compos, 2000)

h) When creating subspaces, there is the fear of creating complex urban
space where the subspaces competentiia spaceg~igurezh).

1) Another key factor in creating a strong sense of enclosure is the
design of openings into the space. Booth (1983) refers to the
'‘windmill' or 'whirling' square, while Sitte @89) refers to a 'turbine’
plan: here, as the streats not pass directly through the spaady
one street at each corner of the square should be used and if more are
needed they must be connected at different andleis organization
strengthensthe enclosure of the spaceasnd forces pedestrians
entering to experience the space, since they are encouraged to walk

through- rather than by it (Figure2i).



Figure 2: Principles of spatial enclosur@armona, Heath, Oc, & Tiesdle2003)
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2.3.2 Perceptual and/isual Dimension

Lynch and Rodwin (1958) believe that physical form of spaces have
significanteffects onp e o p | e 6 shappeningvv it hi ast hem: A /
the characteristic physical and social wfitcivilization. It possesses size,
density, grain, outline and pattern as the basic aspectsofithey 6 s phys
form. The people who live in it shape these properties and are shaped by
t h e (Rasouli, 2013)in the image ofthe city, Lynch (1960)explored
imageability in terms of physical qualities. Hacknowledgedive key
physical element$ paths, edgesdistricts, nodes and landmarksthat
contribute to configure dtricirediwitla ge o
nodes defined by edges, penetrated by paths, and sprinkled with
| andmar kséel ements regularl flynahver | a
1960)
1 Paths:are channels in which theser movesPaths were often the
maine | e me nt s imagewihetbepother @lsments such as
special uses and features along paths.
1 Nodes: lynchbelieved that nodes are point references. They may be
Il ntersections, or 0t he méncitionorconce
physicalsignificance character.
1 Landmarks form the othertypes of point referencesSome
landmarks in terms of scalre significant and can be seen from a
distance, and otheeseloca.,Lynch ar gued Mmhmt a

physicalcharacteristicsa@ s i n g u | agspatial gramiencadn d i
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1 Edges As linear elements,
edges are paths when not use
They may be more or les
penetrable boundaries, barrier
or lines along which two are:
are connected and related
together.

9 Districts: Lynch identifies
different areas of the city witF
particular and identifiable

characters which each person

able to distinguish different S
landmarks

districts fromeach other.They

Figure 3: five physical images of lync

can have recognizable(Bently, Alcock, Murrain, & McGlynn,
boundaries or the melt with th%985)
city form.

Kaplan and Kaplan (1982roposed ¢ o h e rod reaga @,i | i t y 6, 0

a n dnystéeryd a s mal quélittes of environments thahow people
choices for particular physical environment. Fanstant enjoyment of
environments, understanding i stosuppoc
make sense) aon(d éoomplt aglktnythalong! v e me
term qgualities of oOlegibilitydéd and 0

environmentSee figure4). (Carmona, Heath, Oc, & Tiesdell, 2003)



COHERENCE COMPLEXITY
Environments easy to organise or Environments with enough in the
structure. present scene to keep one occupied.

LEGIBILITY MYSTERY
Environments suggesting they could | Environments suggesting that, if they
be explored extensively without were explored further, new
getting lost. information could be acquired.

Figure 4. Kaplan & Kaplan environmental preference framewdfkarmona, Heath,

Oc, & Tiesdell, 2003)

2.3.3 The social and functional dimension

This section will focus offiour resarchers findingson the way people use
and interact with urban spacéhese areWilliam H. Whyte, Jan Gehl,
Alexander et al. and Bill Hillier)

1) William H. Whyte (1980)

Il n his book AThe Soci alstudied the of
social behavior in urban public spacéscording to himin order to
achieve a successful urban space, a broad understanding of people
activities on space is importanivhyte notedthat the following
features presented in the most sociable successful space:

1 A good location. Whyte concludes that the relationship of a plaza to
the street I s fAfar and away the
suggests that it must be located on a busy road that is accessible both
visually and physically Whyte found that peopleend to prefer
pl aces where other people are ar

woul d appear, is other peopl eo
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1 Places to sit both integrated in the main design as steps and ledges
andother street furniture like benches and se@sopletend to sit
mo s t wher e t her eTheernust Ipel aavarety of t o
choices tosit: sitting up front, in backto the side, in the sun, in the
shadein groups and alone.
1 Movable seats, enabling choice.
In terms of how people used the spadé#hyte noticed thamost people in
public spacepreferto stay in a corner of the space, ostance near the
steps or walls on the edges instead of ¢bater oflarge open spaces.
A Wh thdy rarelychoose s t he mi dd| ePeapl prefefull ar g e
view, with the rear is covered.
Much of whatWhyte observed indicatetthat pedestrians will sometimes
go througha certaindegree of physical discomfort to fulfill their basic
psychological needs.
2) Jan Gehl
Jan Gehhaswritten about the patterns of pedestrian lifehis book
fiLife between Buildingd. He divided outdoor activities in public
spacesinto three categoriesas seen in figureb], each hasrery
different needson the physicalenvironment: necessary activities,
optional activities, and social activities.
1 Necessary activities include those tlaa& necessaryfor example,
going to work,shoppingor waiting for a bus or a person. Because
these activities aremandatory their presencas influenced slightly

by the physicaktructure These activities wilbccurall year round

‘N
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under all climatic or physicalconditions, and are more or less
independent of the exterior environment.
Optional activities ar¢hoseactivities that are perfmed when there
Is a desire to do so and if time and place that encourage Ty,
include taking a leisurelwalk, standing aroundbserving peopleor
sitting and sunbathing. These activitieappenwhen the exterior
conditions are idealThese activies are those considered when
planning or research because they are dependent on the physical
conditions.
Social activities ardhe activities that depend othe existenceof
others in public spaces. Social activities include childs&ying,
greetings ad conversations, and finally seeing and hearing other
people. These activitiesre a directresult of people moving about

and being in the same spaces.

Quality of the physical environment
Poor Good

Necessary activities . .

Optional activities

"Resultant activities"
(Social activities)

Figure 5: classification of activities according to Gefehl, 2011)
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G e h fuddamental findingn public space design is that people attract
each other: Al f given the choice be
street, most people in most situations will choose the ligtglet. If the
choice is between sitting in a private backyard or in a semiprivate front
yard with a view of the street, people will often choose the front of the
house where there is more to seebo0
According to Gehlthe edge is thenostpreferrediocationfor standing or
sitting. People firstoccupy the borders and edges of the public spaces, and
whenthey are fullyoccupied, do people tend to motethe middle Gehl
calls skch a property the "edge effecfThis phenomenorexists because
peoplefavor sitting in areas facing the pedestrian flawus the boundaries
of the public spacwiill provide the best views, wittvider and richewvisual
fields. Gehl suggests thatost used benchgwovide a good view of the
surroundingactivities, while those that havess view are used rarely used.
Becausehuman activities are the maimagnetismfor users of pblic
spaces, disuggesdtt hat 6 s shops and ot her attr e
edges along the pedestrian flow rout@sorder to improve the success of
public spaces
3) Alexander et al.
Il n their book AA Pattern Language
and behavior in spaces. Theyu ppor t the fnAedge ef
earlier. They stated thabecause people enjoy looking at the

pedestriarflow, the life of public spaces forms naturally around their
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edges wherepeople gather Once they are full, the gradual

occupation will naturally turn inwards.
Alexander et al. argues that the design of the edge is the most important
element for producing a successtur ban space. ITtheey st
edge fails, then the space nebecomes lively . . . the space becomes a
place towalk through,n ot a place to stop.oThe
enhance the idea of people watching. They could be provided with formal
and informal seating place¥hey also detecteithat the most inviting spots
arethose high enough to provide a vantage point,|twt enough to be

used.See figure §).

public place

4

0
ﬁ %‘% g stair seats

oo %

Figure 6: the preferable places to sit according to Alexander g&xander, et al.,

1977)

They alsodeclarethat a public space ‘withowat middle is quite likelyto
stay empty' They recommend that betwegihe natural paths which cross
a public square . . choosesomething to stand roughly in the middée:
fountain, a tree, a statue, a cletckver withseats, a windmill, a bandstand .
. . Leave it exactlwhere it falls, between the paths; resist the ireptd

put it exactly in the middie .
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4) Bill Hillier
Hillier in his various researches studied the relationship between the
spatial layout and pattern of uge.his theory of natural movement,
he statedhat thepattern of pedestrian movement in an urbgstem
is primarily generated by theonfiguration of the urban grid, as the
pedestriandikely to follow the shortest andnost direct routes.
Considering that both forms and density are homogenous and
distributed in a grid like structure and given thappe are moving
from everywhere to everywhere, there will be a strong correlation
between théntegration values of axial lines of the urban grid and the
pedestrian movementHillier, Penn, Hanson, Grajewski, & Xu,
1993)
Hillier also claimsthat a successful urban square depends on the correct
balance between static amlovi ng peopl e. He stat e
valueo which is the sum of the inte
through the space, can predice number of people choosing to stop and
make use of the public spa¢€ompos, 2000)
Regarding preferred locations for static occupancy, it was suggested in the
Broadgatestudy that good locations farnprogrammed use, definexs
those uses that do not depend on ekiestenceof specific attractions or
facilities in the square, were fourtd be relatedto the inersections of
integrating linesThey were not on the imgection itself but close to. it
was also concluded that static activiti@se opposite to movement

activities. For people engaged in static activitiwhen they arriveat the
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square by using thieear properties of spacthe visual properties become
more significanthanthe linea structure
This can be measured by looking at the properties of the visually strategic
isovist, where stationary people prefer areas Wwittadextensive isovists.
(Hillier, Grajewski, Jones, Jianming, & Greene, 19@)mpos, 2000)

The next section will discuss space syntax and Hillier theories in details.

2.4 Space syntax BackgroundMethods and Techniques

Over the past two decades, space syntax has jpegosed as a new
computationallanguageto describe sutial patterns of modern cities.
Syntax principles suppotiie belief that spatidayout or structure has great
impact on human social activitiek.is a theoryproposed bHillier and
colleaguesto study the relation between space comrigjon and social
variables. Thesdechniquesallows for the representation, description,
guantification and interpretain of the spatial configuratioof settlements
and buildings(Jiang & Claramunt, 2002)

What space syntameasures ighe relation of all segments to all othelts
measures the fmovement which is thaccessibility, potential, of each
street segment with respect to all othénsother words, it measures the
location potentials for various urban centers. ba other handspace
syntax measures the througlovement potertial. It means that it

measures the strsewith the highest potentiaf movement.

These two types of relational pattern can represented by different

d enitions of distanceThe metric distance measures the urban network as
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a system of shortest paths, while the topologioal syntacticdistance
measures thefewest t u r pabhs. Finally, the geometrical distance
calculates the urban netwoak a system of least angle change P&#AN
NES, 2011)
Configuration analysis charactexizhe spatial properties of therban
layout with axial lines representing the edienensional organization,
convexspaces, the twdimensional organization, and convsgvists, each
related to amspect of how people experience the use of space.
Axial lines areused to represent directions of uninterrupted movement and
visibility, so they represerthe longest visibility lines in twalimensional
urban spaced\ set ofaxial lines,that mutually intersect and cover a whole
free space, is called an axial map. Accordimdillier's initial definition,
an axial map constitutes the least number of longestlmeal
Convex spaces are definbg polygons where no line drambetween any
two points in the space goes outside the sp&be convex isovists a
spatial description defined as the set ofpalints visible from within the

selected cormex space.

The axial sightline for movement

for person A and B The convex space for interaction The isovist field for orientation

Figure 7: Example of axial lines, convex spaces and isovist fields. (VAN NES, 2011)
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Axial lines are related with movement propertiagdiile convex spaces
describe where yoare in the system.Hillier illustrates these properties
very clearlyin Space is the machingHillier & Hanson, The Social Logic
of Space, 1984)
fAt the most elementary level, people move in lines... Than individual
stops to talko a group of people, the group will collectively defanspace
in which all the peopl¢he first person can see can see each other, and this
is a mathematical definition afonvexity in space... The more complex
shape of the thd figure defines all points ispace, and therefore the
potential people, that cdre £en by any of the people in thenvex space
who can also see each other. We chlit ttype of irregular, but well
defi ned, s hap éHilerBc, Space ¢sxhe Maxhone, 2004) O
Through thestructural analysi®f an urbanenvironment, urban planners
can derive a better derstanding of the evolution ofban areas, and gain
more insights to help with the design of new urban laydussng space
syntax principles, humaactivity pattens in the city can be anaba,
mainly by considering the degree to which urban spaces are integrated and
connected.The theory of naturamovement asserts that the pattern of
pedestrianmovement in an urban system psimarily generated by the
configuration of the urbanrgl, as thepedestrians tend tfollow the
shortest and most direct routes.
Space Syntax haBeen applied to different types of knowleekfering
environmentssuch as university campuses, research labgd design

studios These studies above dthcus onconfigurational properties and
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suggest that social andformational interaction are influenced by how a
space is defined asell as by how that space relates to and is integrated

with otherspaces(Heitor, Tomé, Dimas, & Silva,@D7)

2.5.1 The OneDimensional Visibility Analysis

The axial map is the most importafdr the space syntax method in urban
studies. The street and road network in built environments is represented
with the longest and fewest sight lindslillier & Hanson, The Social
Logic of Space, 1984)n axial representations, depth is identified as the
change in direction between one axial line and another. Depth is
topological; it means thatit has no geometric valuéAl _Sayed, Turner,
Hillier, Penn, & lida, 2014) The measure of integrati@an be used from
different levels. Radius (Rn) orglobal integration measures the relative
depth of each axidine to all other lines of theystem The fewer the
directionchangesthe higher spatial integration valuethe shallevest- in

the systemOn the contrary, streets with many direction changes to all
others have low integration valueshe deepest in the system(Hillier &
Hanson, The Social Logic of Space, 1984) other words, the degree of
integrationmeasures the degreéaccessibilitywhich isthe degree which

line is presented on the fewest changes of directbeach axial line from

all the others in the systef@ampos M. 2000)

The local integration analysesmphasizethe various local urban centels.
could be measured with different radiuses, but the most common one is

Radius 3 (R3)It is calculated thsame as the global integration but when
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changing direction three times from an axiie Depthma} software
calculates this for every axis in the whole built environm@nhAN NES,
2011) Integration is usually indicative talw many people are likely to be
in a space, and is thought to correspond to rates of social encounter and
retail activities(Hiller, 1996)
Three moremain topological measures can explain structural properties of
a spatial graphThe measures are used to compute the configurational
properties of a layoutFirstly, Connectivitymeasures the number of
immediate neighborghat are directly connected tospace, which ighe
most local of any syntactic property of a lirffecondlyControl measures
the degree to which a space controls access to its immedkagkbors
taking into account the number of alternative conpastthat each of these
neighbas has Control is useful for highighting areas where observers can
have a large view of the spatial layouthirdly, Choice measures
movement bws through spacegAl _Sayed, Turner, Hillier, Penn, & lida,
2014) Spaces that recdrhigh global choice are located on the shortest
paths from all origins to all destinations. Choice is a powerful measure at
forecasting pedestrian and vehicular movement.
In simple wordsif one compares choice and integratiantegration
measures how egass it to accessne line to all other lines of the network
system, thus indicating the potential of a line fermovemen In contrast,
choice measurethe probabilityfor a line to be chosen on paths from one
line to another in the network system indicatingpittential for through

movement. What is referred heran to-movementspeople want to
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maximize their accessibility to afipaces and in throughovements, the
aim is the destination and how to reach immimum efforts.(Alobaydi &
Rashid, 2015)
Other syntactic measures can be derived from the correlation between the
previous measures. Intelligibilitior exampleis a descriptive mesaure of
whole systems which is the correlation coefficient between connectivity
andintegration. It helps identifying how easy it is for one in a local position
to canprehend the global structur@lillier B. , Space is the Machine,
2004) The mathematical expressiovas initially calculated by thdegree
of linear correlation between connectivity and abgll integration value of
axial lines (Hillier and Hanson, 1984) graphically illustrated ire th
“Intelligibility scattergram”(Hillier B. , Specifically Architectural Theory,
1993) However, past research has suggetitatl radius3 is a better local
measure compared to connectivity for the predictidn pedestrian
movement. Therefore, thmathematical expression for intelligibility this
thesis is defined as the degreeauirrelation between local (radk33 and
global (radiusn) integration values of axialines. Like integration,
intelligibility is a very important measuréecause inraintelligent system,
the information we get in the local parts can give us a clear understanding

of the whole systenfCompos, 2000)

2.5.2 Two Dimensional analysis

On a neighbourhood level several tools exist for taking-duwensional

spatial aspects into accoum§n isovist analysis is one of the methods.
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According to Benedikt, an isovist i
given vantage point in spacd®enedkhd wi t
M. L., 1979) It visualizes theoverallview from a particular standing point
in a built environment. The visvs b o ar dmed lsy walls and feee y
standing objects such as trees, bushes and statuesdlonaide a built
environment When moviig around in built environments, the shape and

size of the isovist chang@/AN NES, 2011)

Figure 8: isovistfields from different points. (Benedikt M. L., 1979)

The isovistanalyss are useful for analyzing the degree of visibility of the
location of important urbafandmarks and how new urban interventions

wi | | l ncrease or d eiews. dnaalditiongigovidgst i n g
analyss is useful in studies on how trees and vagjen canblock the

degree of intewisibility in parks. (Zhai & Baran, 2013)It can identify

places of security guards or cameras for a maximum \(Ratty, 2001) It
alsovisualizes the spatial possibilities from where one can get a maximum
view of an urban square(Campos & Golka, Public spaces revisted: a
study of the relationship between patterns of stationary activity and visual

fields, 2005)
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In this papergeometric measures of Benedikt: area, perimeter, occlusivity,
and compactness aused in the analysighe isovist size measures, such
as areaand perimeter, approximate thp®ssibleamount of information
availableat the point of isorgt (how much and how far one can sag)wvell
asthe possible audience sine exposure of a persat the point location
Therefore one would expect that privaglated path and location choice,
andthe definition of public and privatspaceswill pay much attentiorto
the area and perimeter field8enedikt & Davis, 1979Dcclusivity is the
proportion of the perimeter on the solid boundary of the environment,
while Compactness shows how close the isovists are to a convex kpa
ranges from O to lwhere 1 is the most compact shape of the circle.
Compactnessindex shows how enclosed the viewer feels in the
environmentand is affected by the area segWlalhesabi, Hosseini, &
Nassabi, 2012)
Another tool for the two dimensional analysis is the visibility graph.
(Turner, Doxa, O'Sullivan, & Penn, 200Cpnstructecan undirected graph
connecting all the intevisible points in a humaacale grid. The product of
this representation is a visibility graph where each point is notated as a
node and intewisibility is the condition fo linking one node to the other.
(Al_Sayed, Turner, Hillier, Penn, & lida, 2014FIlustering coeftiientis
one of the measures that can be calculated using Depthmap X software. It
is derived from the local comjurations of each node and calculates the
degree to which nodes thateavisible from one location artnemselves

inter-visible. Clustering coeftient is indicative to how much onleses in
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terms of visual information when moving from one location to another.
(Turner, Doxa, O'Sullivan, & Penn, 2001 isovist terms this is
equivalent to finding the mean area of intenegcbetween the generating
isovist and all the isovists visibfeom it, as a proportion of the area of the
generating isovist.
Isovists that are closer to agex hold high clustering coeffient, thuslittle
visual information is lost when moving froone location to anotherOn
the contraryspiky ones caespond to low clustering coeffent;thusmore
visual information is lostUnderstanding these properties is fundamental.
Because movement involves making decisions abestination and the
parts ofcurrent visual information tdeave behind. Thughe clustering
coefficient is potentially related to the decisioraking process in way
finding and navigation and certainly marks out key decision patiitsn
complex configurationsAnother measure ocallated by the software is
control whichcalculates the area of the current neighborhood with respect
to the total area of the immediately adjoining neighborhood. Control is
useful for highlighting areas where observers can have a large view of the
spatia layout.
(Turner, Doxa, O'Sullivan, & Penn, 2001)
As research has shown, ttegree of visibility of urban spaces affetite
way users behave in these spaces. The higher thevisitatity, the more
it generates a mix of pele of different social classes, genders, races and
ages in public spacels addition,the pattern of pedestrianovement in an

urban system iprimarily generated by the configuration of the urbad,g
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as the pedestrians tendftdlow the shortest anthost direct routedn the
following sections the axial map, visibility graph and isovists fields are

analyzed to test these relations.

2.5 Related work

In this research severalliteratureswere used, @nly papers discussing
openspacggual i ties and characteristics,
perception of these spaces. Papers are divided into two groups. Sthe fir
group deals with open spacéiseir design, how it affects s einteyag@tion

within these spaces and how to studys tiglationship. The second group
which consists most of the papers reviewed, deals with campus
configuration and student perception of these spaces, which is the main
focus of the study.

Campos & Golkalnvestigates the relationship between visual fieldd a
patterns of stationary activity in several London public spaces. To meet this
objective, visibility graph analysis, overlapping point isovists, and convex
isovists methodologies were used. Correlation between the static activity
patterns and visual fiegé showed that stationary activity is more likely to
happen in relatively segregated spaces offset from the main access points.
Also it shows that people selected more secluded areas compared to the
exposed ones for informal static activiti@S@ampos & Gika, 2005)

Koohsariabc et albriefly introducethe principles of space syntax and

describehow space syntax can study the relationship between the built
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environment and physical activity research on parks and public open
spaces.

The study concludes that the methods and principles of space syntax offer
several advantages to researchers studying the spatial properties of urban
spaces. Neverthel ess, it has some |
into account land use and itale with street configuratiorfKoohsariabc,
Kaczynskid, Mcormack, & Sugiyama, 2014)

The second group deals with university campuses and open spaces within
them. Different methodologies had been ugedlin & Ten paper studied

the qualities of a campus plaza, in the Selcuk University located in Konya,
Turkey using: survey, observation and photographic methods to examine
the benefits of the plaza as an outdoor space. Students were asked about the
plaza, its qualities, their purpes and the frequency of plaza use i
addition to analyzing the plazads ql
perception of space and landscape accessory. The study showed that two
main components determining the cam
first is qualities of the physical environment (climatic features, location of
plaza, its relation with the surrounding structuring, pedestrian / vehicle
relation in terms of accessibility, etc.). Thecaed is user characteristics

which are the behavial and functional quality and the visual tjtya

Finally the study emphasizdkat the presence of high quality outdoor
spaces in the campus iIs important f
facilitating optional, social activities outside the classirs.(Aydin & Ter,

2008)
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The rest of studies used space syntax theory as a methodology for studying
university campuses in addition to surveys, land use and observation. In
analyzing sociespatial construction ofiniversities two aspects of the
public life of the university were presented: Firstly, the relationship of the
campus with its surrounding was analyzed through the questionnaire
conducted with the students and the syntax analysis of the campus
including ts environment. Secondly, the results of the morphological
analysis of the university focusing on the role of spatial configuration of
t he campus for student so I nt er act
observations of outdoor activities and the questionndine. syntax and
land use analysis of campus showed that the spatial configuration of
campus create zones in the campus working asss#i€ient settings and
these are integrated with long axial lines, that make the campus car
dependent. Also, observatiaf student life showed that students prefer to

go for local restaurants and pubs in the district next to the campus. In the

survey, student s stated t hat O0Pr o>
environment o physical comf ortt of and
soci al il nteractiond were the reason

spaces inthecampus. Yayélad ez, ¢ciicalCarc,dn & 2K4Al
investigating reasons of isolation in clustered departments from the
campus Nunescompares between the results of spatial analyses of the
campus with the results of interviews with the students to understand the
influence of spatial configuration for segregation. The study show,

although majority of the students evaluateceropgreen places of the
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campus positively, they are underutilized in reality. Nunes indicates that
this is due to the morphological problems in the planning of the campus
thatforcesthe use of vehicles instead of walking. Long distances between
the spacewhere many activities evolve, large free areas between buildings
make, not only the green areas, but also, using open spaces for public
activities difficult. ( Nunes, 2007)
Various studies also used comparison to evaluate nsitiyeampuses and
their public spaceKim studies the vitality of centraplazas of two
campuses, Yo examining the topological meaginof the plazas in each
campus andts characteristics and the role of spatial configuration of these
plazas in thanovement patterns of students. This study follows the space
syntax theory in order to analyze thazas at the university anad find the
relationship between a spatial configuration and a sodlioiral element in
a place. In addition, the analyses ammpared with the results of a
guestionnaire of studentds movement
first class. The study argues that the difference of experienced vitality in
the plaza of each campus is derived from the difference in the orgamizatio
of the spaces. Il n addition to the
number of people using the plazas regularly and the different events
developing in and around them are defined as the other reasons of
di fference i n spacesudy avalyzea movement Al
patterns of people to measure vitality in the plazas, it does not describe the
kind of practices that produces liveliness in these urban squares or what the

elements of vitality can b€Kim, 2009) Another study compares the socio
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spatial analysis of four university campusaesSantiago de Chilen the
transmission of knowledgeln Greene&Penn paper, e subject was
investigated from three perspectives: spatial structure, observations of
patterns of useand movement in the open space and reported social
interaction. It presents that the more integrated the academic units, the
more interaction between academics students occur, and the higher their
frequency of contact with the students and academicshefr @cademic
units.(Greene & Penn., 1997)
Finally, Schwander, Kohlert and Araig/ to put a benchmarking system for
university campuses by comparing the design of two new camputes
university Hamm Lippstadt. This article focuses on the spatial
configuration of two different campuses of new universities that are built
with an interconnected university model with the intention to foster
meetings and informal communication of peoflee study shows that the
two campuses pfrm very differently in terms of spatial indicators
although they are developed on the same design brief. At the macro scale,
the study explores to what extent the campus is integrated into the urban
fabric and has the potential for exchange with thellecanomy. At the
micro scale it assess, if the internal spatial structure of the campus
contributes to the objective of knowledge exchange across departments.
For the micrescale three analysis methods was employed: Topological
network analysis, visibily graph analysis and agent analysis. The two
different campus concepts result in a different user pattern: A relatively

wide courtyard with large landscaping features and distributed entrances in
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the case of Hamm results in spread out movement over tine eampus.
A compact courtyard with smaller landscaping features and centralized
entrances leads to a concentrated movement pattern. However, this study
lacks the analysis in the operational phase which codéle the result
different.(SCHWANDER, KOHLERT, & ARAS, 2012)
These studies address how the spatial organization of a university campus
influences the use of open spaces that have the potential to influence
different types of interactions among people.
These researchdasvestigate the relation between spaces and changing
movement patterns by quantitative methods. In this thesis, besides using
space syntax theory, a mobile software app will be used to produce plans
and maps for activity and students movements and lo¢dbogive more
accurate results in addition to the survey and observation.
A rethinking on what kind of public practices are experienced in open
spaces which have different physical and spatial characteristics may help us
better understand the role of camplayout and its relation to different

dimensions of a vivid public life.

2.6 Theoretical Framework

Based on the previous studigbhe optional activities will be studied,
because according to Gehl these activities are influenced by the physical
settingsof the space. Those activities are divided iathive and passive

activities that wil be studied later on the thesis
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In terms of the physical and morphological dimension of the space, several
criteria will be studied to relate the activities to thdad#nt settings. These
are the spatial configuration of the campus, the location of the space within
campus, its connectivity to the surroundigel the dimension of the space
oencl osur e o whiclcwilimye sstudied esing épace syntax.
Other quaties are the existence of seating plamed landmarksthe
treatment of the edgeand the natural elements. Observation and activity
maps are used to study these properties. ,Alke study aimed to
incorporate enclosedpacesand highly open ones witlextensive visual

connection with the surroundings.

2.7 Conclusion

This chapterdiscussed the literature review of the connection between
urban spaces and users behavior. It included several factors that influence
people use of the space d@odnded the fandation of the research to study
these elementdt also discussed the space syntax theories and related work
that were the influence of this resear€he following chapter will include

the observation and activity maps study.
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Chapter Three
Activity Maps and Mobile Sensing
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3.2 About the University
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3.4 Data Collection Procedurdor activity maps
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3.6.3 The fine art square
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3.6.5 The engineering square

3.7 Observation Results
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Chapter Three

Activity Maps and Mobile Sensing

In this sectiona brief description about the university is presentediviy
maps are discussellloreover, he data collection procedures are explained

and the observation results are stated and analyzed.

3.1 About Observation

As the Poject for Public Space (PPI99, p.5) a d Wheneyou
observe a space you leambout how it is actually used, rather than how
yout hi nk i (Carmosa, idestle, diesdell, & Oc, 2003)

We observe in order to see how much we can learn about the environment
without taking account wbheh asked abput e 6 s
destinations, they state why they are gomgt how they plan to get there,

or whatintentions they have in theay to get there Observations allow
regaining something that might be consi®@d as an objective view of
human behavior in the built environment. However, in doing observations,
some precautious measures should be taken especially when an observer is
regaded as a participant msocialstudyin a specificspatial scene.

Usually, static snapshots are conducted to record the use pattern of spaces
within buildings or public spaces in an urban context. The method is useful
for comparing static activities t@énding, sitting) and movement. By
tracking and mapping these activities in time we may outline the patterns of

space use in an area and spot the locations where more gdatgataction
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takes place natally. In general, snapshots might be comparable to
photograph taken from above showing one moment of activities mapped
onto thefloor plan.
To conduct snapshots, areas that can be easily observed arenpdealadi
positions at which an observer could maximizeual exposure to the
observed #ld of fudy and at the same time minimize his/her own
visibility to the usersA floor planis usedto note categories and activities
(sitting, standing, movingand interactinyfor a period of timever regular

intervals during the dayAl Sayed, Turner, Hillier, Penn, & lida, 2014)

3.2 About the University

An Najah National University was first established in Nablus as a primary
school in 1918, and it continued its development until it was chartered as a
full-fledged university ill977. It is now considered the largest in Palestine
accommodating more than 22,000 students within the four campuses: The
New Campus, the Old Campus, Hisham Hijjawi College of Technology
and Khadouri Campus in Tulkarem. It is comprised of 13 faculties
distributed in its four campuses. The New Campus is selected as a case
study to understand the Physical r ol
With a total area of 120 kinthe New Campus houses the Faculties of
Graduate Studies, Medicine, Science, LawjeFArts, Engineering and
Information Technology, Optometry, Pharmacy, Nursing, Media and
Physical EducatiorBesides its educational facilities,istalso home to the

Prince Turki Bin Abdul Aziz Theatre, the Hikmat-Masri Amphitheater,
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the KorearPalesinian IT Institute of Excellence as well as a number of
other facilities and laboratories. The Newn@ais features a library, a
media center, a new swimming pool, adp complex and a mosqu@n

Najah University, 2016)

3.3Campus Layout and Land Use

The NewCampus isnace up of a range of discrete buildings and building
complexes in a relatively open landscape of paths, gardens and carparks.
There can be seen a great proportion of corrgp@cesarticulating court

spaces oflifferent sizesThree main squares can be from the map of the
campus; the largest being the white square, the square between the science
and engineering college and the amphitheater. In addition to small open

spaces between buildings and colleges.

34 Data Collection Procedure

One of the steps in data collection and management procedure of this study
is the field data collection. The method used in this methodology approach
include direct field observation through photographing and walking
through the sace creating activity maps, to establish a database of
activities related to the physical settings of the University Campus.

Direct observations as a qualitative data collection method are used to
record activities and physical aspects of a site withetviewing people

and recording responses to questions (Rasouli, M.2013). In addition, direct

observations are useful when direct information is wanted and/or when one
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i's trying to understand the relatio
the builtenvironment in which they are located.
Prior to the field data collection, an initial observation was conducted to
identify areas ofctivities within the space. On this basis, The University
Campus was divided into five main areas, neglecting areas with less
activities, and open spaces that ar
are: a) the main square (White Square), b) Sciendd-agineering square,
c) the open area between Fine art and Graduate Study College, d) the open
space in front of the medical colleges, and e) the open space in front of the

Engineering College. Thus, each session of observation covered every part

of thesespaces while avoiding oxlaps as illistrated in Figure (9

IoE -4

~fl NG
Figure 9: Parts of the Universi
author)

Observation. (GIS map modifi
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The data collection of the Campus involved several observation sessions on
several days in the months of March, April and May 201&semonths
was choserbecause the weather is warm to negleetather change
Observation sessiongere from 12 to 1 pm during the break time in the
Campus, to record different activity types.
All of the areas of the campus were observed during this pefioe.
met hod f or recording peeipcludges directact i Vv
observation by using photography and by walking through the space to
create the activity map#s there are five areas, and the break lasts for an
hour, there was an opportunity to scan each area for almost 10 to 15 min.
Walking througheach zone with a paper map of the area while taking
photos allowseach i ndividual 6s activity to
maps were used as supportive information in the data collection
accompanied by required information such as activity type anditgctiv
location. Each session of observation and data collection returned a pattern
of activity during one day and thus reveals the common location for
particular activities that are often chosen by students. Therefore, the
activity maps will show the frequey and variety of the activities in each
observation session.
Thus, collecting data required defined typologies for each activity as well
as for the physical design features. Prior to starting the data collection,
typologies were determined for each reqdirdata element including

activity location and design features. Each observation was classified
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according to the activity typology represented in Table 1. The activity

classes in this table were based on the literature review of public spaces.

Table 1: activity types

Active Walking around

Moving from a place to another
Passive Standing

Sitting

In terms of passive activities, students tend to sit alone or with a friend.
Some students prefer to stand along walkways and talk with a friend or
stand along edge walls and watch their surroundings. Active uses range
from leisurely walks, with a friendravalking to reach a distance.

Four main categories were considered for existingsicaldesign features
within the space. Thepaces within the campus featurevo o f Lyncl
(1960) five physical elements, namelgges and landmark$he edges are
desigred as sitting area where students choose to sit on the edges of the
walls surrounding the space or the steps of an existing stair. In addition to
edges andlandmarks urban furniture such as benches and shades
distributed throughout the space were congidekey design features.
Natural features, specifically grass spaces and some trees, were the field

design feature.

3.5Data collection procedure for the mobile experiment

Dr. Ihab Hijazi produced a software application, which could be used to
monitor studats' movement within the university campus. Students were

asked to download the application on their android system mobiles, and use
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it as long as they are at the campus. Data were collected in November 2015
for the whole month period. Then a map was peeduusing GIS to spot
students movements within campus. The total number of students who
downloaded the application w&®), which wasnot sufficient to provide
accurate results. However, it helped to give a general view of the campus
usage, and the spacgtsidents' use the most. Security issues might reason
this; most students did not like the idea of being monitored, eviénsif
within campus. Figure (30shows the campus with the dots, which
represents students. The map shows that the students gdtieeast part
of campus, mostly in the white square, while some are in the engineering
and sciences square. The reason why the west part has almost no students
shown, is that most of the students who downloaded the application were

from engineering and @nces colleges, because of the above reason.



Figure 10: university campus showing students movement using GIS and mobile

application.
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3.6 About the five selected spaces

This section discusses the five selected spaces for study, their dimensions,

physical features and nature.

3.6.1 The white square

It is the main square withicampusjt has somehow a central positidhis
almost 90 meters long in 40 meters wide, surrounded by building from the
west and east side Ifgculties and facilitiesvhile the north and south parts
are openAs seen from figure (), it is bounded by the Engineering and
the sciences collegéiom the eastWhile the library and Prince Turki Ebn
Abd Al aziz theatre lies on thgestside.Buildings surrounding the square
are two and three stories higiiving a feel of openness and disclosUilee

north stairs connected to it leads to the mairetesifa on the first terrace
and other terraces that house different facilities such as the student union
council.

In terms of its physical featurashas a white stone flooring, some benches

and shading devices



Figure 11: Thewhite squére.

3.6.2 The sciences square

|l tds on the east side of the campus.
the same size almost 40 meters by 25 met&re west square is
surrounded by the engineering and the sciences colledesh are three
storeyshigh-except the paths that leads to aidding a strong sense of
enclosure and privacyVhile the north square is bounded by the sciences
college from the east and south, leaving the north and west open, and its
connected from the west with the masafeteria.Figure () shows the

square and its surroundings.
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Theflooring is covered with brown coursed stones. Moreover, the squares
are planted with some palm trees, and a small pond exists on the north

square.

Figure 12: The sciences square

3.6.3 The fine art square

The fine art square lies on the west part of campissigure (13) shows, ti

iIs mainly a parking space surrounded by the library from the east and the
fine art college from the south. It is connected with rtiedical colleges
through the stairs that leads to different terraddsere are a few trees

planted on the sidewalk with a few benches that are distributed there.



Figure 13 the fine

3.6.4 The medicalcolleges space

This space is mainly a street or a path rather than a square, with two
parking spaceas shown in figure (14)t is bounded by the medicine and
pharmacy colleges from the north and the stairs and terraces from the
south. The buildings are fostoreyshigh which gives a strong feeling of
enclosure and compactness. In addition a small cafeteria and-enakeai

exist. It has some trees planted on the terraces and on the sidewalks of the
street. Benches and chairs are almost along the whole path, with one or two

on the terraces.

N i P¥:

Figure 14: the medicat o | | space.6 s
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3.6.5 Theengineering square

This square is also mainly a parking space with few green areas altound.
is bounded by the engineering college from north and a retaining wall from
the west. And it is partially closed from the south because of the level
differences. Tus it has a medium level of enclosure. There are some
benches on the sidewalk with some trees plamedetween Shown in

figure (15).

3.7 ObservationResults

After describing University campus and the spaces stucheséction is
based on the data collection described earlier. It includes the observation

results, data analysis and findings with particular reference to the

rel ationshi ps amopegusepd dgsigneféasiresaand i v i
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activity locations. Particular attention was paid to the use of the design
features and activity locations and how design elements affect the activities
of the people. Understanding these relationships required detegntiren
common patterns of use, similarities, differences and expectations of use
through observation period by analyzing the collected data.
During the three observation sessions of the University Campus there were
noticeable mix of students within the opepaces of the campus and
variety of activities occurring. There were a large number of students
meeting with friends for a coffee, lunch or an after class meeting. Students
were out, walking and socializing. Some were sitting while others were
enjoyingsm a | ei surely wal k. Activitieso
on paper activity maps.
Regarding the use of design features, students were sitting on benches
where available. Stairs wereet second design feature choibat students
preferred to use for sitting. Grass spaces were among the other popular
sitting areas as well as edges. During all of the observing times, benches,
edges and stairs were among the most popular sitting choices.
During the first observation gaThursday 24th, March 2016, the weather
was warm so it offered a nice atmosphere for different activities. Students
di dnot really sit in shaded areas,
the sun. With regard to the activity level and activity typetivities
ranged between active to passive activities during the observation time.
Some students were sitting and enjoying the nice environment of the space.

Others were standing either discussing a subject with friends, or on edges
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just watching. Therevere also a number of students walking around with
friends.
The majority of students were in the main square (White Square). Many
were sitting on the benches available understimdessome were setting
on theledgeswhile others were sitting on the s&bstepsince thenumbers
of benches aréew. Some students were walking around or standing with
friends. In addition, few were standing on the edges watching the
surroundings and emying the nice weather. Figure@)lshows the students

using the spacand the desig

n features used.

Figurel6phot os of studentsd activities |
The second busiest space in campus was the path in front of the medical
colleges. Students were sitting on the chairs in the two sifldse path
under the shades. Some were standing talking with friends. The majority
were walking around studying or egijng time with friends. Figure @

shows a number of photos of the space.
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The square between the Engineering and sciences collegesnbdeeate
number of students using it. Approximately most students were engaged in
passive activities during the time of observation. In other words they were
mostly sitting and enjoying the nice and calm environment of the space.
They were sitting on behes available around the small fountamwater
feature available, andn edges of the surrounding walls. Few were
walking to reach a distanceot a leisurely walk. Figure 8. shows number

of the activities taking place on the area.

The two remainingspaces were not crowded with students as they are
parking spaces with few benches and planting areas. Mostly students were
sitting on the benches available under the shades of the trees, walls edges

and on the green areas available. Some were standwglking with a

friend.




Figure 17: Students activities in the square of Engineering and Sciences.

The 21st of April 2016 was assigned to be the second observation day. The

e 8 N ‘.. “m, I
3 A -

>

Figure 18 Students in the area in front of the Engineering and the Graduate Study ¢
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weather was warmer, therefore the total number of students using the
outdoor spaces were less. However activities were almost the same,
students were sitting with friends, others avalking, and some were
standing watching and enjoying the atmosphere. With less students setting
under the direct sun light.
The last day of observation was on Thursday the 26th of May. This session
was the least populatethy; it could be reasoned byé¢ hot weather and
direct sun light. Most of activities were passive including sitting alone or
with friends under shades.
Students gathering were mostly in the main white square and the path in
front of medical colleges. The square between the Engimeand Science
Colleges was almost empty. Other areas occupied a few number of students
either sitting on benches under the shades or walkingaithra certain
distance. Figure (@ illustrate photos of the areas showing students

activities.

Figure 19: Students activities on may 26th 2016
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According to the collected data, with regard to the time, March 24th was
the most populated day, and may 26th was the least. Regarding the areas,
the main square and the path of the medicdleges were the most used
spaces. Activities ranged from sitting, standing and walking alone or with
friends.
The following maps illustrate how activities vary by activity type during
the observation sessions and the use of design features (Zlegkise
This tablesummarizes the features and whether they exist or not and the

level of use.

Table 2: Summery of design features

White Sciences Engineering Fine art Medical

Square Square Square Square Colleges
route
Edges Existsbut stairs are Few Yes No
are few present anc
edges on
the terrace
Seating places Few Very few Veryfew  Veryfewyes
benches
Landmarks No No No No No
landmark
Natural features No Some treesFew trees Few No
and a small trees

fountain
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Figure 23: The square in front of the Fine Art college



Figure 24: the square in front of the Engineering college

This chapter illustrated the observation results df u d actvities @and

use of the spaces. Mostly spaces lacked the presence of adequate seating,
even though students sat on ledges and stairs, more seating would provided
more students. Some natural elements existed but are again very feav. Non

of the square haslandmark or something to giv@iqueness
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Chapter Four

Space Syntax Analysis

4.1 Space Syntax Analysis
4.1.1axial line analysis
4.1.2strategic value

4.1.3visibility graph analysis

4.2 Conclusion
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Chapter Four

Space Syntax Analysis

To further enhancthes t udy , 0 swasausegdwhicly pravides aset
of theories, techniques, anmeasures used for studying the syntactic
structure of the networks of physical spadasthis chaptean analysis of

the unversity campus using depthmapXoftware is presnted.

4.1 Space Syntax Analysis

Space syntax analysis of the campus was done according to the method
developed within the space syntax theory (Hillier, 1999). It is utilized to
understand the spatial organization of the campus and the potential spaces
for bringing students togetheks the network of streets is theeans to get

to the plazas, the goal is to see #weessibility and attractiveness of the
location of eaclspacewithin the universitycampudn term movement-or

the purpose of the studgxial line analysisyisibility graph analysigand

isovistswere constructedsing deptimapX software

* more than 20 years ago, calculations of the spatial relationship of the
space syntax theory were done manually. Later on, several software
programs, sut as Axman, Uba Pesh, Orange box, Axwoman,
Mindwalk, Webmap at home, and Meanda have improved the
possibilities to analyze the complex spatial relationships of the
public spaces of whole cities. The Depthmap software is able to

illustrate and visualize aubi | t environment 6s spa



66
point depth analyses, axial line analyses, visibility analyses and

isovists analyse¢VAN NES, 2011)

Throughout the analysis, red woul( Rred I High

. Orange High-medium
indicate the highest value and blue [yeiiow Medium

. | Green Medium-low
the lowest value. This legend would I — ] —
used for all space syntax analys::e'gg;‘zza Space syntax analysis

provided.

4.1.1 Axial Line Analysis

Two types of analysis will be produced. The first one dealing with the
whole campus, while the second will exclude the amphitheater; because its
onlyusedincasefo occasi ons and as itdos an
good environment for movement.

The analysis showethat the meanglobal integration valuefoccampus is

2.44. Global integration analysim figure(27) (r-n) showsthat the most
integrated linesire the axis that connects the medical and pharmacy college
with Hikmat Al Masri Amphitheater and with the stairs that lead to the
main square (f LIy 3 JORhe wextF MoBDRntegrated line is the axis
perpendicular to the first which connects the main square with the
amphitheaterThis means that the potential of movements and ebhenfial

of finding most of the students would be in these areas.

The local integration analysis figure(28) showed almost the same results

as the globabne, however the focus is not only on the main square, the
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science square and the path that leadkedine art square have almost the
same integration value as the main square
Connectivity measures accessibility, so the most accessible space in the
university is the whie square as shown in figur29j. It is easy to reach it
from all over the cammj maybe because of its somehow central location.
The second most connected space is the path of medical colleges.
The scattagramin figure @0) shows a strong correlation between
connectivity and local integration of campus. According to previous
studies, Intelligibility isa significant factorwhich hasimplications for
student sd movement ourexangple \thare g a gogd de g
relation between locaintegrationand connectivityin the whole campus
model with R?= 0.78 That means a clear relation between local and global

structureand a strong comprehension of the campus spatial layout.



Figure 26: the global integration analysis.



Figure 27: the local integration analysis. (R3)



Figure 28: connectivity analysis of the campus
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Figure 29: scattagram shows the correlation between connectivity and local integration.

Spaceswith high global choice are located on the shortest paths from all
origins to all destinationslhe analysis of choicm figures 81,32 shows

that the most likely chosen route for movement from a place to another are
the axis in front of the medical collegethe path in front of the main
entrance and the amphitheat&he second most chosen space used as

through movement is the white ustre. The local choice analysis shows

almost the same results as the global one.



Figure 30: Choice analysis for the campus.



Figure 31. choice analysis for R3.
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The second axial line analysis will excludee Hekmat Al Masri
Amphitheater. The global integration valise2.38. Figure (33) shows that
the most integratetine lies inthe main square (white squam@d in the
path of medical colleges whi c h me lausiest spacé : the h e
university. The next most integrated line is the road at the main entrance of
the university As one can see the integration valugés d n 6t have
significant change when excluding the amphatee for the global
integration, vile the change occurred in the local integration resulis. T
highestintegrated lines are concentrated in the main square, the square
between mgineering and science colleges ahd axis that connects the
main square with the fine art caje, with an average integration value of
3.62. The next most integrated line is the road in front of the medical
collegesAs shown in figure (3).
The connectivity analysis illustrate that the most connected lines lies in the
main square (white square) : It me a
within campus. The second most accessible are the road in front of the
medical colleges and the scierstpiare See figure (8)
The global choice analysis figure (%) shows that the most chosen axis is
the axis in front of the medical colleges, and the next high chosen axis is
the road in front of the main entrance. It means that most students use this
axis to reach to their destination within the camilsoughmovement).
The axis that passes the main squamot really highlighted in the global
choice measure as in the local choice with radius 3. It emphasize the results
of the global choice measuresth more concentratn on the axis passing

the mainsquare, the sciensguare and the fine art square.



Figure 32: the global integration analysis for the campus excluding the amphitheater.



Figure 33: the local integration analysis with (R3) excluding the amphitheatre



Figure 34: the connectivity analysis excluding the amphitheatre



Figure 35: global choice analysis excluding the amphitheatre



Figure 36. Local Choice analysis with (R3) excluding the amphitheatre
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The scattagramin figure 38 shows a strong correlation between
connectivity and local integration of campu# our example, there is a
goodcorrelationbetween locaintegrationandconnectivityin the excluded
amphitheatemode| with R?=0.82 which is higher than the intelligibility
with the previous analysis which included the amphithedtreneans a
clear relation between local and global structused a strong
comprehension of the campus spatial laydinme user can understand the

whole from the local parts.

Integration [HH] R3

g
®
%
* .
L
L
4
'

Connectivity

Figure 37. scattagram shows the correlation between connectivity and local integration

excluding the amphitheatre
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Table 3: Axial line syntax measurementsof the wholecampus

5@ |mSE O OO |18 =1
ol 883 S| To B8 B
Q9 Taey S5 538 TL =
S 2 L @ o = Q
o o =, @) =}
- - <. 3 =3
The whole campy2.44 3.60 27.161070.16264.85 |0.78

Table 4: Axial line syntax measurements of tk campus excluding the

amphitheater

S0|35| O ® 5| 3
o |33| 9 5| »3| &
Qo QD > 173 = =
32| g @ 2 Q
o =3 2 O g,
= S <. 3 9 Z
£ < o =
& ® 3
The campug 2.38 | 362 |26.40|995.37 |239.56 |0.82
excluding  the
amphitheater

From the values of the tables abows conclude that there is not much
difference in the analysis with the amphitheater or without it, even if the
usage is limited in certain occasions. It is highly integrated within the
university campus. Thahight be in purpose; occasions or ceremonidd he

in this amphitheater are not exclusive to students. So locating it in the
intersection between the two most integradeeswill make it easier for
guests to reach it. Both analysis shows that the campus is intelligent and the
whole can be read from the parts. Axial line analysis illlssiratethat the

main square has the highest number of lines of sights and movement.
Hence later on this chapter a detailed analysis will be presented to this

square.
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4.1.2 Strategic Value

Since Hillier mentioned that the strategic value which is the sum of the
integration line values crossing the urban spadeates how successful

the urban space.i$hey will be analyzed here.

Figure 38: axial line integratia analysis. (minimal lines)

Table 5: strategic values for the squares on campus

Strategic  10.57 3.69 2.51 8.04 8.41
Value

The white square has a maximum value which indicate that it is the most
used and the busiest space within campus. The street ahe¢ldecal
colleges is next, then comes the fine art square the sciences square and

finally the engineering square.
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4.1.3 Visibility Graph Analysis

To analyze the visual integration of tNew Campus, anothdaechnique of

the S@ce Syntax theory, the map of visibility, was usdthis map was
obtained with the help of the software DepthXamvhich calculates the
measure of visual integratiprrontrol and clustering coefficientn this
software, operspaces are decomposed in celk thave its size determined
according to the necessity of analysis. The software calculalasons
between each of these cells.

It is obvious from the grapln figure (4) that there arered spot at
boundaries of the campus, where the vehicles roajgepresentingigh
visibility, since the area is free oisual barriers. It also showbat the
open spacesiave moderatehhigh visibility. More importantthan this,
however, is the fact that the visibility mgoints the samas that the
axially mappointed, the facthat the white squayehe amphitheatehas

the highest visibility as well as the axis connecting the medical colleges
with the amphitheatett is notby chance that the concentration and variety
of activities takes placthere, not eve that the most integrated paths are
similar to thesareas.

In terms of the clustering coefficient as mentioned earlier, the higher the
value the more convex is the space, which means less information is lost
when moving from that space. Spaces with low clustering coefficient tend
to be places where people stoprtake decisions about direction. The main
square has the lowest value, due to the multiple choices of direction

presented.



Figure 39: visual integration for the campus



Figure 40: Clustering coefficient for the whole campus.
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The graph irfigure (42) shows the visual control analysis for the campus.
It shows a red spot in several locations within the campus area. These
locations have the maximuwisibility, since a high control value illustrate
spacs where the user can have a large view of the whole layidwdse
spots are around the boundaries where less visual obstruction available. A
red spot also is in the entrance of the white square freradtith where the
main entrance to the university, addition to the intersection between the
medical colleges axis and the amphitheater entrance.
Since people perception of space is influenced by its compactness, an
isovist compactness analysis was ddoe the campus. lishows how
enclosed the viewer feels in the environment which is affected by the area
seenAs figure (8) the high compactness values are in the west part of the
campus where there are areas partially enclosed with walls. All the squares
or the studied areas have low compactness values except for the space in

front of the engineering college with a compactness value of 0.51.



Figure 41: visual control for the campus.
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Figure 42 isovist compactness analysis for the campus
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Finally, the isovistrea illustratebow much can a user see. The higher the
area of the isovist the more visual anhation is available. Figure 4}
present the isovistrea analysis for the campus. A high value can be seen at
the west north part of the campus am the entrance to the campus,
where theareas haveo visual obstructionThe highest area value from the
studied spaces is the white square. The axis ofmidical colleges comes
next; while the other 3 studied spaces has very close values which represent
a low isovist area compared to the average value.
The visual analysis abovaointed out the same results as the axial line
analysis. It suggests that the most used space in the university campus is
the white square, because of its high visual integration, control and isovist

area values, and low compactness values.

Table 6: visibility graph and isovist syntax value for the campus

Average Visual Visual |Clustering |Isovist Isovist
values integration |Control |Coefficient |CompactnesiArea
Whole 3.5 1 0.79 0.23 3649.86
campus

Low

I HiGH



Figure 43: isovist area analysis for the campus
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Table 7: visibility graph and isovist analysis values for each space.

= O < 0900 a 7
2532 25|32 2
= Q| =S| _glon wn
=4 =1 o 5|9 7 =
S >0 Q| S D
- ) D
7

White Squar¢5.17 |1.49 |0.55 ]0.10 |4532.15

Science 4.25 |1.18 |0.79 |0.17 (2011.35

Engineering

Square

Fine ar3.40 |(1.32 |0.68 |0.07 |2175.05

Square

Engineering (3.2 0.87 |0.92 |0.51 |2218.15

square

Medical 531 |1.41 |0.62 |0.05 |2933.36

Colleges

space

4.2 Conclusion

This chapter illustrated the space syntax analysis of the campus. It included
the axial line, visibility graph and isovist analysis. The next chapter will
compare the results of these analysis with the observations from the

previous chapter to show the palation and results of the campus analysis.
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Chapter Five

Correlation of space syntax analysis and
Observations

1.1 Axial map correlations

1.2 Visibility graph and isovist correlation

5.2.1The white square

5.2.2The sciences square

5.2.3The fine art square
5.2.4Themedicalc o | | spgce s 0

5.2.5The engineering square

5.3 Conclusion
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Chapter Five

Correlation between space syntax analysis and Observations

The rdationships between urban spagesign ands t u d achvityswas

studied througlobservationsactivity maps, and the space syntax analysis.
The following chapter presentas comparison of the space syntax analysis
with the data collected from observations and activity maps. It will show
similarities, diffeences and expectations of use within the university

campus.

5.1 Axial map correlations

A minimal axial line analysis will be used here for clearer reskitgire
(45) showsthe analysis of the global integration for the whole campus

excluding the amphitheater

1) It showed that the highest integration valuas on the path of the
medical collegeswhich means the highest movement event on
campus which correlates with the actualbservation of the campus.

Figure (%)

2) It also illustratethat the next most integrated space is the white
square, which also correlates with the observations and activity maps

conductedSee figure47)

3) However, it shows a high integration value in the west part of
campus, which is not necessarily true. It migittow a high
movement indeXecause there are streets and parking spaces there.

It might correlate with vehicular movement rather than pedestrians.



Figure 44: Global integration analysis. (minimum lines)



Figure 46: a picture showing the white square.

5.2 Visibility Graph and isovistcorrelation

This section will compare the results of the activity maps produced from
the observations and the visibility and isovist analysis done for each of the

five selected spaces.
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5.2.1The white square

To explore why within thissquaresome parts r@ busy and preferred by
people to others, an investigation is carried out to see if there is a
relationship between stationary activities (sitting and standing positions)
and the syntactic and isovist properties of space.

The VGAwas limited to the bounda of the public space. The observer is
considered to be insidae public space and the urban grid is not part of the
analysis.

The behavior map was conducted on Mach 2015, since the weather was
warm and comfortable, in order not to affect the usagetsesiidhe space.

The squarehas been subdivided inttour subspaceseen in figure 48)
relying on its space layout (the main space A, the terraces B, the stairs C
and the space in front of the amphitheate). It is composed o$everal
levels connectedybstairs.

The first assessmeabout the behavior mapping of tepatial occupancy

of the squareshows thatstationary people of standing position or sitting in
informal spacgnot setting benches or chairgpresents mogif the total
number of peoplstudentsisingthe square.

The available seating areas are fully occupied, however their number is
limited, therefore there are students setting on the ledges in addition to the
standing studentd/ost of standing people occupy thdgesof the space

andthe left occupy theniddle zones



Figure 47: visibility integration of the white square, activity map of the white square
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Overlapping the visual graph analysis and behavior mapping of the whole
squareshown in figure(49) emphasizes thahe main space A has the
highest integrated zone which correspond to the high number of students in
this zone. It hasome seating that are distributed, however, despite the
limited number of available seats, the high integrated zanessed by
stationary people in standing positicBomestationary people in sitting
position overlap with a low integrated spaces which correspond to some of
sitting places of thesquare The terraces B have low occupation number
due to their low visibilityvalues and the limited number of seats available,
nevertheless we can find some standing students on the edges of the
terraces and some people seated on the terraces edges. The same applies to
the stairs. Since space D in front of the amphitheater haghartegration
value, we can find a lot of students sitting on ledges and standing students,
despite the absence of seating areas.
This also corresponds the isovist area and visual control analyasseen
in figure 60). The number of students using the space correlates with the

high values of isovist areas and control.



Figure 49: : visual control for the white square, and isovist area
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5.2.2 The sciences square

The squarehas been subdivided intwvo subspaces lgng on its space
layout (thesouth square A, the north squd® as shown in figure (8.

They are connectdtirough a path

The first assessmeabout the behavior mapping of tepatial occupancy

of the squareshows thatstationary people of standing positiare fewand
students sets on benches and on informal spaces such as stairs and ledges.
The available sating areas are fully occupied, however their number is
limited. Most of the studentsoccupy theedgesof the space and few

occupy thaniddle zone mostly around the pond
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Figure 50: activity map of the sciences square
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Figure 52 overlapping the visual integration graph with the observation map
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Overlapping the visual graph analysis and behavior mapping of the whole
square shown in figure 8 emphasizes thdahe main space Aas a higher
integrated zone, whiléhe high number of student®rrespond to zone B
which is lower in visibilityintegration. This might be explained by several
assumptions. Fitsthe north square might have higher number of students
since it is closer to the main cafeteria. In addition, since it is close to the
cafeteria, theras continues movement there, counterthe south square
which has low movement. This also correlates with the axial analysis that
showed a low integration value for the axis crossing this sq&meae
stationarystudentdn sitting position overlap with a low integrated spaces
which correspnd tothe pond available in the square, since researches
showed that people feel more relaxed around water featMi@®over,
some students prefer to sit on more secluded spaces to have more privacy.
Generally, students in stationary positicamrespod to the isovist area
and visual controanalysis, as seen in figured}5 The number of students
using the space correlates with the high values of isovist areas and control.
Since people usually prefer to have more visual control and like to have a

full view of the spacen order to feel safer.
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Figure 53: visual control analysis of the sciences square
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Figure 54: isovist area analysis of the sciences square.
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5.2.3 The fine art square

Sincethis space is mainly a parking space, very few or almost no benches
available, except in the path that leads from the white square to it. However
you can find several standing and seated students using the space, sitting on

ledges around the edges of tipase.See figure (6)

Overlapping the visual integration graph with the activity nmagigure

(58) showssome students with standing position correspond to the high
visual integration of valueWhile most of students using the space
correspond to the mdaum and low integration valueshi$ might be
explained by the difference preferences of students. Moreover, students
sitting under the trees might seek for privacy or shades from the sun. In
addition, although some spaces have low visual integratios, rthght

have a high pattern of movement students. As discussed in the literature
chapter, people tend to be where other people are. This explains the high
number of sitting students in the path that leads from the white square to
this space.

The visual catrol and isovist analysis might explain the sitting positions of
the students on this space. As seen gurg £9), sitting and standing
positions correspond with the high values of control and isovist area, where

they have a maximum view of the space.



Figure 55: activity map of the fin

Figure 56: the visual integration for the fine art square
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Figure 57: overlapping the visual integration with the activity mf@p the fine art

square

—_—r

Figure 58: visual control and isovist area analysis of the fine art square.

5.2.4 The medical colleges space

The space consistsf a street, a parking space and the terraces through the

stairs than leads to it from tfiee art square. See figureQ)6
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Students are sitting on the benches and chairs that are available along the
sidewalk of the street. Moreover, thesesomestanding studerdlong the
street. The terraces are somehow empty except of few students sitting on
benches under the shades of trees.
Overlapping the visual integration graph with the activity nmagigure
(62) showsthat most students are seated on anéa high visual visibility
Even the few students sitting on the terraces, they correlate with medium
visibility integration values.
This also corresponds the isovist area and visual contaolalysis, as seen
in figure (6). The number of studentsing the space correlates with the

high values of isovist areas and control.

Figure 59: activity map of the medical colleges space.













































