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1 ABSTRACT

In the creation of public spaces, there is a ldcrtculation of specific desired emotion to beigdd or
avoided, over and beyond just utilitarian functioM®reover, there is a lack of metrics to measwehs
emotions stimulated by certain design features. éwo-architecture approach - defined as the measu
potential feelings triggered by a designed envirentin an organism tested by brain response - dagtad

in this study. The feeling of safety is listed akey element of the design of public space. Womaveh
different experiences when it comes to public spamduding their perceptions of safety. Percemiof a
lack of safety in public spaces can make women likety to occupy these spaces and miss out on the
positive effects of public space on their healtd exllbeing.

This paper aims to identify the design indicattrat taddress issues of women's fears when walkirfgain

In order to validate such indicators, a mixed mdthapproach was used; including mobile
electroencephalography (EEG) to understand the dinpé street design on women’s brain activity,
interviews and a questionnaire survey, to providetext for the neuroimaging data. Syria street udran
mixed-use street - in the city of Alexandria in Bgwas chosen for the study, where a group of wonsens
walk along and rate indicators of safety on a lilssale. The questionnaire included 7 indicatorsabéty
emergent from the literature: active frontagedtligg, visibility, perimeter protection, informabwtrol, mix

of people, locomotive pathways. Results yieldedifitant correlations between each of the indicator
investigated and perceived safety. Moreover, ialdsthed the ability of neuroarchitecture, as d, ttm
develop designs that elicit specific desired enmiiousers of public space.

Keywords: EEG, Perception, Feminist, Neuroarchitextsafety

2 INTRODUCTION
“The real importance of architecture is its abitilymove people’s hearts deeply” — Tadao Ando (2016

The design of public space is perceived as physictty —a structure or a built form only. Howevdrese
are not the only factors involved. The designedrenment also has effects on humans at the cognétnd
the emotional level (JL Higuera-Trujillo 2021).idt possible to predict this influence in the eatgges of
design and before the structure is built. An emmgrgdiscipline, one that bridges neuroscience and
architecture, is beginning to provide more rigormethodologies and a growing number of researcbrrep
that explores the interaction between brain, badhy the environment (EA Edelstein 2012). The diswp
derived is termed “neuroarchitecture” which mayused to articulate a testable idea about how afgpec
feature of design may influence psychological oygiblogical processes that may in turn be assatiatth
measurable changes that reveal the impact of thigried settings on human health. The modern pégsibi
of recording the neural activity of subjects dureagosure to environmental situations, using neuieaosfic
techniques, provides a promising framework for fetdesign and studies of the built environment (JL
Higuera-Trujillo 2021).

Safety as an emotion, overshadows the other basiaih needs (such as ‘love and belonging’, ‘seHferst,
and ‘self actualization’) as argued by Maslow (1P3his seminal paper, ‘A Theory of Human Motieati
Moreover, in the design of public spaces, safetisied as a key element of sustainable commurdtnesan
important contributor to people’s wellbeing (AldkKearns, 2017).

Women’'s experience of public space is shaped by tdentity which includes their vulnerabilities,
specifically to different forms of discriminatiomea violence and harassment. Addressing these fattor
about establishing adequate measures to improveafiety of women (Bhattacharya, 2016). A fundamenta
step in this process is to identify the factord tiffect the ‘feeling of safety’(Blumenthal, 2014joreover,
measuring this ‘feeling of safety’ to make publpgases inclusive and safe for women is key to theds

Recent global prevalence figures indicate that a36& women worldwide have experienced violence in
their lifetime (WHO, 2016). According to a poll atucted by the Thomson Reuters Foundation, Egypt was
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the third most dangerous country for women in teafsgiolence. Moreover, the country topped the dist
places that are dangerous for women to visit nipably Skyscanner survey released in August 201 Targe
part this is due to the verbal and physical harasstiat women routinely face there. According suevey
released in 2013 by UN-Women, 99.3% of Egyptian enmeported being physically harassed in the street
Finally, a study launched in 2011, “Study on Wapsl Methods to Eliminate Sexual Harassment in Egypt
was sponsored by UN Women in partnership with Matid’lanning Institute and Demographics Centre in
Cairo. The study showed that 86.5 percent of womegypt don't feel safe in public transportatiomda
that it ranks high on the list of unsafe spaced,ianhe second-highest place where sexual harassaies
place, with public streets being the highest.

Accordingly, the aim of this study is to identiflyet design indicators that address issues of wonfesr’'s
when walking on foot in the Egyptian context. Tisisccredited by an empirical study for a mixed-siseet

in Alexandria city to validate the female indicataf safety deducted in the theoretical part. Ideorto
validate such indicators, a mixed method approaa wgsed, including a site analysis as a prelimestage
were the female indicators of safety have beeml site maps of the street; mobile electroencephabyra
(EEG) to understand the impact of street designrvomen’s brain activity; and questionnaire and self-
reported measures to underpin interpretationseoEtBG data.

3 LITERATURE REVIEW

“Every significant experience of architecture is ltmsensory; qualities of matter, space and scak a
measured equally by the eye, ear, nose, skin, toskeleton and muscle.” — Juhani Pallasma (1994).

Rapoport (1977) highlighted that perception is kieg process to connect people within the surroundin
environment (Emel Birer, Pinar Cah Adem, 2022). Actual safety is highly importafiit it is the
perceived safety that impact people’s lives (Van@mssen et al. 2017). Perception of safety (P©%)
concept that refers to an emotion generated byp#reeption of the potential risks to safety (Ruir
Abraham C, Kok G, 2001). As related to the pereeptf individuals, perceived safety is not directjated

to objective measures of crime or of threats tetgafBedimo-Rung AL, 2005). Low perceived safetyais
negative emotional state of anxiety that is oftenstdered as a larger problem than crime itself.

POS is considered as a multifaceted concept; thifferent measures to study the phenomenon may tap
various aspects of it (Abbott et al., 2020). Jank&é2005) describes POS as a group of related ctscep
reflecting emotion, perceived risk, and vulnerdjiliThe British Crime Survey (BCS) resorts to three
indicators in the evaluation of POS as a constmately: no worry of victimization, perceived orderd
organization, and perceived risk or personal safeltych focus on both cognitive and emotional digiens.

Low perceived safety has been shown to affect wésrdgrisions and behaviours, leading to the avadan
of certain places (Miethe T., 1995). A growing @®#h literature has investigated the factors thataffect
perceived safety in open space (MaruthaveeranrSdea bosch CC, 2014) ( Jansson M, Fors H, Lindgren
T, Wistrom B., 2013). The international researdhréiture emphasises three groups of factors assdcia
with perceived safety in open space: (1) persomdlbates, (2) physical attributes (3) and, soeilibutes.

A theoretical review has been done in order totifiethe factors that affect the ‘feeling of safetigat are
key elements to make public spaces inclusive afedfeamarginalised groups. Since safety is critioahe
wellbeing of all citizens, regardless of gendee, fiosition was taken that despite group differéheee are
some universal principles underlying evaluation alshimost people share. In order to identify these
principles, a literature review was conducted tentify the most effective approaches of severae<it
around the globe to urban safety. Approaches offeastical tools for how to begin building a safegre
inclusive city and address the causes of diffei@mbs of violence and physical harassment.

Each approach suggested various aspects thateafféw feeling of safety in public spaces. Thepeds
were skimmed through and sorted to attain a cobheyen of indicators that can be defined as general
indicators of safety in public space. Each indicatas mentioned by several theories, using varietrss
that reflect the same value. Figurel shows theerdifft approaches to safety and the pinciples df eac
approach that has been consolidated into nine gkinelicators of safety.

In order to identify indicators of safety that sifieally relate to female subjectivity, further iew has been
conducted. The literature review explored a nundfereports, articles and empirical studies aborgest
design and women'’s safety perception. Moreovermal@n of women'’s safety audits, conducted in diffiere
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countries, was reviewed to extract strategies asiitips which aim to reduce violence against women.
Principles of such literature have been matched getheral indicators of safety to be short listedsito
indicators of safety related specifically to wonaenseen in Figure 2.
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Fig. 2 : Indicators of Safety That Specifically Reldo Female Subjectivity. Source: Researchers,.2023

4 THE RESEARCH FRAMEWORK AND CONCEPTUAL MODEL

The research perspective on physical and sociatatats was predicated upon a combination of the
environmental/physical POS theories (i.e., Brokendbdws Theory, CPTED, and Defensible Space), which
underpin the theoretical knowledge of the study aodibination of principles of the most effective
approaches of several cities around the globeliarusafety (i.e. The Healthy City-Jane Jacobs,& &ify”
UN-Habitat, Gender Equity in Design GuidelinesyCidf Whittlesea, The safety audit methodology-
METRAC, The City of Montreal for safe cities, Thefér Sweden, BoTryggt2030). In the mentioned
literature, some indicators for each factor are leassed; however, the simultaneity of their effé@s not
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been investigated yet. The current study hence daitoe bridge the gap by modelling the possible
relationships between these factors and their atdis. The research approach to women’'s POS was not
based on unequal gender structure assumptions. \éowi@ order to concentrate on women’s POS, the
search was for the indicators which affect POS ameomen with different individual characteristias i
public spaces by reviewing a number of reportsclad, women safety audits and empirical studiezutib
street design and women’s safety perception (StwdHarkot, et. Al., 2017), Transportation Research
Procedia 3 (2018), Women’s Health East, Melboutneys (2020), Building safe and inclusive cities for
women-2011 (a practical guide), Street Design amanéh’s Safety Perception Research (Rashid, Suhaila
& Wahab, Mohammad Hussaini & Wan Mohd Rani, Waf017) and a number of safety audits (Towards a
Gender Inclusive City-Delhi, ActionAid Internatidn2013; UNHABITAT et al., 2010; Jagori, 2007, 2010
SAKHI, 2011; Women in Cities International, 201@910b) conducted in both the developed and the
developing world. Figure 3 illustrates the concaptaodel, including the primary factors of safetydheir
indicators, and in order to test this model, sogmagraphic characteristics are taken into account.
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Fig 3: Conceptual Model of Feminist Safety Peraaptn Public Space (The Researcher, 2023)

5 METHODOLOGY

The aim of this study is to identify the most imiamt indicators of public space that evoke appederi
emotional response (feeling safe) contributing tgagement of women in public space. This will be
achieved by adopting a neuroarchitecture approackatidate how the identified indicators affect the
neurophysiological correlates of emotion in women.

In order to achieve such aim, this paper uses &dnirethod approach for the study, conducted irethre
phases: The preliminary phase (Site Analysis) whetwities were mapped along the entire 630 ntddire
on both sides of the street between the monthspof-May (2023). Through this mapping all zonestué
street, were identified for detailed study. Theerafthe indicators affecting the perception ofepgf as
identified in the literature review, were listeddamapped along with the activity mapping in thdediént
zones of the street. This was followed by an intdlegpudy of the gendered usage of space day arnd. nig
The outcome of the site analysis was the avaitgtoli most indicators of safety along the streeategt for a
deserted area near the end of it.

Second phase was a questionnaire based surveye @bérfemale users were surveyed using a structured
guestionnaire where they rated the female indisatbisafety extracted from literature on a Likerdle, as

well as unstructured questionnaire wherein questivere asked about their social background, their
experiences of harassment on the street, andftdmaitarity with place.

Third phase was the EEG Measurments, where fenaticipants were asked to wear the non invasive
Emotiv mobile electroencephalography (EEG) to usiderd the impact of the street design on women’s
brain activity. During navigation experiment paigients were asked to move from an origin to a dasgtn,
simulating naturally occurring condition in theest while the eeg device recorded their brainwaves.

6 CASE STUDY

6.1 Study Area and Sampling

The study is conducted in Syria street in Alexaadity of Egypt. The street is one of the most famo
streets in the city and considered one of the filases to go out. It includes a wide variety ofilfaes such
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as banks, school, shops, and luxury apartmentg. d&®t sights are a Jewelry trade building, lbdkls
School for Girls, shopping mall and an abandondddea The street was selected as it represents gbme
the different kinds of urban mixed-use streets comrin Alexandria city and include areas differing i
visibility, vegetation density, extent of facilifend level of development.

The survey sample consisted of a number of 104orarfémale subjects who participated in the expartme
with different demographic characteristics. An paliadvertisement was launched on social media apps
seeking female volunteers. They were asked to thatlugh Syria street and observe the indicatosatdty
before rating them in the questionnaire form onltikert scale.

The route was the same for all participants, it wakected to include all Syria street classifiet itwo
zones. Zone A,C (mixed use,busy commercial comtgirbanks and a girls school, shops, residential
buildings and many pedestrians); Zone B (residensa, path through 160 meter blank facade of aceal
wall, residential villas, graffati and rubbish, pdighting, few pedestrians). Photographs of the nenes are
shown in Figure 4. The walk was conducted during aad night time to assess how lighting changes at
different times of the day affected visibility.

Zone B

K "
Zone A, ©

Map of Syria Street-Alexandria, Egypt

— Zone B

Fig.4 : Photos and Map of Syria street showing different zones A,B,C

6.2 Questionnaire Survey Method

The questionnaire administrated to the sample wiafe participants was designed in two main sestion
The first section included questions about the aedpnt's demographic characteristics including age,
gender and occupation. In the second section,dbgondents were asked to walk through the stret an
observe the naturally occuring enivironment to 28eindicator of safety investigated on a 5-poiiktekt
scale. The street was selected upon the availabflisafety indicators presenting sufficient vaiiiapin the
physical and social attributes investigated. Theeaech hypothesis to be tested is that the fenzdtys
perception has a positive relationship with theraoted safety indicators. The two versions of the
questionnaire survey were pilot tested prior taadatllection to insure clarity of the questionsisTied to
some improvements in the formatting of the quesiidme. The questionnaire form is illustrated in [Eab
with the coded street features to be rated.

Safety Factors Code Indicators Architectural Features

Physical attributes | PHI Active Frontage | PHL.1- Density of buildings /mo. of premises
PFHI.2- Number of entrancas
PHI.3- Number of windows
PHI 4- Transparency of facadas
PHI.3- Varisty of activitiss

PHZ Locomotive PHI.1- Adequate width of pathways to walk frasly without brushing
Pathways PHI.I- Good quality of the pavement
PHI.3- Absench of obstacles to locomotion
PH3 Visibility PH3.1- Absence of obstacles that block view
Prospact PH2.I- Density of trass
& PH1.1- Clzarings betwaen traas
Rafuge PH1.4- Form of tree not blocking wisibility

PH3 .3- Possibility of being s2en and seeing around
PH3 6- Absence of places for offenders to hide

FH4 Parimatar PH4.1- Awvsilability of possiblz sscaps routas
Protaction PH4.2- Visibility of antrances
PH4 3- Parmeability of fencing systam towards tha strast
PHS lishting PH3.1- Amount of lighting

PHS.2- Mo obstacles covering light posts
PHS.3- Amount of glars
Social attributas 51 Mix of paople 81.1- Prasance of peoplz on tha strast
51.2- Abssnce of threatsning peopls (homeless, drug takers..)
S1.3-day Prasence of women comparad to men
51.4- night
52 Matural 52.1- day Dizgrze of observation frominside buildings, (shops or rastaumnts with
Surveillancs 52.2-night largs windows, housing with baleonias)

Table 1: Coded Items To Be Rated In The Questionsaireey Form (The Researcher, 2023)
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6.3 Neuroarchitecture Approach Method

Neuroarchitecture is the built environment designéth principles of neuroscience, which establishes
spaces that enhances wellbeing, improve cognitorities, stimulate brain and eases nerves. Itd goa
gaining a better understanding of the relationdldtween emotions and architectural design by obwgerv
people's responses and measuring the relevanineegiothe brain. It provides an empirical basis tfoe
design choices made by architects, rather thaimggfibr purely theoretical debates in design.

Feminist Safety SP1 Personal safety SP1.1- Feeling of safety wialking alone at night
Perception SP1.2- The level of presence in the street at night
SP1.3- Lack of zones you avoid walking through
SP2 No Worries of SP2.1- Absence of sexual harassment (verbal, togcbhasing
Victimization SP2.2- Absence of Violent Physical attack
SP2.3- Absence of Robbery, murder, ...
SP3 Perceived order SP3.1- Absence of young hooligans

and organization = SP3.2- Absence of ruined places
SP3.3- Absence of rubbish or graffiti

Neuroarchtecture relies on philosophical constrac@nalysis of behaviour patterns in order toteckuman
responses to design. Psychological studies usingaive methods, such as surveys or interviewse laéso
been used to test such relationships; howevere tiiethods rely on the subject’s understanding itityato
articulate why they respond to a design elemeatparticular way. In contrast, neuroscientific istigations
offer a higher degree of objectivity, providing anmber of additional tools that can measure botlscions
and sub-conscious responses without the needewrupt the subject. Nor do researchers interfeth thie
results themselves by asking subjects to think elbow or why they respond as they do.

This paper builds on research using Emotiv moldiéeteencephalography (EEG) to investigate padicul
indicators of safety extracted from literature, aedplore it within the theoretical paradigm of
neuroarchitecture to generate specific hypothewathé design of public spaces that are safe fonevo

To achieve such an objective, the literature reviesorporated studies investigating design charistites
of the urban environment that included measurirjgaive neurophysiological response. The neuroin@agi
based studies have shown that different environsnetaly be associated with distinctive patterns afrbr
activity (Chang, C.Y.; Hammitt, W.E.; Chen, P.; Mad, L.; Su, W., 2008) (Ulrich, R.S., 1981). Fueth
research has shown differences in neural activtivdd and interpreted via Emotiv electroencephalplgy
(EEG) proprietary software when walking in variawban environments, indicating changing neuralgti
in response to changing urban environments (AdpiRalMavros, P.; Coyne, R.; Roe, J., 2013).

Based on psychological and neuroscience resedrdigsi been suggested that the responses along the
dimensions of stress assosiated with feeling of #aal relaxation assosiated with feeling of safmty
correlated with activity in particular regions bktbrain.

6.3.1 The Expirement

For the naturalistic experiment, a pilot sampleferhale participants, who conducted the questiganai
survey, wearing EMOTIV EPOC headset were askedaix along the same route in Syria street that took
them through the busy commercial area into thertkxb@rea. A custom-software platform to geoanmeotat
emotional states from Emotiv’'s Affectiv suite wasvdloped in the conduct of the outdoor studies.

6.3.2 EEG Data Acquisition

Brain electrical activity was recorded non-invagnveom the scalp using the Emotiv EPOC+ EEG hetadse
with 14 channels corresponding to the internatid@d20 position system (AF3, AF4, F3, F4, F7, FB5F
FC6, T7, T8, P7, P8, 01, and 02). P3 and P4 actedfarence electrodes. Data was recorded usingiEMO
Pro software. Where different recordings of eadbjexat have been exported as CVS files to Emotiudlo
for analysing. The output from Emotive Performamdetrics is deduced emotional reactions from brain
activity. The Performance Metrics creates a difieprofile for each subject then interprets the EdeBvity
from the available channels into six emotional paters;“Engagement” En, “Excitement” Ex, “Focus ;Fo
“Interest” In, “Relaxation” Re and “Stress” St (Etiwp 2011).

Moreover, the Emotiv testbench provides Fast FouFimnsform (FFT) Method. This method employs
mathematical means or tools to EEG data analysistamsforms a signal from the time domain into the
frequency domain. Where the power of the diffetsrids could be extracted in different lobes oftttaén.
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In this experiment the relaxation and stress patermavere selected for analysis. These parameters w
normalised for each individual and scaled as valesveen 0 and 1, which allowed between subject
comparisons, at each sampling point. Due to theléatual property rights of Emotiv, it is uncleahat
particular EEG signature underlies each of the dPerdnce Metrics outputs. Based on findings from
previous research (Aspinall, P.; Mavros, P.; CoyheRoe, J, 2013). “Relaxation” is associated wittalm
relaxed state and “Stress” has negative valenae EHG data set was generated by creating threeseéaju
means per walking segment at the individual level then averaging these means across the wholetcoho
for each walking route. These means were geneusied the time taken for a given participant to ptete

a particular section of the walk and then dividihg into three time locked sections. It is thesmans that
are used for the analysis of the Performance Mgetlata extracted from the Emotiv pro software.

The experiment also builds on the scientific fhett tAlpha and Beta frequency power are linked watiee
mood, stress and depression. whereby Alpha bandiipher activation in the frontal lobe in non-safes
environments (active zones of the street) and Batal higher activation in the stressful deserted af the
street. This is associated with an increase inPthend P8 electrodes which are closest to the aalgydpal
the brain, which is a fear-related area (Pizzol.et2819). Therefore, using the Emotive pro teshettloe
power of Alfa and Beta bands were extracted infiithietal lobe channels F3 and F4, and in the pdriele
channels P7, P8. The research hypothesis thatuwhétze an increase in Alfa power band in zoneCAand
an increase in Beta band in zone B, is associaittdtiie Performance Metrics results hypothesis tihaite
will be an increase in stress along zone B andherease in relaxation along zone A, C.

7 RESULTS

7.1 Questionnaire Survey Analysis

The analysis of the questionnaire survey method des® using the statistical package for socialnees
(SPSS V. 28) for basic descriptive statistics, ¢martPLS 3.2.9) for SEM-PLS modeling. The firgttam
deals with demographic characteristics. The measeme model was evaluated for the reliability and
validity of the instruments with several descriptstatistics and bivariate correlations in the sdcgection.
Finaly, the examining structural model for testihgpotheses underlying this paper includes path
coefficients, collinearity diagnostics, coefficieit determination (R2), effect size (?), predietivelevance
(Q2), and global goodness of fit criteria.

7.1.1 Measurement Model

Factor loadings, average variance extracted (A\VBimposite reliability (CR), and discriminant vatidi
were used to assess construct validity (Hair & lsuk&014). (Hair et al., 2017). The values of conitpos
reliability should be greater than 0.6 and AVE a0 (Fornell and Larcker, 1981). These indichs the
study satisfied these requirements for convergalidity and internal consistency of the scales. Vakies
for Skewness between -2 to +2 and kurtosis betwéemd +7 are considered acceptable in order teepro
normal distribution (Hair et al. 2014; Byrne 201®he results of the normality test show that thieies of
Skewness and kurtosis for the constructs of theeinedre within the specified range.
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Fig. 5: Visualization of the correlation matrix

The Pearson product-moment correlation coefficiats calculated to determine the strength and the
direction of the relationship between the seleatedstructs. Figure 5 shows the matrix of Pearson
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correlation coefficients between all constructs #ml dimensions. It was indicated that there iDsitive
relationship between the independent variables {Endimensions) with the dependent variable (asd i
dimensions). It is also observed that there igyaiffcant positive relationship between Physictitibutes
and Perception of Safety sin(208) = .649, P < 0.001) and between Social attributes and Perception of
Safety sincer(208) = .651, P < 0.001) .

7.1.2 Assessing the Structural Model

Examining the structural model includes path codgdfits, collinearity diagnostics, coefficient of
determination (R3), effect size (f2), predictivderance (Q?2), and global goodness of fit criteRaior to
analysing the structural model, the collinearityween constructs was examined (table 2) using neegia
inflation factors (VIF), and found that all valuesre less than the threshold of 5 (Hair et al., 7201

95% Bias- Remark
Path B t-value P-value | Corrected CI
LB UB
H1: Physical attributes -> Perception of Safety 40.1 6.269 0 0.377 0.712  Supported
Active Frontage -> Perception of Safety 0.348 3.297 0.001 0.151| 0.554 Supported
Locomotive Pathways -> Perception of Safety 0.028 .539 0.59 -0.081 0.12 Not Supported
Perimeter Protection -> Perception of Safety 0.186 2.413 0.016 0.023 0.38  Supported
Visibility/Prospect & Refuge -> Perception of Sgfet 0.128 2.196 0.028 0.002 0.231 Supported
lighting -> Perception of Safety 0.033 0.473 0.636 -0.11| 0.168| Not Supported
H2: Social attributes -> Perception of Safety 0.223 2.421 0.016 0.028 0.385 Supported
Mix of people -> Perception of Safety 0.122 2.p3 043. -0.008| 0.234 Supported
Natural Surveillance -> Perception of Safety 0.174 1.873 0.061 -0.01§ 0.34D Not Supported
Table 2: Results of Hypothesis Testing
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Fig. 6: Structural model assessment. Fig. 7: Suibtheses testing

The results of hypothesis testing in Table 2 amiféi 6 showed that Physical attributes yieldedyaifscant
positive effect on Perception of Safety sifice 0.544,t = 6.265, P < 0.001,93% CI for § = [0.377,0.712]),
consequently, the first hypothesis is confirmed.rddwer, Social attributes yielded a significant ifhos
effect on POS singg = 0.223,t = 2.121, P < 0.001,95% CI for # = [0.028,0.385]), consequently, the second
hypothesis is confirmed. The sub-hypotheses weaetakted and given in Table 2 and Figure 7.
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Fig. 8: Importance Performance Map. Source: Resegr2823. Fig. 9: Difference in perception of spfetross zones.
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7.1.3 Importance Performance Map Analysis

Importance performance map analysis (IPMA) wagsetil to provide additional insights by combining th
importance (l) and performance (P) dimensions amlyRingle & Sarstedt, 2016). IPMA enables the
identification of places where action is necess&igure 8 depict the dimensions of the constrult t
influence the dependent variable Perception of tgafégure 8 show that Active Frontage was the most
important construct, followed by Perimeter Protaati Visibility, Mix of people, Natural Surveillance
Locomotive Pathways, and lighting. Moreover, Loctin® Pathways performed the best, followed by the
Visibility, Perimeter Protection, Mix of people, Awe Frontage, lighting, and Natural Surveillanc.

7.1.4 Personal Attributes Testing

In this section the analysis of the personal aitéb will be investigated upon the respondentisfaation.
The appropriate tests are the parametric testse dime data were normally distributed (Table 3)e Th
demographic variables are categorical variableh mibre than two independent categories, so thaldeit
parametric test is the analysis of variance (ANOW&St. Concerning the age; the results show tleaetis a
significant difference in Perception of Safety arsddimensions. Furthermore, the results for masitatus
show that there is a significant difference in oRlgrceived order and organization across the lesels
marital status. Moreover, the results of Familjanitith Space show that there is a significant défee in
only Personal safety.

Variable Age Marital Status Familiarity with Zone

Space
Test F P-value F P-value F P-value t P-value
Personal safety 4438 0.013 0.378 0.686 3.5p6 0.032| 9.968 <.001
No Worries of Victimization 1.092 0.337 0.361 0.697 0.870 0.421 12.378 <.001
Perceived order and organization 3.192 0.043 3.458.033 2.159 0.118 5.017 <.001
Perception of Safety 3.594 0.029 1.03f 0.356 1.9¢®.141 11.755 <.001

Table 3: Personal attributes results

7.1.5 Difference in Female Safety Perception Across tleetszones

Since the zones of the streets are categoricahdblad with two independent categories, so the ldeita
parametric test is the independent-samples t-Tdw. results show that there is a significant défere in
Perception of Safety and it's all dimensions betwame A and zone B since P-value is less thandsGbr
Personal safety{t = 9.968,P < 0.001), No Worries of Victimizatiorit = 12378, P < 0.001), Perceived
order and organizatiolit = 5.017,P < 0.001), and OSt = 11.755, P < 0.001). These differences were
visually represented in Figure 9.

7.2 Neuroarchitechture Approach: Results

Although based on a small sample, the resultsisfditot study was in line with the paper’s hypatisethat
the extracted female indicators of safety triggepaasitive emotion in subjects concerning their tsafe
perception. The results also demonstrated the patesf mobile EEG to tap into the emotional and
cognitive states of women who are engaged in nlgticatasks, like walking in urban environment$her
analysis of the extracted EEG data are analysed) tsio methods elaborated in the following sections

7.2.1 Performance Metrics Analysis

This anylsis is to test the first hypothesis of tl@eiroarchitecture approach method. At a descepével, a
map of the route and a typical EEG record from paicipant are shown in Figure 10 . The charhattop
shows the emotional levels from relaxation (1) ammdss (2) that have been smoothed by Emotiv’svaoét

A record of the fluctuations in relaxation and s$sres plotted as a map according to their geogcaphi
location in figure 11 below. For example, thistigipant remains relaxed through zones A and Cciviare
full of active frontages, whereas relaxation faiszone B which is a deserted blank frontage. Csalg,
stress seems to be lowest at the start of the avalkhighest towards the end.

An aggregate visualisation of the relaxation lewaflshree participants (peaks are in red, yellow htue,
respectively) Figure 11, reveals shared patternenodtional activity, even though the experiment was
performed on different days.
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ZONEC ZONEB ZONEA

Fig. 10: Map of the route in Syria street. Emoticaivity of one participant during the route,dharts (top of the map) and plot in
space (bottom of map). Cyan shows relaxation; Magsimows stress. Source: Researcher, 2023. Fighbivs aggregate of
relaxaion levels from the three participants. Peaksn red, yellow and blue, respectively, forteparticipant. Source: Researcher,

2023.

7.2.2 Fast Fourier Transform (FFT) Method

Testing the second hypothesis of the neuroarchite@pproach method, the outcomes were in line thiigh
FFT extracted results. As seen in Figure 12, thdings of one participant shows an increase in &lpdnds
associated with relaxation in Zone A,C of the dtieghe F3 and F4, P6, P7 channels after 5 minutdk

and conversely an increase in the power of Betal lzmsociated with stress in the F3 and F4, P6, P7
channels when the participant walked through zon&fr 7 minutes walk shown in Figure 13.

Fig. 12: Increase in Alfa band in F7, F3, P7, P&ames A & C (FFT of Emotiv Pro Software). Fig. 1Bicrease in Beta band in F3,
F4, P7, P8 in Zone B (FFT of Emotiv Pro Software)

8 DISCUSSION AND CONCLUSION

This paper piloted and presented a novel mixed oasttstudy focusing on the changing mood of female
subjects while walking in an active mixed-use urlstneet with one deserted area, using interpretitod
EEG along with subjective scales. This approacbwall for a deeper understanding of mood variation
amongst women by identifying the indicators of safef the physical and social environment, which
influences how they feel during a walk in the dstraeday and night time. A Female Safety Conceptual
Model was conducted to identify the different itites that affect the safety of women in publiccspa
which was a base for validating the indicators afe/ through the questionnaire survey method. The
analysis of the indicators of safety using the tjaesaire survey method was done using the steisti
package for social sciences (SPSS V. 28) for lmescriptive statistics, and (SmartPLS 3.2.9) foMSHELS
modeling. The results showed that physical andasatiributes yielded a significant positive effent
women's perception of safety in public space. Cqueatly the first hypothesis of the paper is conéid.
Only three of the indicators were found to haveefilect on perception of safety which are locomotive
pathways, lighting, and natural surveillance whiohtradicted with literature and previous studies.

Importance performance map analysis (IPMA) was useitlentify the most important indicator for the
perception of safety. Active Frontage was the niogtortant indicator, while lighting was the least
important. Moreover, Locomotive Pathways perforntbd best and Natural Surveillance performed the
least. Concerning the personal attributes and ¢heeption of safety, the paper used the analysisuadince
(ANOVA) test. The results showed that there isgnificant difference in Perception of Safety acrtss
levels of age, marital status and familiarity wétbace. The levels of POS tend to increase withwlgieh is
contradicting with the reviewed literature. The fiamity with space was found to help increase B@S
while the divorced category was found to be théésg in their POS.

The independent-samples t-test was conducted 1w #ad there is a significant difference in Peraapbf
Safety between zone A (active) and zone B (deseofetthe street. Where, the perception of safetg high

in the presence of such indicators in the actiea af the street and the POS dropped down in therieel
area of the street, which was the base to exanmeevalidation of such hypothesis in the context of
neuroarchitecture.
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The EEG recordings extracted from the Emotiv priiveare has been analysed using two methods; the
Performance Metrics Analysis and the FFT analysthod. The Performance Metrics Analysis presented
the findings from the female participants thattsitheir walk in the active Zone A of the strestl dhen
walked into the the deserted zone B. This pilonfbavidence of high relaxation when walking throaghe

A, and higher stress when moving into zone B—arghér relaxation when moving out of it. The FFT
analysis found an increase in the power of the AlpAnd associated with relaxation while walkinghglthe
street and conversely an increase in the poweetd Band associated with stress in the desertefdlfasea

of the street. Consequently the second and thyqmbthesis of the paper are confirmed.

Results of the Neuroarchitecture approach methork i@und to be consistent with the results of the
qustionnaire survey method. Analysis of the Pertoroe metrics and FFT data appeared to show
interpretable differences between walking throulgé two zones of the street, further supported ley th
guestionnaire survey analysis, which suggestedpdudicipants experienced a beneficial effect elirdSyria
street except for the deserted area towards theokrtd Such evidence shows that the availabilitytiee
proposed safety indicators along the street hasai mole to play in contributing to women’s safety
perception through mediating the stress inducetthéyearful zone of the street.

This paper seeks for improvement of women engagemepublic space. It is a search for the scientifi
evidence which could support the design. The intieegart is that instead of asking subjects albeir
feelings towards different design features, thedirs were “asked” directly by observing which braéve
patterns were active while moving along differengiees of a street setting. This new approach higtddythe
most important features of public space contrilgutmsafety perception.

This study is one of the first to use a mobile E&Gtem outdoors and EEG-based emotion recognition
software to record emotional changes as femalestshyvalk through an urban environment, supporied b
guestionnaire survey method that provided insight interpretations of the Emotiv testbench. Howgve
there is still difficulty in establishing reliablaterpretations of the Affectiv terms for use instltontext,
suggesting that further research is required usilagger sample.

Nonetheless, the paper findings are consistent thightheories and principles of perception of safet
public space and encourage the use of the technobogxtend current research by developing novdl an
objective cortical correlates of emotion. This wbue particularly beneficial in exploring the héalt
improving potential of environments while women arethe move.
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