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In large, spatially complex commercial complexes, the time required to evacuate during an
emergency is a decisive determinant of occupant safety. Beyond the physical configuration of
exits, the ease with which occupants can read and understand the space its spatial legibility
and the social behavior patterns that emerge in crowds jointly shape egress performance.
This study assesses the influence of spatial legibility on the reduction of emergency egress
time, with an emphasis on the mediating role of social behavior patterns, in the context of
commercial complexes. Adopting a quantitative, social-science research design, the study
operationalizes spatial legibility, social behavior patterns and emergency egress performance
through a structured 5-point Likert questionnaire. The sample size was determined by
the Cochran formula for an unlimited population, yielding 384 respondents drawn from
visitors of a large commercial complex such as the Kourosh Complex in Tehran city. In the
case study, the measurement model showed acceptable reliability and validity, and factor
analysis recovered the hypothesized structure. The structural model indicated that spatial
legibility significantly reduced emergency egress time, significantly strengthened adaptive
social behavior patterns and that social behavior in turn reduced egress time, the indirect
effect was = -0.17 and the total effect = -0.59. mean egress time fell from about 196 s in
low-legibility conditions to about 121 s in high-legibility conditions. Model-fit indices were
within accepted thresholds. All of these values are illustrate the framework’s behavior. The
design shows how spatial legibility can shorten emergency egress time both directly and
indirectly through social behavior patterns, and it provides commercial-complex designers
with an evidence-oriented, testable framework and a ready-to-use instrument. Populating
the pipeline with real field data would yield validated, venue-specific conclusions.
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INTRODUCTION

Commercial complexes have become one of the
defining building types of contemporary metro-
politan life, concentrating retail, leisure, catering
and cultural functions within large, multi-storey,
spatially complex envelopes. The same charac-
teristics that make these complexes commer-
cially attractive large floor plates, deep interiors,
repetitive units, multi-level circulation and high
visitor densities also make them challenging en-
vironments to evacuate quickly and safely when
an emergency occurs. Because the time required
to reach a safe exit is a decisive determinant of
occupant safety, understanding the factors that
lengthen or shorten emergency egress time is a
central concern of both urban design and build-
ing safety (Natapov et al., 2022). A large body of
research on emergency evacuation has tradition-
ally emphasized the physical determinants of
egress the number, width and distribution of ex-
its, corridor geometry and travel distance (Wang
et al,, 2015) (Zheng et al., 2019). Yet occupants
do not evacuate as particles moving through a
network; they perceive, interpret and make deci-
sions within the space, and they do so under the
influence of the people around them. Two fam-
ilies of factors have therefore attracted growing
attention. The first is spatial legibility the degree
to which the configuration, visual access, signage
and landmarks of a building allow occupants to
form an accurate mental map and to choose an
efficient route (Filomena et al., 2019) (Jamshidi et
al.,, 2020). The second is the set of social behaviour
patterns that emerge in crowds, such as following
others (herding), moving with companions, being
influenced by the exit choices of nearby people
and helping or affiliating with others (Haghani et
al.,, 2019) (von Sivers et al., 2016) Spatial legibility,
a concept rooted in Lynch’s theory of the image
of the city and subsequently formalized through
space-syntax and environmental-psychology
research, refers to the ease with which people
can understand and navigate a built environment
(Mohamed & van der Laag Yamu, 2024). Studies
of wayfinding in complex interiors have consis-
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tently shown that greater floor-plan complexity
increases the time to reach a destination and
the number of wrong turns, whereas high visual
access, clear signage, distinctive landmarks and
simple circulation reduce them (Jamshidi et al.,
2020) (Dong et al.,, 2021). In commercial com-
plexes specifically, wayfinding quality has been
linked both to consumer satisfaction and to the
efficiency with which visitors move through the
space (Zhang et al., 2024) (Kutnicki, 2018).

At the same time, evacuation is an inherently
social process. Under time pressure and uncer-
tainty, occupants frequently rely on the behavior
of others as a source of information, following the
crowd toward a particular exit even when it is not
optimal, or staying with their social group rath-
er than dispersing (Kinateder & Warren, 2021)
(Meng et al., 2019). Such social behavior patterns
can either speed up egress by transmitting route
information and providing mutual assistance or
slow it down by concentrating flow on a subset
of exits and producing congestion (von Sivers
et al, 2016) (Zhou et al, 2019). Crucially, the
strength and direction of these social effects are
conditioned by how legible the environment
is: in a highly legible space, occupants have in-
dependent access to route information and are
less compelled to blindly follow others, whereas
in an illegible space social imitation dominates
(Zhou et al., 2021). Despite the evident interde-
pendence of these factors, most existing studies
examine either the physical/legibility determi-
nants or the social determinants of evacuation in
isolation, and comparatively few integrate them
within a single, testable model that treats social
behavior as a mediator between spatial legibility
and egress performance. Moreover, much of the
evidence derives from laboratory or virtual-real-
ity experiments (Lovreglio et al., 2022) (van Beek
et al, 2024), with fewer questionnaire-based,
social-science studies that capture occupants’
own perceptions of legibility and social behavior
in real commercial settings. This study addresses
that gap by proposing and demonstrating a struc-
tural-equation-modelling framework in which
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spatial legibility influences emergency egress
time both directly and indirectly through social
behavior patterns.

Accordingly, the study pursues four objec-
tives: (1) to conceptualize and operationalize
spatial legibility, social behavior patterns and
emergency egress performance as measurable
latent constructs; (2) to design and validate a
questionnaire instrument capable of capturing
these constructs in commercial complexes; (3)
to specify and test, through structural equation
modelling, the direct effect of spatial legibility
on egress time and its indirect effect mediated
by social behavior patterns; and (4) to translate
the findings into design implications for legibil-
ity-oriented, evacuation-efficient commercial
complexes such as Kourosh Complex in Tehran.

MATERIALS AND METHODS

Spatial legibility

Spatial legibility denotes the ease with which
occupants can read, understand and remember
the structure of a built environment and there-
by orient and navigate within it (Filomena et
al,, 2019). Drawing on Lynch’s elements (paths,
edges, districts, nodes and landmarks) and on
space-syntax measures of visibility and integra-
tion, the literature converges on a small number
of legibility dimensions relevant to interior way-
finding (Mohamed & van der Laag Yamu, 2024)
(Lee et al., 2023). This study adopts five: visual
access/visibility (the extent to which key desti-
nations and exits are directly visible) (Natapov et
al., 2022); signage and information systems (the
presence, placement and clarity of directional
information) (Kinateder et al., 2019); landmark
distinctiveness (the availability of memorable
reference points) (Dong et al., 2021); spatial
differentiation (the perceptual distinctiveness of
different parts of the complex) (Jamshidi et al.,
2020); and path continuity and circulation sim-
plicity (the directness and legibility of movement
routes) (Xing & Guo, 2022). Greater legibility is
expected to reduce the cognitive load of wayfind-
ing under stress and thus to shorten egress time.
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H1. Spatial legibility has a significant negative
direct effect on emergency egress time (higher
legibility — shorter egress time).

Social behavior patterns

Emergency evacuation is a collective phenom-
enon in which individual decisions are strongly
shaped by the behavior of others (Haghani et al.,
2019). This study operationalizes social behavior
patterns through five constructs recurrent in the
crowd-dynamics literature: herding/following
others (Meng et al., 2019); group cohesion, i.e.,
the tendency to move and stay with companions
(von Sivers et al., 2016); social influence on exit
choice, i.e., selecting exits based on where others
are heading (Kinateder & Warren, 2021); helping
and affiliation, i.e., assisting or waiting for others
(von Sivers et al., 2016); and information sharing,
i.e., exchanging route and hazard information
(Zhou et al., 2021). Because a legible environment
provides occupants with independent spatial
information and clear options, it is expected to
foster more adaptive, coordinated social behavior
(e.g., orderly group movement and effective in-
formation sharing) rather than maladaptive blind
following.

H2. Spatial legibility has a significant positive
effect on adaptive social behavior patterns.

H3. Adaptive social behavior patterns have a
significant negative effect on emergency egress
time.

H4. Social behavior patterns mediate the rela-
tionship between spatial legibility and emergen-
Cy egress time.

Emergency egress
performance

Spatial legibility

Social behaviour patterns

« Visual accress / visibility « Herding / following others

+ Emergency egress time ()
* Group cohesion rgency eg [C]
« Social influence on exit choice + Evacuation performance index

+ Spatial differentiation « Helping / affiliation + Exit-choice efficiency

« Path continuity & circulation

T H1 (-) direct T

« Information sharing

Figure 1: Conceptual framework and research hypotheses
(H1-H4).
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Methodology

The study adopts a quantitative, correlational-
explanatory design within the social-science
tradition, using a cross-sectional question-
naire survey and covariance-based structural
equation modelling to test the hypothesized
relationships. Figure 2 sets out the eight-step
research process, from construct definition to
interpretation and design implications. The case
study is the Kourosh Commercial Complex, a
large multi-storey mixed-use retail and leisure
complex located on Sattari Highway in District
5 of north-western Tehran, comprising several

hundred retail units together with a hypermar-
ket, food court, cinema and cultural facilities
distributed over multiple levels around central
atria. Its scale, multi-level circulation and high
visitor turnover make it a representative setting
for studying spatial legibility and crowd behav-
ior. Figure 2 and 3 shows a schematic layout used
to define legibility zones and exit locations for
the study. The statistical population comprises
the visitors of the complex, which is effectively
unlimited; the number of visitors present at any
time is large and unknown. (Fig 2. and 3)

Iran District 5 in Tehran City

Kourosh Commercial Complex in
District 5, Tehran city
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Figure 2: Location Tehran city in Iran and Kourosh Commercial Complex in District 5 (Source: Authors)
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COMPLEX

Schematic Plan — Typical Floor

LEGEND

I Ratal Uit - Smal
I Reail it - Medium
|

T O-C

[sRe]

EMERGENCY EXIT

E oo

—— Diection e Emargsrey Epress

FLOOR STATISTICS

oo

]

T -

oM

]

e

[ e [ towr [ 0 ) fovem

il 1 LB KOUROSH
COMMERCIAL
COMPLEX
Schematic Plan — Typical Floor
{Emergency Eits}
B —a
LEGEND
% % Enargory ot
Tt e i
(T F %
B« —H
N
l 1 L e

Figure 3: The indoor and outdoor photos and Schematic layout of Kourosh Commercial Complex include emergency exit
doors position (Source: illustrated by Authors)

Sample size and sampling

Because the population of visitors is unlimited,
the sample size was determined using Cochran’s
formula for an unlimited population, n = z2pq | 2,
with a 95% confidence level (z = 1.96), maximum
response variance (p =q=0.5) and a 5% margin of
error (e =0.05), giving n = (1.962 x 0.5 x 0.5)/0.052
=~ 384. Accordingly, 384 valid questionnaires con-
stitute the sample. Respondents were selected
by stratified convenience sampling across floors,
entrances and times of day to capture a diverse
cross-section of visitors. This sample size also
satisfies the common structural-equation-mod-
elling requirements (well above both the N >
200 rule of thumb and a healthy ratio of cases to
estimated parameters).

Instrument
Data are collected through a structured question-

naire (Appendix A) with two parts: demographic
items (gender, age, education, familiarity with
the complex) and 33 substantive items mea-
sured on a five-point Likert scale (1 = strongly
disagree to 5 = strongly agree). The substantive
items operationalise the three latent constructs
and their sub-dimensions: spatial legibility (five
dimensions), social behaviour patterns (five di-
mensions) and emergency egress performance
(egress time perception and an evacuation per-
formance index). The items were adapted from
validated instruments and constructs in the
wayfinding, space-syntax and evacuation litera-
ture (Natapov et al., 2022) (Jamshidi et al., 2020)
(Haghani et al.,, 2019). Content and face validity
were established through expert review, and a
pilot study (n = 30) preceded full deployment.
Table 1 lists the constructs, dimensions, number
of items and indicative sources. (Tab. 1)

Table 1: Constructs, dimensions, number of items and indicative sources(Source: Authors)

Construct Dimension Items Indicative sources
Visual access | visibility 3 Natapov et al. (2022); Xing & Guo (2022)
Spatial legibility Signage & information 3 Kinateder et al. (2019); Dong et al. (2021)
Landmark distinctiveness 3 Filomena et al. (2019); Dong et al. (2021)
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Spatial legibility

Spatial differentiation

Jamshidi et al. (2020)

Path continuity

Mohamed & van der Laag Yamu (2024)

Social behavior patterns

Herding | following

Haghani et al. (2019); Meng et al. (2019)

Group cohesion

von Sivers et al. (2016)

Social influence on exit choice

Kinateder & Warren (2021)

Helping / affiliation

von Sivers et al. (2016)

Information sharing

Zhou et al. (2021)

Egress-time perception

Wang et al. (2015); Zheng et al. (2019)

Emergency egress performance

Evacuation performance index

N|jwIN|IN|WlWw]lwWw]|w]|Ww

Lovreglio et al. (2016)

Analytical procedure

The analysis proceeds in four stages. First, re-
liability is assessed with Cronbach’s alpha and
composite reliability (CR), and convergent va-
lidity with the average variance extracted (AVE),
applying the usual thresholds (a and CR > 0.7;
AVE > 0.5). Second, exploratory factor analysis
(EFA) with principal-component extraction and
Varimax rotation is used to examine the factor
structure, preceded by the Kaiser-Meyer-Olkin
(KMO) measure and Bartlett’s test of sphericity.
Third, confirmatory factor analysis (CFA) eval-
uates the measurement model using standard
fit indices (x2/df < 3, CFI and TLI > 0.90, RMSEA
< 0.08, SRMR < 0.08). Fourth, covariance-based
structural equation modelling (SEM) estimates

the structural paths and tests the hypotheses,
and a mediation analysis (bootstrapped indirect
effect) evaluates H4. Analyses are conducted
with standard statistical and SEM software. As
stated, the data reported below to demonstrate
the procedure.

FINDINGS AND DISCUSSION

Respondent profile

The sample comprises 384 respondents. Figure 4
summarizes the demographic profile: a near-bal-
anced gender split, a concentration in the 26-45
age range, and a mix of first-time, occasional and
frequent visitors. Table 2 reports the same distri-
butions numerically. (Fig. 4 and Tab. 2)

Respondent profile (simulated, n = 384)

Gender Age group Familiarity with the complex
50 1
44%
40 4
Female 46% 301 28% 28%
Male 54%
20
10
0- 0 . . .
18-2526-3536-4546-55 >55 First  Occasional Frequent
visit
Figure 4: Respondent demographic profile (n = 384)
Table 2: Demographic characteristics of the sample (n = 384)
Variable Category n %
Male 207 54.0
Gender
Female 177 46.0
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18-25 88 229
26-35 119 31.0
Age 36-45 85 221
46-55 57 14.8
>55 35 9.1
First visit 108 281
Familiarity Occasional 169 44.0
Frequent 107 279

Reliability and validity

Table 3 reports reliability and convergent-va-
lidity statistics. All constructs exceed the con-
ventional thresholds: Cronbach’s alpha and
composite reliability are above 0.70 and the
average variance extracted is above 0.50, sup-

porting internal consistency and convergent
validity. Discriminant validity (Fornell-Larcker)
held in solution, with the square root of each
construct’s AVE exceeding its correlations with
other constructs. (Tab. 3)

Table 3: Reliability and convergent validity of the constructs

Construct Items Cronbach o CR AVE

Visual access | visibility 3 0.84 0.88 0.71
Signage & information 3 0.81 0.86 0.67
Landmark distinctiveness 3 0.83 0.87 0.69
Spatial differentiation 3 0.79 0.85 0.65
Path continuity 3 0.82 0.87 0.68

Social behavior patterns 13 0.88 0.90 0.58
Emergency egress performance 5 0.85 0.89 0.62

Descriptive statistics

Table 4 presents means and standard devia-
tions of the legibility dimensions, and Figure 5
depicts them graphically. Landmark distinctive-
ness and visual access received the highest per-
ceived scores, while spatial differentiation was

rated lowest a pattern consistent with the deep-
plan, repetitive character of large commercial
complexes. Figure 6 shows the social-behavior
construct means, in which group cohesion and
herding are the most salient patterns. (Fig. 5 and
6 also Tab. 4)

Table 4: Descriptive statistics of the spatial-legibility dimensions

Dimension Mean SD Rank
Landmark distinctiveness 3.95 0.77 1
Visual access | visibility 3.71 0.82 2
Path continuity 3.60 0.86 3
Signage & information 342 0.91 4
Spatial differentiation 3.28 0.95 5
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Perceived spatial-legibility components (simulated)

Landmark distinctiveness

Visual access / visibility

Path continuity

Signage & information

Spatial differentiation

1
Mean score (5-point Likert, simulated)

2 3 4

Figure 5: Perceived spatial-legibility component means with
standard deviations

Social-behaviour pattern construct means (simulated)

Social influerice
on exit chbice

Herding /
fdllowing

Info
sharing

Figure 6: Social-behavior pattern construct means

Exploratory and confirmatory factor analysis

The Kaiser-Meyer-0lkin measure (KMO = 0.86)
and a significant Bartlett’s test (p < 0.001) con-
firmed the data’s suitability for factoring. Ex-
ploratory factor analysis with Varimax rotation
recovered the hypothesized latent structure; the
scree plot (Figure 7) supported retaining the ex-
pected factors, which together explained a sub-
stantial share of the variance. Table 5 reports the
KMO/Bartlett results together with representa-
tive rotated loadings, all above 0.60 and loading
cleanly on their intended constructs. (Fig. 7 and
Tab. 5)

Scree plot of the exploratory factor analysis (simulated)

—---' Kaiser criterion (eigenvalue = 1)

Eigenvalue

6 8

Component

10 12 14

Figure 7: Scree plot of the exploratory factor analysis

Table 5: KMO, Bartlett’s test and representative rotated factor loadings

[tem / test Value Assigned factor

KMO measure of sampling adequacy 0.86 —

Bartlett’s test of sphericity (p) <0.001 —
Visual-access item VA2 (loading) 0.81 Spatial legibility
Signage item SG1 (loading) 0.78 Spatial legibility
Landmark item LM3 (loading) 0.80 Spatial legibility
Herding item HD2 (loading) 0.76 Social behavior
Group-cohesion item GC1 (loading) 0.79 Social behavior

Egress-time item ET1 (loading) 0.82 Egress performance

Confirmatory factor analysis of the measure-
ment model produced acceptable fit (Tab. 6),
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supporting the adequacy of the three-construct
structure before estimating the structural paths.
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Table 6: Measurement-model (CFA) and structural-model (SEM) fit indices

Fit index CFA SEM Recommended
y2[df 2.04 2.10 <3
CFI 0.96 0.95 >0.90
TLI 0.95 0.94 >0.90
RMSEA 0.046 0.048 <0.08
SRMR 0.039 0.041 <0.08

Structural model and hypothesis testing

Figure 8 presents the structural model with
standardized estimates, and Figure 9 summariz-
es the path coefficients. In solution, all five leg-
ibility dimensions loaded strongly on the spa-
tial-legibility construct (standardized loadings
0.69-0.78). Spatial legibility had a significant
negative direct effect on emergency egress time

(B = —0.42, p < 0.001), supporting H1; a signifi-
cant positive effect on adaptive social behavior
patterns (B = +0.55, p < 0.001), supporting H2;
and social behavior patterns had a significant
negative effect on egress time (B = -0.31, p <
0.01), supporting H3. Table 7 reports the path
coefficients and hypothesis decisions.

Structural model with standardised estimates (simulated)

Visual access

Spatial
legibility

Differentiation

Path continuity

Social
behaviour

H3: -0.31

H1: -0.42 (direct)

Emergency
f egress time

Figure 8: Structural model with standardized estimates

SEM standardised path coefficients (simulated)

Visual access - Legibility +0.78
Signage - Legibility 1 +0.71
Landmarks - Legibility 4 +0.74
Differentiation - Legibility - +0.69
Path continuity - Legibility q +0.72
Legibility - Social behaviour q +0.55
Social behaviour - Egress time q 031

Legibility - Egress time (direct) { -0.42

-06 -04 -02 00 02 04 06 08 10
Standardised path coefficient (B, simulated)

Figure 9: Standardized path coefficients of the structural
model

Table 7: Path coefficients and hypothesis testing

H Path B p Result

Spatial legibility —
H1 Emergency egress
time

-0.42 | <0.001 | Supported

Spatial legibilit So-
2 | P SIPTY = 5071 1555

<0.001
cial behavior patterns

Supported

Social behavior pat-

H3 | terns — Emergency | -0.31| <0.01

egress time

Supported
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Mediation analysis

The mediation test (Tab. 8) evaluated H4. In
bootstrap analysis (5,000 resamples), the in-
direct effect of spatial legibility on egress time
through social behavior patterns was = —0.17
with a bias-corrected confidence interval ex-

cluding zero, indicating a significant partial
mediation: legibility shortens egress time both
directly and by promoting more adaptive social
behavior. The total effect was = —0.59, of which
roughly 29% was mediated. H4 is therefore sup-
ported.

Table 8: Direct, indirect and total effects on emergency egress time

Effect Estimate (B) 95% CI Decision
Direct: Legibility — Egress time -0.42 [-0.52,-0.31] Significant
Indirect: via social behavior -0.17 [-0.25,-0.10] Significant
Total effect -0.59 [-0.68, -0.49] Significant

Egress time across legibility tiers

Grouping respondents by perceived legibility
tier illustrates the practical magnitude of the ef-
fect (Fig. 10, Tab. 9). Mean egress time fell from
about 196 s under low legibility to about 158 s

250 Simulated egress time by spatial-legibility tier

196s
200 158s

150 121s
100

50

Mean emergency egress time (s, simulated)

Low
legibility

Moderate
legibility

High
legibility

Figure 10: Mean emergency egress time by spatial-legibility

under moderate legibility and about 121 s un-
der high legibility a reduction of roughly 38%
between the extremes. The scatter of legibility
score against egress time (Fig. 11) shows a clear
negative association (r = -0.63).

Legibility vs. egress time (simulated)

=== Trend (r = -0.63, simulated)

N
N
o

N
=]
o

=
©
o

=
o
=]

=
N
o

Emergency egress time (s)

un
N
o

=
o
o

15 2.0 25 3.0 3.5 4.0

Perceived spatial-legibility score

4.5 5.0

Figure 11: Association between perceived spatial-legibility

tier score and egress time
Table 9: Emergency egress time by legibility tier
Legibility tier Mean (s) SD (s) Relative reduction
Low legibility 196 28 (baseline)
Moderate legibility 158 22 -19%
High legibility 121 18 -38%
CONCLUSION AND RESULTS landmarks, differentiation and simple circulation

The results coherently support the hypothesized
model and align with the broader literature. The
strong negative direct effect of spatial legibility
on egress time is consistent with wayfinding
research showing that visual access, signage,
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reduce the time and errors of navigation, effects
that intensify under the stress of an emergency
(Natapov et al., 2022) (Jamshidi et al., 2020)
(Filomena et al., 2019). The positive effect of legi-
bility on adaptive social behavior, and the further
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negative effect of that behavior on egress time,
articulate a mechanism that the crowd-dynamics
literature has described qualitatively: when occu-
pants can read the environment, social influence
is channeled into coordinated, information-rich
behavior rather than maladaptive blind following
that concentrates flow and creates congestion
(Haghani et al., 2019) (Kinateder & Warren, 2021)
(von Sivers et al., 2016). The partial mediation
is theoretically important. It indicates that im-
proving legibility does not merely help individ-
uals find exits faster; it also reshapes the social
process of evacuation, reducing the tendency to
herd toward a single visible crowd and support-
ing orderly group movement and information
sharing (Zhou et al., 2021) (Meng et al., 2019).
This dual pathway helps reconcile the apparently
conflicting findings in the literature on whether
social influence speeds up or slows down evac-
uation: its sign depends substantially on the
legibility of the environment in which it operates
(Zhou et al., 2019). The lowest-rated legibility
dimension in data spatial differentiation echoes
a well-known weakness of large, repetitive
commercial complexes and points to a concrete
design lever (Zhang et al., 2024) (Kutnicki, 2018).
From a design standpoint, the results imply that
legibility-oriented interventions maximizing
visual access to exits and orientation nodes, pro-
viding distinctive landmarks at decision points,
differentiating zones perceptually, simplifying
circulation and deploying clear, well-placed sig-
nage can shorten egress time both directly and
by improving crowd behavior (Dong et al., 2021)
(Kinateder et al., 2019). Because these interven-
tions operate partly through the social layer, they
are likely to be most effective when combined
with measures that support coordinated group
behavior and information flow during evacuation
(Lovreglio et al., 2022) (van Beek et al., 2024).
These interpretations are, of course, contingent
on nature of the present data and require confir-
mation with field surveys. Therefore, this study
set out to assess the influence of spatial legibility
on the reduction of emergency egress time in
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commercial complexes, with an emphasis on the
mediating role of social behavior patterns. To that
end it conceptualized three latent constructs spa-
tial legibility (visual access, signage, landmarks,
differentiation and path continuity), social be-
havior patterns (herding, group cohesion, social
influence on exit choice, helping and information
sharing) and emergency egress performance de-
signed and validated a questionnaire instrument,
and specified a structural-equation-modelling
framework in which legibility affects egress time
both directly and indirectly through social be-
havior. The framework was demonstrated on the
Kourosh Complex in Tehran with a sample size of
384 determined by Cochran’s formula, using data
clearly labelled as such.

In the demonstrative case, the measurement
model was reliable and valid, the factor structure
was recovered, and the structural model fit the
data well. Spatial legibility significantly reduced
emergency egress time directly (standardized p =
-0.42), significantly strengthened adaptive social
behavior patterns (= +0.55), and social behavior
in turn reduced egress time (= -0.31); social be-
havior partially mediated the legibility—egress
relationship (indirect effect = -0.17; total effect
= —0.59). Grouping by legibility tier illustrated a
reduction of roughly 38% in mean egress time
between low- and high-legibility conditions.
All four hypotheses were supported in solution.
Theoretically, the study contributes an integrat-
ed model that positions social behavior as the
mechanism linking the physical readability of
space to evacuation performance, helping to
reconcile mixed findings on whether social influ-
ence helps or hinders egress: its effect depends
on how legible the environment is. Practically,
it offers designers of commercial complexes a
testable framework and a ready instrument, and
it points to concrete, high-leverage interventions
improving visual access to exits and orientation
nodes, providing distinctive landmarks at de-
cision points, differentiating zones, simplifying
circulation, and deploying clear signage that can
shorten egress time both directly and through
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better crowd behavior. The study’s central lim-
itation is, by design, that the reported results
to demonstrate the framework rather than to
establish empirical facts about the case; they
should not be cited as findings about the Kourosh
Complex. Other limitations include the cross-sec-
tional, self-report nature of the questionnaire
method, which captures perceived rather than
directly observed egress behavior, and the sin-
gle-venue focus. Future work should collect
field data with the validated instrument across
multiple complexes, triangulate self-reports
with observational, simulation or virtual-reality
measures of actual egress time, and extend the
model to incorporate hazard conditions, occu-
pant characteristics and multi-level circulation.
Populating the present pipeline with such data
would convert the demonstrated framework into
validated, venue-specific evidence for safer, more
legible commercial environments.
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