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A conceptual model of the influence of non-physical
boundary perception on the distribution characteristics
of crowd activities in urban parks
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Descriptive statistics of sample characteristics
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Tab. 1 Questionnaire design
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TGRS 28 LA, I B R A X 4 S5 5
GREREF. 4 AR BRI A T R R
Ff Cronbach's a0 250154 0.790~0.865, HA
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Tab. 2 Overall descriptive statistics of each dimension

#3 BREVE SRR ES
Tab. 3 Reliability and validity tests of the scale

i) SYN &LRSD

i3 EFAZATIE R

Cronbach’'s a

AVE HEER

ii4
SBP 3.417 0.750 SBP 0.847 0.732~0.864 0597 0.852 i
PBP 3.954 0.624 PBP 0.858 0.843~0.890 0672 0.860 SGbuN
CBP 3.870 0.609 CBP 0.865 0.600~0.912 0.646 0.877 iz
BBP 4189 0508 BBP 0.790 0.640~0.858 0512 0.805 it
DCCA 4221 0.471 DCCA 0819 0.657~0.870 0548 0.825 Sy

Fed BUMBLEHEG AR R R

Tab. 4 Model fit and collinearity diagnostics

7N SHhf: S I [ s | [ 5w | [ G | [ G || @ ] [ G

;g; -390, >3-5% R 2682 %. \ & @

RMSEA <0.054{55, 0.05~<0.08N R4 0078 4

IFI >09 195, >08~0.9J9 FLiF 0.908

T >098MFE, >08~0.94E4T 0.888

CFl  >09W1iFH, >08~0.9NEEH 0.907

VIF <SHEH 1560~3.651

N > 0. 1A 0.270~0.641

JERRFELMEARTS (72 4).

I8 F 4 9 743 A ( confirmatory factor
analysis, CFA) Z5IRRNH, FERIBL ORI &
RAF: RoTHMERR 2682, AT 1-3; i
L% 25 34 77 # ( root mean square error of
approximation, RMSEA ) 4 0.078, AbF “R4F”
X [a]; IS 541 (incremental fit index,
IFI) 25 0908, ARG HEEL ( comparative
fit index, CFI) A 0.907, 13k 8| {75 71
(>0.9); Tucker-Lewis #l & 8 %% ( Tucker-
Lewis index, TLI) 25 0.888, #iLftFHHnifE.
LGS, BAREGE R R, et
— PRI HTER

HAMSEIR TR, LRI E
K K7 (variance inflation factor, VIF ) {E 41
T 1560 ~3.651, AT IR FHUE 10 (— et
BVIF<b BI ATy LM AT ), N ZEME
PIRTF 0270, BT 0.1 A2k, Wiy
W AN RENZEILE NS, 7TH
TI5%E SEM B81R43HT
3.4 SEM 7

Kitge Rz ERERUERL S, A
TEVRIIR B 25 R, A NPBPP 4
72 [ AR Bl 43 A FHAIE 52 1 2R 2R 1) SEM
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SEM path analysis of the Influence of NPBPP on the distribution characteristics of crowd activities in urban parks

(1&5)
3.5 IR

SRH AMOS 28.0 #ffnf ik SEM BT
Bflrvl, A8 Z M THE (estimate,
E). FR#EIRZE (standard error, SE) . A
HfE (critical ratio, CR) M. pfH (/5)s Li—
TR Z [AIREA T 1], H2 (SBP—DCCA)
5 H3 (PBP—DCCA ) #f33#%, ifii H1 (CBP—
DCCA) #11H4 (BBP—DCCA) NIARRZE, Bk
BHS OB R E T R, W ERIRE) A
bel A\FEVE S R AR AL U547 R
I E LW RS AR, T —
TN RNAGL
3.6 WA RN A

REFC ., e DL NI R
FLRSN Z 1A% DCCA I REs2 Xk =, SRA

Bootstrap {26 EHZIN. 5 H AR B TS,
FHLL 95% (mZ=A8 IE EAZ X 7] ( bias-corrected
confidence interval, BC-Cl) 2514 0 /EN
BRI R

R TR AR B 01 SRR 24t B DCCA AR
AR FEAEES (2 6), Hf PBP 5 SBP
Xf DCCA M BRGNS N I A R, R
E4Y54 0.158 F10.161, (HREZUVI 24.012%
1 24.468%; CBP 5 BBP [ B30 4 R i
%, A DCCA RIS EE ZiEid rh i
BB, fEHR AR, CBP—SBP—DCCA
HARIRNAE N 0,042, HEZN 1 6.383%,
HEEX MBS 0, 15H SBP 7£ CBP 51
DCCA i R Hh R 45 T RFH Y., H5 15
F| 7 #E, CBP—PBP—DCCA B& 1% 3L A8
0.023, & & My 3.495%; PBP—SBP—
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Tab. 6 Mediation effect test results using the bootstrap method

el i RNHE 95%BC-Cl R 3 /% B
E#ER 1 (CBP—DCCA) 0.060 [-0.083, 0.200] 9.119 REFE (HURSZHER)

. B2 (BBP—DCCA) 0.118 [-0.057, 0.27¢] 17.933 R (HARSCH)

- HAERM3 ( PBP—DCCA) 0.158 [-0.043, 0.344] 24.012 ISR (H33E)
BRIV 4 (SBP—DCCA) 0.161 [-0.009, 0.333] 24468 G F B (H230 )
FF/ 1 (CBP—SBP—DCCA ) 0.042 [0.001, 0.107] 6.383 B3 (H5 )
AR 2 (PBP—SBP—DCCA ) 0.028 [0, 0.077] 4.255 MLRE, WA FHe
F/MURE3 (CBP—PBP—DCCA) 0.023 [-0.003, 0.079] 3.495 WERE, FIFEHT

. q:ﬁﬁm ( CBP—BBP—DCCA ) 0.020 [-0.003, 0.082] 3.040 TEHEHBEPH‘J “CBP—BBP” q:{@w
FFAR5 (SBP—BBP—DCCA) 0.023 [-0.002, 0.080] 3.495 HLRHBH) “SBP—BBP” FRARLN.
Fi 86 (PBP—BBP—DCCA) 0.020 [-0.003, 0.078] 3.040 HERH8 Y “PBP—BBP” FI/ MR
H /7 ( CBP—PBP—BBP—DCCA ) 0.005 [0, 0.024] 0.760 NS (HOMAY )
P 0.161 [0.056, 0.291] 24.468 FLELZEPNIRG

SR 0.658 [0.355, 0.910] 100 —

. X T95%BC-Cl, XA &E0FARN B3, &0 EE; BB A MR AT R, SMBIZE U T

#5 SEM IR R R
Tab. 5 Path analysis results of the SEM

DCCA B A2 I RN AE Dy 0.028, 5 Jl 25 1 1

4.255% 1X 2 ZRERAEI R —E AR 1

[ ES S E SE I AR p g

¥ A A=A
5, R H6 I HT TP Rsr Sk 5 BBP CBP—PBP 0.145 0.066 2144 0.032 T
KM 3 4k, CBP—BBP—DCCA, SBP— PBP—CBP 0.176 0.095 2,631 0.009 R
BBP—DCCA 1 PBP—BBP—DCCA 1] % W {8 CBP—SBP 0.260 0.091 3.953 <0.001 SaTE S
. CBP—BBP 0.173 0.065 2,459 0.014 -

45 515 B4 2 :
51379 0.020, 0.023 71 0.020, ¢ AN Y SBP—BBP 0.195 0.048 2698 0.007 HEE
3.040%. 3.495% F1 3.040%, HIRIXLLEEIZMY PBP—BBP 0.170 0.067 2394 0.017 e
AL S 0, (AZE5Z20], BBP 75 CBP. CBP—DCCA 0.060 0.050 0.862 AT H1: AR3FE

SBP—DCCA 0.161 0.038 2.220 0.026 H2.

SEY =] E_

SBP A1 PBP /% /il T DCCA fy it & 3 B AT PBP—DCCA 0.158 0.053 2216 0.027 H3: ok
— B, H8 1B Sk, = BBP—DCCA 0.118 0.059 1561 v Hb: A

H: p<0.001ERIMEE, p<001FRIEFHBE, p<0.05FREHE,; LFRRURIRHIFRETE LR aUR L FFX
Sltiz, MBI MSZ BB L o

£ %1% CBP—PBP—BBP—DCCA [ 34 W.AH A
0.005, BN 0.760%, ZERIZFN TS,
HEEXETER 0, #H7 CBP Al@R: “O

H—fTH" R0 DCCA FALER g8 A2,
HY 735 &B 4 S F

RASKE, RAPARA 0161, Rk
JS2f) 24.468%, 5B /AR AR A B ALK
HI5ZM DCCA By e HA HE/ER . ]
W, H2 F1H3 k37, SBP 5 PBP J&540i DCCA
MEFEREFE,; H1M He ARz, CBP S
BBP =L i MR AR AR s HE 73313
FE, Hé. H7. H8 FI1HO 5% 4 ks, 425
AR PR TR B A SUN R A R S T
BHAFEERT =, HEFEEN T 25 DCCA,

4 e 5BEIHER
4.1 ARPy3h FUBHILE A
SEM AYIGIEFENH, NPBPP ZEIL T A R fT

NIRRT N, 4 2RI R SIVER
T B B E R, (Rl 5 3 fE U
FIHEZZ I S5 RFAT

1) SCFFS AT R 1% . Lamont
AT RS SRR SO R e A2
JEY, B SO R AR — 2 S s (AT
RO R IHEHA AR, AAFFE A&, CBP
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The Influence of Non-physical

Boundary Perception Patterns on the

Distribution Characteristics of Crowd Activities in Urban Parks

JIANG Junjie, YI Xiduo*

Abstract:

[Objective] Urban parks, as critical nodes of public life in rapidly urbanizing
contexts, play a vital role in providing recreation, social interaction, and
psychological restoration. While traditional urban design research has largely
emphasized the influence of physical boundaries—such as spatial morphology,
green infrastructure, and facility layout—recent observations indicate that
these tangible features alone cannot fully explain heterogeneous behavioral
patterns such as crowd aggregation, avoidance, or uneven spatial use within
open parks. This study aims to investigate how non-physical boundaries—
including cultural identity, social distance, psychological safety, and behavioral
norms—influence the distribution characteristics of crowd activities (DCCA) in
urban parks. By developing and empirically validating a non-physical boundary
perception pattern (NPBPP), the study seeks to reveal the mechanisms through
which perception-driven processes influence DCCA and to support more
inclusive park design.

[Methods] Three representative urban parks in Wuhan, China—Jiefang Park,
Hankou Riverside Park, and Shahu Park—were selected as case study sites.
Fifteen 50 x 50 m observation zones were delineated to capture behavioral
data across varied spatial functions. First, structured questionnaires (N=277
valid responses) were designed to measure perceptions across four dimensions
of non-physical boundaries: cultural, social, psychological, and behavioral.
ltems were adapted from established research in environmental psychology,
sociology, and proxemics, after pre-testing for contextual validity. Second, on-
site behavioral observations were conducted to record path selection, stay
duration, and activity type, with demographic and temporal controls. Statistical
analyses proceeded in several stages: descriptive statistics summarized visitor
profiles and activity preferences. Exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA) were conducted to assess the measurement
model, with convergent and discriminant validity further evaluated. Reliability
was confirmed with Cronbach’s o ranging from 0.79 to 0.87. A structural
equation model (SEM) tested direct and indirect pathways between boundary
perceptions and the distribution characteristics of crowd activities (DCCA).
Bootstrap mediation analysis further examined indirect effects.

[Results] Findings indicate that social and psychological boundaries exert
significant direct effects on the distribution characteristics of crowd activities,
whereas cultural and behavioral boundaries mainly act through indirect
pathways. Specifically, the SEM results show: 1) Social boundary perception
(SBP) has a significant positive impact on DCCA ( 3=0.161, p<0.05). It also plays
a mediating role in the effects of cultural and psychological factors on DCCA.
2) Psychological boundary perception (PBP) also directly influences DCCA
(B=0.158, p<0.05), and is further involved in indirect pathways through social
and behavioral boundaries. 3) Cultural boundary perception (CBP) shows no
significant direct effect, but influences DCCA through dual mediation: via social
boundary perception (CBP—SBP—DCCA, 6%) and psychological boundary
perception (CBP—PBP—DCCA, 3%). 4) Behavioral boundary perception (BBP)
does not independently predict DCCA, yet its effect emerges when combined
with social cohesion or psychological safety, suggesting that behavioral cues
are contingent upon prior perceptual conditions. Bootstrap mediation analysis
further supported these findings by identifying indirect pathways, such as
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PBP—SBP—DCCA and SBP/PBP—BBP—DCCA. Together,
suggest a “perception—cognition—behavior—space”
design
psychological safety anchoring, cultural symbol embedding, and collaborative

these findings
transmission chain. The
results support four principles: social gradient permeation,
behavioral cueing.

[Conclusion] This study contributes to research on urban public space design.
Theoretically, it advances the understanding of non-physical boundaries by
psychological,

dimensions into a single structural model, validated through empirical testing.

systematically integrating cultural, social, and behavioral

The findings highlight that perceptual processes, rather than physical
configurations alone, shape how individuals and groups occupy and interact
within public parks. The model not only confirms the significance of direct
effects (social and psychological boundaries) but also underscores the
importance of indirect, chain-like mediation pathways (cultural and behavioral
boundaries). Practically, these findings offer design for enhancing inclusivity
and vitality in urban parks. By shifting the focus from physical segmentation to
perception-oriented guidance, urban park design can more effectively
accommodate diverse user groups, mitigate spatial exclusion, and foster
environments that balance social interaction with psychological comfort.
Future studies may extend the model across different cultural and climatic
contexts, incorporate longitudinal and physiological measures of perception,
and explore its applicability to other public space typologies such as plazas and
waterfronts. Thus, the concept of non-physical boundaries may become a
useful lens for bridging environmental psychology, sociology, and urban design
in the pursuit of more human-centered and adaptive cities.

Keywords: urban park; environment behavior;

non-physical boundary

perception; invisible boundary; structural equation model (SEM)
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