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Abstract. University campuses are complex spatial systems comprising educational
buildings, public spaces, and pedestrian networks. Their spatial configuration influences
movement and accessibility, yet its relationship with actual pedestrian movement remains
insufficiently explored in Kazakhstan. This study analyzes the spatial structure of the L.N.
Gumilyov FEurasian National University campus using Space Syntax and compares
configurational measures with observed pedestrian movement. The methodology combines
axial analysis and field observations. An axial map of 24 lines was constructed in
DepthmapX. Four indicators were analyzed: Connectivity (mean 2.58; maximum 7), global
Integration (Rn) (0.733; 1.102), local Integration (R3) (1.244; 2.636), and normalized
Choice (0.301; 1.016). Pedestrian movement was recorded along all 24 lines during three
observation periods, resulting in 72 five-minute observations. Results show that central
routes with higher integration and connectivity form the structural backbone of the campus,
although their correspondence with observed movement varies between routes. Spearman’s
rank correlation analysis revealed weak and statistically non-significant associations
between mean pedestrian flow and Connectivity (p = 0.225, p = 0.291), global Integration
(Rn) (p = 0.080, p = 0.711), local Integration (R3) (p = 0.072, p = 0.739), and normalized
Choice (p = 0.065, p = 0.762). These findings indicate that configurational properties alone
do not explain variations in pedestrian movement and should be interpreted together with
functional and contextual conditions. The combined approach can support campus planning
and provide a basis for future research involving longer observation periods and additional
university campuses.

Keywords: Space Syntax; university campus; axial analysis; integration, connectivity,
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SPACE SYNTAX 9/IICIH KOJIJAHY APKbUJIbI JI.H. 'YMHUJIEB
ATBIHIAT'BI EYPA3USA YJIITTBIK YHUBEPCUTETI
KAMITYCBIHBIH KEHICTIKTIK TAJITAYbI

M.X. Barsiposal?* @ 1)1, Mayaenosa'* @, K.P. Cysranosa! @
B.51. Kam6aposa? @, A. Abdullah®®©

'Coymner sxone kypouibic unctutyThl T.K. Bacenosa, Satbayev University, 050013, Anmarsi,
Kazakcran

2JI.H.FyMHJIeB areigaarel Eypasus ynrteik yausepcureti, 010000, Acrana, Kazakcran
SMauaiizus xajblKapajiblK ucaam ynusepcuteti (ITUM), Kyana-Jlymnyp, Manaiisus

Awparna.  Yuusepcumem — kamnycmapvl 0Ky — @UuMapammapbuld, — KO2AMObIK
KeHicmikmepOoi JcaHe Hcasay JHCYypeiHuwlinep diceniiepin Kammumsl Kypoeni KeHICMIKmiK
acytienep 6onvin madwvliadvl. Onapovly KeyiCmIiKmiK KOH@UISYPayusacsl KO32AIblC NeH
KonicemimOinikke acep emeoi, anauda KOHQUYPaAYUsIblK CUNAMMAMANAp MeH HAKmbl
Jocasy oicypeiHwinep  Ko32auvicbl  apacblHoasel Oainanvic Kazaxcmawn  orcazoaiivinoa
JoHcemKinikmi 3epmmenmezen. 3epmmeyoiy makcamsl - Space Syntax a0ici apkvinwl JI.H.
I'ymunes amwinoaewt Eypasus ynmmulk yHugepcumemi KAMNYCbIHbIY — KEHICMIKMIK
KYPOUIIMbIH  MAN0Ay JiCoHe KOHPUIYPayusivbly Kepcemkiumepoi OaKblIAHEAH HCaAsy
HCYpIininep KO38aNblCbIMeH canvlcmuvlpy. Oodicmeme OCbMiK manoay MeH Oalablk
bakwviiaynaposl  Oipikmipedi. DepthmapX 6azoapramacwvinoa 24 ocomix —Cul3bIKmMaH
mypamulH Kapma Kypuliovl. Tepm kepcemkiw manoanovi: Connectivity (opmawa mani 2,58;
maxcumymol 7), scahanowix Integration (Rn) (0,733; 1,102), scepeinikmi Integration (R3)
(1,244, 2,636) scone nopmananean Choice (0,301, 1,016). Kaay scypeinwinep K032anvlcol
bapnvik 24 ceizvik 60libiHOA YU Ke3eHoe mipkenin, 72 6ec MUHYmmuolK, OAKbLIAY HCYpPIi3inoi.
Homuowcenep unmezpayus owcone OQUIAHLICMBLIBIK KOPCEMKIUMEPL HCOAPbl OPMATLIK
bazblmmapovly KaMnycmvly KYpolIbIMObIK He2I3iH KalblnMAaCmulpamviHblH  KOpPCemmi,
anauda onapoviy OAKbLIAHEAH KO32ANbICNEH CaliKkecmicl Oasblmmap OOUublHUA dPMYPIi
0010v1. CnupmeHHiy paHemiK KOppersyusivbl maidaybl opmawia xcasy odicypeinuiinep
azvinvl men Connectivity (p = 0,225; p = 0,291), scahanowix Integration (Rn) (p = 0,080; p
= 0,711), ocepeinixmi Integration (R3) (p = 0,072; p = 0,739) sicone nopmananear Choice (p
= 0,065, p = 0,762) apacvinoa anciz api cmamucmukaiblk MaHOi emec OAUIAHbBICMAPObL
anvlkmaovl. Homuowcenep Konuaypayusanvly cunammamanapovly —630iciHeH  dHcasy
JAHCYpeinwinep KO32ANbICLIHbIY ©32epMeliiicin MycCiHOipe aIMAatmblHblH JHCIHE O0AApObl
DYHKYUOHANObIK  2PI  KOHMEKCMIK  Jicaz0auniapmen Oipee  Kapacmolpy KaniCcemmici
kepcemedi. Bipikmipineen macin kamnycmapowl Hcocnapiayoa Koi0auslivin, Y3aK mMep3imoi
bakvlayniap men b6acka ynueepcumem KamMnycmapbli KamMmumsii 601auax 3epmmeynepee
Hezi3 6ona anaowl.

Tyitinai ce3nep: Space Syntax; ynueepcumem Kamnycol, 0OCbmix manoay, UHmMezpayus;
OAUNAHBICIMBLIBIK, MAHOAY, HCAAY HCYPIHULINED KO3RAbICDL.
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MNPOCTPAHCTBEHHBIA AHAJIU3 KAMITY CA EBPASUIICKOT'O
HAIIMOHAJIBHOI'O YHUBEPCUTETA UMEHM JI.H.
I'YMUJIEBA C HCHHOJIB3OBAHUEM METOJA SPACE SYNTAX

M.X. Barsiposal?* © | 1.1 Mayznenosa” @, K.P. Cyaranosa! ®
B.51. Kam6aposa? © | A. Abdullah®®©

"Mucturyr apxurextyps u crpoutenscta uM. T. K. Bacenosa, Satbayev University, 050013,
Anmarel, Kazaxcran

EBpasuiickuii HalMOHAIBHBIH yHusepcuteT umenu JI.H. I'ymunesa, 010000, Acrana, Kazaxcran
SMexyHaponHbli ucaaMckuil yausepeuter Manaiizuu (ITUM), Kyana-JTymnyp, Manaiizus

AuHOTaUMA.  YHueepcumemckue KaMNycol — NpeOCmasnsiom — coOol  CLOJCHbIE
NPOCMPAHCMBEHHblE — CUCMeEMbl,  BKIOYawue  yyebHvle  30aHus,  00ujecmeenHble
NPOCMPAHCmea u neuwtexoonvie cemu. VX npocmpancmeennas kouwueypayus enusem Ha
xapakmep 08UMNCEHUS U OOCMYNHOCMb, 00OHAKO 83AUMOCEA3b MeHCOY KOHPDUSYPAYUOHHBIMU
Xapakmepucmukamu u Gakmuyeckum neuexo0HbiM 0BUICEHUEM OCMAEMCs HeOOCMAaMOYHO
uzyuennou, ocodenno 6 Kazaxcmane. Ilenv uccnedoganuss - HPOAHATUIUPOBAMD
npoOCMpancmeeHnyio cmpykmypy kamnyca Eepasutickoco nayuomanbhoeo ynusepcumema
umenu JI.H. Tymunesa memooom Space Syntax u conocmasums KoupueypayuouHvie
noxkazamenu ¢ HaOMOOAeMbIM NEUeXOOHbIM O8udiceHuem. Memooonocusi couemaem
AKCUANbHBILL AHATU3 U NoJIesble HabnooeHus. B npoepamme DepthmapX nocmpoena kapma u3
24 axcuanvuvix aunuil. Ilpoananuzuposanvl wemvipe nokasamens. Connectivity (cpeouee
2,58; maxcumym 7), enobanvnas Integration (Rn) (0,733, 1,102), noxkanvuas Integration (R3)
(1,244; 2,636) u nopmanuzogannwvii Choice (0,301; 1,016). Ilewexoonoe Osusicenue
Qukcuposanocy 60016 6cex 24 nuHul 6 meueHue MpPEX Nepuodos8, 8 pe3yibmame Ye2o
npoeedeno 72 NAmMuMUHYmMHbIX HabmodeHus. Pezyiemamol noxazanu, umo yeHmpanibHule
mapwpymel ¢ 601ee GbICOKUMU 3HAYEHUSAMU UHMeSpayuu U CeA3HOCMU Gopmupyrom
CMPYKMYPHYIO OCHOBY KAMNYCA, OOHAKO UX COOMEemcmeue HabIo0aeMoMy OBUINCCHUIO
paznudaemcs mexcoy mapupymamu. Koppenayuonnvii ananuz Cnupmena eviasun ciabvie u
CMamucmuyecKu He3Hauumble Ca3U Mexncoy cpeoHuM neuiexooHvim nomoxom u Connectivity
(p = 0,225; p = 0,291), enobanvuou Integration (Rn) (p = 0,080; p = 0,711), roxarvrou
Integration (R3) (p = 0,072; p = 0,739) u nopmanuzosannvim Choice (p = 0,065; p = 0,762).
Tonyuennvle pe3yrbmamsl NOKA3bIBAIOM, YMO KOHPUSYPAYUOHHBLE XAPAKMEPUCTIUKU CAMU
no cebe He OOBACHAIOM BAPUAMUBHOCMb NEULEXOOHO20 OBUNCEHUS U  OOJHCHBL
PACCMAMPUBaAmuvCsi COBMECMHO ¢ (YHKYUOHATbHBIMU U KOHMEKCMYATbHbIMU VCI0BUAMU.
Kombunuposarnnulii no0X00 mModcem npumMeHamsbcst npu NAAHUPOBAHUU KAMNYCO8 U CILYHCUMD
OCHOB0U 0151 OANbHEUWUX UCCAe008AHULL ¢ Dolee NPOOOIHCUMENbHBIMU HAOIIOOEHUAMU U
BKIIIOYEHUEM OPY2UX VHUBEPCUMEMCKUX KAMNYCOB.

KuaroueBble ciioBa: Space Syntax; yHueepcumemcKkuti Kamnyc, aKCUANbHbIL AHATU3;
uHme2payusl; CesA3HOCMb, 8blOOP,; NeuexooHoe 08UICeHUe.
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1 INTRODUCTION

Modern university campuses represent complex spatial systems that include academic
buildings, public spaces, pedestrian networks, recreational areas, and infrastructure elements. The
spatial organization of a campus plays a crucial role in shaping a comfortable educational
environment, ensuring accessibility of functional zones, and supporting social interaction among
users. Therefore, the planning structure of a campus directly influences movement patterns, the
formation of pedestrian flows, and the degree of integration between different components of the
educational environment.

In the context of the rapid development of higher education systems in Kazakhstan and globally,
as well as the increasing number of newly constructed university campuses, the issue of effective
spatial organization has become particularly relevant. Contemporary campus design requires a deeper
understanding of how spatial configuration affects accessibility, movement efficiency, and user
behavior. Traditional approaches to analyzing architectural and urban environments are typically
based on functional planning or morphological analysis and often rely on qualitative or expert-based
assessments [1,2]. However, such approaches do not fully reveal the underlying spatial structure or
quantitatively explain its influence on movement patterns. In recent decades, the Space Syntax
method, developed by Hillier and Hanson (1984) [3] and further elaborated by Hillier (1996) [4], has
emerged as a powerful analytical tool for studying spatial configuration. The method represents space
as a network of axial lines and allows the calculation of key spatial measures such as connectivity,
integration, and choice, which reflect accessibility and potential movement patterns [5,6]. Numerous
international studies have demonstrated a strong relationship between spatial configuration and
pedestrian movement in urban environments and university campuses [7-9].

However, despite the wide application of Space Syntax in international research, its use in the
analysis of university campuses in Kazakhstan remains limited. Existing studies in the region
primarily focus on architectural, compositional, and functional aspects of spatial organization,
without applying quantitative configurational methods. As a result, the relationship between spatial
configuration, pedestrian movement patterns, and functional organization of campus environments in
Kazakhstan remains insufficiently explored. This highlights a research gap regarding the lack of
studies that combine configurational analysis with empirical observations of user behavior in
university campuses within the Kazakhstani context.

This study examines the relationship between configurational properties and observed
pedestrian movement within the campus of L.N. Gumilyov Eurasian National University in
Kazakhstan. By combining Space Syntax analysis with empirical pedestrian observations, the study
evaluates the extent to which configurational measures correspond to actual movement patterns and
identifies cases of convergence and divergence between spatial configuration and observed campus
use.

The aim of this study is to analyze the spatial structure of the campus of L.N. Gumilyov
Eurasian National University using the Space Syntax method and to compare the results of
configurational analysis with observed pedestrian movement patterns.

The findings contribute to a better understanding of the relationship between spatial
configuration and user behavior on university campuses and may support future spatial planning and
design decisions in Kazakhstan.

Over the past decades, the Space Syntax approach has become one of the leading methods for
studying the relationship between spatial structure and user behavior in architecture and urban
planning. The theory of Space Syntax was introduced by Hillier and Hanson [3], where space is
understood as a configurational system that influences movement patterns, accessibility of functions,
and the formation of social interactions. Hillier later developed these ideas in Space is the Machine
[4], establishing the mathematical foundations of configurational analysis and demonstrating the
relationship between spatial structure and the “economy of movement” in cities.

A comprehensive overview of the theoretical foundations of the method is presented by Yamu
et al. [6], who systematize key concepts and metrics of Space Syntax, including axial lines, isovists,
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and centrality measures, and demonstrate their application at different urban scales. The authors
emphasize that the method allows for a quantitative description of spatial relationships and helps
reveal links between street network configuration and socio-economic processes, making it an
effective tool for analyzing sustainable urban environments and educational campuses.

However, despite its strong analytical capabilities, this approach primarily focuses on
configurational properties of space and may not fully account for contextual and behavioral factors
influencing real user movement, such as functional zoning, entrance locations, and informal
pathways.

The basic principles of axial analysis applied in the Space Syntax method are illustrated in
Figure 1.
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Figure 1 - Principle of axial analysis in the Space Syntax method: (a) settlement layout; (b) corresponding axial map;
(c) axial integration analysis showing the relative integration values of axial lines (adapted from Yamu et al. [6] under
the CC BY 4.0 license).

Previous research has demonstrated a relationship between Space Syntax measures and
pedestrian movement across different urban contexts. Sharmin and Kamruzzaman [7], through a
meta-analysis of previous studies, identified consistent associations between configurational
measures and pedestrian movement. Koohsari et al. [8] further discussed the relationship between
spatial configuration, urban form, and walking behavior. These findings provide a broader theoretical
and empirical basis for examining whether configurational properties are also associated with
observed pedestrian movement within university campus environments.

Recent research by Khorsheed and Goriel [10] and Hammadamin et al. [9] further develops the
configurational approach as a basis for evaluating campus planning strategies. Using indicators such
as connectivity, integration, choice, and intelligibility, these studies propose criteria for comparing
different layouts of academic buildings, public spaces, and service areas. While they provide valuable
analytical frameworks, they tend to assume a relatively linear relationship between spatial
configuration and movement patterns, without sufficiently addressing discrepancies between
modeled predictions and actual behavior.

Comparative studies by Zencirkiran and Suta [11] demonstrate that differences in the
configuration of campus open spaces directly affect accessibility, travel distances, and the formation
of activity nodes. At the same time, these studies mainly focus on spatial efficiency and give limited
attention to the influence of local context and user-specific behavioral factors, which can significantly
modify movement patterns.

In the context of Kazakhstan, existing studies primarily focus on architectural and functional
aspects of spatial organization [12-14]. These works contribute to understanding typological and
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compositional characteristics of educational environments. However, they do not apply quantitative
configurational methods such as Space Syntax and therefore do not provide measurable insights into
spatial accessibility and movement dynamics.

Thus, while international research demonstrates the effectiveness of Space Syntax in identifying
spatial structure and predicting movement potential, and local studies provide valuable architectural
perspectives, there remains a lack of integrated approaches that combine configurational analysis with
empirical observation of actual pedestrian movement, particularly in the context of university
campuses in Kazakhstan.

To address this research gap, the present study combines Space Syntax analysis with
quantitative pedestrian counts and qualitative contextual observations. Unlike many previous studies,
this research focuses not only on identifying spatial potential but also on revealing discrepancies
between predicted and observed movement patterns, thereby providing a more comprehensive
understanding of campus spatial systems.

The scientific novelty of this study lies in the combined assessment of configurational
properties and empirically observed pedestrian movement within a university campus in Kazakhstan.
Unlike previous campus studies that have primarily used Space Syntax to evaluate spatial
accessibility, connectivity, or movement potential, this study directly compares four configurational
measures - Connectivity, global Integration (Rn), local Integration (R3), and normalized Choice -
with systematic pedestrian counts collected along all axial lines of the analyzed network. This
approach makes it possible to identify not only correspondence but also discrepancies between
configurational potential and actual pedestrian movement. The study therefore provides empirical
evidence that campus movement patterns cannot be explained by spatial configuration alone and
should be interpreted together with functional and contextual conditions.

2 MATERIALS AND METHODS

In this study, the Space Syntax method is employed as a tool for configurational spatial analysis,
allowing the investigation of relationships between spatial structure and patterns of space use. The
method is based on representing space as a system of axial lines, which reflect the longest and fewest
lines of sight and movement within the built environment [3,4].

The case study is the campus of L.N. Gumilyov Eurasian National University, located in Astana,
Republic of Kazakhstan (Figure 2). The campus includes academic buildings, public spaces, and
pedestrian routes forming an integrated spatial system. The analysis focuses on the pedestrian
network and its configurational properties.
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Figure 2 - Location of the ENU campus in Astana, Kazakhstan: (a) location of the ENU campus within Astana; (b)
ENU campus area and its boundaries (base maps: OpenStreetMap, modified by the author)
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At the first stage, a cartographic base of the campus was prepared using open-source mapping
data and master plan materials. Based on this, an axial map was constructed, representing the campus
as a system of the longest and fewest straight lines capturing potential directions of movement. Axial
analysis was selected because the objective of the study was to examine the topological structure of
the campus pedestrian network and the relative position of its principal movement axes. Unlike
segment analysis, which allows angular or metric analysis of individual street segments, the axial
representation was considered appropriate for the present study because the analysis focused on the
overall configuration of continuous pedestrian routes and their topological relationships.

The analytical network was defined functionally rather than strictly according to the formal
campus boundary shown in Figure 2(b). While the model primarily represents pedestrian routes
within the campus, several routes located outside the formal boundary were intentionally included
because they provide direct connections between spatially separated parts of the university campus
and form part of the everyday movement network used by students and university staff. These routes
include connecting streets, pedestrian approaches, and bridges across the Ishim River. Excluding
these links would artificially fragment the campus network and would not adequately represent the
actual spatial system through which movement between university facilities occurs. Consequently,
the reported global Integration (Rn) values should be interpreted in relation to this functionally
defined campus network rather than the wider urban system.

At the second stage, the axial map was analyzed using depthmapX version 0.8.0. Axial analysis
was performed based on topological relationships between axial lines. The analysis included
Connectivity, global Integration [HH] (Rn), local Integration [HH] at radius 3 (R3), and normalized
Choice (Choice [Norm]). Global Integration (Rn) was calculated for the entire axial system, whereas
local Integration (R3) was calculated within a topological radius of three steps.

The following spatial measures were applied:

Connectivity reflects the number of directly connected axial lines and represents the local
accessibility of each element within the spatial system.

Integration represents the degree of spatial accessibility of each axial line relative to the entire
system. It is calculated based on the mean depth of each element and reflects how easily a space can
be reached from all other spaces. In this study, both global integration (Rn) and local integration (R3)
were analyzed. Global integration (Rn) evaluates accessibility at the scale of the entire system, while
local integration (R3) captures accessibility within a limited radius and reflects short-range movement
patterns typical for everyday use.

Choice represents the potential for through-movement and is analogous to betweenness
centrality. It indicates how often an axial line lies on the shortest paths between all pairs of elements
in the system. In this study, normalized Choice (Choice [Norm]), as calculated in depthmapX, was
used for the analysis. Choice [Norm] represents the normalized form of the Choice measure provided
by depthmapX and was used rather than the raw Choice value in the subsequent analysis.

The calculation of integration is based on the concept of mean depth, which can be expressed
as:

MD =24 (1)

n-1
where:

MD - mean depth of an element;

di - topological depth from the considered axial line to another line in the system,;

n - total number of axial lines considered within the specified radius.

_ 2(MD-1)
RA=="—= )
where:
RA - relative asymmetry;
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2[n(log2(nT+2)—1)+1]

Dn= (n-1)(n—2) 3)
where D;, is the normalization factor accounting for the size of the spatial system;
_Ra
= 4)
i -t
Integration[HH] = Ty (5)

where RRA is real relative asymmetry. Integration [HH] is calculated as the inverse of RRA. Thus,
lower mean depth corresponds to higher Integration [HH], indicating greater configurational
accessibility. In this study, global Integration (Rn) was calculated considering the entire axial system,
whereas local Integration (R3) was calculated within a topological radius of three steps [4,6].

In addition to the configurational analysis, systematic pedestrian counts were conducted to
examine observed movement within the campus. All 24 axial lines included in the spatial model were
observed using a standardized field protocol. For each axial line, pedestrian movement was recorded
during three observation periods on weekdays in September 2026: morning (08:30-10:30), midday
(12:00-14:00), and afternoon (16:00-18:00). Each observation lasted 5 minutes, resulting in three
valid counts for each axial line and 72 observations in total. Pedestrians passing through the
corresponding axial line in either direction during the observation interval were counted manually.
All observations included in the analysis were completed without interruption and were considered
valid for analysis. For each axial line, the mean pedestrian count across the three observation periods
was calculated and used as the indicator of observed pedestrian flow. Field observations were
conducted by two observers. Counts were performed continuously within the predefined morning,
midday, and afternoon observation periods, irrespective of the class schedule. Each axial line was
observed for a 5-minute interval, after which the observers proceeded to the next observation location.
This procedure ensured a consistent observation protocol across all 24 axial lines while capturing
pedestrian movement during the predefined observation periods.

To quantitatively assess the relationship between spatial configuration and observed pedestrian
movement, Spearman’s rank correlation coefficient (p) was calculated between the mean pedestrian
count for each axial line and four configurational measures: Connectivity, global Integration [HH]
(Rn), local Integration [HH] (R3), and normalized Choice (Choice [Norm]). Spearman’s correlation
was selected because it evaluates monotonic relationships based on ranks and does not require the
assumption of normally distributed variables. Statistical significance was assessed at p < 0.05.

3 RESULTS AND DISCUSSION

This section presents the results of the spatial analysis of the campus of L.N. Gumilyov Eurasian
National University using the Space Syntax method. The results include the construction of the axial
map, as well as the analysis of key spatial measures: connectivity, integration, and choice.

3.1 Axial map of the campus

Based on the cartographic data and the functionally defined campus pedestrian network
described in Section 2, an axial map comprising 24 axial lines was constructed (Figure 3). The model
represents the principal pedestrian routes connecting the main university facilities and adjacent
connecting routes.

The campus exhibits a relatively compact spatial structure with a dominant central axis and
several secondary connections linking peripheral areas.
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Figure 3 - Axial map of the ENU campus (base map: OpenStreetMap, axial analysis by the author)

3.2 Connectivity analysis
The connectivity analysis (Figure 4) shows that the highest values are concentrated in the
central part of the campus, where multiple pedestrian routes intersect.

Connectivity

7 - high

1-low

Figure 4 - Connectivity analysis of the ENU campus (generated in DepthmapX, base map: OpenStreetMap)

The average connectivity value is 2.58, while the maximum value reaches 7 (Table 1),
indicating the presence of highly connected nodes forming key intersections within the network.

In contrast, peripheral areas demonstrate connectivity values close to 1-2, reflecting limited
alternative routes and reduced local accessibility.

These findings reveal a clear spatial hierarchy, with central nodes serving as the primary
connectors within the campus network.

Table 1 - Main spatial indicators of the ENU campus

Indicator Value

Number of axial lines 24

Average connectivity 2.58

Maximum connectivity 7
262
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Average integration (Rn) 0.733
Maximum integration (Rn) 1.102
Average integration (R3) 1.244
Maximum integration (R3) 2.636
Average normalized Choice 0.301
Maximum normalized Choice 1.016

3.3 Integration analysis

The analysis of integration (Figure 5) reveals the distribution of spatial accessibility across the
campus. The average global Integration (Rn) is 0.733, with a maximum value of 1.102. Higher Rn
values are concentrated along the main pedestrian spine, indicating its relatively central position
within the overall axial system.

At the local scale, Integration (R3) identifies routes with greater accessibility within a
topological radius of three steps. The average local Integration (R3) value is 1.244, with a
maximum value of 2.636.

a) b)

Integration (Rn) Integration (R3)

1.102 - high

2.636 - high

0.383 - low

0.422 - low

Figure 5 - Integration analysis of the ENU campus: (a) global integration (Rn); (b) local integration (R3) (generated in
DepthmapX, base map: OpenStreetMap)

The comparison between Rn and R3 indicates that some axial lines occupy a more central
position within the overall campus network, whereas others are more strongly integrated at the local
scale, reflecting the multi-scale organization of the campus.

3.4 Choice analysis

The choice analysis (Figure 6) demonstrates the distribution of potential through-movement
across the campus.

The average normalized Choice value is 0.301, with a maximum value of 1.016, indicating that
only a limited number of axial lines serve as primary transit routes.

The highest normalized Choice values are concentrated along the main north—south axis,
indicating its configurational potential as a key through-movement corridor connecting major
functional zones.

Peripheral routes show near-zero values, indicating their limited role in through-movement and
their primarily local function.
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l.:

Normalized Choice

1.016 - high

0.000 - low

Figure 6 — Normalized Choice analysis of the ENU campus (generated in depthmapX, base map: OpenStrectMap)

3.5 Comparison with observed pedestrian movement

Pedestrian movement was systematically recorded along all 24 axial lines during three
observation periods, as described in Section 2. For each axial line, the mean pedestrian count across
the three 5-minute observation intervals was calculated and compared with the corresponding
configurational measures. The observed mean pedestrian counts varied considerably across the
campus, ranging from 4.3 to 112.3 pedestrians per S5-minute interval, indicating substantial
differences in movement intensity between individual routes.

Examples of the pedestrian environments documented during the field observations are
presented in Figure 7.

Figure 7 - Examples of pedestrian environments observed during field surveys at the ENU campus: (a) pedestrian route
along the left side of the Rectorate Building; (b) pedestrian route along the right side of the Rectorate Building; (c) left
pedestrian bridge; (d) right pedestrian bridge (author’s photographs).

These field observations illustrate the variation in pedestrian activity across different parts of
the campus, including routes adjacent to the Rectorate Building and pedestrian bridges connecting
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campus areas. To quantitatively examine whether these observed movement patterns correspond to
the spatial configuration of the campus, the mean pedestrian counts for each axial line were compared
with Connectivity, global Integration (Rn), local Integration (R3), and normalized Choice. The
resulting relationships are presented in Figure 8.
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Figure 8 - Relationships between spatial configuration measures and observed pedestrian movement: (a) Connectivity;
(b) Global Integration (Rn); (c) Local Integration (R3); (d) Normalized Choice. (Author’s calculations)

The corresponding Spearman’s rank correlation coefficients and p-values are summarized in Table

2.

Table 2 - Spearman’s rank correlations between spatial configuration and observed pedestrian movement

Spatial measure Spearman’s p p-value
Connectivity 0.225 0.291
Global Integration [HH] (Rn) 0.080 0.711
Local Integration [HH] (R3) 0.072 0.739
Normalized Choice (Choice [Norm]) 0.065 0.762

Spearman’s rank correlation analysis revealed weak positive associations between observed
pedestrian movement and all four configurational measures (Table 2). The strongest association was
found for Connectivity (p = 0.225, p = 0.291), followed by global Integration (Rn) (p = 0.080, p =
0.711), local Integration (R3) (p = 0.072, p = 0.739), and normalized Choice (p = 0.065, p = 0.762).
None of these relationships reached statistical significance at the p <0.05 level. Therefore, within the
observed ENU campus network, the configurational measures did not independently provide a
statistically significant explanation of variation in pedestrian movement.

The weak correlations do not imply that spatial configuration is irrelevant to campus movement.
Rather, they indicate that configurational accessibility represents only one component of pedestrian
route use. Individual axial lines with relatively low configurational values nevertheless recorded high
pedestrian counts, while some highly integrated or high-choice lines exhibited comparatively low
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movement. These discrepancies suggest that pedestrian movement within the ENU campus is also
shaped by contextual and functional conditions not represented directly in the axial model, including
the location of building entrances, distribution of academic and administrative functions, route
directness, connections between spatially separated university facilities, and temporal patterns of
campus activity. These factors are interpreted here as possible explanations rather than independently
measured determinants

3.6 Discussion

The results indicate that the spatial configuration of the ENU campus is associated with the
organization of pedestrian movement and the distribution of accessibility across the campus. Axes
with higher integration, connectivity, and choice values are concentrated within the central spatial
structure and generally correspond to the principal pedestrian routes. This pattern is consistent with
the configurational understanding of movement developed in Space Syntax research [1,4] and with
empirical studies reporting relationships between syntactic measures and pedestrian activity [7,15].

Similar relationships have been reported in studies of university environments. Khorsheed and
Goriel [10] used Space Syntax measures to assess campus walkability, while Hammadamin et al. [9]
examined configurational properties in relation to the functional efficiency of higher-education
environments. The ENU results are broadly consistent with the relevance of integration, connectivity,
and choice for identifying potentially important movement routes. However, the correspondence
between configurational values and observed pedestrian activity was not consistent across all
analyzed axes.

This distinction is particularly important when the results are considered alongside the broader
evidence on Space Syntax and pedestrian movement. Sharmin and Kamruzzaman [7] identified an
overall relationship between syntactic measures and pedestrian movement across previous studies,
while Hacar et al. [15] demonstrated that configurational measures can contribute to the explanation
of pedestrian density. At ENU, however, several highly integrated or high-choice axes showed
comparatively low pedestrian activity, whereas some less integrated routes were used intensively.
The findings therefore indicate that configurational measures provide useful information on the
spatial structure of the campus, while their correspondence with observed pedestrian movement varies
between individual routes.

The observed mismatches may be interpreted in relation to the specific functional organization
of a university campus. Factors such as the location of academic buildings and entrances, the
directness of routes to particular destinations, and everyday patterns of campus use may contribute to
the observed discrepancies; however, these factors were not directly measured in the present study.
This interpretation can be considered alongside recent campus research emphasizing the relationship
between spatial organization and user experience [11]. In the ENU case, secondary routes with
relatively low configurational values may nevertheless attract substantial pedestrian movement when
they provide a more direct connection to frequently used destinations. Conversely, a spatially
prominent axis does not necessarily generate high pedestrian activity if it does not correspond to a
major functional destination.

These results refine, rather than contradict, the configurational interpretation of pedestrian
movement. Space Syntax measures identify the structural potential of particular routes within the
overall network, whereas observed movement reflects the interaction between this potential and the
functional and behavioral conditions of the campus. The main contribution of the ENU case is
therefore the identification of both convergence and divergence between configurational potential
and observed use. Rather than treating integration, connectivity, or choice as direct proxies for
pedestrian volume, the findings suggest that these measures are more informative when interpreted
together with empirical observations of actual campus use.

Methodologically, the study therefore supports the combination of configurational analysis and
field observation. Space Syntax provides comparable quantitative measures of the spatial network,
while observations help identify locations where actual behavior differs from configurational
expectations. For campus research, this combined approach can distinguish routes whose use is
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largely consistent with their spatial position from routes where functional or contextual conditions
appear to have a stronger influence.

From a planning perspective, these discrepancies are themselves informative. Highly integrated
routes can be considered important elements of the campus spatial structure, but planning decisions
should not be based on configurational values alone. Routes with lower syntactic values but
consistently high observed use may also require attention in decisions concerning pedestrian
infrastructure, entrances, functional zoning, and connections between campus destinations.

The study has several limitations. Pedestrian observations were conducted during a limited
period and may not represent seasonal variations in campus use. Movement counts were based on
short observation intervals, and the analysis was limited to a single university campus. Consequently,
the observed relationships should not be interpreted as statistically validated causal relationships.
Future research should extend the observation periods, include additional campuses, and
quantitatively test the associations between configurational measures, functional characteristics, and
pedestrian movement.

4 CONCLUSIONS

1. The Space Syntax analysis of the L.N. Gumilyov Eurasian National University campus
identified a hierarchical spatial organization in which central axes with high values of integration,
connectivity, and choice form the structural backbone of the campus and provide access between its
key functional zones.

2. Comparison of configurational measures with observed pedestrian movement revealed only
weak positive associations, none of which reached statistical significance (p > 0.05). The strongest
association was observed for Connectivity (p = 0.225), while Global Integration (Rn), Local
Integration (R3), and normalized Choice showed weaker associations. These results indicate that
spatial configuration alone does not sufficiently explain the observed variation in pedestrian
movement across the analyzed campus routes.

3. The findings demonstrate that the relationship between spatial configuration and pedestrian
movement within the studied campus may be influenced not only by configurational properties but
also by functional and behavioral factors. Combining Space Syntax analysis with empirical
observation therefore provides a more comprehensive basis for interpreting campus spatial dynamics
than configurational analysis alone.

4. From a practical perspective, the results can support campus planning and design decisions
related to pedestrian circulation, the location of entrances and functional zones, and spatial
accessibility. Configurational analysis may help identify structurally important routes within the
campus network; however, planning interventions should also consider observed pedestrian use and
functional characteristics.

5. Future research should extend the analysis to other university campuses in Kazakhstan and
include longer observation periods and more systematic quantitative validation of pedestrian
movement. This would allow the relationships between spatial configuration, campus functions, and
actual movement patterns identified in this study to be tested under different spatial and institutional
conditions.
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