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Abstract

Purpose — Research on smart airports is expanding but remains fragmented across architecture, operations,
passenger experience, technology and sustainability. This paper synthesises that evidence and reframes smart
airports as socio-technical systems in which “smartness” emerges through cross-domain interaction rather than
standalone technologies.

Design/methodology/approach — A Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)-aligned systematic literature review is integrated with network analysis of 511 peer-reviewed
articles published between 2019 and 2024. The review synthesises 433 unique sub-indicators spanning
infrastructure and spatial design, operational efficiency, passenger experience, enabling technologies and
sustainability. Net-work analysis maps relationships among sub-indicators to identify structural dependencies
and cross-domain clustering.

Findings — Operational efficiency constitutes the backbone of smart airport systems, while architectural adaptability
is associated with the translation of operational intelligence into physical action Passenger experience is shaped
primarily by seamless flow, information continuity and perceived control rather than discrete amenities. Technology
operates as a transversal enabler connecting domains, whereas sustainability is unevenly embedded and more often
treated as an outcome of efficiency-led initiatives than as an integrated design logic. The most consequential
opportunities and tensions concentrate at the interfaces between architecture, operations and passenger experience.
Research limitations/implications — The review is restricted to English-language publications and a
deliberately narrow 2019-2024 window, which may under-represent earlier foundational work and non-English
regional evidence. The network approach uses recorded linkage as a proxy for relationship strength, and the
reported centrality measures do not weight relationships by valence.

Practical implications — The results support airport planners and operators in moving beyond gadget-centric
initiatives by highlighting where integration typically fails: aligning architectural flexibility, cross-functional
coordination and governance with operational and passenger-facing digital systems. The study provides a
reference point for assessing organisational and infrastructural readiness for digital transition.
Originality/value — By combining a PRISMA-guided review with sub-indicator network analysis, this paper
provides an evidence-based map of interdependencies to inform integrated planning and governance of
adaptive, passenger-centred airport environments.

Keywords Smart airports, Systematic literature review, Network analysis, Operational efficiency,
Passenger experience, Architectural adaptability, Sustainability
Paper type Research article

1. Introduction

1.1 Smart airports as evolving socio-technical systems

The global aviation sector is undergoing a structural shift shaped by rapid digitalisation and
escalating climate obligations (Gtirsel et al., 2023; GoBling, 2020). Airports are increasingly
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SASBE framed as adaptive, data-driven infrastructures rather than static transport infrastructures
(Sahin and Durmaz, 2023; Molchanova, 2020). In this framing, the smart airport is positioned
as a cyber-physical ecosystem where sensing, analytics, and automation influence both
operational performance and human-centred services (Lykou et al., 2019; Svitek et al., 2021).
This shift extends beyond upgrading discrete technologies. It redefines the airport as an
environment that can respond to changing demand, risk conditions, and resource constraints
through continuous feedback (Safaeianpour and Shamandi, 2022). In parallel, decarbonisation
pressures are reshaping how airports justify growth, measure performance, and prioritise
efficiency interventions (Jia et al., 2023; Di Vaio and Varriale, 2020). These developments
increasingly position airports as interconnected environments in which physical infrastructure,
digital systems, and organisational processes operate in combination rather than
independently.

However, the scholarly landscape documenting this transformation remains dispersed
across disciplinary and sectoral silos. Studies addressing architecture, operations, digital
infrastructure, sustainability, and passenger experience are frequently developed in isolation
from one another, limiting understanding of how these systems interact within the broader
transformation of airport environments.

1.2 Fragmented evidence and the cross-domain gap

Research on smart airport transformation remains spread across disciplines. Built-
environment studies commonly privilege terminal performance, energy demand, and
environmental modelling, which can leave digital systems treated as enabling utilities rather
than central components of airport design and operation (Ramakrishnan et al., 2023; Keskin,
2021). Operational scholarship, by contrast, tends to foreground data-driven optimisation and
automation, often abstracted from the spatial and material conditions that shape how these
systems perform in practice (Amiri and Kusakci, 2024; Kovynyov and Mikut, 2019).
Passenger-focused work frequently emphasises satisfaction, trust, and behavioural adoption,
yet this can compress the airport experience into a linear service sequence rather than a situated
encounter shaped by governance, risk protocols, and infrastructural constraints (Batouei et al.,
2020; Ma et al., 2022a). Each strand of research provides valuable insights, but the separation
between them makes it difficult to examine airport transformation as an integrated process.

Earlier studies have nonetheless begun to examine smart airports through more integrated
perspectives. Conceptual reviews of digital transformation in aviation describe airports as
environments in which multiple layers of infrastructure and digital systems operate together
(Sahin and Durmaz, 2023; Alansari et al., 2019; Svitek et al., 2021). Studies examining
Industry 4.0 technologies in airports have similarly documented the breadth of digital
initiatives currently under development while recognising that their effectiveness depends on
coordination across stakeholders and operational systems (Tan and Masood, 2021).
Cybersecurity-oriented research has likewise framed the airport as a connected environment
whose reliability is shaped by interactions between sensing, control, and governance layers
(Lykou et al., 2019; Samuri et al., 2023).

More recent built-environment research has begun to formalise cross-domain analysis,
mapping shared influencing factors across otherwise separate planning domains (Reja et al.,
2026) and proposing layered frameworks that couple regulatory and digital systems in smart
city settings (Choorapulakkal and Fadli, 2026). Comparable network-based bibliometric
approaches have also been applied to digital transformation research in the built environment
(Schery et al., 2025). Within airports, however, recent network-based analysis has remained
focused on individual subsystems, such as airfield lighting, rather than on architecture,
operational efficiency, and passenger experience considered together (Naung et al., 2026).
Whereas these reviews synthesise the smart airport literature thematically or bibliometrically
at the level of studies and research themes, the present review codes the literature into sub-
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indicators and their documented relationships, allowing cross-domain dependencies to be Smart and
examined directly rather than inferred from thematic grouping. Sustainable Built

Research Gap: Existing smart airport research has largely examined architecture, Environment
operations, and passenger experience separately, with limited attention given to how these
systems influence airport transformation when considered together. While previous studies
have discussed airports as integrated or socio-technical environments, limited attention has
been given to systematically examining the relationships between architectural, operational,
and passenger-focused systems within smart airport development.

Addressing this gap matters because decisions shaping smart airport transformation rarely
occur within a single domain. Passenger-facing technologies depend on operational
coordination, operational systems influence spatial planning, and sustainability outcomes
are shaped by both organisational and infrastructural arrangements. Without a clearer
understanding of these relationships, existing research offers limited support for integrated
planning and decision-making across airport environments.

1.3 Research aim, objectives, and questions

Against this background, the paper aims to examine how architecture, operational efficiency,
and passenger experience interact within smart airport transformation through a structured
review of the existing literature. Two objectives follow from this aim. The first is to identify the
factors influencing smart airport transformation across these three domains, drawing on how
they are discussed within the peer-reviewed literature. The second is to examine how these
factors interrelate, with particular attention to the cross-domain linkages shaping
transformation in both newly developed and transitioning airport environments.

In line with these objectives, the study is guided by the following research questions:

(1) What are the key factors influencing smart airport transformation within the domains
of architecture, operational efficiency, and passenger experience?

(2) How do factors across architecture, operational efficiency, and passenger experience
interrelate to shape the transformation of new and transitioning airport environments?

The three analytical domains correspond to the principal components of a socio-technical
system, with architecture representing its technical and material layer, operational efficiency
its organisational processes, and passenger experience its human dimension; the coded sub-
indicators record how each of these components is discussed within the reviewed literature
(Geels, 2004; Hughes, 1987).

Sustainability is treated in this study as a transversal outcome influenced by interactions
across the three analytical domains rather than as a separate fourth domain, while governance
represents the institutional conditions through which these interactions are coordinated. The
following sections outline the review design and analytical approach adopted to address these
questions before presenting the synthesis of the reviewed literature.

2. Methods

2.1 Review design and rationale

This study adopts a Systematic Literature Review (SLR) to investigate the dispersed
knowledge base of smart airports (Page et al., 2021; PRISMA Statement, 2025). An SLR over
a traditional narrative review for its transparency and reproducibility (Samarasekara et al.,
2024). This approach provides a reproducible synthesis of existing evidence rather than
relying on anecdotal observation. The review was structured in accordance with the PRISMA
2020 guidelines to support transparency and consistency during study selection. Adhering to
this protocol ensures the resulting conceptual framework is grounded in verifiable empirical
data. We tailored the design to the inherently cross-disciplinary nature of smart airport
research. It spans diverse fields, including engineering, architecture, computer science,
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SASBE information systems, and management (Ghaffarianhoseini et al., 2017a). We treat the literature
as a dynamic network of interrelated concepts rather than a fixed catalogue.

2.2 Search strategy and data sources

A multi-layered search strategy was developed to capture the breadth of the smart airport
discourse. Peer-reviewed journal articles and conference proceedings were targeted to balance
conceptual scholarship with implementation-oriented evidence. The search used Scopus as the
primary bibliographic database, complemented by ScienceDirect as a publisher-hosted full-
text discovery platform and Google Scholar as a supplementary interdisciplinary discovery
source.

These search sources were selected for their broad and complementary coverage of
disciplines relevant to airport development and digital transformation (Mongeon and Paul-
Hus, 2016). Carefully structured keywords and Boolean operators were employed to maximise
retrieval breadth while maintaining relevance. Core search terms focused on the central
phenomenon, principally “smart airport” and “smart airports”. Google Scholar’s dynamic
indexing and relevance-ranking processes can limit the reproducibility of search results. This
limitation was managed by recording the complete query structures and source-level search
dates reported in the Supplementary Material, applying consistent eligibility criteria, and
subsequently deduplicating retrieved records against the other search sources. Searches were
executed between 14 June and 10 July 2024, and a total of 16,056 records constituted the
formal search output used for the documented screening workflow. Table 1 reports source-
level retrieval totals.

The Supplementary Material reports the complete search strings, search dates and retrieval
totals for Scopus, ScienceDirect and Google Scholar.

2.3 Eligibility criteria and screening process

‘We managed the retrieved volume through a multi-stage screening process using predefined
criteria. Eligibility rules were established in advance of screening to maintain objectivity
throughout the review. A detailed summary of these inclusion and exclusion rules is provided
in Table 2.

The screening followed a funnel logic consistent with PRISMA 2020 guidelines. First,
duplicates were identified and removed using JabRef to detect overlapping titles. Second, titles
and abstracts were screened for relevance to smart airport transformation. This step filtered out
metaphorical or tangential uses of airport language effectively. Third, full texts of candidate
papers were retrieved and assessed against eligibility rules. We confirmed substantive
alignment rather than relying on superficial keyword matching. Study-selection counts were
verified against the original screening and consolidation records. Exclusions at the title and
abstract stage reflect relevance screening rather than retrieval failure; all reports sought for
retrieval were obtained. Figure 1 reports the corrected progression from identification through

Table 1. Summary of search sources and retrieval totals

Number of Total number
Database search strings of hits
Scopus 44 3,760
ScienceDirect 47 4,338
Google Scholar 27 7,958

Source(s): Authors’ own work
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Table 2. Eligibility criteria Smart and
Sustainable Built

Inclusion Exclusion Environment
Peer-reviewed studies on smart airports (2019-2024)  Studies published before 2019, those unrelated to

focusing on infrastructure, operational efficiency, airport settings or lacking relevance to operational

passenger experience, sustainability, and the efficiency, passenger experience, or sustainability

implementation of smart technologies

Comparative research on traditional versus smart Theoretical papers, editorials, opinion pieces, and

airport design across regions and types, along with research without substantial empirical data are

empirical studies, case studies, and insights into smart  excluded. Studies without comparative or contextual

airport practices, is available in English relevance and non-English publications without

accessible full text or English abstracts
Source(s): Authors’ own work

relevance screening and final eligibility assessment, with source-specific counts reconciled to
the final corpus of 511 studies.

2.4 Data management and advanced coding strategy

Data management followed a structured workflow using JabRef and Microsoft Excel. JabRef
served as the bibliographic store and supported systematic duplicate removal. Excel was used
for screening logs, tracking decisions, and organising the corpus. This separation kept the audit
trail clear during early eligibility filtering. After screening, the analytical workflow moved
from manual coding to a hybrid approach. MAXQDA 24 housed full texts and supported
initial code assignment. It also preserved links between extracted segments and coded sub-
indicators. The integrated storage and analysis workflow is summarised in Figure 2.

To extend the analysis beyond exact keyword matching, semantic similarity was
incorporated into the coding process using the all-MiniLM-L6-v2 Sentence-Transformer
model. The analytical unit was the text passage associated with a candidate sub-indicator, and
cosine similarity was used to identify passages semantically related to the evolving thematic
structure. The model functioned as a candidate-retrieval aid rather than as an automatic coding
classifier; no fixed similarity threshold was applied, and consequently no candidate was
accepted solely on the basis of similarity score. Each flagged passage was manually reviewed
against its surrounding context and retained only where the text substantively represented the
intended sub-indicator; superficial lexical matches, unrelated contextual uses and ambiguous
references were rejected.

Coding followed a hybrid inductive—deductive process across open, axial and selective
coding stages, as illustrated in Figure 3. The primary researcher acted as the principal coder,
while the four-member supervisory team participated in the review and validation of the
coding structure. Candidate codes were checked against their originating text, and ambiguous
or overlapping classifications were discussed with the supervisory team and resolved through
consensus, consistent with negotiated-agreement approaches to qualitative coding (O’ Connor
and Joffe, 2020). The coding process initially produced 434 sub-indicators; during final
consolidation, one duplicate entry was identified and removed before network construction,
yielding 433 unique sub-indicators for subsequent analysis. A formal intercoder-reliability
coefficient was not calculated because coding was undertaken by a primary coder rather than
through independent parallel coding. Quality control instead relied on source-text verification,
supervisory review and consensus-based resolution of ambiguous classifications.

2.5 Sub-indicator matrices and network analysis
To move beyond frequency-based analysis, network analysis was used to examine the
structural organisation of relationships among the identified sub-indicators (Newman, 2010;
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Figure 1. PRISMA 2020 flow diagram showing the identification, screening, eligibility assessment and final
inclusion of 511 studies in the systematic literature review. Source: Authors’ own work, adapted from Page
et al. (2021)

Borgatti et al., 2018; Ghaffarianhoseini et al., 2017b). Coded outputs were transformed into
two complementary matrices for subsequent network construction and analysis in Gephi. The
first, termed the Document—Sub-indicator Matrix, recorded the presence of each sub-indicator
within each study as a binary value. Sub-indicators populated the columns and document
identifiers populated the rows. A binary entry was recorded only where the source text
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Figure 2. Systematic Literature Review (SLR) paper storage and analysis workflow. Source: Authors’
own work

explicitly supported the corresponding sub-indicator, and each entry was cross-checked
against the originating document. This matrix provided the document-level occurrence
structure used to examine frequency and co-occurrence patterns. Table 3 summarises the
construction protocol.

The Document—Sub-indicator Matrix was also used to examine cross-domain co-
occurrence and semantic overlap among the 433 unique sub-indicators. This analysis was
used descriptively to identify areas of stronger thematic convergence and comparatively weak
overlap across the analytical domains. Because the analysis was intended to characterise
patterns of association within the reviewed literature rather than estimate causal relationships,
these cross-domain patterns were interpreted alongside the network results rather than as
independent statistical effects.

Downloaded from www.emerald.com/sasbe/article-pdf/doi/10.1108/SASBE-02-2026-0150/11898732/sasbe-02-2026-0150en.pdf by Auckland University of Technology user on 28 Octob



SASBE

Finalised Articles / Conference Development of Themes and Computer-Assisted

Papers Analysis Codes Qualitative Data Analysis
Software
\ A 4
Government and Regulatory MAXQDA 24
Document Analysis n Coding and categorisation
» Manual validation and
consistency checking

y

Policy Theme Extraction
u Extracting themes from policies
u Aligning with academic findings

A 4

Open Coding
u |dentifying key phrases and concepts |«
m Manual tagging

Y

Axial Coding
u Grouping codes into categories
u Analysing interdependencies

\ 4
Selective Coding Supporting evidence streams inform and cross-check the developing
u Refining and prioritising themes coding structure

m Aligning with research objectives

Y
Validation Quality-control approach
m Source-text verification m Primary researcher as principal coder
u Four-member supervisory review u Supervisory review rather than independent parallel coding
u Consensus resolution of ambiguous n No formal intercoder-reliability coefficient calculated

classifications

A 4

Final Consolidation
u Refining overlapping codes
m Removing one duplicate entry
u Final set: 433 unique sub-indicators

Figure 3. Coding, validation and consolidation process used to develop the final sub-indicator set. Source:
Authors’ own work

The second matrix, termed the Sub-indicator Relationship Matrix, captured explicit
conceptual or operational relationships between sub-indicators. A relationship was recorded
only where the source text explicitly linked two sub-indicators as interacting, interdependent
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Table 3. Document-sub-indicator matrix methodology

Steps Actions Purpose and rationale

Matrix Setup

Data Input

Cross-
Checking
Handling
Missing Data

Synthesis and
Analysis

Sub-indicators (e.g. “Al and Machine
Learning”) were listed across the top row, and
document identifiers were listed down the first
column

A binary entry (¢*) was recorded only if the
source text explicitly discussed the sub-
indicator in an operational context

Each entry was manually verified against the
original source text to confirm contextual fit
Non-standard terminology was mapped to the
nearest equivalent sub-indicator using a
standardised semantic dictionary

The completed matrix was aggregated to
identify document-levelfrequency and co-
occurrencepatterns

To establish a structured, centralised
repository for organising extracted data
variables

To systematically quantify the presence of
sub-indicators based on strict textual
evidence rather than implication

To ensure data reliability and eliminate false
positives derived from keyword occurrence
To ensure comprehensive data capture that
accounts for semantic variation without
misrepresenting author intent

To quantify how frequently sub-indicators
occurred across documents and provided a
basis for examining patterns of co-

occurrence
Source(s): Authors’ own work

or occurring within the same operational process. Each coded relationship retained the source
and target sub-indicator, the supporting document citation and, where explicitly supported by
the text, its directional polarity. Multiple documents supporting the same source—target
relationship were retained as repeated evidence, allowing the frequency of supporting
documents to represent the strength of documentary support for that relationship. The coding,
verification and export procedure is summarised in Table 4.

The relationship data were subsequently imported into Gephi for directed network
construction and structural analysis. Nodes represented the 433 unique sub-indicators, while
directed edges represented explicit source—target relationships identified in the reviewed
literature. Relationship polarity was retained in the exported data, with positive and negative
relationships distinguished by their coded sign. Where multiple documents supported the same
source—target relationship, these documentary instances were retained as separate evidence
edges rather than collapsed into a single relationship, thereby preserving the frequency of
support within the network. Directional connectivity was retained during analysis through
separate in-degree and out-degree measures, alongside total degree, betweenness centrality,
eigenvector centrality, clustering coefficient and eccentricity. ForceAtlas2 spatialisation was
used for network visualisation to reveal structural clustering through simulated attraction and
repulsion. Relationship polarity was retained in the coded relationship data and visualisations,
but the reported centrality measures were interpreted as indicators of structural position and
connectivity rather than as measures of the desirability or causal strength of individual
relationships.

(1) Degree Centrality vs Frequency: While simple frequency counts reflect the popularity
of a topic, degree centrality measures connectivity. A discrepancy between low
frequency and high centrality identifies “hidden structural nodes”—concepts that are
rarely the primary focus of a study but are essential for connecting distinct operational
domains.

(2) Betweenness centrality identified bridging indicators that connect otherwise separated
thematic communities (Freeman, 1977).

(3) Eigenvector centrality signalled influence by weighting connections to other
influential nodes.
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SASBE Table 4. Sub-indicator relationship matrix and network visualisation methodology

Steps Actions Purpose and rationale

Matrix Setup Sub-indicators were represented as To provide a structured representation of
potential source-target pairs within the explicitly identified relationships among
relationship matrix sub-indicators

Data Input and A relationship was recorded only where  To preserve the evidential basis, direction

Coding the reviewed text explicitly linked two and interpreted nature of each coded

sub-indicators. Source and target codes,  relationship
supporting citation(s), and relationship

polarity were retained where supported

by the source

Verification Each relationship was cross-checked To verify contextual accuracy and quantify
against the originating document. repeated documentary support for individual
Repeated support for the same relationships

relationship was retained separate
evidence records

Qualitative The complete matrix was analysed to To derive qualitative insights about the
Analysis identify frequently cited relationships, structure of the scholarly conversation and
thematic clusters, and potential gaps in identify key areas of interaction within the
the existing research framework
Data Export and The matrix data was exported into a To move beyond a static table and visually
Visualisation compatible format and imported into represent the complex web of
Gephi for network analysis interconnections in a more intuitive manner
Network Gephi’s analytics were used as structural ~ To identify central themes, influence
Interpretation sub-indicators to support qualitative pathways, and systemic interdependencies
interpretation

Source(s): Authors’ own work

(4) Clustering coefficient assessed local cohesion by measuring the interconnection
among a node’s neighbours.

(5) Eccentricity captured reach by indicating the longest shortest-path distance from a
node. Network layouts and metric outputs are reported in the Results section, not here.

Accordingly, the centrality measures are interpreted as indicators of structural prominence and
connectivity within the reviewed literature network rather than as evidence of causal influence
between sub-indicators.

3. Results and discussion: the integrated smart airport ecosystem
The systematic review and network analysis demonstrate that smart airport transformation
cannot be explained through isolated domain-level optimisation alone. Architectural
intelligence, operational efficiency, and passenger experience each display distinct
structural characteristics within the network; however, the strongest patterns consistently
emerge through their interactions rather than within individual subsystems. The findings
indicate that airport transformation is shaped through relationships between physical space,
digital systems, and passenger-facing processes rather than through any single technological
layer. This supports the interpretation of smart airports as integrated socio-technical systems
rather than collections of discrete technologies (Geels, 2004; Hughes, 1987). Such system-
oriented perspectives have been operationalised in built environment research through
structured cross-domain synthesis and interaction-based analysis (Ghaffarianhoseini et al.,
2017a, b).

This perspective challenges assumptions within parts of the literature where innovation is
often framed primarily through the adoption of advanced technologies. Instead, the results
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suggest that system performance depends on how effectively architectural, operational, and Smart and
passenger-focused systems function together. As observed in the cross-domain analysis, these ~ Sustainable Built
interdependencies generate both synergies and operational tensions, particularly across the Environment
architecture—operations, operations—experience, and architecture—experience interfaces.

Consequently, similar technologies may produce different outcomes depending on how

effectively they are integrated within the airport environment.

3.1 Corpus characteristics publication trends and volume

The final corpus comprises 511 studies, showing sustained growth in academic interest in
smart airports. Annual output rose from 12 studies in 2019 to 69 in 2020, 108 in 2021, 121 in
2022 and 129 in 2023, with a further 67 dated to 2024 at the point of retrieval in mid-2024. This
pattern suggests a shift from specialised technical studies towards broader aviation strategy
and operational planning. Output remains highest across 2021-2023. This concentration
aligns with the industry’s COVID-19 response and its emphasis on contactless operations.
During this period, studies focused more on health monitoring and operational resilience. The
timing suggests that digital transformation has increasingly shifted from efficiency
enhancement towards operational resilience. These trends establish the context for the
theme-frequency results reported next. The values reported in Table 5 represent aggregated
matches to the synthesised sub-indicators assigned to each analytical domain, rather than
literal occurrences of the domain labels themselves. Sub-indicator expressions may comprise
single words or multi-word phrases; for example, terms such as “IoT devices”, “real-time
information systems” or “comfortable seating” were counted under their corresponding coded
sub-indicators and subsequently aggregated at domain level.

These values are therefore interpreted as descriptive indicators of the volume of coded sub-
indicator references within the reviewed corpus. Because annual totals are influenced by both
the number and length of documents published in a given year, raw year-to-year counts are not
treated as normalised measures of thematic intensity. Dictionary-based theme-frequency
analysis supports this shift, with contactless and health codes appearing across the post-2020
literature. Table 5 summarises these year-by-year totals. Coded references to operational
themes consistently exceed those to architectural themes in every year of the review period.
This imbalance indicates uneven development across the smart airport ecosystem. It points to
reactive adaptation, where digital layers were integrated under crisis pressure. Incremental
spatial optimisation appears secondary in the same period. The results, therefore, suggest that
smart airport adoption during this period was driven not only by technological development
but also by the operational pressures created by the pandemic.

3.1.1 Geographic and sectoral distribution. Geographically, the literature is global yet
unevenly distributed. The Asia—Pacific region—particularly China and Singapore—
dominates the discourse on digital-native greenfield delivery. In these contexts, smart
features are embedded at the design stage rather than treated as add-ons. By contrast, European

Table 5. Dictionary-based thematic frequency by year (2019-2024)

Operational Passenger
Year Architecture efficiency experience
2019 13,880 38,563 14,893
2020 68,304 188,144 66,627
2021 118,955 322,186 115,064
2022 121,994 345,110 125,279
2023 111,795 311,142 112,323
2024 73,635 212,391 76,176

Source(s): Authors’ own work
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SASBE and North American studies concentrate on responsive retrofit transformation, integrating
digital layers into constrained brownfield layouts and legacy spatial configurations. As
detailed in Table 6, this divergence highlights how operational performance in legacy
environments remains tightly bound to spatial constraints.

3.1.2 Domain coverage overview. Across the corpus, research attention is unevenly
distributed across the three core analytical domains. Operational Efficiency is the most
frequently represented domain, reflecting sustained emphasis on throughput, safety and
process optimisation, while technology appears extensively as an enabling layer across
studies. Passenger Experience also receives increasing attention in the more recent literature,
particularly in relation to service quality, health assurance and passenger confidence. Table 7
further illustrates this distribution through aggregate sub-indicator match frequencies,
representing the total number of accepted lexical and semantic matches associated with the
synthesised sub-indicators within each analytical domain. These totals represent matches to
the underlying sub-indicator terminology and associated variants, rather than literal
occurrences of the domain labels themselves. Architecture records 520,859 accepted
matches and Operational Efficiency records 1,449,074; these values are interpreted
descriptively and are not treated as normalised measures of thematic intensity because they
are influenced by document number, document length and the number of sub-indicators
represented within each domain.

3.1.3 Complete network characteristics. The complete directed network comprised 433
unique sub-indicator nodes and 2,627 literature-supported directed relationship records. Based
on the directed graph, network density was 0.014, indicating that approximately 1.4% of all
theoretically possible directed connections were represented in the reviewed evidence.
Component analysis identified 121 weakly connected components and 204 strongly connected

Table 6. Geographic and sectoral distribution of smart airport development

Pathway Focus and findings Supporting documents and connection
Digital-Native ~ Focus: Asia—Pacific (e.g. China, (Siddiqui and Mead, 2024): Digital Twin as a
Greenfield Singapore). Large greenfield platform for Master Planning. (Highlights planning
Delivery investments for digital-native design)
Finding: Smart features are (Mohammed et al., 2021): Emergence of secondary
embedded at the design stage airports to resolve capacity limits
Responsive Focus: Europe and North America.  (Zhang et al., 2022): Multi-Objective Optimisation
Retrofit Constrained brownfield sites of Gate Assignments. Connects efficiency to fixed
Transformation  Finding: Operational performance  constraints
is tightly bound to spatial (Gelhausen et al., 2021): Mitigation strategies for
constraints Capacity Constraints

(Suriyanarayanan et al., 2022): Dynamic
provisioning of resources to handle uncertainty

Source(s): Authors’ own work

Table 7. Aggregate lexical and semanticsub-indicator matches by analytical domain

Domain Total frequency
Operational Efficiency 1,449,074
Passenger Experience 521,390
Architecture 520,859

Source(s): Authors’ own work
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components; the largest weakly connected component contained 311 nodes. Modularity Smart and
analysis partitioned the network into 137 communities, reflecting a large connected core  Sustainable Built
alongside a substantial number of smaller or peripheral clusters. The aggregated node and edge Environment
data underlying these measures are available from the corresponding author on reasonable

request.

3.2 Architecture: network structure and system integration

Architecture as an Integrated System: In smart airport environments, architecture is
increasingly shaped by the integration of sensing, data, and control systems rather than by
static physical form alone (Qian et al., 2022; Remencova and Sedlackovd, 2021). Terminals,
therefore, function not only as physical infrastructures but also as environments that support
operational coordination, environmental monitoring, and passenger-facing services
(Safaeianpour and Shamandi, 2022; Samha et al., 2020). Consistent with smart airport life-
cycle approaches, capabilities such as digital integration, data continuity, and model-based
coordination increasingly operate as embedded architectural functions rather than isolated
technological additions (Svitek et al., 2021; Tan and Masood, 2021). The prominence of
technology-oriented sub-indicators within the network therefore suggests that architectural
performance is increasingly linked to system integration across operational and digital layers.

Across the SLR period, dictionary-based theme frequencies show steady growth in
digitally enabled architectural indicators, suggesting gradual, cumulative capability-building
rather than short-term, post-event acceleration (Siddiqui and Mead, 2024). This mirrors
industry reporting on multi-year transformation programmes in data platforms, cyber
resilience, automation, and passenger-enabling systems (Tan and Masood, 2021; Samha et al.,
2020). This is consistent with peer-reviewed frameworks that emphasise the maturation of
connectivity, interoperability, and governance over time (Samuri et al., 2023; Mijuskovic
et al., 2020). These patterns suggest that architectural performance increasingly depends on
long-term integration between digital systems, operational coordination, and infrastructure
management (Ghaffarianhoseini et al., 2017a). This supports reproducibility by tying claims
to long-term patterns within a defined corpus.

Figure 4 network of the top ten architectural sub-indicators further shows an interdependent
feedback structure linking sensing inputs, analytics and spatial/service outputs (Ma et al.,
2024a; Zhou et al., 2023). Data moves through platform and processing layers into adaptive
terminal behaviours, reflecting documented airport data-platform transitions and the
importance of continuity, model integration and decision-latency management (Siddiqui,
2019; Ma et al., 2022b). SLR coding reinforces that these indicators are typically discussed in
co-occurrence with technology enablement, operational coordination and risk governance, not
in isolation (Lykou et al., 2019; Qian et al., 2022).

Network metrics isolate ten architectural sub-indicators with disproportionate structural
influence as shown in Table 8. Beyond term frequency, they act as integrators that connect
otherwise separate clusters, stabilising the architecture domain by enabling cross-domain
coordination. Degree and eigenvector scores separate visibility from embedded influence, while
betweenness identifies which concepts carry bridging load across the network. In smart-airport
research, that bridging load is typically borne by platform-level concepts that unify
heterogeneous devices, stakeholders and processes within shared information environments
(Siddiqui and Mead, 2024; Zhang et al., 2023). Their recurrence across modelling, empirical and
conceptual studies indicates a reproducible feature of the 2019-2024 corpus rather than a single-
method artefact. The ten sub-indicators reported for each analytical domain in Tables 8-10 were
selected by ranking the domain-specific nodes according to the cumulative network score
reported in the tables. This score combines the reported degree, eigenvector centrality,
betweenness centrality, eccentricity and clustering-coefficient values and was used to identify
nodes exhibiting the strongest overall structural prominence within each domain. The ranking
therefore reflects network position rather than document frequency alone.
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32 sub-indicators, 247 directed relations from 745 coded observations. Source: Author's own work.

Figure 4. Network analysis of top 10 sub-indicators: architecture. Note the high centrality of digital nodes (ST
2, SC 2) compared to physical nodes, illustrating that the “digital spine” of terminals is more structurally
prominent within the reviewed literature than static building components. Sub-indicator codes are defined in
Table 8

3.2.1 Interpretation of key architecture sub-indicators. SC2 Real-time Information Systems
ranks prominently because it provides the communication spine through which architectural
information can be connected with operational and passenger-facing functions High
betweenness indicates that it occupies a bridging position between sensing, operational
coordination and passenger information services (Zhang et al., 2020; Yuan and Jiang, 2023).
This aligns with airport shifts towards unified data platforms, where real-time exchange
underpins resilience and responsiveness. Architecturally, “responsiveness” depends less on
isolated smart components than on continuous, available and governed information flows;
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Table 8. Architecture: top ten sub indicators by network metrics

Rank Code Sub-indicator Degree Eigenvector Betweenness Eccentricity Clustering Cumulative Author
1 SC2 Real time information systems 0.6832 0.553638 8829.49 5 0 8835.72 139
2 ST2 Integration of IoT devices 1.0000 0.372310 8830.98 0 0.358820 8832.71 183
3 ST 3 Real time data processing and analytics 0.8549 1.000000 7707.69 5 0.378588 7714.92 212
4 ST1 AT and machine learning 0.6870 0.238106 7544.42 0 0 7545.34 160
5 SC3 Mobile and web based communication 0.4618 0.310575 6800.08 5 0 6805.85 81
6 SEM 1 Sensors and IoT devices 0.4503 0.370066 4053.92 0 0 4054.74 126
7 SEM 2 Energy management systems 0.2213 0.195250 3577.71 0 0 3578.12 75
8 SEM 3 Data analytics 0.4351 0.843488 3298.43 5 0.388080 3305.09 123
9 EH?2 Energy efficiency 0 0 2490.47 0 0 2490.47 57
10 ECC3 Carbon offsetting programmes 0 0 1504.02 0 0 1504.02 63
Source(s): Authors’ own work
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Table 9. Operational efficiency: top ten sub-indicators by network metrics

d4dSVS

Rank Code Sub-indicator Degree Eigenvector Betweenness Eccentricity Clustering Cumulative Author
1 ARP 1 Operational Efficiency 1 0.55245 16287.28 5 0.157653 16293.99 91
2 ARC?2 Customer Experience Enhancement 0.2952 0.1745 5692.74 6 0.161176 5699.37 28
3 AP 1 Queue Management Services 0.4095 0.216584 3665.50 5 0.25441 3671.38 79
4 OK1 Passenger Wait Times 0.4048 0.227922 2671.76 6 0.181507 2678.57 55
5 oT 3 User Satisfaction Rating w/New Tech 0.1238 0.059192 2464.54 6 0.094862 2470.82 8
6 ER1 Runway Capacity 0.0810 0.034186 2415.37 6 0.042857 2421.52 17
7 EE 1 Energy Consumption 0.2952 0.109124 2151.38 6 0.141147 2157.92 50
8 ARP 2 Cost Savings 0.2667 0.336594 2102.19 5 0.287707 2108.08 52
9 ATR 2 Baggage Tracking System 0.2429 0.184296 1849.04 6 0.25641 1855.73 48
10 ED3 Resource Allocation 0.2000 0.12449 1591.58 6 0.149733 1598.06 42

Source(s): Authors’ own work
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Table 10. Passenger experience: top ten sub-indicators (network metrics)

Rank Code Sub-indicator Degree Eigenvector Betweenness Eccentricity Clustering Cumulative Author
1 HC4 Air filtration systems 0.8148 0.018100 854.57 6 0.084211 861.48 39
2 EAD 2 Mobile app integration 0.3333 0.001377 697.38 6 0.069444 703.78 8
3 ACA?2 Baggage Handling Automation 0.8519 0.030650 696.63 6 0.183333 703.69 16
4 PC1 Real-Time Flight Updates 0.2222 0.001633 576.67 6 0.133333 583.03 9
5 LD1 Online Catalogue 0.4074 0.008491 575.61 6 0.177778 582.20 2
6 LS2 Comfortable Seating 0.1481 0.000268 538.40 7 0.083333 545.63 4
7 LS3 Amenities 1.0000 0.067147 530.07 6 0.257246 537.39 7
8 SBA 1 Types of biometrics used 0.5556 0.028158 372.14 5 0.233333 377.95 16
9 SCP 3 Security Measures Implemented 0.7778 0.053025 339.46 6 0.180952 346.47 17
10 EV4 Integration with real-time flight information 0.1852 0.020877 294.94 6 0.166667 301.32 5
Source(s): Authors’ own work
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SASBE low-latency approaches (e.g. fog-enabled architectures) are repeatedly positioned as enablers
because they reduce delay between sensing and control (Siddiqui, 2019; Mijuskovic
et al., 2020).

ST2 Integration of IoT Devices ranks highest in degree centrality, indicating that it is the
most densely connected infrastructural layer within the Architecture network. The density
reflects that architectural intelligence relies on pervasive instrumentation, embedded systems
and interoperable interfaces (Qian et al., 2022; Santamaria et al., 2019). The same connectivity
also expands the attack surface, so IoT integration has direct consequences for reliability and
resilience within cybersecurity and risk-governance research (Lykou et al., 2019; Ukwandu
et al., 2022). The literature’s persistent focus on device heterogeneity, lifecycle management,
and security controls frames IoT integration as a sustained lifecycle obligation—from
procurement to decommissioning—rather than a one-off deployment (Malhotra et al., 2021;
Qian et al., 2022). This helps explain its strong bridging role across multiple operational and
technological functions.

ST3 Real-time Data Processing and Analytics emerges as a structurally prominent
interpretive node, associated with the conversion of sensor outputs into information used for
environmental control, flow management and passenger guidance (Ma et al., 2024a;
Valarmathy et al., 2023). Its eigenvector prominence indicates close coupling to other
influential nodes: analytics amplifies connectivity and information systems rather than
substituting for them (Yuan and Jiang, 2023; Zhang et al., 2023). In asset and lifecycle
discussions, analytics is increasingly tied to model-based integration (e.g. BIM/digital twins)
that provides a semantic backbone for interpreting operational data within spatial systems
(Siddiqui and Mead, 2024; Lunacek et al., 2021). Case studies position analytics as a process
involving shared architectures and governance models, rather than as standalone tools
(Moghadasnian, 2024; Malhotra et al., 2021). This indicates that architectural systems
increasingly rely on coordinated data processing rather than isolated sensing functions.

ST1 AI and Machine Learning appears as a higher-order capability associated with
extending architectural intelligence from reactive control towards predictive/adaptive
optimisation (Vonitsanos et al., 2021; Ma et al., 2024a). Its network role is more bridging
than clustering because AI is applied across loosely coupled functions (screening,
maintenance, personalisation), often with uneven integration across organisational
boundaries (Makela, 2024; Zhang et al., 2023). Across the corpus, AI’s architectural impact
is typically conditional on mature IoT instrumentation and data platforms—enhancing, rather
than replacing, underlying integration capacity.

SC3 Mobile and Web-Based Communication plays a strategically important interface role,
linking system intelligence to passenger-initiated interactions. Its contribution is primarily
translational: converting system awareness into usable signals (wayfinding, disruption
messaging, self-service prompts) (Wongyai et al., 2024; Zhu et al., 2023). Evidence from self-
service technology reviews positions mobile/web channels as foundational for adoption of
digital services (check-in, e-ticketing, automated touchpoints), while industry trend reporting
identifies passenger-enabling digital channels as sustained areas of investment attention
(Wongyai et al., 2024; Tan and Masood, 2021). Its weaker clustering is therefore coherent:
interface functions connect many domains without forming a tight internal architectural
cluster.

Environmental intelligence is distributed across SEM1-SEM3, which together form the
sensing, optimisation and feedback substrate of architectural adaptability (Ma et al., 2024a;
Tang et al., 2023a, b). Sensors/IoT provide the input layer, analytics interprets signals into
decision logic, and energy/management systems are associated with translating interpreted
information into performance-oriented actions for resource optimisation and operational
continuity (Ma et al., 2024a; Zoutendijk and Mitici, 2024). Cybersecurity research views these
sensor networks as critical infrastructure because failures can spread across interconnected
systems. This necessitates reliability controls, resilience planning, and ongoing lifecycle
governance rather than just a one-time installation (Lykou et al., 2019; Samuri et al., 2023).
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Collectively, these nodes position architecture within the reviewed literature as a responsive Smart and
cyber-physical layer rather than a static envelope. Sustainable Built

Finally, EH2 Energy Efficiency and ECC3 Carbon Offsetting Programmes enter the top tier Environment
mainly through bridging roles: they connect architectural intelligence to sustainability
governance and reporting discourse more than to dense real-time control integration
(Wennberg, 2019; Ramakrishnan et al., 2022). Energy performance is often viewed as a
measurable and benchmarkable outcome within structured evaluation frameworks. In
contrast, decarbonisation pathways are typically discussed at the system level,
encompassing supply, storage, and optimisation, and can surpass the boundaries of terminal
architecture (Sreenath et al., 2021; Zeng et al., 2024). Carbon initiatives, in disclosure-oriented
work, remain closely tied to organisational practices and reporting structures, and can
therefore be loosely coupled to real-time control mechanisms (Wennberg, 2019;
Ramakrishnan et al., 2022). The network pattern suggests that sustainability connects these
strands of the literature, although it is not yet consistently represented as an integrated
architectural control logic within smart-airport research.

3.2.2 Synthesis of architectural network insights. The architectural network shows that
smart-airport design is shaped by coordinated system relationships rather than isolated
technologies. Highly connected nodes support coordination across the domain, while bridging
nodes link the architecture to operational systems, technology, and the passenger experience.
Architectural performance increasingly depends on the coordination of sensing systems, real-
time information exchange, analytics, and governance processes (Ma et al., 2024a; Zhou et al.,
2023). No single sub-indicator is sufficient on its own, as capabilities such as AI and digital
interfaces depend on the maturity of underlying data platforms and IoT infrastructure (Makela,
2024; Zhang et al., 2023). Similar patterns have also been identified in other complex built-
environment systems examined through systematic synthesis, supporting the consistency of
these findings beyond the airport context (Samarasekara et al., 2024). Sustainability indicators
appear less embedded within real-time control systems and are more commonly linked to
evaluation and reporting functions, positioning environmental performance more as a strategic
outcome than as a consistently operational architectural mechanism (Wennberg, 2019;
Ramakrishnan et al., 2022). Overall, the findings suggest that architectural effectiveness in
smart airports depends less on isolated technologies and more on how digital, operational, and
spatial systems function together.

The architecture—operations interface emerges as a critical zone in smart airport
transformation. Operational systems increasingly rely on real-time data, automation, and
predictive analytics for decision-making. Their effectiveness, however, remains tightly bound
by the physical characteristics of the built environment. Architecture, therefore, functions as
both an enabler and a constraint on operational responsiveness. It shapes how digital
intelligence can be translated into spatial and material action. The results, specifically the high
betweenness of ST 2 and SC 3, indicate that operational optimisation is inseparable from
architectural adaptability. Without spatial flexibility, digital capability remains only partially
realised in practice.

Network analysis reveals strong structural coupling between architectural adaptability and
operational coordination. Indicators associated with modular layouts and integrated sensing
consistently align with flow management systems. This alignment confirms that operational
intelligence depends fundamentally on spatial permissiveness. Predictive algorithms may
identify bottlenecks or demand surges with increasing accuracy. Yet rigid spatial layouts
frequently prevent meaningful operational response. Architecture, therefore, is positioned
within the reviewed literature as mediating the translation of digital insight into physical
action. Smartness emerges only when this translation can occur dynamically and reliably.

A clear divergence appears between greenfield and brownfield airport development
contexts. Digitally native greenfield airports embed adaptability into architectural systems
from inception (Keskin et al., 2020; Keskin, 2021). Features such as swing gates and
reconfigurable partitions enable dynamic spatial reorganisation. In these environments,
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SASBE architecture functions as a cyber-physical actuator for operational intent. Brownfield airports
present a contrasting condition shaped by legacy constraints (Keskin, 2021). Existing layouts
often limit the use of advanced operational software despite comparable levels of
technological investment.

This digital-physical mismatch represents a structural limitation rather than a transitional
inefficiency. Retrofitted terminals often lack the spatial permissiveness required for adaptive
operations. Operational intelligence is therefore throttled by architectural rigidity rather than
technological capacity. These findings challenge assumptions that software optimisation can
compensate for fixed infrastructure. Instead, adaptability must be co-designed across physical
and digital layers. Smartness emerges through alignment rather than modular technological
upgrades alone.

The interface also exposes a temporal tension within smart airport systems. Architectural
decisions are, by necessity, long-term and capital-intensive. Operational systems evolve
rapidly through software updates and data integration cycles. Misalignment between these
temporal scales undermines system resilience over time. Systems become optimised for
specific scenarios yet vulnerable to unexpected disruption. Adaptability must therefore be
treated as a systemic condition rather than a discrete technological feature.

3.3 Operational efficiency: network structure and adaptive coordination

Operations as the Adaptive Engine: Operational Efficiency emerges as the most structurally
dominant domain within the smart airport network (Moghadasnian, 2024; Zhang et al., 2023).
Unlike architecture, which supports coordination between systems, operations regulate flow,
resource coordination, and performance across airport environments (Semykina and
Litoshenko, 2024; Benini and Borille, 2023). The network analysis indicates that
operational performance depends on the coordination of interconnected subsystems,
including passenger processing, resource allocation, airside coordination, and performance
monitoring (Ma et al., 2023; Zhong and Liu, 2020). This aligns with research that treats
airports as closely connected service systems (Svitek et al., 2021; Wattanacharoensil
et al., 2021).

Dictionary-based theme frequencies across the SLR period show consistent attention to
operational control constructs. Queue management, capacity coordination, and monitoring
indicators recur across diverse study designs. This consistency suggests operations evolve
through incremental capability building, not isolated interventions (Nikoli¢ et al., 2024;
Moghadasnian, 2024). It also supports reproducibility, because the narrative is anchored to
recurring constructs in the bounded corpus. Document-level co-occurrence patterns further
show operational indicators intersect with technology and experience themes (Moghadasnian,
2024; Miskolczi et al., 2021).

The network analysis of the top ten operational sub-indicators, visualised in Figure 5,
shows a coherent coordination structure. Rather than linear process chains, the network
indicates feedback loops between monitoring, control, and resource decisions. These loops
help the system adjust to demand variability in real time (Ma et al., 2024a; Tang et al., 2023a,
b). The network metrics identify ten sub-indicators with disproportionate influence in the
operational domain. Their influence reflects their role in linking operational processes across
the network rather than simple frequency alone.

Figure 5 illustrates that operational efficiency relies on coordination, with dense
connections clustering around control and flow-regulation nodes. Cross-cluster links
indicate strong bridging behaviour (Wang et al., 2021; Zhang et al., 2023), suggesting the
system functions as a continuously recalibrated control structure rather than a linear chain (Ma
et al., 2024a). Table 9 ranks the sub-indicators holding this structure together, distinguishing
between nodes that stabilise the network and bridging concepts that integrate airside, landside,
and passenger domains. Applying the same cumulative network-ranking procedure described
above, Table 9 presents the ten highest-ranked Operational Efficiency sub-indicators.
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32 sub-indicators, 237 directed relations from 601 coded observations. Source: Author's own work.

Figure 5. Network analysis of top 10 sub-indicators: operational efficiency. The network illustrates a coherent
coordination structure defined by feedback loops rather than linear process chains. The high density of
connections around control and monitoring nodes indicates that operational smartness relies on the continuous
synchronisation of interdependent processes rather than isolated task optimisation. Sub-indicator codes are
defined in Table 9

3.3.1 Interpretation of key operational efficiency sub-indicators. ARP 1: Operational
Efficiency occupies a central coordinating position within the operational network. High
betweenness indicates that it bridges otherwise separate clusters, aligning automation, service
routines and performance evaluation into a single control narrative (Moghadasnian, 2024; Ma
et al., 2023). In the SLR, “efficiency” is viewed as an ongoing synchronisation of
interdependent processes amid variability (Benini and Borille, 2023). This positions
operational efficiency as a central coordinating function within the network.

ARC 2: Customer Experience Enhancement sits near the centre because it links
interventions to outcomes within the same decision cycle. Its bridging behaviour suggests
that experience functions as both a constraint and an evaluative target for operational tuning,
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SASBE not a post-optimisation scorecard (Zhang et al., 2022; Ma and Ma, 2022). Studies have
highlighted the connection between service quality, brand experience, and perceived value.
These elements rely on consistent processes and well-maintained facilities (Ma and Ma, 2022;
Hong et al., 2020). Additionally, the passenger experience provides an important evaluative
perspective on whether operational efficiency is reflected in the quality of services delivered to
customers.

AP 1: Queue Management Services forms the flow-control spine that connects sensing,
allocation, and sequencing. Its connectivity reflects how queue states are associated with
operational responses to demand uncertainty, treated in the literature as an intelligence
function rather than a passive throughput outcome (Ma et al., 2024b; Zhong and Liu, 2020).
Decision support work shows that queue conditions are used to inform reconfiguration of
lanes, staffing and service rules, linking physical constraints to analytics-driven control loops
(Grahn and Jacquillat, 2020; Ma et al., 2024b).

OK 1: Passenger Wait Times acts as a prominent feedback-related indicator within this
operational structure. The network’s role involves more than just reporting; it requires
continuous monitoring paired with real-time adjustments (Grahn and Jacquillat, 2020; Yuan
and Jiang, 2023). In this context, timestamps and wait times are commonly used as operational
signals that inform recalibration, particularly in turnaround efficiency and process-control
research (Zoutendijk and Mitici, 2024; Yuan and Jiang, 2023). Co-occurrence with service
quality and satisfaction constructs in the corpus further indicates that performance is
interpreted in terms of passenger-visible time costs.

ED 3: Resource Allocation functions as the tactical coordination node across people, space
and time. Its connectivity reflects the idea that smartness depends on feasible reallocations
under demand variability, consistent with robust planning and scheduling research that
emphasises constraints, contingencies, and resource coupling (Suriyanarayanan et al., 2022;
Wang et al., 2021). Utilisation and IoT-based frameworks similarly treat allocation as a
measurable optimisation problem, explaining its links to queue control, monitoring and cost
narratives (Mrna et al., 2021; Zhou, 2023).

OT 3: Satisfaction with Newly Adopted Technologies bridges deployment success to user
acceptance. Its weaker embedding is analytically coherent because adoption spans loosely
coupled services (Rubio-Andrada et al., 2023; Pant, 2022). Studies on technology readiness
and adoption shows that perceived usefulness is essential for sustained use. Therefore, this
node emphasises the link between innovation rollouts and experiential evaluation, rather than
core control logic (Min and Jo, 2022; Mwesiumo et al., 2023). Prioritising user experience
helps ensure new technologies are effectively embraced.

ER 1: Runway Capacity appears as a boundary condition that couples landside operations
to airside constraints. The bridging pattern reflects coordination effects rather than dense
internal integration (Ma et al., 2022b, 2023). Slot allocation and airside uncertainty influence
terminal scheduling and staffing. The modelling approach considers runway limits as
important factors that shape feasible operational scenarios (Ma et al., 2023; Tang et al., 2023a,
b). Operational efficiency is therefore conditioned by an airside—landside performance system.

EE 1: Energy Consumption operates as a cross-domain monitoring node. Its position
suggests energy is captured through operational routines and then managed through efficiency
narratives (Xianliang et al., 2021; Yildiz et al., 2022). Empirical work links airport energy
demand to activity patterns, climate exposure and scheduling. Predictive and spatiotemporal
studies establish a connection between passenger dynamics and resource loads (Xianliang
et al., 2021; Ma et al., 2024a). This relationship helps to explain the role of energy in
operational processes, sustainability efforts, and performance management discussions.

ARP 2: Cost Savings links operational change to investment justification and governance.
The network role implies that finance legitimises programmes more than it drives day-to-day
control logic (Pagliara and Zingone, 2023; Remencova and Sedlackova, 2021). Efforts to
develop BIM-centred ecosystems and lifecycle value frameworks integrate digital
technologies to achieve efficiency gains and long-term value (Xiao, 2021; Xiong and
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Wang, 2022). This approach is bolstered by sustainable performance studies that emphasise Smart and
cost reduction through structured evaluation and disclosure. Sustainable Built

ATR 2: Baggage Tracking Systems enhance logistical visibility, fostering passenger Environment
reassurance and trust. This connection illustrates how operational transparency is evident at
the service interface (Valarmathy et al., 2023; Si et al., 2021). Studies on IoT and tracking
indicate that enhanced visibility supports effective exception handling and reduces uncertainty
during disruptions (Noel et al., 2021; Valarmathy et al., 2023). This positions baggage tracking
as both an operational control mechanism and a contributor to passenger reassurance.

Overall, the operational network functions as a coordinated system in which efficiency
provides the organising structure. Within this structure, experience supplies legitimacy and
constraints, queues and wait times form the observable control loop, and allocation enables
implementable action. Crucially, the boundary, adoption, sustainability, and governance nodes
then condition whether the resulting gains are deliverable and durable.

3.3.2 Synthesis of operational efficiency network insights. The operational network
indicates that operational performance depends on coordinated feedback rather than isolated
optimisation processes. Highly connected nodes stabilise core routines, while bridging nodes
integrate decisions across subsystems (Nikoli¢ et al., 2024; Yuan and Jiang, 2023). Flow-
control and monitoring nodes translate demand variability into timely operational
interventions (Suriyanarayanan et al., 2022; Ma et al., 2024a). Experience and adoption
nodes ensure that changes remain legible and acceptable to passengers. Meanwhile, energy
and cost nodes connect operational control to accountability and provide justification for the
program (Rubio-Andrada et al., 2023; Soares and Wang, 2021). Overall, operational
efficiency operates as the adaptive engine that converts data into coordinated action.

The operations—experience interface represents one of the most delicate balances in smart
airport transformation. Operational systems prioritise throughput, predictability, and security
across increasingly complex environments. Passenger experience, by contrast, is shaped by
comfort, clarity, and perceived control. These objectives have historically been treated as
competing priorities. The results demonstrate that digital integration is reshaping this
relationship. Efficiency and comfort can be partially reconciled through coordinated system
design. Experience increasingly emerges from operational configuration rather than
supplementary service provision.

Network analysis reveals dense structural connections between operational flow
management and experiential touchpoints. Indicators associated with biometric processing
and real-time information frequently bridge both domains. Passenger experience is therefore
increasingly embedded within operational logic. Amenities alone no longer define
experiential quality. Instead, experience depends on how effectively operational processes
are rendered invisible and intelligible. When systems operate effectively, passenger attention
shifts away from operational processes and towards the continuity of the journey.

Biometric identification represented by node SBA 1 in Table 10 plays a central role in
resolving the efficiency—comfort paradox (Jain et al., 2011). Continuous identity verification
reduces reliance on discrete security checkpoints. Border and security processes are becoming
more integrated into the passenger journey. This dematerialisation lowers perceived waiting
and enhances flow continuity. Operational control is maintained without visible interruption.
Experience improves through reduced friction rather than increased interaction.

However, this integration introduces new forms of tension. Extensive data capture raises
concerns related to privacy, consent, and trust. As noted in the literature, the deployment of
new security technologies often generates public apprehension regarding ethical boundaries
and privacy preservation (Malik et al., 2023; Zhang, 2019). While passengers may be willing
to provide personal data, this is strictly conditional on perceived benefits and trust (Mwesiumo
etal., 2023). Furthermore, the structural linkage between surveillance systems and governance
frameworks remains limited (Santamaria et al., 2019; Lykou et al., 2019). Although
operational efficiency benefits from comprehensive data use—such as passenger profiling to
reduce wait times (Satish et al., 2023)—passenger trust depends on transparency,
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SASBE proportionality, and accountability. Without explicit governance, experiential gains may be
undermined over time.

The results also highlight the declining visibility of human assistance within passenger
processing systems. Automation increasingly dominates routine interactions across the
journey. Automated systems perform efficiently under stable conditions. They struggle,
however, during disruption or emotional distress. Passenger experience, therefore, remains
dependent on hybrid operational models. The findings therefore suggest that technology
functions most effectively when combined with accessible forms of human support.

3.4 Passenger experience: a network-based analysis

Passenger Experience as a System Interface: Within smart airport environments, passenger
experience operates as the point at which architectural systems and operational processes
become visible to users (Miskolczi et al., 2021; Monge-Zamorano, 2023). Unlike architecture,
which supports long-term spatial organisation, and operations, which manage flow and
performance, passenger experience is shaped by immediacy, perception, and ease of
interaction (Hong et al., 2020). The literature increasingly suggests that passenger experience
depends on coordinated information access, environmental reassurance, and smooth
interaction with airport systems rather than on isolated amenities or hospitality features
alone (Pipatpong, 2022; Zhang, 2019).

Dictionary-based theme frequencies indicate that passenger experience indicators
expanded rapidly after 2020, reflecting heightened concern with health assurance,
contactless interaction, and confidence restoration following the COVID-19 disruption.
However, unlike operational efficiency, which demonstrates metric convergence around
control and throughput, experiential indicators display functional dispersion (Pipatpong,
2022; Hong et al., 2020). This pattern suggests that passenger experience is shaped by
interactions among health, information, security, and comfort systems rather than by a single
dominant factor (Macnaughton, 2022; Pipatpong, 2022).

Network analysis reinforces this interpretation by revealing a passenger experience
network that is less densely clustered than the architectural or operational domains, yet
characterised by pronounced betweenness across domains. As visualised in Figure 6,
passenger experience is shaped through coordination between operational systems,
architectural environments, and user perception, with experience-related sub-indicators
frequently acting as bridges between operational systems, architectural environments, and
human perception (Ma and Ma, 2022; Wattanacharoensil et al., 2021). Highly connected
nodes stabilise perceptions of safety, comfort, and reassurance, while bridging nodes translate
operational states and environmental conditions into signals understandable to passengers (Ma
et al., 2022a; Mrna et al., 2021). Unlike operational networks, which regulate performance
through closed feedback loops, the experiential network shapes trust and confidence through
continuity of information and perceived control across the journey.

Table 10 identifies the ten passenger experience sub-indicators with the greatest structural
influence within this mediating configuration, ranked using the same cumulative network
score. Rather than constituting a ranked service hierarchy, these indicators function as
perceptual leverage points through which system intelligence becomes experientially legible.
Some nodes anchor experiential stability, while others integrate otherwise separate health,
security, informational, and comfort subsystems into a coherent passenger-facing environment
(Pipatpong, 2022; Monge-Zamorano, 2023). Their influence lies less in operational
throughput and more in shaping reassurance, confidence, and passenger understanding of
the airport environment.

3.4.1 Interpretation of key passenger experience sub-indicators. HC 4 Air Filtration
Systems emerges as the most structurally influential experiential indicator, functioning as the
primary health-assurance anchor. Its high degree and bridging capacity reflect the literature’s
emphasis on invisible environmental control as a as an influence on perceived safety (Ma et al.,
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Figure 6. Network analysis of top 10 sub-indicators: passenger experience. The dispersed network structure
indicates that experience is not associated with a single dominant node, but is shaped by the selective integration
of health, information, and security subsystems. Sub-indicator codes are defined in Table 10

2024a; Macnaughton, 2022). Air quality management contributes to passenger reassurance
even when these systems are not directly visible to users. They link building systems, hygiene
protocols, and passenger wellbeing into a single perceptual construct (Ma et al., 2022a;
Macnaughton, 2022).

EAD 2 Mobile App Integration functions as a translational interface between passengers
and the wider airport system. Its network role is primarily mediatory, enabling access to real-
time information, navigation support, and service personalisation (Mrna et al., 2021; Samha
et al., 2020). The literature positions mobile platforms as mechanisms for restoring passenger
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SASBE agency in complex, uncertain terminal environments, particularly during disruptions or
dynamic reconfiguration (Stoji¢ et al., 2023; Ma et al., 2024b).

ACA 2 Baggage Handling Automation occupies a structurally influential position by
linking back-of-house reliability to passenger trust. Automated tracking and handling systems
are associated with reduced uncertainty around asset location, so that logistical transparency is
discussed as an experiential attribute (Valarmathy et al., 2023; Si et al., 2021). This positioning
reflects a shift in the literature, where operational reliability increasingly contributes to
experiential reassurance rather than remaining operationally invisible (Halpern and
Mwesiumo, 2021; Ma and Ma, 2022).

PC 1 Real-Time Flight Updates operates as a coordination node connecting operational
status with passenger decision-making. Its influence derives from integration rather than
visibility, as flight information gains experiential value (Yuan and Jiang, 2023; Zhong and Liu,
2020). Its value depends on consistent coordination across displays, mobile platforms, and
public address systems. The network position indicates that situational awareness is associated
with continuity and consistency, not information abundance (Narongou and Sun, 2022;
Alansari et al., 2019).

LD 1 Online Catalogue bridges digital commerce and physical dwell environments,
reflecting the growing role of pre-engagement and personalised retail in shaping perceived
value during waiting periods (Wu and Tsui, 2020; Miskolczi et al., 2021). Its presence within
the top-tier network highlights how experiential quality increasingly extends beyond
movement efficiency into the management of dwell time and discretionary engagement
(Monge-Zamorano, 2023; Pipatpong, 2022).

LS2 Comfortable Seating and LS3 Amenities together anchor the physical comfort layer of
the experiential system (Pipatpong, 2022; Ma et al., 2022b). Amenities exhibit higher
connectivity because they consolidate multiple supporting services into a single node. Seating,
by contrast, performs a more focused function, associated with passenger wellbeing during
periods of enforced waiting (Ma and Ma, 2022; Pivac et al., 2022). Taken together, these
elements underline the continued importance of tangible spatial conditions, even as airport
environments become increasingly digitally mediated.

SBA 1 Types of Biometrics Used and SCP 3 Security Measures Implemented function as
critical bridges between security operations and experiential flow. The current network
position illustrates a shift towards seamless security models (Khan and Efthymiou, 2021;
Zhang, 2019). In these models, identity verification is spread across the entire journey rather
than confined to specific checkpoints. This approach is described in the literature as integrating
verification more fluidly throughout the user experience (Pik, 2024; Zhang, 2019). This
integration reduces visible interruption while maintaining operational control, aligning with
literature on “walk-through” security paradigms.

EV 4 Integration with Real-Time Flight Information links immersive and entertainment
systems with operational data streams. The primary role is to foster experiential engagement
while ensuring that passengers remain informed about system status (Tran et al., 2022;
Makela, 2024). This approach highlights the integration of information, entertainment, and
reassurance in modern terminal environments (Pipatpong, 2022; Zhuo, 2023).

3.4.2 Synthesis of passenger experience network insights. The passenger experience
network demonstrates that passenger experience is shaped through the coordination of health
assurance, information access, security integration, and comfort-related systems rather than
through individual technologies or amenities alone. Highly connected indicators stabilise the
experience environment, while bridging indicators link passengers to operational and
architectural systems.

Unlike Operational Efficiency, where metric convergence signals dominance, the
passenger experience domain relies on selective integration. Its sub-indicators shape
perception, trust, and agency rather than throughput or performance (Moghadasnian, 2024;
Wattanacharoensil et al., 2021). This positions passenger experience as a connecting layer
between airport systems and passenger response.
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The architecture—experience interface foregrounds the embodied and cognitive dimensions Smart and
of smart airport environments. Digital systems mediate information delivery and passenger ~ Sustainable Built
movement. Physical space shapes perception, stress, and emotional response throughout the Environment
journey. The results demonstrate that passenger experience is co-produced by spatial
conditions and digital augmentation. Technology alone does not determine experiential
quality. Architecture remains central to how passengers feel, orient themselves, and behave.
Passenger experience is therefore shaped through both physical space and digital interaction.

Network patterns (Figure 6) reveal strong alignment between architectural features and
experiential indicators, such as “comfortable seating” (LS 2). Biophilic design, spatial
legibility, and environmental control correlate with well-being outcomes. Lighting and
acoustics play significant roles in regulating stress and attention. These features influence
movement patterns and cognitive load. Architecture actively shapes passenger behaviour
under varying conditions. Experiential intelligence, therefore, depends on spatial coherence
and environmental stability.

Digital systems amplify architectural effects rather than replacing them. Sensors and
analytics enable environments to respond dynamically to contextual change. Lighting,
temperature, and soundscapes adjust according to density and time. Such responsiveness
supports comfort and reduces cognitive overload. Architecture, therefore, operates as a
responsive environment rather than a fixed physical backdrop. Digital augmentation
strengthens, rather than substitutes for, spatial intelligence.

A tension emerges between experiential well-being and commercial imperatives in
terminal environments. Advertising displays and immersive retail compete for passenger
attention, often taxing cognitive bandwidth. While commercial systems enhance revenue by
driving discretionary passenger activity (Mekic et al., 2021), they may disrupt clarity in
wayfinding and the overall “airportscape” (Wattanacharoensil et al., 2021). As noted in the
literature, the airport environment fundamentally shapes destination image and passenger
behaviour (Pipatpong, 2022); yet, network analysis reveals weak coordination (low edge
weight) between wayfinding and commercial interfaces. Experiential priorities are therefore
inconsistently managed at the architectural level, suggesting a need to balance purely
commercial drivers with cultural or heritage experiences to maintain a coherent sense of place
(Monge-Zamorano, 2023).

This attention conflict highlights the limits of digital mediation. Additional screens do not
necessarily improve passenger experience. Excessive stimulation can increase stress and
disorientation. These effects are particularly pronounced for unfamiliar or time-pressured
travellers. Experiential intelligence requires restraint alongside technological sophistication.
The findings, therefore, suggest that effective passenger experience depends more on clarity
and coherence than on increasing levels of digital stimulation.

3.5 Transversal dynamics: technology, sustainability, and governance
Beyond domain-specific indicators, the network analysis reveals transversal patterns spanning
architectural, operational, and experiential subsystems. Two such patterns emerge with
particular clarity across the network structure. Technology functions as an enabling layer that
connects otherwise discrete domains. Sustainability, by contrast, appears as an outcome that
remains weakly embedded within passenger-facing and operational structures. Together, these
transversal dynamics indicate that smart airport systems currently prioritise integration and
operational efficiency more strongly than broader sustainability objectives.
Technology-related indicators demonstrate consistently high cross-domain connectivity
across the network. They operate as integrative mechanisms rather than isolated technological
solutions. Sustainability indicators, however, display uneven structural positioning.
Efficiency-oriented constructs are embedded within specific subsystems. Broader
sustainability objectives remain peripheral across operational and experiential networks.
This asymmetry suggests that technological integration has matured into a system-level logic.
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SASBE Sustainability, therefore, appears more as a consequence of efficiency-driven optimisation
than as a central organising principle within the network.

3.5.1 Technology as a transversal enabler. Technology functions within the network as a
connecting layer across architectural, operational, and experiential systems. Digital
technologies do not operate as a standalone layer. Instead, they function as connective
infrastructure supporting real-time data exchange and adaptive control. High betweenness
scores associated with digital platforms indicate their mediating role across subsystems. These
platforms link physical environments, operational processes, and passenger interfaces.

Indicators associated with artificial intelligence, the Internet of Things, and digital twins
occupy consistent bridging positions. Their influence does not derive from direct passenger
visibility. It arises from their capacity to synchronise sensing, prediction, and decision-making
processes. Digital twins exemplify this transversal role particularly clearly. They connect
architectural configurations with operational scenarios and experiential outcomes through
simulation and feedback.

The network structure, therefore, positions technology as a precondition for system-wide
coordination. Technology is not presented as an end in itself. This finding aligns with broader
shifts in smart infrastructure discourse. Current research increasingly views airport
performance as dependent on the coordination of integrated systems rather than on isolated
digital tools alone.

3.5.2 Sustainability as an emergent outcome. In contrast to technology, sustainability
indicators exhibit a more fragmented structural presence. Efficiency-oriented constructs such
as energy optimisation are embedded within architectural systems. Broader sustainability
objectives remain structurally peripheral. These include net-zero operations and behavioural
change mechanisms. This distribution suggests that sustainability is not yet consistently
integrated across architectural, operational, and experiential systems (Ghaffarianhoseini et al.,
2017b). Instead, it occupies a marginal position within the smart airport system.

The network reveals two distinct gaps in sustainability operationalisation. One gap is that
sustainability remains largely confined to infrastructural performance metrics. It rarely
extends into operational decision-making or passenger engagement. A second gap appears in
passenger-facing systems. Sustainability indicators show limited integration with experiential
systems capable of shaping passenger awareness or action. These patterns reflect trends within
the literature rather than direct performance assessments. They expose limitations in how
sustainability is conceptualised and operationalised.

As aresult, sustainability is primarily realised as an emergent outcome of efficiency-driven
interventions. It is not integrated as a socio-technical objective shaping system design or
governance. Passenger interaction remains weakly connected to sustainability logics
(Bulkeley et al., 2016). The structural asymmetry revealed in the network analysis—where
technology acts as a central enabler while sustainability remains peripheral—points to a
systemic limitation. This imbalance also points to broader governance limitations within smart
airport systems. The preceding discussion demonstrates that smart airport transformation is
constrained by integration capacity rather than technological availability. Systems
increasingly exchange data across architectural, operational, and experiential domains.
Governance structures have not evolved at a comparable pace. This imbalance foregrounds
governance as a critical limitation. Technical interoperability frequently outpaces institutional
coordination. As a result, system coherence remains fragile. The analysis reveals a clear
asymmetry between technical and governance integration. Operational platforms link
architecture and passenger experience in real time. Data ownership, accountability, and
decision authority remain weakly articulated. This produces a governance lag within smart
airport systems (Kitchin, 2014). Ethical risks intensify as autonomy and automation expand.
Privacy and accountability, therefore, become structurally vulnerable.

This governance gap is particularly visible in the treatment of sustainability. Sustainability
rarely functions as a primary organising logic within smart airport systems. Instead, it emerges
indirectly through efficiency-driven interventions. Energy optimisation and automation
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deliver measurable environmental benefits. Broader sustainability objectives remain Smart and
peripheral. Sustainability is therefore treated as an outcome rather than a guiding design ~ Sustainable Built
principle. Efficiency-oriented sustainability introduces additional structural limitations. Environment
Short-term optimisation dominates over regenerative or adaptive strategies. Passenger-
facing systems remain weakly connected to sustainability goals. Digital interfaces influence
behaviour but are rarely leveraged for environmental engagement. This represents a missed
opportunity within system design. Sustainability remains technically achieved but socially
under-integrated. Governance also mediates the ethical and social consequences of smart
airport systems. Surveillance technologies and predictive analytics intensify data-driven
control. Concerns related to consent, proportionality, and fairness increase accordingly.
Ethical oversight frameworks lag behind technical deployment. In some cases, efficiency
priorities may outweigh broader equity considerations. Public trust, therefore, becomes
increasingly fragile.

Collectively, the findings indicate a need for governance-led integration. Integration must
extend beyond technical interoperability alone. Institutional alignment and accountability are
equally critical. Governance should enable rather than constrain smart transformation. Long-
term value depends on coordinated priorities across domains. Long-term smart airport
development, therefore, depends on governance, technology, and design evolving in a
coordinated manner.

4. Conclusion and future research directions

4.1 RQ closure and evidence-based synthesis

This study set out to address two research questions concerning the nature of smart airport
transformation and the interrelationships shaping it across architectural, operational, and
passenger-experience domains. Through a PRISMA-guided systematic literature review and
network analysis of 511 peer-reviewed studies, the research provides a structured, evidence-
based synthesis of how smart airports are conceptualised and operationalised in contemporary
scholarship.

In response to Research Question 1—What are the key factors influencing smart airport
transformation within the domains of architecture, operational efficiency, and passenger
experience?—this study identifies a comprehensive set of 433 validated sub-indicators
derived from the reviewed corpus. These factors are systematically documented and analysed
across the three domains of architecture, operational efficiency, and passenger experience. The
results demonstrate that operational efficiency dominates the literature as the primary
organising domain, structuring most smart-airport interventions around flow control,
monitoring, and resource allocation. Architecture functions as a mediating system
associated with the translation of digital intelligence into physical action, particularly where
spatial rigidity limits adaptive operational responses. Passenger experience functions as a
connecting layer shaped less by discrete amenities and more by information continuity, health
assurance, and perceived control. Together, these findings indicate that smart airport
transformation depends less on isolated technologies and more on coordination across
interconnected systems.

Addressing Research Question 2—How do factors across architecture, operational
efficiency, and passenger experience interrelate to shape the transformation of new and
transitioning airport environments?—the cross-domain network results shows that the
strongest relationships occur at the interfaces between domains rather than within individual
subsystems. The architecture—operations relationship indicates that architectural adaptability
and operational coordination are structurally coupled, particularly in brownfield contexts
where legacy spatial constraints limit the realisation of advanced operational intelligence. The
operations—experience interface further demonstrates that passenger experience is
increasingly embedded within operational control logic, with flow management, biometric
processing, and real-time information acting as bridging mechanisms. Comparative patterns
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SASBE between greenfield and brownfield environments suggest that digitally native contexts tend to
exhibit tighter cyber-physical alignment than retrofitted terminals, where integration is more
strongly shaped by spatial and organisational constraints.

Across both research questions, the findings show that effective smart airport development
depends on alignment between physical infrastructure, digital systems, and passenger
experience. Technology operates as a transversal enabler across domains, while sustainability
appears primarily as a secondary outcome of efficiency-driven interventions rather than as a
central organising principle. Governance is identified as a critical limiting condition, with
institutional coordination often lagging behind technical integration. These findings
collectively reinforce the central conclusion of the study: smart airport transformation is
constrained less by technological availability than by the capacity to integrate architecture,
operations, experience, and governance into a coherent system.

Consistent with this evidence, the study aligns with the following definition previously
established in related work: A smart airport is a digitally enabled system that integrates
architecture, operational efficiency, and passenger experience, with sustainability as the
emergent outcome across both new and retrofit contexts.

Knowledge contribution. This paper contributes to the smart airport body of knowledge by
consolidating a fragmented literature into a validated, cross-domain set of 433 sub-indicators
and by showing, through network analysis, that transformation is driven primarily by cross-
domain dependencies rather than discrete technologies. The resulting evidence-based map
provides both a structured conceptual basis for future research and a practical tool for
understanding where integration effort is most likely to influence system-wide outcomes.

4.2 Theoretical implications

This review contributes to the smart airport literature by reframing smart airport
transformation as a structurally contingent process rather than a purely technology-driven
progression. By synthesising evidence across architectural, operational, and passenger-
experience domains, the findings show that digital technologies derive their transformative
capacity from alignment with spatial configurations and organisational arrangements. This
challenges linear or maturity-model interpretations of smart airport development and instead
supports a systems-oriented view in which physical infrastructure, digital systems, and
governance structures evolve together. Consistent with this synthesis, smart airports are best
understood as digitally enabled systems that integrate architecture, operational efficiency, and
passenger experience, with sustainability as the emergent outcome across both new and retrofit
contexts.

Although sustainability emerges in this synthesis as an outcome of smart airport
transformation rather than an already integrated design logic, its positioning can be interpreted
through the lens of the United Nations Sustainable Development Goals (SDGs). In particular,
the system-level emphasis on digitally enabled infrastructure integration aligns most directly
with SDG 9 (Industry, Innovation and Infrastructure), while the climate-oriented sustainability
constructs captured in the literature connect to SDG 13 (Climate Action) (United Nations,
2025a, d). Where energy optimisation and efficiency appear as enabling mechanisms, these
also relate to SDG 7 (Affordable and Clean Energy) (United Nations, 2025c). Framed in SDG
terms, the review highlights that smartness currently supports sustainability largely
indirectly—through efficiency-led coordination and optimisation—indicating a need for
stronger governance and accountability mechanisms to embed sustainability objectives across
design, operations, and performance monitoring, consistent with SDG 17 (Partnerships for the
Goals) (United Nations, 2025b; International Civil Aviation Organization, 2025).

The identification of recurring cross-domain dependencies also points to the value of
network-oriented approaches for studying complex airport systems. For the wider academic
community, the review provides a consolidated conceptual basis for examining smart
infrastructure transitions, particularly in brownfield contexts where legacy spatial and
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organisational constraints shape the effectiveness of digital innovation. In doing so, the study Smart and
provides a platform for future empirical work that models smart airport transformation as an ~ Sustainable Built
integrated socio-technical system, with the evidence-based dependency map offering a Environment
concrete way to represent and interrogate these interrelationships.

4.3 Practical implications

For airport management and policy-oriented audiences, the findings offer a practical way to
move from broad “smart airport” ambitions to decisions about what to do first, what to fix, and
what to govern more carefully. The evidence-based map helps in three main areas: sequencing
investment, targeting retrofit effort, and tightening delivery governance.

First, the results support investment sequencing by showing that some components do not
behave like optional add-ons; they function as the glue that allows improvements to travel
across domains. A useful early focus is on the bridging layer that connects sensing,
coordination, and passenger communication. ST2 (Integration of IoT Devices) is the most
densely connected infrastructure layer, suggesting it as a practical priority for initiatives that
depend on reliable data capture and system interoperability. Similarly, SC2 (Real-time
Information Systems) acts as a communication spine, linking operational coordination with
passenger information services. Treating these as enabling foundations reduces the risk of
standalone deployments that appear technologically advanced on paper but struggle to scale or
integrate across terminal systems and service channels.

Second, the map helps with retrofit prioritisation, particularly in brownfield terminals
where space, phasing, and capital constraints shape what is realistic. The synthesis indicates
that digital and analytical investments deliver more consistently when paired with adaptable
architectural configurations and operational workflows that can respond to real-time
conditions. In practical terms, the map can be used as a retrofit checklist to identify
interventions that unlock multiple downstream benefits—especially those that improve flow
management and operational responsiveness (for example, reconfigurable processing/queuing
arrangements that can actually make use of real-time data rather than simply collecting it). This
is useful for deciding where a targeted spatial adjustment will increase the return on digital
capabilities already being introduced.

Third, the findings strengthen programme governance, because several high-impact
components sit at the interfaces between functions rather than within a single team’s remit.
SC3 (Mobile and Web-Based Communication) is a good example of this interface role: it links
system intelligence to passenger-facing interaction, which means its performance depends as
much on data stewardship and service continuity as it does on the front-end channel itself.
Using the map as a shared reference point can help clarify ownership for cross-cutting
capabilities such as interoperability, privacy-by-design, and operational handover—areas that
often determine whether passenger-facing improvements work reliably in practice.

These integration priorities also carry societal implications, since Al, sensing and
passenger-facing digital systems concentrate privacy, biometric surveillance, cybersecurity
and trust considerations at the same interfaces that carry the greatest structural load. The
reviewed literature indicates that passenger willingness to provide personal data is conditional
on perceived benefit and trust, and that transparency, proportionality and accountability shape
whether efficiency gains are sustained (Mwesiumo et al., 2023; Malik et al., 2023). Questions
of digital inclusion follow directly, as the corpus records provision for travellers with reduced
mobility and reports variation in technology acceptance across passenger groups (Grahn and
Jacquillat, 2020; Rubio-Andrada et al., 2023; Pant, 2022). Where automated processing
informs passenger-facing decisions, such as profiling used to manage waiting times, the
reviewed evidence points to the need for explicit governance of algorithmic decision-making
alongside the technical capabilities being introduced (Satish et al., 2023; Kitchin, 2014).

Overall, the evidence-based map provides a structured way to assess readiness, prioritise
integration work, and align design and operational choices with measurable smart-airport

Downloaded from www.emerald.com/sasbe/article-pdf/doi/10.1108/SASBE-02-2026-0150/11898732/sasbe-02-2026-0150en.pdf by Auckland University of Technology user on 28 Octob



SASBE capabilities. It supports context-sensitive planning by making interdependencies visible, so
airports can sequence initiatives more realistically and avoid treating “smartness” as a set of
isolated technology purchases.

4.4 Limitations and future research

While these findings offer a robust framework for understanding integration challenges, they
should be interpreted within specific boundaries. First, the restriction to English-language
publications may exclude relevant studies and case evidence from non-English-speaking
regions, potentially biasing the corpus towards Anglophone academic outputs. This is
significant given that smart airport innovation is a global phenomenon, particularly in the
Asia-Pacific region. Second, the 2019 to 2024 timeframe was intentionally narrow to capture
Industry 4.0-driven transformation and post-pandemic resilience; however, this focus
excludes earlier foundational theoretical contributions. Third, although the “human-in-the-
loop” verification strategy mitigated algorithmic risk, no computational approach can entirely
eliminate conceptual ambiguity (Miles et al., 2014). Finally, although relationship polarity
was coded and retained, the network analysis relies on recorded linkages as proxies for
relationship strength, and the reported centrality measures do not weight relationships by
valence or criticality.

Future research could extend this work by addressing these boundaries. Specifically,
subsequent studies should incorporate sentiment classification to differentiate relationship
valence and enhance interpretive precision regarding the quality of cross-domain interactions.
Additionally, expanding the scope to include non-English literature and regional regulatory
documents would provide a more granular view of how governance models differ across
distinct geopolitical contexts.

Overall, the transition towards smart airports depends on effective integration across
systems. Technology is necessary but insufficient on its own; sustainable progress requires
aligned architecture, operations, experience, and governance. Long-term smart airport
development depends on architecture, operations, passenger experience, and governance
evolving in a coordinated manner.
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