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ABSTRACT 

This study examines how technology-driven approaches reshape campus facilities management in educational 
settings, based on a case study of a primary school project in Hangzhou, China. Drawing on planning 
documents, meeting records, technical reports, and BIM-related materials, the study employs a theory-driven 
thematic analysis to explore how digital and modular technologies are embedded into management practices. 
The findings reveal that the role of technology extends beyond project delivery and reconfigures facilities 
management through three interrelated mechanisms: digital collaboration, modular governance, and campus 
operational governance. These mechanisms collectively drive innovation in campus facilities management 
models, supporting a transition from construction-oriented management toward integrated, process-oriented, 
and governance-oriented facilities management. In particular, digital technologies enhance cross-phase 
information integration and dynamic coordination, modular approaches improve lifecycle traceability and 
maintenance support, and spatial and operational arrangements strengthen efficiency, order, and adaptability 
in campus management. Overall, the study demonstrates that technology-driven innovation transforms 
campus facilities from physical assets into governance infrastructures that support educational operations 
and organizational coordination. 

KEYWORDS: Technology-Driven Innovation; Campus Facilities Management; BIM; Modular Governance; 
Educational Governance. 
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1. INTRODUCTION 

A new wave of digital and engineering technologies 
is reshaping not only the delivery of public 
infrastructure but also the ways in which such 
infrastructures are managed, operated, and governed. 
Existing studies suggest that Building Information 
Modeling (BIM) enables the integration of information 
across design, construction, and operational stages, 
thereby providing a data foundation for lifecycle-
oriented facilities management (Muhammad & 
Mustapa, 2020; Kassem et al., 2015). Prefabrication, 
characterized by standardized design, modular 
production, and industrialized processes, enhances 
efficiency and consistency, and is widely regarded as an 
important pathway toward sustainable and 
industrialized infrastructure systems (Li et al., 2022; Liu 
et al., 2023). In addition, emerging technologies such as 
digital twins further extend these capabilities by 
supporting data-driven operation, dynamic 
monitoring, and real-time decision-making in facility 
systems (Pedral Sampaio et al., 2023; Hakimi et al., 
2024). While these technologies originate from 
engineering domains, their growing importance lies in 
enabling new forms of coordination, information 
integration, and operational control within facilities 
management systems (Dahanayake & Sumanarathna, 
2022; Atta & Talamo, 2019). At the organizational level, 
digital transformation is increasingly recognized as a 
key driver of changes in management processes and 
coordination mechanisms (Thả n & Nế p, 2026). In the 
context of educational infrastructure, this shift implies 
that technology is not merely transforming how schools 
are built, but more fundamentally how campus 
facilities are organized, managed, and aligned with 
educational activities. Accordingly, facilities are 
increasingly understood not only as physical assets but 
also as integral components of organizational systems 
that support service delivery, coordination, and 
governance functions (Hakimi et al., 2024; Naji et al., 
2024). As a result, campus facilities are evolving from 
passive physical assets into dynamic infrastructures 
that enable monitoring, coordination, and institutional 
functioning. Despite growing attention to the role of 
technology in facilities management and lifecycle 
operations, existing research has not sufficiently 
examined how such technologies reshape campus 
facilities management models from an educational 
management perspective. In school settings, facilities 
management is inherently multi-dimensional, 
involving not only physical maintenance but also space 
utilization, safety governance, equipment coordination, 
and resource allocation (Mahmoud et al., 2024). These 
functions are closely intertwined with teaching 
activities, user behavior, and organizational 

arrangements, making campus facilities management a 
critical component of educational governance rather 
than a purely technical task (Gunduz et al., 2024; 
Mohammed & Amoah, 2025). However, prior studies 
have largely focused on operational decision-making in 
higher education contexts (Mohammed & Amoah, 
2025), with limited attention to primary and secondary 
education, where governance structures and 
management priorities differ significantly. Against this 
background, there remains a need to systematically 
examine the mechanisms through which technology 
shapes campus facilities management, particularly in 
terms of how it reconfigures management processes, 
coordination patterns, and governance structures (Ba et 
al., 2023). Addressing this gap requires moving beyond 
a technology-centric perspective and instead situating 
technological applications within a broader 
“technology–management–governance” framework. 
This study takes a prefabricated primary school project 
as an empirical case to explore how technology-driven 
approaches are embedded into campus facilities 
management practices and how they contribute to 
management model innovation. Rather than focusing 
solely on technical implementation, the study 
emphasizes how digital and modular technologies 
interact with management mechanisms and 
organizational processes. Specifically, it addresses three 
research questions. First, how are technology-driven 
approaches integrated into campus facilities 
management systems, and how do they reshape 
management processes? Second, how do these 
technologies facilitate a shift from construction-
oriented management toward information-based, 
collaborative, and governance-oriented facilities 
management? Third, what are the implications of such 
transformations for campus spatial organization, safety 
management, and resource allocation? This study aims 
to deepen the understanding of technology-driven 
innovation in facilities management from an 
educational management perspective. It further seeks 
to provide empirical insights into how campus facilities 
can function as governance infrastructures that support 
educational operations, organizational coordination, 
and institutional effectiveness. 

2. THEORETICAL BACKGROUND 

2.1. Educational Facilities Management and the 
Shift toward Technologies 

With the development of public management, 
facilities management, and asset management 
theories, educational facilities management has 
gradually shifted from one-time investment in the 
construction stage to lifecycle governance. Research 
has also expanded from planning and design to 
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operational issues such as space management, 
occupancy evaluation, and optimization decisions 
(Di Giuda et al., 2024). 

On this basis, school facilities are increasingly 
viewed as long-term public assets that require 
systematic management to improve utilization 
efficiency and service quality. At the same time, the 
advancement of sustainability concepts has led 
educational facilities management to place greater 
emphasis on energy monitoring, operation and 
maintenance management, and the sustainability of 
campus environments (Shamsuddin et al., 2025). 

In the context of digitalization, technologies such 
as BIM and digital platforms have been introduced 
into public facilities management to enhance data 
integration, decision support, and cross-stakeholder 
collaboration. Studies show that BIM integrates 
information across design, construction, and 
operation, providing a unified data foundation for 
lifecycle building management (Muhammad & 
Mustapa, 2020). 

When connected with facilities management tools, 
it can further improve maintenance decision-making 
and asset management capabilities (Lourenço et al., 
2025). At the same time, prefabricated construction 
improves efficiency through standardized design, 
prefabricated production, and modular assembly. It 
also enhances the identifiability and traceability of 
components, providing a stronger information basis 
for subsequent maintenance, upgrading, and 
facilities management (Ismail et al., 2023). Driven by 
green building and sustainability agendas, 
engineering technologies are also regarded as 
important tools for improving project sustainability 
performance and resource management capability 
(Zhang et al., 2023). 

However, existing studies mainly focus on the 
application of technologies in general building 
management, with limited analysis of how 
engineering technologies drive systematic 
transformation in campus facilities management 
within the context of educational management. In 
primary and secondary education, campus facilities 
not only support teaching activities but also involve 
multiple governance objectives, including student 
safety, spatial organization, after-school services, and 
home–school interaction. 

Therefore, it is necessary to further examine how 
engineering technologies influence the 
organizational logic, operational modes, and 
governance mechanisms of campus facilities 
management from an educational management 
perspective. 

2.2. Technology-Driven Campus Facilities 
Management 

Campus facilities management models can 
generally be categorized into three types: traditional 
support-oriented models, information-integrated 
models, and technology-driven governance models, 
with the third receiving particular research attention. 
School facilities are not neutral physical spaces but 
complex governance carriers that support teaching 
organization, student activities, safety management, 
and home–school interaction. Existing studies note 
that facilities and asset management in educational 
institutions should link lifecycle planning, digital 
tools, and organizational decision-making 
(Purnawan, 2025). Their performance is reflected not 
only in maintenance quality but also in 
multidimensional operational and managerial 
outcomes (Gunduz et al., 2024). 

In this study, an engineering technology–driven 
campus facilities management model is defined as an 
integrated management approach in which digital, 
intelligent, and modular engineering technologies 
are embedded in campus construction and operation. 
By connecting information across design, 
construction, operation, and user feedback, this 
model reshapes coordination relationships, 
organizational units, and operational boundaries in 
facilities management, thereby optimizing lifecycle 
governance of facilities. The key of this model lies not 
in the adoption of individual technologies but in how 
technologies reshape the operational logic of campus 
facilities management through specific managerial 
mechanisms. In this study, engineering technologies 
are therefore not treated as isolated variables but 
examined within an analytical framework of 
“engineering technology embedding–management 
mechanism reconstruction–management model 
innovation.” Based on this framework, the following 
analysis uses the case study to examine how 
engineering technologies reconstruct campus 
facilities management mechanisms and drive 
innovation in campus facilities management models 
through three mechanisms: digital collaboration, 
modular governance, and campus operational 
governance. 

3. RESEARCH DESIGN 

3.1. Case Selection and Data Collection 

This study selects a prefabricated primary school 
construction project in Binjiang District, Hangzhou, 
China, as the research case. Single-case studies 
provide empirical evidence for understanding 
complex management mechanisms and model 
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innovation through in-depth analysis of a typical 
project (Gomes Araújo & Lucko, 2022). During 
construction, the project integrated prefabricated 
construction, building information modelling (BIM), 
and green building design, and achieved the Three-
Star Green Building certification. It also 
demonstrates a systematic approach to facilities 
management in campus operation and safety 
management, making it suitable for examining the 
interaction between engineering technologies and 
campus facilities management. 

The data used in this study mainly come from 
project planning and design documents, including 
design descriptions, master plans, traffic 
organization schemes, meeting records involving 
experts, managers, design institutions, and users, as 
well as technical evaluation reports on prefabricated 
construction and BIM design and construction 
documents. These materials include both textual and 
graphical data. All materials were obtained and used 
in accordance with relevant ethical requirements, 
and no personal or sensitive information was 
reported in the analysis. 

3.2. Analytical Method 

This study applies a theory-driven thematic 
analysis to examine the case materials, guided by the 
analytical framework of “engineering technology 
embedding–management mechanism 
reconstruction–management model innovation” 
from the perspective of educational facilities 
management. Given the type and scale of the data, 
coding was mainly conducted using Microsoft Excel, 
where textual and graphical materials were 
systematically organized, coded, compared, and 
grouped. Specifically, the analysis followed a three-
stage coding process. First, open coding was 
conducted to extract concepts from the case 
materials, focusing on how engineering technologies 
appear in campus planning, construction, and 
operational support. This process produced 373 
initial codes. 

Second, theme aggregation was performed by 
comparing and grouping the initial codes, resulting 
in six second-order themes (Table 1). Third, 
mechanism abstraction was conducted by analyzing 
the relationships among the second-order themes, 
leading to the identification of three mechanisms 
(Table 2). 

To enhance analytical trustworthiness, this study 
employed data triangulation, constant comparison, 
author-based cross-checking, and external review 
during coding. Planning and design documents, 

traffic organization schemes, meeting records, 
technical evaluation reports, BIM-related documents, 
and graphical materials were cross-checked to verify 
whether the identified themes were supported by 
multiple sources. The researchers also traced the 
consistency among original semantic units, 
preliminary conceptualizations, second-order 
themes, and mechanism-level categories, and 
conducted trace-back checks to ensure that 
mechanism abstraction remained grounded in the 
empirical materials. The first author completed the 
initial coding, while the second author 
independently reviewed selected original materials, 
initial codes, and thematic classifications. 
Disagreements were resolved through discussion 
between the two authors. In addition, an external 
researcher familiar with qualitative research 
methods reviewed the coding logic, thematic 
classification, and mechanism abstraction, thereby 
strengthening the transparency and robustness of the 
analysis. 

4. FINDINGS 

Through open coding and theme aggregation of 
the case materials, this study finds that the impact of 
engineering technologies on campus facilities 
management extends beyond the construction stage 
and gradually influences multiple aspects of campus 
facility development, operation, and governance. 
Table 1 presents the process through which second-
order themes were derived from the original 
materials through concept extraction and theme 
aggregation. 

Based on the relationships among these themes, 
the findings are further summarized into three 
aspects: technology-driven digitalization of facilities 
management, prefabricated construction and 
modular management, and the optimization of 
comprehensive campus management. The case 
analysis indicates that technology-driven innovation 
in campus facilities management is not the result of 
isolated technical applications, but of the interaction 
among technology embedding, management 
mechanism reconstruction, and campus operational 
needs. 

The incorporation of BIM, prefabricated 
construction, and operational support systems into 
facilities management shifts it from a construction-
oriented approach toward collaborative, process-
oriented, and governance-oriented management, 
while also affecting campus spatial organization, 
safety management, and resource allocation.  
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Table 1: Excerpt of Open Coding and Thematic Aggregation. 
Original Semantic Units (Excerpt) Preliminary Conceptualization Second-Order Themes 

The constructed BIM model of the construction drawings contains all 
the information represented in the drawings. 

BIM full information integration 

BIM information 
integration and cross-

stage collaboration 

 

Integrate all disciplines—architecture, structure, and MEP—into a 
single model. 

Unified modeling of multiple 
disciplines 

Achieve zero clashes in pipelines Pipeline clash resolution 

A BIM collaboration platform should be established… to ensure that 
design, production, construction, and finishing work can be 

coordinated on the platform. 

The BIM collaboration platform 
connects multiple project stages. 

The project is equipped with a sub-metering system for electricity 
consumption. 

Institutionalized electricity metering 

Intelligent monitoring 
and data-driven 

operational control 

A building equipment monitoring and management system is used to 
automatically control and monitor air conditioning equipment, pumps, 

various fans, electrical lighting, and other electrical devices in real 
time. 

Automated equipment monitoring 

The underground parking garage ventilation system automatically 
operates based on the CO concentration inside the garage. 

Adaptive control of parking garage 
ventilation 

Approximately 75% of components such as beams, slabs, stairs, 
balconies, and air-conditioning panels are used. 

Prefabrication of primary structural 
components 

Standardized 
components and 

prefabricated 
construction 

Adopt wall and pipeline integration (ALC interior partition panels) 
≥80% 

Wall-pipeline integration 

The construction unit should specify a detailed construction plan for 
processes such as storage, hoisting, installation positioning, and 

connection with cast-in-place concrete of prefabricated components. 

Planned management of key 
prefabrication processes 

Each component is assigned a unique identifier to ensure that the 
model file can accurately extract the required data. 

Unique identifier for components 
Component traceability 

and full lifecycle 
operation and 

maintenance support 

 

Establish a component production management system… to trace and 
manage the production quality and progress of components. 

Component production database and 
traceability 

The BIM model in the project’s operation and maintenance phase 
should use a fully detailed as-built BIM model. 

As-built model supporting operation 
and maintenance 

The overall framework can be summarized as "one axis, four zones, 
and two courtyards." 

Overall coordination of campus 
structure 

Spatial organization and 
functional zoning 

governance 

 

Divided into four functional zones: teaching area, conference area, 
cultural and sports service area, and outdoor sports area. 

Functional zoning management 

Ordinary classrooms for two age groups are arranged on the same 
floor in segments, with nearby specialized classrooms and auxiliary 

teaching spaces. 

Age-segmented teaching with nearby 
auxiliary spaces 

The design channels all types of pick-up and drop-off traffic into the 
basement pick-up hall. 

Centralization of pick-up and drop-
off spaces in the basement 

 

Traffic organization and 
safety boundary control 

 

Students are picked up and dropped off in batches and time slots from 
the basement pick-up hall by their parents, facilitating management 

and effective flow separation. 

Time- and batch-based pick-up and 
drop-off management 

The public parking lot and internal parking area are separated by 
barriers, access to the parent pick-up and drop-off area is controlled by 
gates, and firewalls separate them from the rest of the school buildings. 

Multiple barriers delineate the 
underground safety boundary 

Fire exits should connect to municipal vehicle roads, and sidewalks 
should slope downward to ensure normal access for fire trucks. 

Fire exits directly connected to 
municipal roads 
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4.1. Technology-Driven Digitalization of 
Facilities Management 

In this case, the reshaping of the campus facilities 
management model by engineering technologies is 
first reflected in the digital transformation of facilities 
management. Unlike traditional approaches 
characterized by discipline-based design, stage-
based implementation, and post hoc coordination, 
BIM technology was embedded throughout the 
entire campus construction process. Project 
documents indicate that the BIM model for 
construction drawings “contains all information 
represented in the drawings” (C66) and “integrates 
architectural, structural, and MEP disciplines into a 
single model” (C67). Based on this model, BIM was 
used for design review (C68) and for positioning 
reserved openings for equipment and pipelines 
(C70), ultimately achieving “zero collision” among 
pipelines (C71). 

The project also proposed that “a building 
information model should be established from the 
design stage, with information sharing, effective 
transmission, and collaborative work implemented 
throughout project design, component production, 
and construction” (C146). A BIM collaborative 
platform was further required to support 
coordination across design, production, 
construction, and interior finishing (C149). These 
practices indicate that engineering technologies not 
only enhance the visualization of design but also 
transform facilities management from a process 
relying on post-stage adjustments and on-site 
corrections to a digital management approach based 
on model integration and early-stage collaboration. 

The digitalization of management is also reflected 
in intelligent monitoring and data-based control 
during the operational stage. Case materials show 
that the project established a sub-item electricity 
metering system (C161), requiring all electricity 
metering devices to support remote data 
transmission and to be connected to an energy 
consumption metering and billing management 
system (C163). A building equipment monitoring 
and management system was also adopted to 
automatically control and monitor air conditioners, 
pumps, fans, and lighting equipment in real time 
(C165), enabling centralized management, program-
based control, and energy-efficient operation 
(C166).In addition, the ventilation system in the 
parking garage is automatically controlled based on 
carbon monoxide concentration (C178), while carbon 
dioxide sensors are installed in high-density areas to 
regulate the fresh air volume of the air-conditioning 

system (C177). The energy management system 
periodically analyzes energy consumption data, 
reports equipment anomalies, and continuously 
optimizes operational modes (C167, C168). 

These findings indicate that the digitalization of 
facilities management in this case is not a single 
technological application but a systemic 
transformation combining BIM-based information 
integration, cross-stage collaboration, sub-item 
metering, intelligent monitoring, and automated 
control. Its core effect is a shift in the management 
logic of campus facilities from “experience-based 
coordination and post-stage maintenance” to 
“information integration and dynamic control,” 
representing the first key empirical finding identified 
in this study. 

4.2. Prefabricated Construction and Modular 
Management 

Corresponding to the digitalization of facilities 
management, the second impact of engineering 
technologies on the campus facilities management 
model is the shift toward modular management 
driven by prefabricated construction. Traditional 
campus construction mainly relies on on-site wet 
operations and fragmented construction processes. 
In such contexts, component production, installation, 
and subsequent maintenance lack unified interfaces, 
and facilities management largely depends on on-site 
coordination during construction and case-by-case 
repairs during operation. In this case, however, 
prefabricated construction—through standardized 
design, integrated building components, and 
regulated construction organization—reshapes the 
organizational logic of facility development and 
management. 

Project documents show that the project “adopts 
unified modular coordination dimensions, reflecting 
standardized design” (C200), and requires 
prefabricated building design to follow the principles 
of “generalization, modularization, and 
standardization” (C199). At the same time, 
prefabricated components—including beams, slabs, 
stairs, balconies, and air-conditioning panels—
account for about 75% of all elements (C47). The 
proportion of non-load-bearing enclosure walls 
constructed without masonry is at least 80% (C48), 
the proportion of non-masonry interior partition 
walls is at least 50% (C49), and the integration rate of 
wall structures with pipelines is at least 80% 
(C50).These features indicate that from the main 
structural system to the enclosure system and 
internal pipeline interfaces, the building exhibits 
strong characteristics of standardized components. 
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As a result, campus facilities shift from being on-site 
construction objects to systems composed of 
standardized modules that can be prefabricated, 
installed, and replaced. 

Modular management is also reflected in the 
planned and controllable organization of the 
construction process. Case materials show that 
contractors were required to develop detailed plans 
for the storage, lifting, positioning, and joint casting 
of prefabricated components (C214). The general 
contractor had to arrange the construction site in 
advance, plan transportation routes and component 
storage areas (C215), and inspect component 
identification numbers and product quality upon 
delivery (C216). In addition, the lifting methods for 
prefabricated components and the spacing of 
temporary supports for composite floor slabs were 
specified in clear technical standards (C217, 
C218).This indicates that prefabricated construction 
not only changes structural forms but also shifts 
construction management toward planning, stage-
based coordination, and standardization. More 
importantly, this modular advantage extends into 
the operation and maintenance stage. The project 
established standardized databases for unit layouts, 
products, and component information (C144), 
requiring each component to have a unique 
identification code (C152). A component production 
management system was used to record production 
quality and progress, enabling full-process 
traceability (C155, C156). 

In addition, the project proposed that the 
operation and maintenance stage should rely on a 
BIM as-built model containing complete information, 
which can support the maintenance, repair, and 
upgrading of buildings and equipment (C223, C224). 
Therefore, prefabricated construction in this case 
promotes a modular management model 
characterized by standardized components, unified 
interfaces, and full lifecycle traceability. This 
represents the second key empirical finding 
regarding engineering technology–driven 
innovation in campus facilities management. 

4.3. Optimization of Comprehensive Campus 
Management 

In this case, the further influence of engineering 
technologies on the campus facilities management 
model is reflected in the overall optimization of 
comprehensive campus management. This 
optimization does not stem from a single 
technological tool but from the combined effects of 
spatial organization, functional configuration, 
pickup and drop-off systems, and operational 

support facilities. First, at the spatial level, the project 
forms a clear campus structure through the overall 
layout of “one axis, four zones, and two courtyards” 
(C02), along with functional divisions such as 
teaching areas, conference areas, cultural and sports 
service areas, and outdoor sports areas (C04). In 
addition, the courtyard-based cluster layout and age-
based zoning design (C102, C103) transform campus 
space from a simple arrangement of buildings into 
governance units that support teaching organization 
and daily management. Furthermore, covered 
corridors connect the teaching clusters and lead 
directly to the comprehensive cultural and sports 
service building (C29). The provision of shared 
courtyards, rest platforms, and communication 
corridors (C90) enhances the linkage among teaching 
activities, social interaction, and shared use, thereby 
improving spatial allocation and management 
efficiency. 

Second, the optimization of comprehensive 
campus management is also reflected in 
improvements to campus operational order through 
underground composite spaces and organized 
pickup and drop-off systems. The project 
incorporates an underground pickup and drop-off 
hall and staggered scheduling arrangements (C33, 
C34), integrating peak-time traffic pressures into the 
campus’s internal governance system. At the same 
time, the underground space accommodates 
multiple functions, including a model aircraft 
exhibition hall, a student theater, club classrooms, 
after-school programs, a parent waiting hall, and a 
library (C108, C114). This indicates that the 
underground area has evolved from a simple 
parking facility into an important component of the 
campus operational support system. Finally, this 
optimization is also reflected in improved 
supporting facilities oriented toward user needs. 
Examples include expanding transitional spaces 
between functional zones (C264, C265), refining 
accessibility facilities in the cafeteria and elevator 
halls (C288, C289), and designing the auditorium to 
balance evacuation capacity with usability for 
primary school students (C371).Overall, the 
optimization of comprehensive campus 
management in this case shows that engineering 
technologies not only improve construction methods 
and operational conditions but also enhance campus 
management through spatial reorganization, 
integrated underground use, optimized pickup and 
drop-off circulation, and improved support facilities. 
These changes strengthen the orderliness, 
adaptability, and managerial efficiency of campus 
operations, representing the third key empirical 
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finding on engineering technology–driven 
innovation in campus facilities management. 

The analysis of the case materials shows that the 
influence of engineering technologies on campus 
facilities management extends beyond technical 
applications in construction and further reshapes the 
organizational logic and operational modes of 
facilities management. Specifically, digital 
technologies drive the digital transformation of 
facilities management, prefabricated construction 
promotes modularization and maintainability, and 
the optimization of spatial organization and 
operational support systems improves overall 
campus operational efficiency. These findings 
indicate that engineering technologies in this case 
function not only as construction tools but also as key 
drivers of innovation in campus facilities 
management models, providing an empirical basis 
for the subsequent discussion of three mechanisms: 
digital collaboration, modular governance, and 
campus operational governance. 

5. DISCUSSION 

Building on the preceding empirical analysis, this 
study further examines engineering technology–
driven innovation in campus facilities management 
models from the theoretical perspectives of 
educational management and facilities governance. 
This section analyzes how engineering technologies 
reconstruct the mechanisms of campus facilities 
management (Table 2), explaining how mechanism 
reconstruction drives innovation in campus facilities 
management models. While the findings identify 
what changed in the case, the discussion explains 
how these changes can be understood as 
management mechanisms. In this sense, digital 
collaboration, modular governance, and campus 
operational governance are not separate empirical 
themes but mechanism-level explanations of how 
engineering technologies reshape campus facilities 
management. 

Table 2: Mechanism Abstraction from Second-Order Themes. 
Mechanism type Second-order theme Theoretical implication 

Digital 
collaboration 

BIM information integration and 
cross-stage collaboration 

Engineering technology, through unified modeling, cross-disciplinary integration, 
and multi-stage collaboration, restructures the information flow and collaboration 

methods in campus facility construction, shifting facility management from 
dispersed coordination to platform-based collaboration. 

Intelligent monitoring and data-
driven operational control 

Engineering technology, through sub-metering, equipment monitoring, and 
environmental data feedback, shifts campus facility operations from static 

maintenance to dynamic monitoring and real-time control, promoting digitalized 
facility management. 

Modular 
governance 

Standardized components and 
prefabricated construction 

Prefabricated construction, through modular design, standardized components, 
and regulated construction, transforms campus facility construction into a process 

organized around standard units, enhancing construction efficiency and 
management consistency. 

Component traceability and full 
lifecycle operation and 
maintenance support 

The establishment of unique component identifiers, production databases, and as-
built models creates a traceable chain from production and installation to 
maintenance and updates, providing information support for subsequent 

operational governance. 

Campus 
operational 
governance 

Spatial organization and 
functional zoning governance 

Through functional zoning, cluster layouts, shared gray spaces, and age-
segmented teaching organization, campus facilities are transformed into a 

governance structure that supports teaching operations, public activities, and 
spatial order. 

Traffic organization and safety 
boundary control 

Through underground pick-up and drop-off areas, separation of pedestrians and 
vehicles, fire evacuation routes, safety barriers, and boundary management, the 

campus forms a comprehensive governance system that accommodates daily 
operations, peak pick-up periods, and emergency safety. 

5.1. Digital Collaboration Mechanism 

Engineering technologies first reshape the 
operational logic of campus facilities management 
through information integration and data 
connectivity, forming a digital collaboration 
mechanism. In this case, BIM models, collaborative 
platforms, sub-item metering systems, and 
equipment monitoring systems incorporate 

previously fragmented information from the design, 
construction, and operational stages into a unified 
chain. The project not only established an integrated 
model covering architectural, structural, and MEP 
disciplines, but also used model-based collaboration 
to conduct early clash detection and process 
coordination. In addition, energy metering and 
equipment monitoring data were connected to the 
management system to support operational 
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identification and continuous feedback. These 
practices indicate that digital technologies have 
evolved from auxiliary tools into management 
infrastructures that link construction and operation. 

Existing studies show that the value of BIM, the 
Internet of Things, and digital twins mainly lies in 
cross-stage information integration, real-time status 
perception, and continuous decision support. These 
technologies enable facilities management to shift 
from segmented handling to integrated collaboration 
(Adeniyi et al., 2025; Ghansah, 2025; Wang et al., 
2026), while improving governance efficiency by 
enhancing information transparency, reducing 
information asymmetry, and strengthening 
relational coordination (Liu & Wang, 2026).In this 
case, the digital collaboration mechanism not only 
moves facilities management considerations forward 
to the design and construction stages but also 
expands management objects from physical 
buildings to a composite system that includes 
physical facilities, operational data, and collaborative 
processes. As a result, campus facilities management 
shifts from static maintenance toward data-driven 
dynamic governance, laying the foundation for 
subsequent modular governance and campus 
operational governance. 

5.2. Modular Governance Mechanism 

The core of the modular governance mechanism 
lies in reducing system complexity and enhancing 
controllability across the entire process through 
standardized boundaries and interface rules. 
Existing studies show that the value of prefabricated 
and modular construction lies not only in improving 
construction efficiency but also in shifting complex 
processes to the design and production stages. By 
relying on standardized modules and organizational 
rules, these approaches reduce on-site uncertainty 
and enhance coordination and traceability 
throughout the process (Parracho et al., 2025; 
Laovisutthichai et al., 2025).From the perspective of 
modularity theory, its governance significance lies in 
decomposing complex systems into relatively 
independent but interoperable units, thereby 
providing a clearer managerial basis for supervision, 
replacement, upgrading, and continuous 
optimization (Baldwin & Clark, 2000). Prefabricated 
construction therefore changes not only construction 
speed but also the way campus facilities are 
organized, controlled, and maintained. 

This case clearly illustrates the modular 
governance mechanism. The standardized and 
integrated application of structural components, 
enclosure elements, and parts of the pipeline system 

forms a modular system with clear boundaries and 
defined interfaces. Correspondingly, component 
production, installation, and quality control are 
incorporated into unified planning. As a result, 
organizational challenges in campus facility 
construction shift from on-site ad hoc coordination to 
upstream standard setting, interface matching, and 
process execution. At the same time, the project 
established component information databases, 
identification codes, and data records, and employed 
an as-built BIM model containing complete 
component information to support subsequent 
maintenance and upgrading. This ensures that 
modules remain identifiable, traceable, and 
replaceable during the operation and maintenance 
stage. Existing studies also indicate that the 
integration of modular construction with digital 
information management improves information 
visibility and management continuity across the 
lifecycle of building assets, providing stable support 
for maintenance decisions, component replacement, 
and renovation (Elghaish et al., 2025). In the context 
of educational facilities, the modular governance 
mechanism therefore provides an institutional 
foundation for flexible maintenance and continuous 
upgrading of campus facilities. 

5.3. Campus Operational Governance 
Mechanism 

The campus operational governance mechanism 
focuses on how engineering technologies influence 
daily campus order, spatial use relationships, and 
safety boundary control, shifting facilities 
management from a construction-oriented approach 
to an operation-oriented one. Existing studies 
indicate that campus management increasingly 
emphasizes the interaction among spatial 
configuration, operational coordination, and 
boundary governance. In this context, the value of 
facility systems lies not only in providing physical 
space but also in supporting campus operations, 
resource allocation, and risk control (Moghayedi et 
al., 2024).In this case, the overall layout, age-based 
zoning, and the connectivity among teaching clusters 
essentially represent the prior structuring of campus 
operational order. Through spatial organization, 
engineering technologies translate teaching, activity, 
and circulation needs into relatively ordered and 
coordinated operational relationships, thereby 
improving the controllability of daily campus 
governance. At the same time, for high-frequency 
and risk-related scenarios—such as parent pickup 
and drop-off, after-school activities, campus 
openness, and the use of underground composite 
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spaces—the project incorporates an underground 
pickup hall, staggered traffic arrangements, and 
facilities such as access control, vehicle barriers, and 
fire compartmentation. These measures reintegrate 
pickup-related pressures into the campus’s internal 
governance system, reflecting an operational 
governance logic in which campus order is actively 
shaped through facility layout, circulation routes, 
and access boundaries. As noted in previous studies, 
facilities management in open and smart campus 
environments must establish clear and enforceable 
boundary structures between openness and security 
control (Adipat & Chotikapanich, 2024). 

In addition, the campus operational governance 
mechanism is reflected in the role of composite 
spaces in supporting multi-period campus use. In 
this case, the underground space not only 
accommodates pickup and parking functions but 
also includes facilities such as a student theater, club 
classrooms, after-school programs, and a library. 
This indicates that underground development is not 
merely an expansion of floor area but a way to 
strengthen the campus’s capacity to support after-
school services, extracurricular activities, and multi-

period use. Existing studies suggest that modern 
campuses are increasingly understood as 
multifunctional, composite, and continuously 
operating organizational spaces. Accordingly, 
management priorities are shifting from static space 
occupancy to dynamic scenario support and 
coordinated operations (Surmiková & Džupka, 
2026). In this context, the expansion of transitional 
spaces, refinement of accessibility facilities, and 
adjustments to supporting spaces all represent 
concrete measures to enhance the resilience and 
adaptability of campus operations. The campus 
operational governance mechanism shows that 
engineering technologies—through spatial 
organization, circulation control, boundary setting, 
and composite functional configuration—transform 
campus facilities into operational systems that 
support teaching activities, after-school services, 
home–school interaction, and safety management. 
This also indicates that educational facilities 
management should be regarded as an integral 
component of the broader governance system of 
schools. 

 
Figure 1: Theoretical Framework Model Diagram. 
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The role of engineering technologies in campus 
facilities management is not limited to the 
application of individual technologies or 
improvements in construction efficiency. Rather, 
through three mechanisms—digital collaboration, 
modular governance, and campus operational 
governance—engineering technologies reconstruct 
information flows, governance units, and operational 
order, thereby driving innovation in campus facilities 
management models (Fig. 1). These three 
mechanisms are interconnected: digital collaboration 
enhances cross-stage information integration, 
modular governance reconstructs the organizational 
foundation of facilities management, and campus 
operational governance translates technological 
effects into teaching support, circulation 
organization, boundary control, and the 
management of composite usage scenarios. Together, 
these mechanisms support three forms of 
management model innovation: collaborative 
management, process and lifecycle integration, and 
governance-oriented transformation. These forms of 
model innovation further support improvements in 
collaborative efficiency, operational order, safety, 
and sustainable development. 

6. RESEARCH CONTRIBUTIONS AND 
FUTURE PROSPECTS 

The theoretical contributions of this study are 
reflected in three aspects. First, at the level of 
educational facilities management theory, this study 
extends the field from a “maintenance–operation” 
perspective toward a “governance–operation” 
perspective. While existing research emphasizes 
technology integration, lifecycle management, and 
organizational support functions (Mohammed & 
Amoah, 2025; Karanasios, 2026), this study shows 
that engineering technologies influence not only 
facility construction and maintenance but also 
reshape spatial organization, collaborative 
relationships, and operational boundaries. Through 
these changes, campus facilities become governance 
carriers that support teaching organization, home–
school interaction, safety control, and after-school 
services, thereby extending the explanatory focus of 
educational facilities management from facility asset 
management to campus operational governance. 
Second, at the level of technology-driven 
management innovation theory, this study moves 
beyond the linear explanation that “technology 
improves management performance.” Building on 
the view that the effects of technology depend on 
mediating processes such as organizational 
coordination, governance arrangements, and 

capability reconstruction (Wang & He, 2026; Liu & 
Wang, 2026), this study proposes an analytical 
framework of “engineering technology embedding–
management mechanism reconstruction–
management model innovation.” It further identifies 
three mechanisms—digital collaboration, modular 
governance, and campus operational governance—
showing that engineering technologies drive 
innovation in campus facilities management models 
through the reconfiguration of information flows, 
governance units, and operational order. Third, 
methodologically, this study employs a theory-
driven thematic analysis that integrates case 
materials, coding procedures, and mechanism 
abstraction. This approach facilitates the transition 
from empirical theme identification to theoretical 
explanation and offers a useful analytical pathway 
for qualitative research in the field of educational 
facilities management (Moghadam & Besiktepe, 
2025). 

The practical implications of this study are 
threefold. First, for school administrators, campus 
facility planning should not remain within a 
segmented logic of “construction completion–
subsequent maintenance.” Instead, operational 
needs—such as teaching organization, home–school 
interaction, safety management, and after-school 
services—should be incorporated at the early stages 
of projects, enabling coordinated design between 
facility development and school governance goals. 
Second, for construction and operation stakeholders, 
the integrated application of BIM, prefabricated 
construction, and operational monitoring systems 
should be strengthened. Information collaboration, 
component traceability, and operational feedback 
should be connected into a lifecycle management 
chain to enhance the controllability of facility 
upgrading, maintenance decisions, and operational 
support. Third, for policymakers and standard-
setting bodies, standards for the digital delivery, 
modular construction, and operational evaluation of 
educational facilities should be further improved, 
guiding schools to shift from a “construction-
focused, governance-light” approach toward 
integrated “construction–operation–governance” 
management. This study still has several limitations. 
First, the analysis is based on a single case. Future 
research could expand to comparative studies across 
different regions, educational levels, and types of 
schools to test the applicability and boundaries of the 
mechanisms proposed here. Second, methodologically, 
future studies may combine multiple cases, longitudinal 
research, and quantitative testing to more systematically 
examine the relationships within the “engineering 
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technology embedding–management mechanism 
reconstruction–management model innovation” 
framework, as well as the subsequent performance 
effects of such model innovation. Finally, in terms of 
research scope, further attention could be given to 
topics such as digital twins, smart operation and 
maintenance, green and low-carbon development, 
and campus safety governance. These directions 

would help explore how engineering technologies 
interact with school organizational structures, 
governance capacities, and institutional 
environments, thereby advancing research on 
educational facilities management toward more 
dynamic, integrated, and mechanism-oriented 
approaches. 
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