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Abstract
Prefabricated construction projects involve multi-stakeholder collaboration across design, factory production, logistics, and on-site assembly, where design intent revisions substantially increase coordination complexity and schedule risk. This paper addresses a critical and under-researched problem: how do design changes propagate through prefabricated construction networks, where do they get stuck, and how can digital tools be configured — informed by empirical network evidence — to fix that? Social Network Analysis (SNA) is applied to three representative prefabricated building systems — Pre-Engineered Buildings (PEB), composite steel-concrete structures, and precast concrete — to empirically map stakeholder communication networks and identify structural bottlenecks during design-change events. A structured questionnaire (n=30 practitioners) generated weighted adjacency matrices analysed via UCINET, producing degree centrality values that reveal which stakeholders control information flow and which are structurally isolated. Results consistently show design-change communication is highly centralised around the Contractor or Precast Manager and PMC, while factory and site execution teams are peripheral and information-starved. Conventional cycle times of 18–25 days are projected to reduce to 6–9 days (60–65%) through a proposed role-based mobile BIM framework integrating structured change-tracking, a Common Data Environment, and role-based access control. A web-based Streamlit prototype validates the framework's feasibility.
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1  INTRODUCTION
1.1  Background and Problem Justification
Prefabricated construction is widely adopted to address labour shortages, project delays, and rising housing demand in rapidly urbanising countries. Studies consistently report project duration reductions of 15–50% and cost savings of up to 30% compared to conventional methods (Adeyemi et al. 2024; Ferdous et al. 2019). India, with an estimated housing shortage of over 18.78 million urban units as of 2022 (PMI 2021), has seen significant growth in PEB, precast, and composite steel-concrete systems across industrial, commercial, and residential sectors.
Despite these performance advantages, prefabricated construction is critically vulnerable to design changes. Unlike conventional builds, prefabrication requires a design freeze before factory production begins. Any change after fabrication drawings are issued — whether architectural, structural, or MEP — must propagate through a tightly coupled multi-stage supply chain: redesign, revised approvals, updated shop drawings, factory rework or remould, revised logistics scheduling, and revised site installation sequences. Each stage introduces delay and cost that compound across the chain (Li et al. 2016; Li et al. 2017). Field evidence from multiple case studies in India and Asia confirms that late design changes are among the top three causes of prefabrication project delays, yet no structured digital workflow exists to manage them across the full design-to-site chain (Li et al. 2017; Yuan et al. 2021).
The problem is compounded by the persistence of fragmented, informal communication. Despite the widespread adoption of BIM as a coordination tool, its deployment in prefabricated projects remains largely office-centric. Factory teams, logistics coordinators, and site supervisors — the stakeholders who must act on design changes — continue to receive updates through email, WhatsApp, and phone calls, and work from 2D printed drawings that may be days or weeks out of date (Li et al. 2019). This creates a structural information asymmetry: design-change decisions are made by a small group of central actors (designers, BIM coordinators, PMCs, and contractors), while the execution teams who must implement those changes are structurally marginalised in the communication network.
1.2  Research Gap and Motivation
Social Network Analysis (SNA) has been successfully applied to model stakeholder communication patterns, identify schedule risks, and reveal coordination bottlenecks in prefabricated construction (Li et al. 2016; Yuan et al. 2021; Zheng et al. 2016). However, existing SNA research in this domain stops at diagnosis: it identifies who the central actors are and where bottlenecks occur, but does not use those findings to configure digital tools — such as who should receive which mobile notifications, or who should have edit versus read-only access in a BIM system. This gap between network analysis and workflow design is the central motivation of this paper.
1.3  Research Question and Objectives
This paper is structured around the following central research question: How can Social Network Analysis of design-change communication in prefabricated construction projects inform the design of a role-based mobile BIM framework that reduces coordination delays and improves information flow to execution teams?
Three specific objectives operationalise this question: (1) apply SNA to three real prefabricated construction projects to empirically characterise stakeholder communication network structures during design-change events; (2) translate the resulting network diagnostics into BIM information requirements and a Level of Development (LOD)-based coordination workflow; and (3) propose and prototype a role-based mobile BIM framework whose access-control and notification logic is directly derived from SNA findings.
2  LITERATURE REVIEW
2.1 Prefabrication Systems and Coordination Challenges
PEB systems are the most mature prefabrication segment in India for industrial and logistics applications. Once steel fabrication begins, geometric or loading changes are costly — reconfiguring shop drawings, splitting fabricated members, or replacing connection hardware can add weeks to the production schedule (He et al. 2020). Precast concrete systems demand even tighter synchronisation: any change to panel dimensions triggers mould modification, recasting, and revised crane and delivery schedules (Ferdous et al. 2019). Composite steel-concrete systems face demanding coordination at multiple interface points — steel members, shear connectors, concrete topping, reinforcement, and MEP penetrations. Across all three systems, the literature establishes that poor information management amplifies the consequences of late design changes, eliminating the speed and quality advantages that motivate prefabrication adoption (Ferdous et al. 2019; He et al. 2020).
2.2 BIM Applications and Mobile BIM in Prefabricated Construction
BIM has been widely recognised as an enabling technology for prefabricated construction, supporting design coordination, fabrication-ready detailing, and installation sequencing. Li et al. (2018) demonstrated that IoT-enabled BIM platforms provide real-time visibility and traceability of prefabricated components during assembly, reducing coordination delays in modular integrated construction. Li et al. (2019) established that BIM-prefabrication integration improves design accuracy and reduces rework when information requirements are formally specified. The LOD framework provides a common language for model content: LOD 300 supports multidisciplinary coordination; LOD 350 defines critical interfaces for precast connections and MEP penetrations; LOD 400 provides fabrication-level data for manufacturing (He et al. 2020). Mobile and cloud-based BIM extends these capabilities to field personnel, but deployment faces barriers: usability constraints with large models, connectivity dependency, and lack of standardised field workflows (Li et al. 2018). Successful field BIM implementation requires workflow-driven interfaces, integration with a CDE, and clearly defined role-specific access (Li et al. 2018).
2.3 Social Network Analysis in Construction
SNA models actors as nodes and communication, approval, and dependency relationships as weighted, directed ties. Li et al. (2016) applied SNA to prefabricated housing production in Hong Kong, identifying schedule risks concentrated at high-betweenness stakeholder nodes, and demonstrated that centralised communication structures amplify delay risk. Zheng et al. (2016) reviewed SNA applications across construction project management, confirming that degree and betweenness centrality reliably identify key coordinators and communication bottlenecks. Yuan et al. (2021) extended this to full project life cycle modelling in prefabricated building projects, showing that SNA effectively reveals risk propagation pathways. Luo et al. (2019) identified that over-dependence on key actors in prefabricated supply chains increases both schedule and interface risk. High-betweenness actors — BIM coordinators, contractors, and PMCs — function as brokers; delays or overload at these nodes directly impede the downstream execution teams that depend on them.
2.4 Research Gaps
Table 1 summarises five principal gaps identified from the literature. The critical gap — Gap 5 — is the absence of a prefabrication-specific mobile BIM framework for design-change tracking whose workflow logic and access-control structure are directly derived from empirical SNA network findings.
Table 1. Research Gap Summary
	No.
	Gap Area
	Evidence from Literature

	1
	Office-centric BIM deployment
	BIM applied primarily at design stage; factory and site teams rely on 2D drawings and manual tracking (Li et al. 2019; Zheng et al. 2016)

	2
	Informal design-change communication
	Email, phone, and messaging dominate; no structured approval trail; outdated drawings cause rework (Li et al. 2017)

	3
	No real-time role-based visibility for execution teams
	Execution teams receive incomplete, delayed data; no automated decision support for factory or site (Li et al. 2018)

	4
	SNA not translated into BIM/mobile workflow design
	SNA used for post-hoc diagnosis; findings rarely configure digital tool access or notification logic (Yuan et al. 2021)

	5
	No prefab-specific mobile BIM change-tracking framework
	Existing tools focus on model viewing or RFID tracking; structured end-to-end change workflow is absent (Li et al. 2017)


3  RESEARCH METHODOLOGY
3.1 Research Design and Approach
A mixed-method, case-based empirical research design is adopted, combining quantitative SNA with qualitative interpretation. The quantitative strand constructs and analyses stakeholder communication networks from questionnaire data; the qualitative strand uses semi-structured interviews and documentary evidence to contextualise and validate network findings (Zheng et al. 2016). The two strands are triangulated to produce a robust, grounded understanding of coordination dynamics. Three real prefabricated construction projects in Gujarat, India were selected as case studies — a PEB industrial plant, a 29-storey composite steel tower, and a G+18 precast residential building — representing the three dominant prefabrication system types in India.
3.2  Stakeholder Identification and Network Boundary
Eight stakeholder categories form network nodes, following established classifications in prefabricated construction research: Client/Owner; Design Consultants (Architectural, Structural, MEP); BIM Manager/Coordinator; Contractor/Project Manager; Factory/Production Team; Logistics/Transportation Team; Site Engineer/Supervisor; and PMC. The network boundary includes all stakeholders directly engaged in design-change decision-making and implementation. Directed, weighted ties capture who sends information to whom (direction) and interaction frequency/intensity (weight).
3.3  Research Instruments: Questionnaire and Interviews
Data collection used two instruments whose contributions to results are explicitly distinguished. First, a structured questionnaire (n=30 practitioners across all eight stakeholder categories) comprising four sections. Table 2 details what each section asked, the data it generated, and precisely how those data fed into the findings presented in Sections 4 and 5.
Table 2. Questionnaire Structure: Sections, Questions Asked, Data Generated, and Link to Results
	Section
	Focus
	What Was Asked
	Data Generated
	How It Fed into Results

	A
	Respondent Profile
	Role, years of experience, prefab system type (PEB/composite/precast), dominant project stage
	Categorical profile data confirming representativeness of sample across all key stakeholder groups
	Confirms that SNA matrices represent views of all eight stakeholder nodes; used to interpret centrality patterns by role

	B
	Design-Change Process
	Frequency of changes; typical stage of occurrence; who initiates; who approves; communication channels used; main challenges faced
	Distribution of change frequency, stage, initiator, approver, channel use, and challenge type
	Established that changes are frequent, late-stage, and communicated informally — justifying the need for a structured digital workflow

	C
	Stakeholder Interaction & Dependency (SNA Core)
	1–5 rating of interaction frequency with each other stakeholder group during design-change situations; dependency on BIM Manager and Designer; perceived delay frequency; identification of delay-causing stakeholder
	Weighted adjacency matrices (directed, 8×8) for each case study; delay indices; bottleneck identification
	Directly generated the three interaction matrices analysed in UCINET; produced degree centrality, betweenness, and closeness values reported in Tables 2–3; validated H1, H3

	D
	Mobile BIM Validation (TAM)
	5-point Likert rating on perceived usefulness of mobile BIM; selection of priority features (notifications, revision highlighting, approval status, RBAC)
	Mean usefulness scores per stakeholder group; frequency of selected features
	Demonstrated that stakeholders in high-centrality roles rate mobile BIM most useful (supporting H4); priority features directly shaped the RBAC and notification design in Section 5


 
Second, semi-structured interviews with purposively selected practitioners (designers, BIM managers, contractors, and factory team leads from the three case projects) were conducted to validate and contextualise the questionnaire-derived network structures. Interviews explored why certain stakeholders appeared central or peripheral, and what informal coordination mechanisms existed alongside formal channels. Interview findings are integrated into the qualitative interpretation in Section 4 and are presented as explanatory context rather than additional quantitative data. Documentary evidence — RFI logs, change orders, BIM revision histories, and email records — supplemented both instruments, cross-checking self-reported interaction patterns against actual communication trails.
3.4  SNA Construction and Metric Computation
Questionnaire ratings (1–5) were averaged by stakeholder role and case study to create three directed, weighted 8×8 adjacency matrices, analysed in UCINET using degree, betweenness, and closeness centrality, with NetDraw for visualisation. The analysis assessed communication involvement, brokerage/bottleneck potential, and information-dissemination capacity across stakeholder networks. Four hypotheses examined centrality-related bottlenecks (H1), network density and errors (H2), peripheral execution teams (H3), and mobile-BIM adoption readiness among central stakeholders (H4).
4  FINDINGS AND DISCUSSION
4.1  Case Studies: Overview and SNA Results
Three design-change events were investigated — equipment realignment in the PEB plant (Questionnaire data: 30 respondents rated all stakeholder pairs), the 29th-floor office-to-restaurant conversion in the composite tower (same instrument, same respondents, composite system context), and precast wall panel size modification in the residential building (precast system context). In each case, the change was initiated after fabrication drawings had already been issued, forcing intensive multi-stakeholder coordination through predominantly informal channels (email, WhatsApp, coordination meetings) — a pattern consistently reported across all 30 respondents. Table 3 presents a consolidated comparison of all three case studies, integrating project characteristics, design-change scenarios, conventional cycle times, and key SNA results derived from the adjacency matrices. Table 4 presents the most significant stakeholder interaction pairs rated by respondents across all three systems, directly from Section C data.
Table 3. Consolidated Case Study Comparison — Characteristics, Scenarios, and SNA Results
	Attribute
	Case Study 1: PEB
	Case Study 2: Composite Steel
	Case Study 3: Precast
	Cross-Case Insight

	Project Type
	Industrial Production Plant, Gujarat
	29-Storey High-Rise Tower
	G+18 Residential Building
	Industrial, commercial and residential contexts covered

	Prefab System
	Pre-Engineered Steel (PEB)
	Composite Steel – Concrete
	Precast Concrete Wall Panels
	Three dominant prefab systems in India

	Capacity
	8,500 MT steel/month
	10,000 MT steel/month
	Factory-cast panels
	All factory-based with JIT delivery dependency

	Design Change Scenario
	Equipment realignment — member spacing and connection detail changes
	29th floor office-to-restaurant conversion — higher loads, MEP rerouting, composite beam redesign
	Precast wall panel size modification — reinforcement detailing and mould changes
	All changes initiated after fabrication drawings were already issued

	Conventional Cycle
	18–25 days
	~30 days
	25–28 days
	Sequential manual workflows dominate all three cases

	Communication Mode
	Email, coordination meetings, 2D drawings
	Email, coordination meetings, drawing circulation
	Email, meetings, manual shop-drawing revision
	Informal, fragmented channels across all systems

	Top Central Node (Section C data)
	Contractor (degree=31, norm=0.886)
	Main Contractor (degree=32, norm=0.914)
	Precast Manager (degree=30, norm=0.857)
	One dominant coordination hub in every case

	2nd Central Node
	PMC (degree=27, norm=0.771)
	PMC (degree=27, norm=0.771)
	PMC (degree=27, norm=0.771)
	PMC consistently second — approvals centralised

	Most Peripheral Node
	Factory (degree=19, norm=0.543)
	Logistics (degree=17, norm=0.486)
	Logistics (degree=16, norm=0.457)
	Execution teams always at network periphery

	Betweenness / Closeness
	0 / 1.0 (all nodes)
	0 / 1.0 (all nodes)
	0 / 1.0 (all nodes)
	Dense networks; delays from overload, not isolation

	Key Bottleneck
	Overload at Contractor and PMC
	Overload at Main Contractor and PMC
	Overload at Precast Manager and PMC
	Consistent structural finding across all prefab types

	Hypotheses Supported
	H1 (bottleneck), H3 (peripheral factory/site)
	H1 (bottleneck), H3 (peripheral logistics/site)
	H1 (bottleneck), H3 (peripheral factory/logistics)
	H1 and H3 empirically supported across all three cases


 
Table 4. Key Stakeholder Interaction Ratings Across All Three Prefabrication Systems (Section C Data, Scale 1–5)
	Stakeholder Pair
	PEB
	Composite
	Precast
	Coordination Significance

	Client ↔ PMC
	5
	5
	5
	Strongest approval dependency; consistent across all systems

	Contractor ↔ PMC
	5
	5
	5
	Core approval loop — primary bottleneck node pair

	Designer ↔ BIM Coordinator
	5
	5
	5
	Technical design-change interface; central to all cases

	Contractor ↔ Supplier/Steel
	5
	5
	—
	Fabrication procurement link; critical in PEB and composite

	Precast Mgr ↔ Factory
	—
	—
	5
	Dominant production control link; unique to precast system

	Precast Mgr ↔ PMC
	—
	—
	5
	Approval dependency for mould and casting changes

	Contractor ↔ Site
	5
	5
	5
	Execution instruction link; high across all systems

	Factory ↔ Supplier
	5
	5
	—
	Fabrication supply link; absent in precast (integrated)

	Logistics ↔ Site
	3
	3
	3
	Moderate delivery coordination; not a primary decision node

	Client ↔ Factory/Site
	1–2
	1
	1–2
	Weakest links; execution teams isolated from client decisions


 
The UCINET analysis shows Contractor/Precast Manager as the dominant hub and PMC as the second-highest central node, indicating coordination risks from central-node overload rather than network isolation, supporting H1.Factory and Logistics teams remain peripheral (centrality 16–20), while high-centrality roles report greater usefulness of mobile BIM (mean 4.2/5), supporting H3 and H4.Weak Client–Factory/Site links (1–2) versus strong Client–PMC/Contractor–PMC links (5) reveal structural information delays, requiring design changes to pass through multiple intermediaries before reaching execution teams.
4.2  Design-Change Risk Framework
Nine coordination risks (R1–R9) were identified through systematic literature review and aligned with the SNA findings (Table 5), following PMBOK and ISO 31000:2018 principles. The mapping is direct: H1 (central node overload) produces fabrication and logistics risks R1–R3; H2 (informal fragmented channels, evidenced by Section B data showing 87% of respondents use email or WhatsApp as primary channels) produces installation, communication, and approval risks R4–R6; H3 (peripheral execution teams) produces bottleneck, accountability, and schedule risks R7–R9. This explicit linkage between SNA metrics, questionnaire findings, and risk categories constitutes the methodological bridge between diagnosis and framework design.
Table 5. Design-Change Risk Identification Matrix (R1–R9) — Linked to SNA Findings and Hypotheses
	ID
	Category
	Description
	Primary Cause
	Stakeholders

	R1
	Design-change
	Execution on outdated drawings
	Poor revision control; time lag design-to-construction; low info-sharing
	Designer, BIM, Factory, Site

	R2
	Fabrication
	Wrong components fabricated
	Design changes after production start; design errors; info gap
	Factory, Contractors

	R3
	Logistics
	Delivery/install sequence disrupted
	Changes altering dimensions or erection order; rigid supply chain
	Logistics, Factory, Site

	R4
	Rework
	On-site interface conflicts
	Outdated drawings on site; dimensional/geometric variability
	Site Team, QA/QC

	R5
	Coordination
	Change not consistently communicated
	Fragmented channels; poor information sharing; incomplete data
	BIM, PMC, Contractor

	R6
	Approval
	Delay or ambiguity in design approval
	Unclear authority; lack of standard procedures
	Client, PMC, Designers

	R7
	Bottleneck
	Over-reliance on few central actors
	Centralised structure; high betweenness actors in SNA network
	BIM Manager, PMC

	R8
	Dispute
	Who approved which change unclear
	Lack of traceability of initiation, approval, and dissemination
	Client, Contractor, PMC

	R9
	Schedule
	Compounded fabrication/logistics delays
	Coupled risk propagation through multi-stage supply chain
	All Stakeholders


5  BIM Integration and Mobile BIM Framework
5.1  From SNA Findings to BIM Information Requirements
The SNA results from Section 4 directly drive the framework design in three ways. First, the identity of high-centrality nodes (Contractor, PMC, BIM Coordinator) determines who needs model-authoring access. Second, the identity of peripheral nodes (Factory, Logistics, Site) determines who needs read-only, mobile-optimised access to approved changes. Third, the consistently weak Client–Factory/Site links identify the exact communication gap that automated mobile notifications must bridge. Table 6 operationalises these three insights by mapping each stakeholder to BIM information requirements (LOD-specific), purpose, and system access rights — directly derived from the SNA network structure and RBAC principles.
Table 6. Stakeholder BIM Information Requirements and Role-Based Access Control
	Stakeholder
	BIM Information (LOD)
	Purpose
	System Access

	Client / Owner
	Revision summary view
	Approve changes; track overall project status
	Admin; approve; full visibility

	Designer
	Editable model (LOD 300–400)
	Update layouts and fabrication details
	Create/edit; all design data

	BIM Coordinator
	Federated model
	Clash detection; version control
	Create/edit; all design data

	PMC
	Model comparison / revisions
	Formal review and approval workflow
	Review; comment; recommend

	Main Contractor
	Updated coordination model
	Execution planning; schedule alignment
	Read; status update

	Supplier / Fabrication
	Shop-drawing model (LOD 400)
	Fabrication and manufacturing instructions
	Read; status update

	Factory Team
	Component attributes
	Production planning; casting schedules
	Read; status update

	Site Execution Team
	Installation drawings / 3D
	On-site sequencing, assembly, quality checks
	Read; status update


 A staged LOD-based coordination workflow ensures progressive refinement of design changes before they reach execution teams. LOD 300 supports multidisciplinary coordination between design and BIM teams; LOD 350 defines interface-level detail critical for precast connections and MEP penetrations; LOD 400 provides fabrication-level data enabling manufacturing without further clarification (He et al. 2020). A Common Data Environment (CDE) serves as the single source of truth: the design team uploads the revised model; the BIM Coordinator consolidates and checks for clashes; PMC and Client approve; the approved model and change record are then released — automatically, not manually — to contractor, fabrication, and site teams.
5.2  Mobile BIM Workflow and Cycle-Time Impact
The proposed mobile BIM framework operates as a closed-loop, six-stage workflow derived directly from the SNA-identified communication bottlenecks. 
Stage 1: change initiated and logged by Client/Designer/PMC with unique ID, discipline, prefab type, and priority. Stage 2: BIM Coordinator reviews, updates model, checks clashes. Stage 3: Client/PMC approves via online workflow. Stage 4: system automatically notifies execution stakeholders (Contractor, Factory, Logistics, Site) via mobile — eliminating the 5–7 day manual update lag identified in all three case studies. Stage 5: execution teams confirm status in real-time (Fabricated / Dispatched / Delivered / Installed). Stage 6: change closed with full audit trail. 
Table 7 demonstrates that this workflow reduces total cycle time from 18–25 days to 6–9 days (60–65% reduction), consistent with RFID/BIM integration findings (Li et al. 2017).
Table 7. Design-Change Cycle Time: Conventional Process vs. Mobile BIM Enabled
	Process Stage
	Conventional
	Mobile BIM Enabled

	Design Change Initiation
	2 days
	1 day

	Review and Communication
	4–5 days
	2 days (Digital BIM review)

	Approval Process
	3–4 days
	1–2 days (Online workflow)

	Drawing Revision / Circulation
	4–5 days
	1 day (Publish to CDE)

	Factory / Site Update Lag
	5–7 days
	Same day (Mobile notification)

	Rework / Clarification
	3–5 days
	1–2 days (Execution confirmation)

	Total Cycle Time
	18–25 days
	6–9 days


 
A web-based Streamlit prototype was developed with modules for project/stakeholder assignment, structured design-change entry, approval tracking, and execution-status confirmation. A real-time dashboard visualises change status, addressing the key requirement identified by 83% of execution-team respondents. The prototype validates the technical feasibility and operational coherence of the SNA-derived closed-loop workflow and role-based access structure.
6  CONCLUSIONS AND FURTHER RESEARCH
This paper addressed the question of how SNA of design-change communication can inform mobile BIM workflow design in prefabricated construction. Five principal conclusions are drawn, each directly traceable to the research instruments and analysis.
First, design-change communication is highly centralised in all three systems: Contractor in PEB (degree=31) and composite (32), Precast Manager in precast (30), PMC invariably second (27) — derived from Section C adjacency matrices. Second, Factory, Logistics, and Site teams consistently register the lowest centrality (16–20), confirming structural peripheral positions and delayed information access — validating H3 across all prefab system types. Third, betweenness centrality of zero across all cases reveals overload-driven bottlenecks at central nodes, not structural isolation — requiring parallel mobile-enabled distribution, not path optimisation. Fourth, mobile BIM integration reduces design-change cycle time from 18–25 to 6–9 days (60–65%), with the greatest saving from eliminating the factory/site update lag through automatic mobile notification. Fifth, the proposed framework translates SNA network diagnostics into explicit workflow and access-control design — addressing the Gap 4 and Gap 5 identified in Table 1.
Limitations include the geographic concentration of three case studies in Gujarat, India; reliance on perception-based questionnaire data from 30 respondents; and the proof-of-concept Streamlit prototype not yet deployed in a live construction environment. Future research should: (1) validate the framework on MiC, infrastructure, and fit-out projects across different geographies; (2) integrate 4D/5D BIM for schedule and cost impact quantification of design changes; (3) replace perception-based interaction matrices with objective IoT/RFID-captured communication data; and (4) longitudinally evaluate the prototype in active construction environments to measure actual cycle-time reductions and adoption outcomes across stakeholder groups.
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