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Prof. Dr. David Arditi *
Website (https://www.iit.edu/directory/people/david-arditi)

Editor-in-Chief
Construction Engineering and Management Program, Department of Civil, Architectural, and Environmental Engineering, Illinois Institute of Technology,
3201 South Dearborn Street, Chicago, IL 60616, USA
Interests: construction management; organizational theory; conflict resolution; optimal bidding strategies; project delivery systems; sustainability; linear
scheduling methods; stochastic simulation; information technologies
* Section “Construction Management, and Computers & Digitization”
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Bjorn Birgisson *
Website (https://iris.uga.edu/bjorn-birgisson/)

Section Editor-in-Chief
School of Environmental, Civil, Agricultural and Mechanical Engineering, Royal Swedish Academy of Engineering Sciences, 712K Boyd Research and
Graduate Education Center, University of Georgia, 200 DW Brooks Drive, Athens, GA 30602, USA
Interests: asphalt mixtures; cement; concrete; 3D print; high-strength geopolymers; life cycle assessment
* Section: Building Materials, and Repair & Renovation
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Shi-Jie Cao *
Website (https://www.surrey.ac.uk/people/shi-jie-cao)

Section Editor-in-Chief
1. School of Architecture, Southeast University, Nanjing 210096, China
2. Global Centre for Clean Air Research (GCARE), Department of Civil and Environmental Engineering, Faculty of Engineering and Physical Sciences,
University of Surrey, Guildford GU2 7XH, UK
Interests: building environment and control; air quality and health; urban environment and design; fast prediction of built environment
* Section: Building Energy, Physics, Environment, and Systems
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Derek Clements-Croome *
Website (https://derekcroome.com/)

Section Editor-in-Chief
School of the Built Environment, Whiteknights, University of Reading, P.O. Box 219, Reading RG6 6AW, UK
Interests: health and well-being; design and management of intelligent buildings; sustainable liveable buildings; environmental sensory design; creating
productive and creative workplaces
* Section: Architectural Design, Urban Science, and Real Estate
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Humberto Varum *
Website (https://www.cienciavitae.pt/en/8016-E4D7-A92F)

Section Editor-in-Chief
Department of Civil Engineering, Faculty of Engineering, University of Porto, 4200-465 Porto, Portugal
Interests: seismic engineering; structural analysis; seismic design; RC structures
* Section: Building Structures
Special Issues, Collections and Topics in MDPI journals

Dr. Henry Abanda
Website (https://enstp.cm/)

Editorial Board Member
1. Ecole Nationale Supérieure des Travaux Publics de Yaoundé, Yaoundé B.P. 510, Cameroon
2. School of the Built Environment, Oxford Brookes University, Oxford OX3 0BP, UK
Interests: artificial intelligence; building information modelling; ontology engineering; semantic web
Special Issues, Collections and Topics in MDPI journals

Dr. Alireza Abbasi
Website (https://www.unsw.edu.au/staff/alireza-abbasi)

Editorial Board Member
School of Engineering and Information Technology, University of New South Wales, Sydney, NSW 2033, Australia
Interests: risk assessment; decision analytics; project scheduling and control; program and portfolio management; sustainable construction management;
decision support systems
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Prof. Dr. Jamal A. Abdalla
Website (https://www.aus.edu/faculty/dr-jamal-el-din-abdalla)

Editorial Board Member
School of Engineering, American University of Sharjah, Sharjah 26666, United Arab Emirates
Interests: strengthening and retrofitting of structures; sustainable construction materials; computing in civil engineering and earthquake engineering
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Osama Abudayyeh
Website (https://wmich.edu/civil-construction/directory/abudayyeh)

Editorial Board Member
Civil and Construction Engineering in the College of Engineering and Applied Sciences, Western Michigan University, Kalamazoo, MI 49008, USA
Interests: asset management; innovative project delivery and contracting strategies; smart buildings; safety management; infrastructure management and
health monitoring; non-destructive testing and evaluation; modeling and analysis of engineering data; project control concepts and systems
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Emin Açıkkalp
Website (https://www.humboldt-foundation.de/vernetzen/recherche-im-humboldt-netzwerk/einzelansicht?

tx_rsmavhsolr_solrviewhumboldtians%5BpPersonId%5D=1189621&cHash=c10ddacd4799a514a570c74bfa4a0023)
Editorial Board Member
Department of Mechanical Engineering, Engineering Faculty, Eskisehir Technical University, Eskisehir 26470, Turkey
Interests: energy; sustainability; thermodynamics; exergy; sustainable energy in buildings

Prof. Dr. Alireza Afshari
Website (https://vbn.aau.dk/en/persons/115241)

Editorial Board Member
Department of the Built Environment, Division of Sustainability, Energy and Indoor Environment, Aalborg University, 2450 Copenhagen, Denmark
Interests: construction; indoor climate; ventilation; particles; demand controlled ventilation
Special Issues, Collections and Topics in MDPI journals

Dr. Ehab A. Ahmed
Website (https://www.concordia.ca/faculty/ehab-ahmed.html)

Editorial Board Member
Department of Civil Engineering, Toronto Metropolitan University, 350 Victoria St., Toronto, ON M5B 2K3, Canada
Interests: innovative materials for durable and sustainable structures; ultra-high-performance fiber-reinforced concrete (UHPFRC); self-consolidating
concrete (SCC); design and testing of structural members reinforced with fiber-reinforced polymer (FRP); structural health monitoring (SHM) of structures

Dr. Mizan Ahmed
Website (https://staffportal.curtin.edu.au/staff/profile/view/mizan-ahmed-1e571442/)

Editorial Board Member
School of Civil and Mechanical Engineering, Curtin University, Perth, WA 6102, Australia
Interests: steel–concrete composite structures; steel structures; concrete structures; artificial intelligence
Special Issues, Collections and Topics in MDPI journals

Dr. Anuoluwapo Ajayi
Website (https://people.uwe.ac.uk/Person/AnuoluwapoAjayi)

Editorial Board Member
Big Data Enterprise and Artificial Intelligence Laboratory, University of the West of England, Bristol BS16 1QY, UK
Interests: energy analytics; safety management; sustainable construction; construction informatics; artificial intelligence

Dr. Ali Akbar Nezhad
Website (https://www.unsw.edu.au/staff/ali-akbar-nezhad)

Editorial Board Member
School of Civil and Environmental Engineering, University of New South Wales (UNSW Sydney), Sydney, NSW 2052, Australia
Interests: sustainable construction materials; construction management; automation in construction; digital engineering in construction; risk management
and decision making
Special Issues, Collections and Topics in MDPI journals

Dr. Reza Akhavian
Website (https://ccee.sdsu.edu/people/reza-akhavian)

Editorial Board Member
Department of Civil, Construction, and Environmental Engineering, San Diego State University, San Diego, CA 92182, USA
Interests: construction robotics; artificial intelligence (AI); Internet of Things (IoT); data analytics; machine learning; cyber-physical systems; building
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information modeling (BIM); construction automation; digital transformation; digital twins
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Kheir Al-Kodmany
Website (https://cuppa.uic.edu/profiles/al-kodmany-kheir/)

Editorial Board Member
Department of Urban Planning and Policy, College of Urban Planning and Public Affairs, University of Illinois at Chicago, Chicago, IL 60607, USA
Interests: urban planning; architecture; urban design; sustainability; crowd management
Special Issues, Collections and Topics in MDPI journals

Dr. Karam M. Al-Obaidi
Website (https://www.shu.ac.uk/about-us/our-people/staff-profiles/karam-al-obaidi)

Editorial Board Member
Sheffield Creative Industries Institute, College of Social Sciences and Arts, Sheffield Hallam University, Sheffield S1 1WB, UK
Interests: environmental architecture; decarbonisation; zero carbon buildings; architectural systems; building performance; energy efficiency; digital twins;
sustainable retrofitting; urban microclimate; sustainable building technologies; smart buildings and cities
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Rajai Zuheir Al-Rousan
Website (https://www.just.edu.jo/eportfolio/Pages/Default.aspx?email=rzalrousan)

Editorial Board Member
Civil Engineering Department, Jordan University of Science and Technology, Irbid P.O Box 3030, Jordan
Interests: instrumentation and full-scale testing of reinforced concrete members; strengthening/repairing of reinforced concrete members such as beams,
columns, beam-column joints, and slabs with CFRP-composites; in place repair of damaged precast/prestressed concrete girders with CFRP-composites;
strength and durability assessment of advanced composite materials, such as carbon fiber reinforced polymers (CFRP) for the rehabilitation of bridges;
good experience with the analysis and design of buildings and bridges according to the ACI code and AASHTO standards; simulating the behavior and
response of the testing full-scale concrete members, full-scale bridges, steel members, and strengthened concrete members with CFRP composite using
ANSYS package; good experience with the analysis and design of buildings and bridges according to the Sap 2000 and Staad Pro, Prokon; analysis,
design, and testing of structural models and prototypes subjected to static, fatigue, and simulated seismic loading; durability and structural behavior of
advanced composite materials, such as carbon fiber reinforced polymers (CFRP), to rehabilitate structural members (bridges and buildings)

Dr. Md Morshed Alam
Website (https://experts.swinburne.edu.au/987-md-morshed-alam)

Editorial Board Member
Centre for Sustainable Infrastructure and Digital Construction, Department of Civil and Construction Engineering ATC 734, Hawthorn Campus, Swinburne
University of Technology, Hawthorn, VIC 3122, Australia
Interests: digital construction; building information modelling; digital twin; construction management; building materials; building design and retrofit;
energy rating; building performance and simulation; life cycle assessment; sustainable construction; sustainable building technology; life cycle cost
analysis
Special Issues, Collections and Topics in MDPI journals

Dr. Ricardo M. S. F. Almeida
Website (https://www.cienciavitae.pt/portal/en/5616-9BDA-CF6E)

Editorial Board Member
1. CONSTRUCT-LFC, Faculty of Engineering (FEUP), University of Porto, Porto, Portugal, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal
2. Polytechnic Institute of Viseu, School of Technology and Management, Department of Civil Engineering, Campus Politécnico de Repeses, 3504-510
Viseu, Portugal
Interests: natural ventilation and airtightness; energy efficiency; thermal comfort; indoor environmental quality; infrared thermography and in situ testing of
buildings or building components; heat, air and moisture transfer in buildings or building components; building simulation; multi-objective optimization
Special Issues, Collections and Topics in MDPI journals

Dr. Paulo Amado-Mendes
Website (https://www.cienciavitae.pt/portal/en/A41B-6F82-CD24)

Editorial Board Member
Departamento de Engenharia Civil, Universidade de Coimbra, 3030-788 Coimbra, Portugal
Interests: acoustics and acoustic engineering; numerical methods; acoustic analysis; fluid structure interaction; acoustic materials; metamaterials
Special Issues, Collections and Topics in MDPI journals

Dr. Jingjing An
Website

(https://english.bucea.edu.cn/Education/a83ff557a9af467182cc5dba0078de4f/e2577be6208849bba7f673b5589e722e/fa3929d28c7f4b61b3d6b33f2b
Editorial Board Member
School of Environment and Energy Engineering, Beijing University of Civil Engineering and Architecture, Beijing 102627, China
Interests: analysis and mining of building related data including energy consumption; environmental parameters; occupant behavior; envelope thermal
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properties; optimal control of HVAC systems

Prof. Dr. Xuehui An
Website (https://www.civil.tsinghua.edu.cn/heen/info/1159/1954.htm)

Editorial Board Member
Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China
Interests: self-compacting concrete (SCC); rock-filled concrete (RFC); smart manufacture; testing technology of concrete; life-span performance
evaluation of concrete structures
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Yonghui An
Website (https://prof.gxu.edu.cn/teacherDetails/4b7ff76f2bcf45d9b83295a79d7f837d)

Editorial Board Member
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address the stiffness–auxeticity trade-off, this study proposes a star–ellipse
honeycomb (SEH) with elliptical stiffeners to enhance mechanical performance.
SEH was investigated through FE simulations, theoretical modeling, and quasi-
static tests of 3D-printed specimens. An equivalent Cauchy model based on the
Variational Asymptotic Method (VAM) was developed and validated, enabling
accurate elastic prediction with reduced computational cost. A theoretical model
was also established to estimate plateau stress based on unit-cell collapse
mechanisms. Results show that elliptical stiffeners promote cooperative
deformation, improving stiffness and auxeticity compared with star-shaped
honeycombs. SEH exhibits progressive folding and enhanced energy absorption
under compression, providing guidance for lightweight protective structure
design. View this paper (https://www.mdpi.com/2075-5309/16/15/3014)
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State-of-the-Art Review of Biomineralization-Based Self-Healing Concrete: Chronological
Development from Bacteria to Fungi and Algae (/2075-5309/16/15/3137)
by Kumar Shakti Srivastava, Visalakshi Talakokula, Sri Kalyana Rama Jyosyula,
Mrittika Sengupta and Mohamed A. Shahin
Buildings 2026, 16(15), 3137; https://doi.org/10.3390/buildings16153137
(https://doi.org/10.3390/buildings16153137) - 6 Aug 2026
Viewed by 474

Abstract Cracks pose a significant threat to the structural integrity, durability, and service life of
concrete; therefore, sustainable, autonomous repair solutions are paramount. In the last 25 years, bio-
based self-healing, particularly microbially induced calcium carbonate precipitation (MICP), has become
an attractive technology. Self-healing by [...] Read more.
(This article belongs to the Section Building Materials, and Repair & Renovation
(/journal/buildings/sections/BMRR))
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Buildings 2026, 16(15), 3033; https://doi.org/10.3390/buildings16153033
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Viewed by 319

Abstract Partnership development has become increasingly important in Design–Build government
building projects due to the need for effective collaboration among project stakeholders. However,
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limited studies have examined how partnership maturity mediates the relationship between collaborative
factors and project performance. This study investigates the effects [...] Read more.
(This article belongs to the Section Construction Management, and Computers & Digitization
(/journal/buildings/sections/Construction_Management))
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Coupling Effects of Seam–Clip Connection of 360° High-Vertical Standing Seam Metal Roofs
Under Wind Suction (/2075-5309/16/15/3032)
by Min Liu, Changhong Tong, Qiushi Hao, Shidong Nie, Xiang Liu, Shuitao Gu, Qingshan Yang and
Tong Ou
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Viewed by 336

Abstract The clip–seam connection in 360° high-vertical standing seam metal roofs (360DHVSSMR)
exhibits pronounced nonlinear behavior under high wind uplift pressures, resulting in significant three-
directional coupling effects among the vertical, transverse horizontal, and rotational degrees of freedom.
These coupling effects arise from plastic deformation [...] Read more.
(This article belongs to the Special Issue Wind Load Effects on High-Rise and Long-Span
Structures: 2nd Edition ( /journal/buildings/special_issues/RQWUMKI802 ))
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Concrete Crack Segmentation Algorithm Based on Hybrid-Attention Feature Enhancement
(/2075-5309/16/15/3031)
by Tiecheng Yan, Xingyuan Zhang, Ping Li and Bingxin Fan
Buildings 2026, 16(15), 3031; https://doi.org/10.3390/buildings16153031
(https://doi.org/10.3390/buildings16153031) - 30 Jul 2026
Viewed by 346

Abstract For surface crack detection in in-service concrete buildings, this study proposes DCFYOLO, a
lightweight crack instance segmentation algorithm improved from YOLO11n-seg, which enhances
feature representation and multi-scale contextual fusion to improve crack detection and segmentation
performance in complex scenarios. Frequency Channel Attention (FCA) [...] Read more.
(This article belongs to the Section Construction Management, and Computers & Digitization
(/journal/buildings/sections/Construction_Management))
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Open Access Article

Establishment of Standard Models Using Copula-Based Data Augmentation and Genetic
Algorithms for Improving the Energy Performance of Small-Scale Aging Buildings (/2075-
5309/16/15/3030)
by Shin Kim, Joung-Joo Choi, Yong-Joon Jun and Kyung-Soon Park
Buildings 2026, 16(15), 3030; https://doi.org/10.3390/buildings16153030
(https://doi.org/10.3390/buildings16153030) - 30 Jul 2026
Viewed by 281

Abstract Simulation-dependent energy analysis has long dominated building retrofit research, yet this
paradigm presents substantial barriers for non-expert building owners who lack technical software
proficiency and detailed building documentation-a challenge compounded by the “curse of
dimensionality” when multivariate analysis requires thousands of samples beyond [...] Read more.
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Abstract

Partnership development has become increasingly important in Design–Build government

building projects due to the need for effective collaboration among project stakeholders.

However, limited studies have examined how partnership maturity mediates the rela-

tionship between collaborative factors and project performance. This study investigates

the effects of relationship factors, process factors, and environmental factors on partner-

ship maturity and project performance in Design–Build government building projects. A

mixed-methods approach was employed, combining a questionnaire survey of 214 pro-

fessionals involved in Design–Build projects with Structural Equation Modelling–Partial

Least Squares (SEM-PLS) analysis and expert validation through Focus Group Discussions.

The results indicate that relationship factors, process factors, and environmental factors

significantly influence partnership maturity, with process factors exerting the strongest

effect (β = 0.403). Relationship factors demonstrated the strongest direct influence on

project performance (β = 0.376), followed by partnership maturity (β = 0.208), process

factors (β = 0.202), and environmental factors (β = 0.167). The model exhibited strong

explanatory power, with R2 values of 0.851 for partnership maturity and 0.800 for project

performance. The mediation analysis revealed that partnership maturity significantly

mediated only the relationship between process factors and project performance. The study

contributes to construction management literature by introducing partnership maturity as

a selective mediating mechanism in Design–Build projects and provides practical guidance

for strengthening collaborative processes to improve project performance in government

building projects.

Keywords: Design–Build; partnership maturity; project performance; collaborative

processes; government building projects; SEM-PLS; construction management

1. Introduction

The construction industry continues to experience rapid development driven by

increasing infrastructure demand, urbanization, technological advancement, and economic

growth. These developments have resulted in more complex projects that require efficient

coordination among multiple stakeholders while maintaining project objectives related to

time, cost, quality, safety, and sustainability. Consequently, project owners increasingly

seek procurement systems that can improve integration and collaboration throughout the
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project lifecycle. Traditional procurement methods are often challenged by fragmented

responsibilities, lengthy project durations, and coordination difficulties among project

participants [1–4].

Among various project delivery systems, Design Build (DB) has emerged as one of the

most widely adopted approaches for delivering complex construction projects. Unlike the

traditional Design Bid Build (DBB) method, which separates design and construction re-

sponsibilities into different contractual arrangements, the Design Build approach integrates

both functions under a single contractual entity [5,6]. This integration establishes a single

point of responsibility and encourages collaboration between designers and contractors

from the early stages of project development. Previous studies have shown that Design

Build projects can improve schedule performance, reduce disputes, enhance constructabil-

ity, and provide greater opportunities for value engineering compared with traditional

delivery systems [7–11].

The successful implementation of Design Build procurement has been reported in

several countries. In the United States, Design Build has become a preferred procurement

method for public-sector projects because of its ability to accelerate project delivery and

improve project outcomes [12,13]. Similar trends have been observed in Japan, Singapore,

and South Korea, where integrated procurement approaches have been extensively ap-

plied in transportation infrastructure, public facilities, and large-scale urban development

projects [14]. The effectiveness of these projects is frequently supported by collaborative

contracting practices, early stakeholder involvement, and the implementation of Building

Information Modelling (BIM) technologies [15,16].

In Indonesia, the adoption of Design Build procurement has increased significantly

during the last decade, particularly in government building construction projects. This de-

velopment has been supported by Law Number 2 of 2017 concerning Construction Services

and subsequent regulations issued by the Ministry of Public Works and Housing, which

recognize Design Build as an integrated construction service delivery system for complex

and strategic projects. Design–Build procurement is expected to improve project efficiency,

shorten project duration, and enhance coordination among project stakeholders [17–20].

Despite these anticipated advantages, Design–Build projects in Indonesia continue

to face several performance challenges. Delays, design revisions during construction, co-

ordination difficulties, and communication problems remain common in many projects.

These issues indicate that contractual integration alone does not automatically guarantee

effective collaboration between designers and contractors. In practice, partnerships are

frequently established to satisfy procurement requirements rather than to create genuine

collaborative relationships. Consequently, communication problems, unclear responsibil-

ities, conflicting objectives, and ineffective coordination mechanisms continue to affect

project implementation [21–23].

The effectiveness of Design–Build projects depends heavily on the quality of collabora-

tion established between designers and contractors. Successful partnerships require mutual

trust, commitment, transparent communication, information sharing, and alignment of

project goals [24,25]. When these conditions are absent, project participants often experience

misunderstandings, delayed decision-making, reduced efficiency, and increased project

risks. Previous studies have highlighted those collaborative relationships significantly

influence project outcomes and can contribute to improved project performance when

properly managed [26–29].

To provide an initial understanding of the current implementation of Design–Build

procurement in Indonesia, this study conducted a preliminary assessment of twelve gov-

ernment building projects completed between 2022 and 2024. The projects comprised three

Design–Bid–Build (DBB) projects and nine Design–Build (DB) projects. The projects were

https://doi.org/10.3390/buildings16153033
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purposively selected because they represented completed government building projects im-

plemented under the two procurement systems during the study period and had sufficient

publicly available project documentation for comparative assessment.

The preliminary comparison focused on schedule performance because timely project

delivery is one of the principal objectives of Design–Build procurement. Project perfor-

mance was classified into two categories: on time or completed earlier than scheduled,

and delayed. This classification was established by comparing the planned completion

schedule specified in the project contract with the actual completion status reported in

project implementation documents and official project records. The objective of this prelim-

inary assessment was not to perform a statistical comparison between the two procurement

systems but to provide practical background evidence illustrating the current performance

of Design–Build government building projects in Indonesia and to motivate the subsequent

empirical investigation.

Figure 1 provides a contextual overview of project completion characteristics between

Design–Build (DB) and Design–Bid–Build (DBB) government building projects. The ob-

served differences represent preliminary project conditions within the investigated cases

and should not be interpreted as evidence that one delivery method is superior to another.

Project performance variations may be influenced by several factors, including project

complexity, stakeholder involvement, organizational conditions, and implementation envi-

ronments. Therefore, this comparison is intended only to provide contextual motivation

for examining collaborative mechanisms within Design–Build projects. This study does

not aim to compare the effectiveness of DB and DBB procurement systems but focuses

on understanding how relationship factors, process factors, and environmental factors

contribute to partnership maturity and project performance in Design–Build government

building projects.

 

Figure 1. Contextual overview of project completion characteristics between Design–Bid–Build and

Design–Build government building projects (2022–2024).

Several studies have investigated Design–Build project performance, procurement

strategies, contractual arrangements, and risk management practices. However, most

previous studies have focused on direct relationships between organizational factors and

project outcomes. Limited research has examined the mechanisms through which collab-

orative factors influence project performance, particularly within government building

projects in developing countries. Furthermore, the role of partnership maturity as a mediat-

ing construct remains insufficiently explored in the Design–Build literature. Partnership

maturity refers to the extent to which collaborative relationships are systematically devel-

oped, institutionalized, and continuously improved throughout project implementation.

Mature partnerships are characterized by effective communication, mutual trust, shared

objectives, collaborative problem-solving, and strong organizational commitment. Within

https://doi.org/10.3390/buildings16153033
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Design–Build environments, partnership maturity may represent a critical mechanism that

transforms favorable relationship conditions into improved project outcomes. However,

empirical evidence regarding the mediating role of partnership maturity remains limited,

particularly in the context of government building projects.

Figure 2 presents the conceptual positioning of this research. Previous studies have pre-

dominantly examined the direct influence of collaborative factors on project performance.

Limited attention has been given to partnership maturity as an intermediate mechanism

that explains how relationship factors, process factors, and environmental factors contribute

to project success. This study addresses this gap by proposing partnership maturity as

a mediating construct within the Design–Build project environment. Accordingly, this

study aims to achieve three objectives. First, it examines the influence of relationship

factors, process factors, and environmental factors on partnership maturity. Second, it

investigates the effect of partnership maturity on project performance. Third, it develops a

designer–contractor partnership model that can support the successful implementation of

Design–Build government building projects.

Figure 2. Research gap and conceptual positioning of the study.

This study contributes to both theory and practice. From a theoretical perspective, it

extends the existing literature on collaborative project management by introducing partner-

ship maturity as a mediating mechanism linking organizational and relational factors to

project performance. From a practical perspective, the proposed model provides guidance

for project owners, designers, contractors, and policymakers seeking to strengthen collab-

orative relationships and improve Design–Build project outcomes. Ultimately, the study

offers a framework that can support more effective partnership strategies and contribute

to the successful delivery of government building projects in Indonesia. Although previ-

ous studies have extensively examined the effects of collaboration, partnering practices,

and Design–Build procurement on construction project performance, most have focused

https://doi.org/10.3390/buildings16153033
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primarily on direct relationships among these variables. Limited attention has been given

to the developmental process through which collaborative conditions evolve into mature

partnerships capable of improving project outcomes, particularly in government building

projects. Moreover, previous studies have generally treated partnership as a static organi-

zational characteristic rather than as a measurable maturity construct that can explain how

collaborative practices are translated into superior project performance.

The novelty of this study lies in three aspects. First, it introduces partnership maturity

as a mediating construct linking relationship factors, process factors, and environmental fac-

tors with project performance. Second, it develops and empirically validates a partnership

maturity model specifically for Design–Build government building projects using SEM-PLS

and expert validation through Focus Group Discussions. Third, the study provides empiri-

cal evidence from Indonesian government building projects, thereby extending the current

understanding of collaborative project delivery within the public construction sector. These

contributions advance the theoretical understanding of partnership development while

offering practical guidance for improving Design–Build project performance.

2. Literature Review and Hypothesis Development

2.1. Design–Build Project Delivery System

Project delivery systems determine how project stakeholders organize responsibilities,

allocate risks, establish contractual relationships, and coordinate project activities through-

out the project lifecycle. The selection of an appropriate project delivery system is widely

recognized as a critical factor influencing project success because it affects communication

efficiency, decision-making processes, and overall project performance [30]. Among the

available procurement approaches, Design–Build (DB) has become increasingly popular

because it integrates design and construction responsibilities within a single contractual

arrangement. Unlike the traditional Design–Bid–Build (DBB) approach, which separates

design and construction into different contracts, Design–Build establishes a single point of

responsibility and promotes early collaboration between designers and contractors [31–34].

The integration provided by Design–Build offers several advantages, including shorter

project duration, improved constructability, reduced disputes, enhanced communication,

and greater opportunities for value engineering. Previous studies have reported that early

involvement of contractors during the design stage improves project coordination and fa-

cilitates more efficient project execution [32]. However, the benefits of Design–Build cannot

be achieved solely through contractual integration. Effective collaboration among project

participants remains essential to realizing the full potential of this procurement system.

2.2. Designer–Contractor Partnership

Partnership refers to a collaborative relationship established among organizations

that share resources, responsibilities, risks, and rewards in pursuit of common objectives.

In construction projects, partnerships are intended to improve coordination, reduce con-

flicts, strengthen communication, and create mutual value among project participants [35].

Within Design–Build projects, the partnership between designers and contractors plays a

particularly important role because both parties contribute directly to project planning and

execution. Effective partnerships encourage information sharing, collaborative problem-

solving, joint decision-making, and coordinated project delivery. Conversely, weak partner-

ships often lead to communication barriers, misunderstandings, duplicated efforts, and

inefficiencies that negatively affect project performance [36]. Several studies have identified

trust, commitment, communication quality, shared goals, and mutual understanding as

fundamental elements of successful construction partnerships [37]. These elements create

favorable conditions for collaboration and support the achievement of project objectives.
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Therefore, understanding the factors that influence partnership development is essential

for improving Design–Build project performance [38].

Table 1 indicates that previous studies have generally focused on the direct effects

of collaborative factors on project performance. Although trust, communication, integra-

tion, and cooperation have been widely investigated, limited attention has been given

to partnership maturity as an explanatory mechanism linking collaborative conditions to

project outcomes. In addition, empirical evidence from Design–Build government building

projects remains limited. This study addresses these gaps by proposing partnership matu-

rity as a mediating construct that explains how relationship, process, and environmental

factors contribute to project performance.

Table 1. Summary of Previous Studies.

Authors Research Context Variables Examined Key Findings Research Gap

Spang et al. (2014) [35]
Construction

partnering projects
Trust, commitment,

cooperation

Partnering practices
improve

collaboration and
reduce project

conflicts.

Partnership maturity
was not examined.

Xie (2022) [37]
Construction

project
management

Relationship quality
and project

performance

Strong relationship
quality positively
influences project

outcomes.

No mediating
mechanism was

investigated.

Eriksson (2015) [36]
Collaborative
procurement

projects

Coordination,
integration, and

collaboration

Collaborative
procurement

enhances project
performance through

improved
integration.

Limited focus on
partnership maturity

development.

Elizar et al. (2017) [38]
Infrastructure
construction

projects

Organizational
collaboration and

project success

Effective
collaboration

contributes to higher
project success rates.

Partnership maturity
was not explicitly

evaluated.

Chan et al. (2020) [32]
Design–Build

projects

Early contractor
involvement and

collaboration

Early integration
improves

communication and
project outcomes.

Mediating effects
were not explored.

Altaf et al. (2023) [26]
Construction
management

projects

Collaborative
relationships and

project performance

Collaboration
significantly affects

project performance.

Limited evidence
from government

Design–Build
projects.

This Study

Government
building

Design–Build
projects in
Indonesia

Relationship Factors,
Process Factors,
Environmental

Factors, Partnership
Maturity, and Project

Performance

Develops an
integrated

partnership maturity
model and examines

both direct and
mediating effects.

Addresses the
identified gaps by

investigating
partnership maturity

as a mediating
mechanism in
Design–Build
government

building projects.
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2.3. Relationship Factors

Relationship factors refer to interpersonal and interorganizational conditions that

facilitate collaboration among project participants. These factors commonly include trust,

commitment, communication quality, mutual understanding, shared objectives, and con-

flict resolution mechanisms [39]. Trust is widely considered the foundation of successful

collaboration because it enables project participants to exchange information openly, reduce

opportunistic behavior, and support cooperative problem-solving. Commitment encour-

ages stakeholders to invest effort and resources in maintaining collaborative relationships,

while effective communication promotes information sharing and improves coordination

among project participants [40]. Strong relationship factors create an environment that

supports collaboration and encourages stakeholders to work toward common project goals.

Consequently, favorable relationship conditions are expected to contribute positively to

partnership maturity.

H1. Relationship factors positively influence partnership maturity.

In addition to their influence on partnership development, relationship factors may

directly affect project performance. High levels of trust and communication improve

coordination efficiency, accelerate decision-making, and reduce disputes during project

implementation.

H4. Relationship factors positively influence project performance.

2.4. Process Factors

Process factors refer to managerial and operational mechanisms that facilitate collabo-

ration throughout project implementation. These factors include coordination procedures,

information-sharing systems, decision-making processes, joint planning activities, and

performance monitoring practices [35]. Effective project processes provide a structured

framework that enables project participants to coordinate activities and manage project

interdependencies. Integrated planning and collaborative decision-making improve trans-

parency, reduce uncertainty, and support timely responses to project challenges. Previous

studies have reported that collaborative project processes strengthen teamwork, improve or-

ganizational learning, and contribute to superior project outcomes [41]. Therefore, process

factors are expected to play an important role in strengthening partnership maturity.

H2. Process factors positively influence partnership maturity.

Effective processes may also directly improve project performance by reducing ineffi-

ciencies, minimizing delays, and enhancing project control.

H5. Process factors positively influence project performance.

2.5. Environmental Factors

Environmental factors represent external and organizational conditions that influence

collaboration within construction projects. These factors may include organizational culture,

leadership support, technological capability, regulatory frameworks, project complexity,

and stakeholder environments [42]. A supportive organizational environment facilitates

the implementation of collaborative practices and encourages cooperation among project

participants. Leadership commitment promotes trust and teamwork, while technological

tools such as Building Information Modeling (BIM) improve information integration and

communication efficiency [43]. Environmental conditions shape the context in which
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collaborative relationships develop. Therefore, favorable environmental conditions are

expected to contribute positively to partnership maturity.

H3. Environmental factors positively influence partnership maturity.

Environmental factors may also directly affect project performance through their

influence on resource availability, project coordination, and implementation effectiveness.

H6. Environmental factors positively influence project performance.

2.6. Partnership Maturity

Partnership maturity refers to the extent to which collaborative relationships are insti-

tutionalized, integrated, and continuously improved throughout project implementation.

Mature partnerships are characterized by high levels of trust, commitment, communication,

cooperation, shared goals, and mutual accountability [38]. Partnership maturity reflects

more than the existence of collaboration. It represents the capability of project participants

to sustain effective cooperation and continuously improve collaborative practices through-

out the project lifecycle. Mature partnerships enable stakeholders to manage conflicts

constructively, align project objectives, share knowledge effectively, and support collective

decision-making.

Previous studies have suggested that higher levels of partnership maturity contribute

to improved project outcomes because they strengthen collaboration, enhance coordination,

and reduce organizational barriers [44]. Although relationship factors, process factors, and

partnership maturity are closely associated within collaborative construction environments,

they represent distinct theoretical concepts. Relationship factors describe the interpersonal

and interorganizational conditions that facilitate collaboration, such as trust, commitment,

communication, and shared goals. Process factors refer to the managerial mechanisms

through which collaboration is implemented, including coordination, information sharing,

collaborative planning, and joint decision-making. In contrast, partnership maturity reflects

the level of institutionalization and long-term capability of the partnership itself. Rather

than representing individual collaborative attributes, partnership maturity captures the

cumulative outcome of sustained collaborative relationships and organizational learning

developed throughout project implementation. Accordingly, relationship factors and pro-

cess factors are conceptualized as antecedents, whereas partnership maturity represents

a higher-level organizational capability that evolves from these collaborative conditions

and subsequently influences project performance. In this study, partnership maturity is

conceptualized as a distinct organizational capability rather than a simple aggregation of

collaborative attributes. Although relationship factors, process factors, and partnership

maturity are conceptually related, they represent different stages within the development

of collaborative capability in Design–Build projects. Relationship factors represent the

initial relational conditions that enable collaboration, including trust, commitment, com-

munication quality, and mutual understanding among project stakeholders. Process factors

represent the managerial mechanisms through which collaboration is implemented, in-

cluding coordination procedures, information exchange, collaborative planning, and joint

decision-making practices.

In contrast, partnership maturity reflects the extent to which these relational and

process-based conditions have been institutionalized into a stable and sustainable collabo-

rative capability. Mature partnerships are characterized not only by the presence of trust or

effective processes but also by the ability of project organizations to integrate collaboration

into routine practices, maintain accountability, continuously improve cooperation mecha-

nisms, and sustain long-term partnership performance. Therefore, partnership maturity
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functions as an outcome of developed collaborative capability and as a mechanism that

translates collaborative resources into improved project performance.

Based on this theoretical distinction, relationship factors and process factors are treated

as antecedent conditions, while partnership maturity is positioned as a mediating construct

representing the transformation of collaborative inputs into project-level outcomes. This

conceptualization explains why partnership maturity is not considered merely an aggregate

expression of relationship quality or collaborative processes but a higher-level capability

developed through continuous interaction and organizational learning within Design–Build

project environments.

H7. Partnership maturity positively influences project performance.

2.7. Project Performance

Project performance is commonly used to evaluate the success of construction projects.

Traditional performance measures focus on time, cost, and quality. However, contempo-

rary project management literature increasingly recognizes additional dimensions such as

occupational health and safety, environmental performance, and stakeholder satisfaction as

important indicators of project success [45]. Within Design–Build projects, project success

depends not only on achieving schedule and budget targets but also on maintaining quality

standards, ensuring workplace safety, minimizing environmental impacts, and satisfying

client expectations. Accordingly, this study evaluates project performance using six dimen-

sions: time performance, cost performance, quality performance, occupational health and

safety performance, environmental performance, and client satisfaction.

2.8. Hypothesis Development

The collaborative project management literature suggests that relationship, process,

and environmental factors may influence project performance through both direct and

indirect mechanisms. While favorable collaborative conditions can directly improve project

outcomes, they may also contribute to the development of partnership maturity, which sub-

sequently enhances project performance. Partnership maturity provides the organizational

capability required to transform collaborative conditions into effective project execution.

Strong relationships, effective processes, and supportive environments create favorable

conditions for partnership development. In turn, mature partnerships facilitate trust-based

interactions, collaborative decision-making, coordinated problem-solving, and effective

project delivery. Accordingly, partnership maturity is proposed as a mediating mechanism

linking collaborative factors to project performance.

H8. Partnership maturity mediates the relationship between relationship factors and project

performance.

H9. Partnership maturity mediates the relationship between process factors and project performance.

H10. Partnership maturity mediates the relationship between environmental factors and project

performance.

Based on this theoretical distinction, the proposed research model assumes that rela-

tionship factors and process factors contribute to the development of partnership maturity

through different mechanisms. Relationship factors establish the interpersonal foundation

for collaboration, whereas process factors provide the organizational mechanisms required

to translate collaborative intentions into effective project execution. Partnership maturity
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therefore represents a distinct organizational capability rather than a direct reflection of

either relationship quality or collaborative processes.

3. Research Methodology

3.1. Research Design

This study employed a mixed-methods approach using a sequential explanatory de-

sign. The quantitative phase was conducted first to examine the relationships among

relationship factors, process factors, environmental factors, partnership maturity, and

project performance. Subsequently, the qualitative phase was undertaken through expert

validation and Focus Group Discussions (FGDs) to confirm and refine the proposed part-

nership model. The mixed-methods approach was selected because the development of a

partnership model requires both statistical evidence and practical validation. Quantitative

analysis provides empirical evidence regarding the relationships among variables, while

qualitative validation ensures that the proposed model reflects the realities of Design–Build

project implementation. The overall research framework is presented in Figure 3.

Figure 3. Research framework and hypotheses of the study.

Figure 3 illustrates the conceptual framework of the study. Relationship Factors (RF),

Process Factors (PF), and Environmental Factors (EF) are proposed as exogenous variables.

Partnership Maturity (PM) functions as a mediating variable, while Project Performance

(PP) serves as the endogenous variable. The framework includes ten hypotheses represent-

ing both direct and indirect relationships among the variables.

3.2. Research Constructs

The study consists of five latent variables derived from the literature review and

preliminary investigation of Design–Build government building projects.
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Table 2 summarizes the latent variables included in the proposed research model.

These variables were selected based on previous studies concerning construction partnering,

collaborative project management, and Design–Build project delivery systems.

Table 2. Research Constructs.

Variable Code Construct Definition Main Dimensions

Relationship
Factors

RF
Interpersonal and interorganizational
conditions that support collaboration

among project participants.

Trust, Commitment, Communication,
Shared Goals, Mutual Respect,

Conflict Resolution

Process Factors PF
Project management processes that

facilitate coordination and
collaborative project execution.

Coordination, Information Sharing,
Collaborative Planning, Joint

Decision-Making, Performance Monitoring

Environmental
Factors

EF
External and organizational conditions

that influence collaborative relationships
within Design–Build projects.

Leadership Support, Organizational
Culture, Technological Capability,

Regulatory Support, Project Environment

Partnership
Maturity

PM

The degree to which collaborative
relationships are institutionalized,

integrated, and continuously improved
throughout project implementation.

Collaboration Effectiveness, Integration,
Accountability, Continuous Improvement,

Partnership Sustainability

Project
Performance

PP
The extent to which project objectives

are achieved in terms of project delivery
and stakeholder expectations.

Time Performance, Cost Performance,
Quality Performance, Safety Performance,

Environmental Performance,
Client Satisfaction

3.3. Measurement Instrument

Each latent variable was operationalized using multiple indicators adapted from pre-

vious studies and refined to fit the context of Design–Build government building projects

in Indonesia. All latent constructs in this study were modeled as reflective constructs, con-

sistent with the theoretical assumption that the observed indicators reflect the underlying

latent variables rather than forming them. Accordingly, changes in the latent construct

are expected to be manifested through corresponding changes in the measurement indi-

cators. No higher-order constructs were specified in the SEM-PLS model because each

construct was represented directly by its respective reflective indicators. The reflective

measurement specification was selected because the indicators used in this study represent

manifestations of their underlying latent constructs rather than independent components

forming the constructs. For example, higher levels of relationship quality, collaborative pro-

cesses, partnership maturity, and project performance are expected to be reflected through

improvements in their corresponding measurement indicators. Therefore, changes in the

latent constructs are assumed to cause changes in the observed indicators.

A formative specification was not adopted because the indicators were not conceptu-

alized as separate dimensions that collectively create the constructs. Instead, the indicators

represent observable expressions of broader theoretical concepts derived from Design–

Build collaboration and project management literature. This specification is consistent with

the objective of evaluating the strength and validity of theoretically established constructs

using SEM-PLS. Although the constructs investigated in this study are conceptually related

within the broader domain of collaboration, each construct represents a distinct theoretical

dimension. Therefore, additional clarification was provided to distinguish the measure-

ment domains of relationship factors, process factors, environmental factors, partnership

maturity, and project performance. The conceptual distinction among these constructs is

summarized in Table 3.
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Table 3. Conceptual distinction among collaborative constructs and measurement domains.

Construct
Theoretical

Domain
Measurement Focus Conceptual Role in the Model

Relationship
Factors (RF)

Relational
foundation

of collaboration

Trust, commitment, communication
quality, stakeholder relationships,

and mutual understanding

Antecedent condition that facilitates
collaborative interactions among

project stakeholders

Process Factors
(PF)

Collaborative
management
mechanisms

Coordination procedures,
information exchange, integrated

planning, and joint
decision-making practices

Antecedent mechanism that enables
structured collaboration during

project implementation

Environmental
Factors (EF)

Organizational
and external

project
conditions

Institutional support,
organizational environment, and
external conditions influencing

project execution

Contextual factor supporting
collaborative project delivery

Partnership
Maturity (PM)

Institutionalized
collaborative

capability

Long-term partnership capability,
continuous improvement,
integrated collaboration
culture, accountability,

and sustainable cooperation

Mediating mechanism representing
the transformation of collaborative
conditions into project performance

Project
Performance (PP)

Project outcome
achievement

Time, quality, stakeholder
satisfaction, efficiency, and

overall project success

Outcome construct reflecting
the effectiveness of Design–Build

project delivery

Source: Developed based on the conceptual framework of this study.

As shown in Table 3, relationship factors and process factors represent the antecedent

conditions that enable collaboration, whereas partnership maturity reflects the extent to

which collaborative practices have been institutionalized into a sustainable organizational

capability. Therefore, partnership maturity indicators do not measure the existence of

individual collaborative activities but capture the maturity level of collaborative capability

developed through repeated interactions, learning processes, and continuous improvement

among Design–Build project stakeholders. The measurement indicators were adapted from

well-established studies on Design–Build procurement, construction partnering, collab-

orative project management, and project performance. The adaptation process involved

reviewing the original measurement items, adjusting their wording to reflect the context of

Indonesian government building projects, and ensuring conceptual consistency with the

proposed research framework. Before the main survey was conducted, the questionnaire

underwent expert validation through Focus Group Discussions (FGDs) and pilot testing to

evaluate content relevance, clarity, and practical applicability. Feedback obtained during

this process was incorporated into the final version of the research instrument.

The refinement of measurement indicators was performed through several stages.

First, the initial indicators were identified based on previous studies and adjusted to the

context of Design–Build government building projects. Second, expert validation through

Focus Group Discussions was conducted to evaluate the relevance, clarity, and contextual

suitability of each indicator. Third, the refined indicators were evaluated through SEM-

PLS measurement model assessment, including indicator reliability, internal consistency

reliability, convergent validity, discriminant validity, and collinearity assessment. This

process ensured that the final indicators were both theoretically relevant and empirically

acceptable (Table 4).

All indicators were measured using a five-point Likert scale ranging from 1 (strongly

disagree) to 5 (strongly agree). The measurement instrument was reviewed by experts and

subjected to validity and reliability assessment prior to the main survey.
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Table 4. Measurement Instrument.

Variable Dimension Indicator Description

Relationship Factors (RF) Trust The extent to which project participants trust each other’s competence and integrity.

Commitment
The willingness of stakeholders to maintain collaborative relationships and achieve

project objectives.

Communication The effectiveness of information exchange among project participants.

Shared Goals The degree of alignment of project objectives among stakeholders.

Mutual Respect The level of appreciation and professional respect among project participants.

Conflict Resolution The effectiveness of resolving disagreements and project-related conflicts.

Process Factors (PF) Coordination The effectiveness of coordinating project activities among stakeholders.

Information Sharing The extent of timely and accurate information exchange.

Collaborative Planning The involvement of stakeholders in joint planning activities.

Joint Decision-Making The extent of stakeholder participation in project decisions.

Performance Monitoring The effectiveness of monitoring and evaluating project progress.

Environmental Factors (EF) Leadership Support The commitment of project leaders to collaborative practices.

Organizational Culture The extent to which organizational values support collaboration.

Technological Capability The availability and utilization of technologies that facilitate collaboration.

Regulatory Support The adequacy of regulations supporting Design–Build implementation.

Project Environment
The conduciveness of the project environment for collaborative

working relationships.

Partnership Maturity (PM) Collaboration Effectiveness The effectiveness of collaborative interactions among project stakeholders.

Integration The level of integration between design and construction functions.

Accountability The degree of responsibility and transparency among stakeholders.

Continuous Improvement The commitment to learning and improving partnership practices.

Partnership Sustainability The ability to maintain long-term collaborative relationships.

Project Performance (PP) Time Performance The achievement of project schedule objectives.

Cost Performance The achievement of project budget objectives.

Quality Performance The achievement of required quality standards.

Safety Performance The effectiveness of occupational health and safety management.

Environmental Performance The ability to minimize negative environmental impacts.

Client Satisfaction The level of owner satisfaction with project outcomes.

3.4. Population and Sample

The target population consisted of professionals involved in Design–Build government

building projects in Indonesia. Respondents included project managers, construction

managers, site managers, design consultants, contractors, project engineers, and other

professionals directly engaged in project planning and implementation. A purposive

sampling technique was adopted because the study required respondents who possessed

direct experience in Design–Build project delivery. Only individuals who had participated

in at least one Design–Build government building project were considered eligible for

inclusion in the survey. The sample size was determined based on the requirements of

Structural Equation Modeling–Partial Least Squares (SEM-PLS). The final sample exceeded

the minimum recommended threshold for SEM-PLS analysis, ensuring sufficient statistical

power for model estimation.

3.5. Data Collection

Data collection was conducted through a structured questionnaire distributed to

construction professionals involved in Design–Build government building projects. The

questionnaire was designed to capture respondents’ perceptions regarding relationship

factors, process factors, environmental factors, partnership maturity, and project perfor-
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mance. Prior to the main survey, a pilot study was conducted to assess the clarity, validity,

and reliability of the measurement instrument. Feedback obtained during the pilot stage

was incorporated into the final questionnaire. In addition to the questionnaire survey,

secondary data from government building projects implemented between 2022 and 2024

were reviewed to provide contextual understanding of Design–Build project performance

in Indonesia.

3.6. Data Analysis

The quantitative data were analyzed using Structural Equation Modeling–Partial Least

Squares (SEM-PLS). This method was selected because it is suitable for exploratory model

development, complex causal relationships, and mediation analysis involving multiple

latent variables. The analysis was conducted in two stages. The first stage involved evalu-

ating the measurement model (outer model) through assessments of convergent validity,

discriminant validity, composite reliability, and internal consistency reliability. The second

stage focused on evaluating the structural model (inner model) through path coefficient

analysis, coefficient of determination (R2), effect size (f2), predictive relevance (Q2), and

hypothesis testing. Bootstrapping procedures were performed to determine the statistical

significance of the proposed relationships. Direct effects, indirect effects, and mediation

effects were evaluated using the path coefficients and corresponding significance values.

To strengthen the assessment of construct validity, additional diagnostic analyses were

performed after the measurement model evaluation. These analyses included cross-loading

assessment to examine indicator discrimination and collinearity assessment using outer

and inner variance inflation factors (VIF). The complementary analyses were conducted

to ensure that the observed relationships among the constructs were not attributable to

measurement redundancy or excessive multicollinearity.

3.7. Qualitative Validation

Following the quantitative analysis, qualitative validation was conducted through a

Focus Group Discussion (FGD) to evaluate the practical relevance of the proposed part-

nership maturity model. The FGD involved seven experts representing four stakeholder

groups: academia, government agencies, consulting firms, and construction contractors.

The experts were selected purposively based on three criteria: (1) a minimum of ten years

of professional experience in Design–Build or government building projects, (2) direct

involvement in project planning, implementation, or policy development, and (3) recog-

nized expertise in construction management or collaborative project delivery. The FGD was

conducted using a semi-structured discussion format guided by a predefined discussion

protocol. The discussion focused on evaluating the relevance of the proposed constructs,

the relationships among variables, the applicability of the partnership maturity model, and

the practical implications of the research findings. During the discussion, participants were

encouraged to provide comments, identify potential limitations, and propose improve-

ments to the conceptual model. The FGD participants were selected using a purposive

sampling approach to ensure that all experts possessed relevant knowledge and practical

experience related to Design–Build government building projects. The selection criteria

included professional involvement in construction project planning or implementation,

experience with collaborative project delivery systems, and familiarity with stakeholder

coordination processes in government construction projects.

The FGD was conducted using a semi-structured discussion format focusing on three

main aspects: (1) validation of the relevance and clarity of the proposed variables and

indicators, (2) evaluation of the relationships among constructs within the partnership ma-

turity framework, and (3) assessment of the practical applicability of the proposed model in
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Design–Build project environments. Expert feedback obtained during the discussion was

analyzed using a thematic evaluation approach by identifying recurring opinions, recom-

mendations, and areas requiring refinement. The results of the FGD were used to improve

the contextual relevance of measurement indicators, strengthen the interpretation of SEM-

PLS findings, and validate the practical implementation of the final Partnership Maturity

model. Therefore, the FGD served as an expert validation mechanism complementing the

quantitative SEM-PLS analysis (Table 5).

Table 5. Profile of FGD Experts.

Expert Group Background Role in Validation

Government project owner
Experience in public construction

project management
Validation of implementation context

and stakeholder requirements

Design consultant
Experience in building planning

and design coordination
Validation of design

collaboration indicators

Contractor
Experience in Design–Build

project execution
Validation of construction process

and partnership practices

Construction management expert
Experience in project control

and coordination
Validation of project
performance aspects

Academic expert
Expertise in construction

management research
Validation of theoretical framework

and research model

Source: FGD process.

The qualitative data were analyzed using thematic analysis. All expert comments were

reviewed, grouped according to recurring themes, and compared with the quantitative

findings obtained from the SEM-PLS analysis. The results of the thematic analysis were

subsequently used to refine the interpretation of the findings, confirm the conceptual

relationships among the constructs, and improve the practical applicability of the final

partnership maturity model. The FGD served as an expert validation stage rather than

an independent qualitative investigation. The expert validation process also served as a

content validation procedure by confirming the relevance, clarity, and representativeness

of the measurement indicators before the large-scale survey.

3.8. Research Procedure

The overall research procedure adopted in this study is presented in Figure 4.

The research procedure consisted of six main stages: (1) literature review and identi-

fication of research gaps, (2) development of the conceptual framework and hypotheses,

(3) questionnaire design and pilot testing, (4) quantitative data collection and SEM-PLS

analysis, (5) expert validation through Focus Group Discussions, and (6) development

of the final partnership maturity model for Design–Build government building projects.

The integration of quantitative findings and expert validation strengthened the credibility

of the proposed model. The quantitative phase established the empirical relationships

among the constructs, whereas the qualitative phase provided contextual confirmation that

the proposed partnership maturity model was applicable to Design–Build government

building projects in Indonesia.
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Figure 4. Research procedure adopted in the study.

4. Results

4.1. Respondent Profile

The survey targeted professionals involved in Design–Build government building

projects in Indonesia. Respondents represented various stakeholder groups, including

project managers, construction managers, site managers, contractors, consultants, design

professionals, and owner representatives. The diversity of respondents ensured that the

collected data reflected multiple perspectives regarding partnership practices and project

implementation. The respondents possessed substantial professional experience in Design–

Build projects, enabling them to provide informed assessments of relationship factors,

process factors, environmental factors, partnership maturity, and project performance. The

characteristics of the respondents are summarized in Table 6.

Table 6 presents the demographic and professional characteristics of the respondents

involved in this study. A total of 214 respondents participated in the survey, representing

various professional roles and organizations involved in Design–Build government build-

ing projects. Project Managers constituted the largest group of respondents (39%), followed

by Site Managers (24%), Design Consultants (18%), Project Controllers (11%), and other

professional positions (8%). In terms of professional experience, most respondents had

more than five years of experience in construction projects, with 43% reporting between

10 and 15 years of experience and 29% reporting between 5 and 10 years of experience.

Regarding organizational affiliation, the respondents were primarily employed by state-

owned contractors (41%), followed by design consultants (29%), owner or government

agencies (20%), and construction management consultants or other organizations (10%).

These findings indicate that the respondents possessed substantial experience and direct

involvement in Design–Build government building projects, supporting the reliability and

credibility of the collected data.
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Table 6. Respondent characteristics (n = 214).

Characteristic Category Frequency (n) Percentage (%)

Position Project Manager 84 39
Site Manager 52 24

Design Consultant 38 18
Project Controller 24 11

Others 16 8
Professional Experience <5 years 36 17

5–10 years 62 29
>10–15 years 92 43

>15 years 24 11
Organization Type State-Owned Contractor (BUMN) 88 41

Design Consultant 62 29
Owner/Government Agency 42 20

Construction Management Consultant/Others 22 10

4.2. Measurement Model Assessment

The measurement model was evaluated to assess the validity and reliability of the

constructs included in the proposed research model. The assessment followed the recom-

mended procedures for SEM-PLS analysis, including convergent validity, discriminant

validity, composite reliability, and internal consistency reliability.

Convergent validity was evaluated using outer loading values and Average Vari-

ance Extracted (AVE). All retained indicators satisfied the recommended threshold values,

indicating that the indicators adequately represented their respective constructs. Relia-

bility was assessed using Composite Reliability (CR) and Cronbach’s Alpha. The results

demonstrated satisfactory reliability levels for all constructs, exceeding the minimum

recommended criteria.

Table 7 presents the results of the measurement model assessment. Convergent validity

was evaluated using the Average Variance Extracted (AVE), while construct reliability was

assessed using Cronbach’s Alpha and Composite Reliability. All constructs satisfied the rec-

ommended threshold values, indicating that the measurement model achieved acceptable

levels of validity and reliability. The results confirm that the indicators adequately repre-

sent their respective latent constructs and can therefore be used for subsequent structural

model analysis. Convergent validity was established because all AVE values exceeded the

recommended threshold of 0.50. Similarly, all Cronbach’s Alpha and Composite Reliability

values were above 0.70, demonstrating satisfactory internal consistency reliability.

Table 7. Measurement model assessment results.

Construct Cronbach’s Alpha rho_A Composite Reliability AVE Assessment

Relationship Factors (RF) 0.931 0.932 0.946 0.745 Reliable and Valid
Process Factors (PF) 0.898 0.908 0.925 0.713 Reliable and Valid

Environmental Factors (EF) 0.812 0.818 0.889 0.728 Reliable and Valid
Partnership Maturity (PM) 0.942 0.942 0.956 0.813 Reliable and Valid
Project Performance (PP) 0.937 0.938 0.950 0.761 Reliable and Valid

Source: SEM-PLS analysis results.

In addition to construct reliability and convergent validity, indicator reliability was

evaluated through the assessment of outer loading values. Outer loading reflects the

extent to which each indicator contributes to measuring its corresponding latent construct.

According to the recommended guidelines for PLS-SEM, an indicator is considered reliable

when its outer loading exceeds 0.70. Higher loading values indicate stronger relationships
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between indicators and their respective constructs. The results of the indicator reliability

assessment are presented in Table 8.

Table 8. Indicator Reliability Assessment.

Construct Indicator Range Outer Loading Range

RF X1.1–X1.6 0.845–0.888
PF X2.1–X2.6 0.717–0.906
EF X3.1–X3.3 0.819–0.901
PM XM1–XM5 0.885–0.913
PP Y1–Y7 0.812–0.897

Source: SEM-PLS analysis results.

Table 8 presents the outer loading ranges for all indicators included in the research

model. The results show that all indicators achieved outer loading values above the

recommended threshold of 0.70, ranging from 0.717 to 0.913. These findings indicate that

each indicator adequately represents its corresponding latent construct and contributes

significantly to the measurement model. The highest outer loading value was observed for

the Partnership Maturity construct, with indicator loadings ranging from 0.885 to 0.913.

This result suggests that the indicators used to measure partnership maturity provide a

strong representation of the underlying construct. Meanwhile, the lowest loading value

was identified within the Process Factors construct (0.717), which nevertheless exceeded

the minimum acceptable threshold and therefore remained valid for further analysis.

Overall, the indicator reliability assessment confirms that all measurement items

satisfy the recommended criteria and can be retained in the model. Consequently, the

measurement model demonstrates adequate indicator reliability and provides a sound basis

for subsequent discriminant validity and structural model assessments. After establishing

indicator reliability, construct reliability, and convergent validity, discriminant validity

was assessed to determine whether each construct was empirically distinct from the other

constructs included in the model. Discriminant validity ensures that a latent construct

measures a unique concept and does not excessively overlap with other constructs. In this

study, discriminant validity was evaluated using the Fornell–Larcker criterion. According

to this criterion, the square root of the Average Variance Extracted (AVE) for each construct

should be greater than its correlations with other constructs. The results of the Fornell–

Larcker assessment are presented in Table 9.

Table 9. Discriminant Validity Assessment (Fornell–Larcker Criterion).

Construct RF PF EF PM PP

Relationship Factors (RF) 0.863
Process Factors (PF) 0.848 0.845

Environmental Factors (EF) 0.755 0.808 0.853
Partnership Maturity (PM) 0.863 0.887 0.826 0.901
Project Performance (PP) 0.854 0.841 0.787 0.851 0.873

Note: Diagonal values (bold) represent the square root of the Average Variance Extracted. Source: SEM-PLS
analysis results.

Table 9 presents the results of the discriminant validity assessment using the Fornell–

Larcker criterion. The diagonal elements represent the square roots of the AVE values for

each construct, while the off-diagonal elements represent the correlations among constructs.

The results indicate that most constructs satisfied the Fornell–Larcker criterion, suggesting

an acceptable level of discriminant validity. The square roots of the AVE values ranged

from 0.845 to 0.901, demonstrating that each construct explained a substantial proportion

of the variance of its indicators. However, several correlations among the constructs were
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relatively high. In particular, the correlation between Process Factors and Partnership

Maturity (0.887) exceeded the square root of the AVE for Process Factors (0.845). Similarly,

the correlation between Relationship Factors and Partnership Maturity (0.863) was equal to

the square root of the AVE for Relationship Factors (0.863). These findings indicate a strong

conceptual and empirical relationship among the constructs.

This result is understandable within the context of Design–Build partnerships, where

relationship quality, collaborative processes, and partnership maturity are inherently in-

terconnected. Although the constructs exhibit a high degree of association, they remain

theoretically distinct and were therefore retained in the proposed model. Consequently, the

discriminant validity results should be interpreted alongside other validity assessments,

particularly the Heterotrait–Monotrait Ratio (HTMT), to provide a more comprehensive

evaluation of construct distinctiveness.

To further assess discriminant validity, the Heterotrait–Monotrait Ratio (HTMT) was

examined. HTMT is considered a more stringent and sensitive criterion for evaluating

discriminant validity than the Fornell–Larcker criterion. According to the recommended

guidelines, HTMT values should generally remain below 0.90 to indicate adequate discrim-

inant validity between constructs. Higher values suggest that two constructs may not be

sufficiently distinct from one another. The results of the HTMT assessment are presented in

Table 10.

Table 10. Heterotrait–Monotrait Ratio (HTMT).

Construct Relationship HTMT Value

Process Factors ↔ Relationship Factors 0.924
Environmental Factors ↔ Relationship Factors 0.867

Environmental Factors ↔ Process Factors 0.947
Partnership Maturity ↔ Relationship Factors 0.920

Partnership Maturity ↔ Process Factors 0.957
Partnership Maturity ↔ Environmental Factors 0.944

Project Performance ↔ Relationship Factors 0.913
Project Performance ↔ Process Factors 0.914

Project Performance ↔ Environmental Factors 0.899
Project Performance ↔ Partnership Maturity 0.903

Source: SEM-PLS analysis results.

Table 10 presents the results of the HTMT analysis. Several HTMT values exceeded the

recommended threshold of 0.90, indicating strong empirical relationships among certain

constructs. The highest HTMT value was observed between Process Factors and Part-

nership Maturity (0.957), followed by Environmental Factors and Process Factors (0.947),

and Environmental Factors and Partnership Maturity (0.944). These findings suggest that

several constructs within the model are closely related conceptually and empirically. This

result is consistent with the characteristics of Design–Build partnerships, where relationship

quality, collaborative processes, organizational environment, and partnership maturity

operate in an integrated manner and jointly contribute to project success. Consequently,

respondents may perceive these constructs as highly interconnected aspects of collaborative

project implementation. Although several HTMT values among collaboration-related con-

structs were relatively high, these results were interpreted by considering both statistical

evidence and theoretical justification. High correlations among relationship factors, process

factors, and partnership maturity are theoretically expected because these constructs repre-

sent interconnected dimensions within collaborative Design–Build project environments.

However, conceptual relatedness does not necessarily indicate construct redundancy.

Additional assessments were therefore conducted to ensure that each construct re-

tained its distinct empirical meaning. The cross-loading results confirmed that all indicators
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achieved their highest loading values on their intended constructs, while the collinearity

assessment demonstrated that the constructs did not suffer from critical multicollinearity

problems. These findings indicate that although the constructs are closely associated, they

capture different aspects of collaboration. Relationship factors represent the relational

foundation among stakeholders, process factors describe the mechanisms through which

collaboration is implemented, whereas partnership maturity reflects the institutionalized

capability resulting from sustained collaborative interactions. Therefore, the constructs

were retained separately in the structural model because their distinction is supported by

theoretical reasoning and complementary measurement assessments. Although several

HTMT values exceeded the recommended threshold of 0.90, additional validity assessments

were conducted to further evaluate construct distinctiveness. Specifically, cross-loading

analysis demonstrated that every indicator exhibited its highest loading on the intended

construct, indicating that the measurement items remained empirically associated with

their respective latent variables. These results provide additional evidence that the indi-

cators adequately represent the constructs despite the relatively high correlations among

several latent variables. Furthermore, collinearity assessment showed that the outer vari-

ance inflation factor (VIF) values for all indicators remained below the recommended

threshold of 5, indicating that multicollinearity at the indicator level was not a serious

concern. Although several inner VIF values were relatively high, this finding is consistent

with the theoretical relationships among collaborative constructs in Design–Build projects,

where relationship quality, collaborative processes, environmental support, and partnership

maturity are expected to interact closely within an integrated project delivery environment.

Taken together, the cross-loading results, collinearity assessment, and theoretical

foundation support the retention of all constructs in the proposed model. Therefore, the rel-

atively high HTMT values are interpreted as reflecting strong conceptual relatedness among

collaborative dimensions rather than inadequate measurement quality. Nevertheless, these

findings should be interpreted with appropriate caution, and the close associations among

the constructs are acknowledged as a limitation of the study. Although several HTMT

values exceeded the recommended threshold, discriminant validity should not be evaluated

using a single criterion alone. Therefore, an additional assessment was performed using

cross-loading analysis to verify whether each measurement indicator was more strongly

associated with its intended construct than with other latent constructs. Cross-loading anal-

ysis provides complementary evidence of construct distinctiveness and is recommended

when conceptually related constructs exhibit relatively high correlations. The results are

presented in Table 11.

As presented in Table 11, every indicator exhibits its highest loading on the construct

it was designed to measure. For example, the indicators of Relationship Factors (X1.1–X1.6)

load most strongly on the Relationship Factors construct, while the indicators representing

Process Factors, Environmental Factors, Partnership Maturity, and Project Performance also

demonstrate the highest loadings on their respective constructs. These results indicate that

the indicators adequately discriminate among the latent variables despite the relatively high

inter-construct correlations identified by the HTMT analysis. The cross-loading assessment

therefore provides additional empirical support for discriminant validity and confirms that

the measurement items are more strongly associated with their intended constructs than

with other constructs in the model. Taken together, the Fornell–Larcker criterion, HTMT

analysis, and cross-loading assessment suggest that the measurement model is acceptable

for subsequent structural model evaluation. Nevertheless, the relatively high HTMT values

indicate that several collaborative constructs remain conceptually close, which should be

considered when interpreting the structural relationships.
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Table 11. Cross-Loading Assessment of Measurement Indicators.

Indicator RF PF EF PM PP

X1.1 0.850 0.736 0.648 0.733 0.736
X1.2 0.856 0.721 0.657 0.713 0.754
X1.3 0.876 0.718 0.645 0.713 0.715
X1.4 0.845 0.711 0.595 0.764 0.734
X1.5 0.862 0.770 0.664 0.774 0.714
X1.6 0.888 0.735 0.698 0.770 0.766
X2.1 0.594 0.717 0.602 0.560 0.620
X2.2 0.691 0.853 0.691 0.730 0.641
X2.3 0.787 0.906 0.715 0.839 0.740
X2.4 0.729 0.890 0.707 0.809 0.725
X2.6 0.762 0.845 0.691 0.775 0.809
X3.1 0.634 0.687 0.819 0.684 0.642
X3.2 0.600 0.658 0.837 0.672 0.638
X3.3 0.695 0.720 0.901 0.755 0.729
XM1 0.771 0.796 0.754 0.901 0.747
XM2 0.734 0.783 0.742 0.913 0.737
XM3 0.801 0.800 0.731 0.895 0.786
XM4 0.785 0.800 0.766 0.912 0.752
XM5 0.796 0.816 0.731 0.885 0.807
Y1 0.722 0.737 0.695 0.768 0.812
Y3 0.717 0.747 0.646 0.717 0.873
Y4 0.734 0.697 0.648 0.725 0.897
Y5 0.738 0.717 0.732 0.750 0.887
Y6 0.803 0.789 0.737 0.796 0.897
Y7 0.750 0.711 0.652 0.691 0.867

Note: Bold values indicate the highest loading of each indicator on its corresponding construct.

4.3. Structural Model Assessment

After confirming the adequacy of the measurement model, the structural model was

evaluated to examine the relationships among the latent constructs included in the proposed

framework. Structural model assessment was conducted by examining the coefficient of

determination (R2), effect size (f2), model fit, and hypothesis testing results. These analyses

provide insights into the explanatory power, predictive capability, and strength of the

relationships among the constructs.

4.3.1. Explanatory Power Assessment (R2)

The coefficient of determination (R2) was assessed to evaluate the explanatory power

of the proposed model. R2 represents the proportion of variance in the endogenous

construct that can be explained by its predictor variables. Higher R2 values indicate

stronger explanatory capability of the model. The results of the coefficient of determination

assessment are presented in Table 12.

Table 12. Coefficient of Determination (R2).

Endogenous Construct R2 Adjusted R2 Interpretation

Partnership Maturity (PM) 0.851 0.849 Strong
Project Performance (PP) 0.800 0.796 Strong

Source: SEM-PLS analysis results.

Table 1 shows that the proposed model possesses substantial explanatory power. The

R2 value for Partnership Maturity was 0.851, indicating that Relationship Factors, Process

Factors, and Environmental Factors collectively explain 85.1% of the variance in Partner-

ship Maturity. The remaining 14.9% is attributable to factors not included in the model.
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Similarly, the R2 value for Project Performance was 0.800, indicating that Relationship

Factors, Process Factors, Environmental Factors, and Partnership Maturity jointly explain

80.0% of the variance in Project Performance. These findings demonstrate that the proposed

framework provides a strong explanation of the factors influencing partnership maturity

and project performance in Design–Build government building projects. To visualize the

relationships among the constructs, the structural model obtained from the SEM-PLS anal-

ysis is presented in Figure 5. The figure illustrates the causal relationships among the latent

variables and provides an overview of the proposed research framework.

 

Figure 5. Structural model results obtained from SEM-PLS analysis.

Figure 5 presents the final structural model developed from the SEM-PLS analysis.

The model illustrates the relationships among Relationship Factors, Process Factors, Envi-

ronmental Factors, Partnership Maturity, and Project Performance. The results indicate that

all proposed direct relationships are positive and statistically significant. Process Factors

exerted the strongest influence on Partnership Maturity (β = 0.403), whereas Relationship

Factors exerted the strongest direct influence on Project Performance (β = 0.376). The model

also demonstrated substantial explanatory power, with R2 values of 0.851 for Partnership

Maturity and 0.800 for Project Performance.

4.3.2. Effect Size Assessment (f2)

In addition to evaluating explanatory power, the effect size (f2) was examined to

determine the contribution of each exogenous construct to the endogenous constructs.

Effect size provides information regarding the substantive impact of each predictor vari-

able. According to established guidelines, f2 values of 0.02, 0.15, and 0.35 indicate small,

medium, and large effects, respectively. The results are presented in Table 10. In addition

to evaluating explanatory power, the effect size (f2) was examined to determine the con-

tribution of each exogenous construct to the endogenous constructs. Effect size provides

information regarding the substantive impact of each predictor variable. According to
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established guidelines, f2 values of 0.02, 0.15, and 0.35 indicate small, medium, and large

effects, respectively. The results are presented in Table 13.

Table 13. Effect Size Assessment (f2).

Relationship f2 Interpretation

Relationship Factors → Partnership Maturity 0.199 Medium
Process Factors → Partnership Maturity 0.234 Medium

Environmental Factors → Partnership Maturity 0.138 Small to Medium
Relationship Factors → Project Performance 0.157 Medium

Process Factors → Project Performance 0.036 Small
Environmental Factors → Project Performance 0.041 Small
Partnership Maturity → Project Performance 0.032 Small

Source: SEM-PLS analysis results.

Table 13 indicates that Process Factors exerted the largest effect on Partnership Matu-

rity (f2 = 0.234), followed by Relationship Factors (f2 = 0.199). These findings suggest that

collaborative processes and relationship quality are the most influential factors in develop-

ing mature partnerships within Design–Build projects. For Project Performance, the largest

effect originated from Relationship Factors (f2 = 0.157), indicating that trust, commitment,

communication, and stakeholder relationships contribute substantially to project success.

Although Process Factors, Environmental Factors, and Partnership Maturity significantly

influenced Project Performance, their individual effect sizes were relatively small. Never-

theless, these variables remain important contributors to the overall explanatory capability

of the proposed model.

4.3.3. Structural Model Fit Evaluation

To assess the overall adequacy of the structural model, model fit indices were eval-

uated. In PLS-SEM, the Standardized Root Mean Square Residual (SRMR) is commonly

used to assess the discrepancy between the observed and predicted correlation matrices.

Lower SRMR values indicate a better model fit. The results are presented in Table 14.

Table 14. Model Fit Assessment.

Index Saturated Model Estimated Model Interpretation

SRMR 0.049 0.049 Good fit
d_ULS 0.776 0.776 Informative

d_G 0.702 0.702 Informative
Chi-square 809.102 809.102 Informative

NFI 0.858 0.858 Acceptable

Source: SEM-PLS analysis results.

The model fit assessment demonstrates that the proposed model achieved an SRMR

value of 0.049, which is below the recommended threshold of 0.08. This result indicates

a good fit between the observed data and the proposed model. Furthermore, the NFI

value of 0.858 suggests an acceptable level of model fit. Overall, these findings support the

adequacy of the structural model and confirm its suitability for hypothesis testing.

4.3.4. Predictive Performance Evaluation

Beyond explanatory power, the predictive capability of the proposed model was also

evaluated to determine its ability to generate accurate predictions for the endogenous con-

structs. Predictive relevance was assessed using the Q2 Predict procedure, complemented

by the Root Mean Square Error (RMSE) and Mean Absolute Error (MAE). Positive Q2
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Predict values indicate that the model possesses predictive relevance, whereas lower RMSE

and MAE values reflect better predictive accuracy. The results are summarized in Table 15.

Table 15. Predictive Capability Assessment.

Endogenous Construct Q2 Predict RMSE MAE Interpretation

Partnership Maturity 0.845 0.402 0.290
Excellent
predictive
relevance

Project Performance 0.783 0.473 0.362
Excellent
predictive
relevance

Source: SEM-PLS analysis results.

The predictive assessment confirms that the proposed model possesses strong predic-

tive capability. Both endogenous constructs exhibit positive Q2 Predict values substantially

greater than zero, indicating meaningful predictive relevance. Moreover, the relatively

low RMSE and MAE values suggest that the model produces accurate predictions with

limited prediction error. The CVPAT analysis further demonstrates that the PLS-SEM

model outperforms the Indicator Average benchmark and achieves predictive performance

comparable to the Linear Model. These findings provide additional evidence supporting

the robustness and practical applicability of the proposed partnership maturity model.

4.4. Hypothesis Testing

Hypothesis testing was conducted using the bootstrapping procedure in SEM-PLS

to evaluate the significance of the proposed relationships among the constructs. The

significance of each path was assessed based on the path coefficient (β), t-statistic, and

p-value. A hypothesis was considered supported when the t-statistic exceeded 1.96 and the

p-value was below 0.05. The results of the hypothesis testing are presented in Table 16.

Table 16. Hypothesis Testing Results.

Hypothesis Relationship Path Coefficient (β) t-Statistic p-Value Decision

H1 Relationship Factors → Partnership Maturity 0.333 5.660 0.000 Supported
H2 Process Factors → Partnership Maturity 0.403 6.484 0.000 Supported
H3 Environmental Factors → Partnership Maturity 0.249 4.008 0.000 Supported
H4 Relationship Factors → Project Performance 0.376 3.933 0.000 Supported
H5 Process Factors → Project Performance 0.202 2.127 0.033 Supported
H6 Environmental Factors → Project Performance 0.167 2.155 0.031 Supported
H7 Partnership Maturity → Project Performance 0.208 2.022 0.043 Supported

Source: SEM-PLS bootstrapping results.

Table 16 shows that all direct relationships proposed in the research model were

statistically significant. All path coefficients were positive, indicating that improvements

in relationship factors, process factors, environmental factors, and partnership maturity

contribute positively to project performance and partnership development. Among the

antecedents of Partnership Maturity, Process Factors exhibited the strongest influence

(β = 0.403, t = 6.484, p < 0.001), followed by Relationship Factors (β = 0.333, t = 5.660,

p < 0.001) and Environmental Factors (β = 0.249, t = 4.008, p < 0.001). These findings

indicate that effective coordination mechanisms, collaborative procedures, information

sharing, and project management processes play a critical role in developing mature

partnerships within Design–Build projects.

Regarding Project Performance, Relationship Factors exerted the strongest direct influ-

ence (β = 0.376, t = 3.933, p < 0.001), followed by Partnership Maturity (β = 0.208, t = 2.022,
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p = 0.043), Process Factors (β = 0.202, t = 2.127, p = 0.033), and Environmental Factors

(β = 0.167, t = 2.155, p = 0.031). These results highlight the importance of trust, commitment,

communication quality, and collaborative relationships in achieving successful project

outcomes. Overall, the findings support all seven direct-effect hypotheses (H1–H7). The

results confirm that collaborative conditions represented by relationship factors, process

factors, and environmental factors significantly influence partnership maturity and project

performance in Design–Build government building projects. Furthermore, partnership

maturity itself contributes positively to project performance, supporting its role as a critical

mechanism within collaborative project delivery.

4.5. Mediation Analysis

To evaluate the mediating role of Partnership Maturity, the indirect effects were

examined using the SEM-PLS bootstrapping procedure. The significance of each mediation

relationship was evaluated based on the indirect effect coefficient, t-statistic, and p-value at

a significance level of 0.05. The mediation analysis results are presented in Table 17.

Table 17. Mediation Analysis Results.

Hypothesis Indirect Relationship Path Coefficient (β) t-Statistic p-Value Decision

H8 Relationship Factors → Partnership Maturity → Project Performance 0.069 1.776 0.076 Not Supported

H9 Process Factors → Partnership Maturity → Project Performance 0.084 1.983 0.047 Supported

H10 Environmental Factors → Partnership Maturity → Project Performance 0.052 1.776 0.076 Not Supported

Source: SEM-PLS bootstrapping analysis results.

Table 17 presents the mediation analysis results. The findings indicate that Partnership

Maturity significantly mediates the relationship between Process Factors and Project Per-

formance (β = 0.084; t = 1.983; p = 0.047), supporting H9. Meanwhile, the indirect effects of

Relationship Factors (β = 0.069; t = 1.776; p = 0.076) and Environmental Factors (β = 0.052;

t = 1.776; p = 0.076) through Partnership Maturity are not statistically significant. Therefore,

H8 and H10 are not supported. These results confirm that Partnership Maturity functions

as a selective mediating mechanism, where structured collaborative processes contribute to

project performance through the development of mature partnership capabilities.

The findings also suggest that relationship quality and environmental conditions

exert their influence on project performance primarily through direct mechanisms rather

than through partnership maturity. While trust, commitment, communication, leadership

support, and organizational conditions remain important determinants of project success,

their indirect effects through partnership maturity were not sufficiently strong to estab-

lish significant mediation relationships. Overall, the mediation analysis confirms that

Partnership Maturity functions as a selective mediating mechanism within the proposed

framework. Its primary role lies in translating effective collaborative processes into im-

proved project performance, thereby reinforcing the importance of structured partnership

management in Design–Build government building projects. The findings indicate that

Process Factors exert the strongest influence on Partnership Maturity. This result suggests

that partnership development in Design–Build government building projects depends

not only on interpersonal relationships but also on the effectiveness of collaborative man-

agement practices. Integrated planning, coordinated workflows, transparent information

sharing, and joint decision-making provide structured mechanisms that enable project par-

ticipants to transform collaborative intentions into sustained organizational practices. As

these collaborative processes become institutionalized throughout project implementation,

partnership maturity develops progressively and becomes embedded within the project

organization. This finding is consistent with previous studies reporting that collaborative
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management processes play a central role in strengthening long-term partnerships and

improving organizational integration within Design–Build projects.

In contrast, Relationship Factors demonstrate the strongest direct influence on Project

Performance. This finding indicates that trust, commitment, communication quality, and

shared objectives contribute directly to project execution by improving coordination effi-

ciency, reducing conflicts, and facilitating timely decision-making. Although collaborative

processes are important, strong interpersonal and interorganizational relationships en-

able project participants to respond more effectively to operational challenges during

project implementation. Consequently, relationship quality becomes the primary driver

of project performance within the Design–Build environment. This finding is consistent

with previous research emphasizing that trust-based collaboration represents one of the

most important determinants of successful construction project delivery. The mediation

analysis provides additional insight into the collaborative mechanisms operating within

Design–Build government building projects. Partnership Maturity significantly mediates

only the relationship between Process Factors and Project Performance, indicating that

effective collaborative processes contribute to project success both directly and indirectly

through the development of mature partnerships. In contrast, the effects of Relationship

Factors and Environmental Factors on Project Performance remain predominantly direct,

suggesting that these factors influence project outcomes without necessarily requiring

the development of higher partnership maturity. These findings highlight the distinct

functional roles of collaborative processes and relational conditions within Design–Build

project delivery. The mediation findings provide additional theoretical insight into the col-

laborative mechanisms underlying Design–Build government building projects. Although

Relationship Factors and Environmental Factors significantly influence Project Performance

through direct structural relationships, their indirect effects through Partnership Maturity

were not statistically significant. This finding suggests that trust, communication quality,

organizational commitment, leadership support, and external project conditions contribute

directly to project outcomes without necessarily requiring the development of a mature

collaborative partnership.

In contrast, Partnership Maturity significantly mediates the relationship between Pro-

cess Factors and Project Performance. This result indicates that collaborative processes,

including integrated planning, transparent communication, coordinated decision-making,

and systematic problem-solving, strengthen project performance primarily by facilitat-

ing the gradual development of mature partnerships among project stakeholders. These

findings are consistent with previous Design–Build and collaborative construction stud-

ies, which emphasize that structured collaborative processes provide the organizational

foundation for long-term cooperation and improved project outcomes. However, the

present study extends previous research by demonstrating that partnership maturity func-

tions as a selective mediating mechanism rather than a universal mediator across all

collaborative dimensions.

The results also indicate that different collaborative dimensions perform distinct

functions within Design–Build project delivery. Relationship Factors primarily enhance

project performance through direct interpersonal and interorganizational interactions,

whereas Process Factors improve project performance by fostering the organizational

capability represented by Partnership Maturity. This distinction contributes to a more

comprehensive understanding of collaboration in Design–Build procurement and provides

additional theoretical evidence supporting the proposed partnership maturity framework.

To provide a more comprehensive evaluation of the mediation mechanism, the indirect

effects were further examined using the bootstrapping procedure. In addition to the indirect
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effect coefficients, the corresponding t-values, p-values, and 95% bootstrapped confidence

intervals were evaluated for all indirect relationships. The results are presented in Table 18.

As presented in Table 18, Partnership Maturity significantly mediates only the rela-

tionship between Process Factors and Project Performance (β = 0.084; t = 1.983; p = 0.047).

In contrast, the indirect effects of Relationship Factors and Environmental Factors are not

statistically significant because their p-values exceed the 0.05 significance level. These

findings indicate that structured collaborative processes strengthen project performance

through the development of Partnership Maturity, whereas Relationship Factors and Envi-

ronmental Factors primarily influence Project Performance through direct organizational

and interpersonal mechanisms. Consequently, Partnership Maturity functions as a selective

mediating mechanism rather than a universal mediator across all collaborative dimensions.

Table 18. Specific Indirect Effects (Bootstrapping Results).

Indirect Relationship
Indirect

Effect (β)
t-Value p-Value

95% Bootstrapped
Confidence Interval

Decision

Relationship Factors → Partnership
Maturity → Project Performance

0.069 1.776 0.076 0.002–0.156
Not

Supported

Process Factors → Partnership
Maturity → Project Performance

0.084 1.983 0.047 0.003–0.170 Supported

Environmental Factors → Partnership
Maturity → Project Performance

0.052 1.776 0.076 0.002–0.118
Not

Supported

4.6. Final Partnership Maturity Model

Based on the results of the measurement model assessment, structural model as-

sessment, hypothesis testing, and mediation analysis, a final partnership maturity model

was developed. The model integrates the significant relationships identified through

the SEM-PLS analysis and provides a comprehensive representation of the factors in-

fluencing partnership maturity and project performance in Design–Build government

building projects.

Figure 6 presents the final partnership maturity model developed from the empirical

findings of this study. The model demonstrates that Relationship Factors, Process Factors,

and Environmental Factors significantly influence Partnership Maturity. In addition, all

three factors directly affect Project Performance. However, the strongest influence on

Partnership Maturity originates from Process Factors, while Relationship Factors exert

the strongest direct influence on Project Performance. The model further reveals that

Partnership Maturity contributes positively to Project Performance and acts as a signifi-

cant mediator only in the relationship between Process Factors and Project Performance.

This finding emphasizes that mature partnerships are primarily developed through ef-

fective collaborative processes and that these mature partnerships subsequently improve

project outcomes.

The proposed model provides practical guidance for project owners, contractors, con-

sultants, and policymakers seeking to improve Design–Build project performance. By

strengthening collaborative processes and fostering partnership maturity, project stake-

holders can enhance coordination effectiveness, improve communication quality, reduce

conflicts, and ultimately achieve superior project outcomes. The final partnership matu-

rity model represents the integration of the statistical relationships identified through the

SEM-PLS analysis with the practical characteristics of Design–Build government building

projects. Rather than viewing collaboration solely as a collection of independent organiza-

tional factors, the proposed model conceptualizes partnership maturity as a collaborative

capability that develops through continuous interaction among relationship quality, collab-
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orative processes, and the surrounding project environment. This integrated perspective

extends previous Design–Build collaboration studies by emphasizing the developmental

nature of partnership maturity within complex public-sector construction projects.

Figure 6. Final partnership maturity model for Design–Build government building projects.

Compared with previous international studies, the proposed model confirms that trust,

communication, collaborative processes, and organizational support remain fundamental

determinants of successful Design–Build implementation. However, this study provides

additional evidence that collaborative processes constitute the primary mechanism through

which mature partnerships are developed, whereas relationship quality exerts the strongest

direct influence on project performance. These findings demonstrate that different collabo-

rative dimensions contribute to project success through different organizational pathways

rather than through a single homogeneous mechanism.

From a practical perspective, the proposed model provides guidance for government

agencies, project owners, contractors, consultants, and construction management teams

seeking to improve Design–Build project performance. Strengthening collaborative plan-

ning, information sharing, coordinated decision-making, and organizational commitment

can accelerate the development of partnership maturity, thereby creating more sustain-

able collaborative relationships and improving project delivery outcomes. Consequently,

the model may serve not only as a theoretical framework for future research but also

as a practical reference for evaluating and strengthening collaborative performance in

Design–Build government building projects. Although Partnership Maturity demonstrates

a statistically significant positive effect on Project Performance, its direct contribution re-

mains relatively modest compared with Relationship Factors. This finding suggests that

mature partnerships function primarily as an enabling organizational capability rather than

an independent performance driver. In practice, Partnership Maturity creates favorable

conditions for collaboration by strengthening organizational learning, institutionalizing

collaborative routines, and facilitating coordinated decision-making. However, successful

project delivery continues to depend largely on the quality of interpersonal relationships,

effective communication, and day-to-day project management practices. Therefore, Partner-

ship Maturity should be viewed as a complementary capability that reinforces, rather than

replaces, the direct influence of collaborative relationship quality on project performance.
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To facilitate the practical implementation of the proposed model, each stakeholder in

Design–Build government building projects has a distinct role in strengthening Partnership

Maturity. Public owners should establish integrated procurement planning, encourage

early contractor involvement, and promote transparent governance throughout the project

lifecycle. Designers and contractors should implement collaborative design reviews, struc-

tured information-sharing platforms, and joint decision-making procedures to improve

coordination and minimize design–construction conflicts. Project managers should in-

stitutionalize regular coordination meetings, collaborative performance monitoring, risk-

sharing mechanisms, and accountability systems to sustain partnership quality throughout

project execution. Collectively, these managerial practices can accelerate the development

of Partnership Maturity and contribute to improved project performance in Design–Build

government building projects. The proposed Partnership Maturity model provides prac-

tical guidance for stakeholders involved in Design–Build government building projects

by identifying the collaborative factors that should be managed to improve project perfor-

mance. For project owners, the model can be used as an evaluation framework to assess

the readiness and maturity level of collaboration among project participants before and

during project implementation. By understanding the maturity of partnerships, owners

can identify weaknesses in coordination, communication, and collaborative practices that

may affect project outcomes.

For contractors and consultants, the model provides insights into the importance of

developing structured collaborative processes, effective information sharing mechanisms,

and continuous improvement practices. The findings highlight that successful Design–

Build implementation depends not only on contractual integration but also on the ability of

project stakeholders to establish mature partnership capabilities. However, the application

of this model should consider differences in project characteristics, organizational envi-

ronments, procurement regulations, and stakeholder cultures. Since this study focused on

government building projects, further validation in other construction sectors and project

delivery systems is recommended to improve the generalizability and adaptability of the

proposed Partnership Maturity model.

5. Conclusions

This study investigated the relationships among relationship factors, process factors,

environmental factors, partnership maturity, and project performance in Design–Build

government building projects. Using a mixed-methods approach and SEM-PLS analysis,

the study developed and validated a partnership maturity model that explains how collab-

orative conditions influence project performance. The findings revealed that relationship

factors, process factors, and environmental factors significantly influence partnership ma-

turity. Among these variables, process factors exerted the strongest effect on partnership

maturity (β = 0.403), indicating that coordination mechanisms, collaborative planning,

information sharing, and joint decision-making play critical roles in the development of ma-

ture partnerships. The results also showed that relationship factors had the strongest direct

influence on project performance (β = 0.376), highlighting the importance of trust, commit-

ment, communication quality, and shared goals in achieving successful project outcomes.

Unlike previous studies that primarily examined direct effects among collaborative vari-

ables, this study demonstrates that partnership maturity functions as a selective mediating

mechanism through which collaborative processes contribute to project performance. The

findings provide a more comprehensive explanation of how collaborative capabilities are

developed and transformed into improved project outcomes, thereby extending the existing

literature on Design–Build project management and collaborative construction practices.
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The study further demonstrated that partnership maturity positively influences project

performance (β = 0.208). However, the mediation analysis indicated that partnership ma-

turity significantly mediated only the relationship between process factors and project

performance. No significant mediation effects were observed for relationship factors or

environmental factors. These findings suggest that effective collaborative processes not

only improve project performance directly but also contribute to project success through

the development of mature partnerships. From a theoretical perspective, this study con-

tributes to the construction management literature by introducing partnership maturity

as an intermediary construct within Design–Build government building projects. The

proposed model extends existing knowledge by explaining how collaborative conditions

are transformed into improved project outcomes through partnership development. Fur-

thermore, the study provides empirical evidence from government building projects, a

context that has received limited attention in previous partnership and Design–Build re-

search. From a practical perspective, the findings suggest that project owners, contractors,

consultants, and government agencies should prioritize the development of collaborative

processes to strengthen partnership maturity and improve project performance. Partic-

ular attention should be given to integrated planning, transparent information sharing,

effective coordination mechanisms, and collaborative decision-making throughout project

implementation. These practices can help establish sustainable partnerships that support

successful project delivery.

This study has several limitations. First, the research focused exclusively on Design–

Build government building projects in Indonesia, which may limit the generalizability

of the findings to other procurement systems or construction sectors. Second, the study

relied primarily on cross-sectional survey data collected from project professionals. Future

studies may incorporate longitudinal data and comparative analyses across different project

delivery systems to further validate and extend the proposed partnership maturity model.

Additional research may also explore other organizational and behavioural factors that

could influence partnership maturity and project performance in collaborative construc-

tion environments. Although additional discriminant validity assessments supported the

distinction among the constructs, the relatively high HTMT values indicate strong theo-

retical relationships among collaboration-related variables. Therefore, future studies may

further examine these constructs across different project contexts to refine their conceptual

boundaries and improve measurement generalizability.
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