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Abstract: The construction industry is naturally complex and constantly changing, with various
factors impacting project results. Among the different methods developed to navigate this complexity,
partnering is believed to increase project value and performance. Therefore, this research aimed at
analyzing and formulating elements as well as indicators at each phase of a partnership-based project
life cycle, serving as tools and techniques for measuring the depth of partnering in construction
projects. The methodology used included both qualitative and quantitative methods (mixed method).
In the qualitative method, the literature from relevant journals, books, and previous research was
reviewed. This process was followed by an expert assessment through a Focus Group Discussion
(FGD) to define elements and indicators for measuring the depth of partnering in construction
projects. Meanwhile, the quantitative method comprised analyzing secondary project data to compare
projects with in-depth partnering in order to deliver better value. The result of this research was the
development of Key Performance Indicators (KPIs) to measure maturity partnering in partnership-
based projects. Typically, the tools were adjusted to different phases of the project life cycle, starting
from project initiation, comprising all stakeholders. Consequently, the outcome of this research could
be used by organizations in the construction industry to develop partnering in partnership projects
in Indonesia.

Keywords: project performance; partnering; partnership project; project life cycle; tool and techniques

1. Introduction

The construction industry is faced with several problems, including low productiv-
ity [1] and high waste [2]. According to Koskela (2000) and Chan et al. (1997) [3,4], chronic
issues in the construction sector include low productivity, safety concerns, poor working
conditions, unsatisfactory quality, a fragmented industry, a lack of coordination among
participants, and excessive trading. In addition, there are issues related to production such
as work quality, design changes, and material quality and availability, as well as utilization.

In a study conducted by Valverde (2011) [5], several factors contributing to low pro-
ductivity on construction projects in various countries including Indonesia are (1) poor
workmanship, (2) the unavailability of materials, (3) a lack of project information, (4) equip-
ment availability, and (5) faulty work [5]. Other reasons for low productivity include labor
expertise and experience, the availability of materials at the construction site, poor site
management, political and safety situations, ineffective supervision, a lack of labor skills,
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bad weather, and unclear instructions. It is crucial to be aware that these factors have an
impact on the cost performance of construction projects [6].

Alwi (2002) [2] stated six main factors causing waste in the construction industry in
Indonesia, which include design changes, slow decision making, a lack of skilled workers,
inadequate construction methods, and poor coordination among professional management.
Therefore, waste management requires attention and action from all included parties. When
managing and reducing waste, contractors are advised to (1) build long-term relationships
with producers and suppliers in order to develop shipping methods that avoid excess
supplies and delays; (2) consider the use of local materials and natural resources as much
as possible; (3) conduct regular training programs for supervisors and workers to help in
understanding the concept of waste; (4) conduct the construction process transparently
to ensure everyone concerned can identify problems during the project; and (5) establish
cooperation and regular meetings between project participants and construction personnel
at various levels, thereby strengthening mutual trust and cooperation as partners.

Many efforts have been made to improve the performance of construction projects,
and one effective approach is through partnering. This philosophy is believed to provide
value and improve project performance in terms of cost, quality, time, safety, and the
environment [7–10]. Research by Sari [11–13] proved that partnering established from the
beginning of the project increases performance and provides added value for all stakehold-
ers. Moreover, project management problems are experienced by owners, contractors, and
subcontractors, based on the background of each stakeholder. A typical solution to achieve
the objectives of stakeholders is trust and partnering [7,14]. Specifically, partnering can
increase project performance, reduce costs, and improve quality.

Previous research has not fully discussed the ways in which partnering can be applied
in construction projects to produce value for each stakeholder. Meanwhile, previous
findings only focused on partnering factors [15,16], levels [12,13,17–20], interactions [13,21],
challenges [13], waste reduction, and financial risk reduction [22–25]. Therefore, this
research aims to improve our understanding of the way partnering is implemented in
projects, considering depth as an indicator of success. It is important to acknowledge
that this exploration will build on previous findings to strengthen our understanding
of partnering.

1.1. Partnering

Partnering is practiced in private and government projects where there is collabo-
ration between government and business entities. This type of partnering represents a
positive collaboration between the groups, with two main models which are solicited
and unsolicited.

Pinto Nunez et al. (2018) [24] stated that partnering needs to be measured in order to
assess program performance, determine benefits and costs, help in decision making, and
the future planning of partner programs [24]. In addition, the process assists in identifying
areas that need improvement, thereby increasing partnering processes in the future [24,26].
Tools and techniques for partnering can support the aims of all project participants, creating
a more cooperative and effective team [27,28]. However, implementing partnering can
be complex and challenging, implying that a clear understanding of effective practices
and project characteristics is necessary to ensure success [27,28]. Partnering guidance
showed a positive result, including cost saving, qualitative optimization, and increased
communication and trust between clients and contractors [29]. Challenges often arise from
defining partnering as a coherent and universal strategy and from changes in attitudes
and behavior [22,30]. Therefore, effective partnering implementation requires considering
factors that strengthen certain work, appropriate tools and techniques, as well as a strong
commitment from top management [31].

Hosseini et al. (2016) [29] showed that one obstacle to implementing partnering in
the construction industry is a lack of understanding of effective practices. The successful
implementation of partnering requires understanding the practices and characteristics of
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the project [13,24,30]. Furthermore, measuring partnering performance includes continu-
ous evaluation throughout the project, which includes assessing specific targets, correct
milestones, and available resources [31]. This measurement helps project managers to track
when the project is progressing as intended or otherwise [31]. Therefore, evaluating the
depth of partnering requires tools and techniques to measure every indicator at each stage
in the life cycle of the project.

1.2. Maturity Partnering Technique

Thompson (1998) [17] stated that maturity partnering can be measured, and its charac-
teristics are identifiable in project activities [20,30]. A higher level of maturity partnering in
an organization leads to several achievements which include the following [18,20]:

(1) The development of a comprehensive and joint measurement system;
(2) Collaborations in performing work from start to finish;
(3) Cultural integration in work management;
(4) Transparency in cooperation;
(5) Trust is very high, and risk sharing occurs.

Pinto [24] also signified the importance of major elements in partnering, such as
commitment, trust, respect, communication, and fairness. According to Sari (2022), [13]
achieving mature partnering and TARIF values (Trust, Accountability, Responsiveness,
Independence, and Fairness) requires good governance in an organization. Furthermore,
the process of measuring maturity partnering helps to effectively track progress and provide
early warnings in the establishment [18]. This is a system used to identify and correct
progress when necessary [18]. Detecting problems early offers decision makers more
options for resolving issues, which tends to reduce project costs and strengthen partnering
relationships among stakeholders [18]. Pinto [24] further explained that maturity partnering
is divided into four levels, each requiring metric guidance for deeper measurements.

Figure 1 shows the four stages of measuring maturity partnering in a project, which
include the no partnering level (no program), simple, defined, managed, and institution-
alized [24]. At the institutionalized partnering level, partnering has become an institu-
tionalized value. Furthermore, partnering is joined into the strategy of organization with
structured partnership documentation [24]. Partnering is validated as a long-term system
associated with business objectives, leading to improved innovation performance over
time [24]. Figure 2 shows that there is an increase in the level of maturity partnering and
desire in an organization, with respect to the level of trust, commitment, communication,
and respect [17,27].

1.3. Partnering in Project Life Cycles

Partnering is most effective when implemented according to the phases of a project life
cycle [13]. There are different objectives at every phase of a project; therefore, partnering is
present throughout. Sari (2023) [13] stated that the depth of partnering can be increased
in each project delivery system at any stage of the project life cycle. Pinto (2018) [24] also
stated that partnering deepens activities at each stage of the project. In the initiation phase,
clear objectives are crucial to improve early collaboration, achieved through strengthening
training and leadership. During project design and implementation, Asmar (2015) [9]
proved, with maturity partnering, that even at the initiation phase, before 0% project design,
stakeholders can determine the scope together, known as Integrated Project Delivery (IPD).
Therefore, partnering is essential in every project life cycle to measure and evaluate the
effectiveness of each strategy.
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1.4. Delphi Method

The Delphi method includes selecting qualified experts, creating relevant questions as
well as analyzing the answers of professionals [32,33], and selecting high-quality experts
is crucial in this method [34,35]. Typically, research using the Delphi method includes
5–20 experts [34–36], and at least two rounds are conducted to make a decision. These
experts are professionals with diverse knowledge [37], who are concerned with decision
making in the respective companies of the professionals and have at least five years
of experience.

Another important aspect in every Delphi research is ensuring that the results are based
on consensus among the participants in each round. According to Hallowell and Gambatese
(2010) [37], consensus is determined by the absolute deviation from the responses of the
experts, showing a deviation of 5% from the median. Using absolute deviation and the
median instead of standard deviation and means helps avoid biases.
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2. Materials and Methods

The methodology used in this research was a mixed method consisting of qualitative
and quantitative exploration methods, as shown in Figure 3.
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Figure 3. Steps of this research.

The research steps shown in Figure 3 consisted of the following:

Step 1: Conducting a Schematic Literature Review (SLR) to determine research gaps and
novelty, analyses related to productivity, waste, project life cycles, project delivery systems,
partnering, tools and techniques, maturity partnering, as well as project performance.
Step 2: Identifying indicators that influence the depth of partnering in each phase of the
project life cycle. In this stage, identification was conducted through literature and previous
research. Furthermore, the Delphi method was performed in 3 rounds to draw consensus
from experts who have tacit knowledge of the field.
Step 3: Conducting secondary data analyses from the monthly progress report of the project
to determine the depth of partnering in the DB project.
Step 4: Preparing KPIs for each phase in the project life cycle, accompanied by in-depth
interviews with actors in the field. Following this, an FGD was performed to finalize the
prepared KPIs.
Step 5: Applying KPIs in the project comprised generating a field report and measuring
the depth of partnering using prepared KPIs. After the application of KPIs, the finalization
process was initiated.
Step 6: Validating KPIs that have been confirmed in an expert FGD to finalize tools and
techniques for measuring the depth of partnering in DB projects.
Step 7: Preparing the research report.

The schematic from the research methodology in this exploration was delivered
through Research Questions (RQs) from the aims of this finding. There were two indicators
to be achieved in this research that are described in Table 1.
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Table 1. Research question strategy.

RQ Problem Input Process Output

RQ1

How do the indicators that are
developed in every project life cycle
phase to prepare tools and techniques
deepen partnering for both private
and government projects?

Variables from
literature review

Literature research and
validation from
experts.

Indicator mapping of
project life cycle on DB
and DBB projects.

RQ2

How does building KPIs determine
maturity partnering in every project
life cycle phase and project
performance?

Variables from
literature review and
output of RQ1.

Delphi method and
in-depth interviews.

KPIs mapping to
determine maturity
partnering.

Table 1 shows two questions that were answered in the research conducted through
the literature review and the Delphi method. To execute the Delphi method, the following
were included:

1. Nine experts who were heterogeneously competent in construction management.
The criteria for each expert were given limitations, including that the project managers
were selected with experience as a manager of at least 5 (five) years in large category
projects, namely a minimum of over IDR 100 billion. Similarly, senior designers were
also limited to a minimum of 10 years of experience.

2. The Delphi method was conducted in three rounds to reach consensus to state the
factors and variables that affect the depth of partnering in a DB project.

Below are the profiles of the experts included in the Delphi method.
Table 2 shows a list of the profiles of the participants in the Delphi method, which was

conducted in three rounds.

Table 2. Profile of participants for FGD.

Actor Resp. Position/Role

Owner 1 Chief Executive Officer
2 Chief Executive Officer

Designer 3
4

Senior Designer
Senior Designer

Contractor 5 Chief Executive Officer
6 Project Manager
7 Operational Director

Academic 8 Professor of Construction Management
9 Professor of Construction Management

3. Results
3.1. Schematic Literature Review

The schematic literature review focused on the factors and variables that influenced
the level of maturity partnering in construction projects. These factors were divided into
each phase of the project life cycle, which included initiation, design, construction work,
and completion. Crane (1999) [18] concluded that the indicators for measuring partnering
maturity consisted of five indicators.

The next step was separating the factors in Table 3 in every project life cycle phase by
combining literature reviews from other members. The schematic literature review used
for each life cycle phase of the project can be seen in Table 4.
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Table 3. The indicators in measuring maturity partnering.

Cost Schedule Safety Quality Litigation

• Cost performance
index

• Project in cash flow
plan

• Billable ratio
(engineering)

• Engineering work
hour/unit of
product

• Third-party work
sampling to
determine contractor
effectiveness

• Value engineering
savings

• Engineering as a
percentage of total
installed cost

• Duplication of effort
• Cost growth
• Overhead as a

percentage of total
installed cost

• Schedule
performance index

• Milestones met
• Immediate

notification of delays
• Preassembly of

equipment
(percentage of total)

• Timely issue of
engineering
documents and
equipment

• Availability of spare
parts/change parts

• Cycle time (product
to market)

• Time to process
change orders,
purchase orders,
requests for
information, etc.

• Lost time and
non-lost time
incidents

• Occupational Safety
and Health
Administration

• Recordable incidents
• Drug testing results
• Safety training

performed on time
• Same-day correction

of safety problems

• Conformance to
specifications

• Achievement of
operating objectives

• Percent of rework
• Plant output
• Participation in

design by
construction/manufac-
turing personnel

• Start-up
performance

• Number of
engineering changes

• Customer feedback
• Audit deviations
• Errors and

omissions
• First-pass yield

• Outstanding claims
• Number of conflicts

elevated to each
level

Table 4. Schematic literature review.

No. Affecting Factor References

Initiation

1 Cost performance index [38–40]

2 Project in cash flow plan [38–40]

3 Third-party work sampling to determine contractor effectiveness [38–40]

4 Cost growth [38–40]

5 Project value on environmental awareness and environmentally
friendly [41]

6 There was stakeholder participation since before the project started [21,42]

Design

1 Value engineering savings [43,44]

2 Engineering as a percentage of total installed cost [43,44]

3 Conformance to specifications [4,45]

4 Waste management by considering material optimization and
transportation [41,46–49]

5 Supplier/subcontractor participation in design process [13,19,21]

Construction

1 Billable ratio (engineering) [50]

2 Engineering work hour/unit of product [51]

3 Engineering as a percentage of total installed cost [10]

4 Duplication of effort [52–54]

5 Overhead as a percentage of total installed cost [55–60]

6 Schedule performance index [55–60]

7 Milestones met [55–60]

8 Immediate notification of delays [55–60]
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Table 4. Cont.

No. Affecting Factor References

Construction

9 Preassembly of equipment (percentage of total) [55–60]

10 Timely issue of engineering documents and [55–60]

11 equipment [55–60]

12 Availability of spare parts/change parts [55–60]

13 Cycle time (product to market) [55–60]

14 Time to process change orders, purchase orders, requests for
information, etc. [55–60]

15 Lost-time and non-lost-time incidents [55–60]

16 Occupational Safety and Health Administration [55–60]

17 recordable incidents [55–60]

18 Drug testing results [55–60]

19 Safety training performed on time [55–60]

20 Same-day correction of safety problems [55–60]

21 Conformance to specifications [55–60]

22 Achievement of operating objectives [55–60]

23 Percentage of rework [55–60]

24 Plant output [55–60]

25 Participation in design by construction/manufacturing personnel [55–60]

26 Start-up performance [55–60]

27 Number of engineering changes [55–60]

Closing

1 Customer feedback [18]

2 Audit deviations [18]

3 Errors and omissions [18]

4 First-pass yield [18]

5 Outstanding claims [18]

6 Number of conflicts elevated to each level [18]

7 Time limit on building handover, maximum 5% penalty from
contract

President
decree no
54, point 93

8 Project maintenance cost [61]

9 Green SOP in managing environmentally friendly building [61]

10 Certificate of functional fitness published by local government
before handover to owner [61]

3.2. Delphi Method Round 1: Affecting Factors of Maturity Partnering

Round 1 of the Delphi method consisted of interviewing experts in order to provide
opinions on the factors influencing the quality of maturity partnering in a project. During
this phase, experts had five days to identify five influencing factors to prepare tools and
techniques for measuring the level of partnering maturity. In addition, literature review
mapping was also provided for the reference of the experts, without limiting previous
experience in the field. The results of Delphi Round 1 are shown in Table 5, consisting of
26 factors.
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Table 5. Delphi Round 1 results.

No. Factors Affecting the Development of KPIs

1 Objectives and benefits of partnering

2 Object aim/project delivery system

3 Identified type of interaction

4 Activity goals in PDCA

5 Identified performance indicators

6 Underlying requirements and values

7 There was stakeholder participation before the project started

8 Project value regarding environmental awareness and environmentally friendliness

9 Cost performance index

10 Cost growth

11 Effectiveness in partnering

12 Savings due to value

13 Successful engineering compared to the total cost used

14 Conformity to specifications

15 Waste management during design

16 Repetitive work

17 Performance index schedule

18 Time needed for extra work

19 Conformity to specifications

20 Percentage of cost overruns

21 Suitable milestone schedule

22 Openness

23 Responsibility

24 Avoided conflicts of interest

25 Effectiveness in partnering

26 Loss due to project accidents that affected KPIs in formulating the tools and
techniques in partnering projects

3.3. Delphi Method Round 2: Refining Affecting Factors

Round 2 comprised conducting FGD to discuss all the determined factors and impor-
tance. Subsequently, questions were asked to validate the importance level of each factor
by selecting “Very Important”, “Important”, and “Not Important” for each phase of the
project life cycle. The results of Delphi Round 2 are provided in Table 6.

Table 6. Delphi Round 2 results.

No. Factors Very Important Important Not Important

1 Aims and benefits of partnering 70% 30%

2 Object goals/project delivery system 60% 40%

3 Identified type of interaction 30% 70%

4 Activity goals in PDCA 40% 60%

5 Identified performance indicators 50% 50%

6 Underlying requirements and values 40% 30% 30%
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Table 6. Cont.

No. Factors Very Important Important Not Important

7 There was stakeholder participation
since before the project started 50% 40% 10%

8
Project value on environmental
awareness and environmentally
friendly

50% 50%

9 Cost performance index 20% 80%

10 Cost growth 10% 70% 20%

11 Effectiveness in partnering 60% 40%

12 Savings due to value 50% 50%

13 Successful engineering compared to
the total cost used 60% 40%

14 Conformity to specifications 40% 60%

15 Waste management during design 10% 90%

16 Repetitive work 20% 70% 10%

17 Performance index schedule 40% 80%

18 Time needed for extra work 40% 40% 20%

19 Conformity to specifications 50% 50%

20 Percentage of cost overruns 40% 60%

21 Suitable milestone schedule 60% 40%

22 Openness 40% 60%

23 Responsibility 50% 50%

24 Avoided conflicts of interest 60% 40%

25 Effectiveness in partnering 60% 40%

26 Loss due to project accident 30% 50% 20%

From Table 6, each factor had an importance level above 50%. Therefore, all 26 factors
were used to prepare tools and techniques to measure maturity partnering.

3.4. Delphi Method Round 3: Utility and Validation Affecting Factors

Utility and validation were conducted on the affecting factors identified in Delphi
Round 2. In Round 3, experts were asked to assess utility on a scale from 1 to 5, with
0.1 showing “Low Suitable” and 5 showing “High Suitable”. Furthermore, factors scoring
below the average of 2.5 were not used as KPIs in developing tools and techniques for
measuring maturity partnering. Table 7 shows the results of the utility and validation of
the influencing factors.

Table 7. Delphi Round 3 results.

No. Factors Utility 1–5 Degree

1 Aims and benefits of partnering 5

2 Object goals/project delivery system 4

3 Identified type of interaction 4

4 Activity goals in PDCA 3

5 Identified performance indicators 4

6 Underlying requirements and values 4
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Table 7. Cont.

No. Factors Utility 1–5 Degree

7 There was stakeholder participation since before the
project started 4

8 Project value on environmental awareness and
environmentally friendly 3

9 Cost performance index 3

10 Cost growth 2

11 Effectiveness in partnering 4

12 Savings due to value 3

13 Successful engineering compared to the total cost used 3

14 Conformity to specifications 3

15 Waste management during design 3

16 Repetitive work 3

17 Performance index schedule 4

18 Time needed for extra work 4

19 Conformity to specifications 4

20 Percentage of cost overruns 3

21 Suitable milestone schedule 4

22 Openness 4

23 Responsibility 4

24 Avoided conflicts of interest 5

25 Effectiveness in partnering 4

26 Loss due to project accident 2

According to Table 7, a consensus was obtained from experts that two factors were
not used, namely no. 10 and no. 26.

4. Discussion

Validation was conducted on the factors and variables affecting the preparation of
tools and techniques for maturity partnering in construction projects. The next step was
to prepare an assessment of each factor using a Pinto-based metric, categorized as non-
programmed, basic, defined, managed, and institutionalized. The scoring system ranged
from 0 to 5, with detailed explanations provided as follows (Table 8).

Through in-depth interviews conducted at six project locations with varying project
performances in DB projects, conclusions were based on the empirical field and the result
of the in-depth interview. In the data analysis of field projects, it was found that project
performance was lower when partnering levels were lower and partnering had not been im-
plemented institutionally. Furthermore, the lack of intensive cooperation between owners
and contractors as project stakeholders led to design changes during project implementa-
tion. Differences in understanding project documents led to the project lacking partnering
from the beginning.

4.1. Project Data Progress Mapping

Mapping was created on six DB project locations that were located in Indonesia. The
project value was more than IDR 100 billion, which is approximately USD 6.25 million, and
the detailed data are shown in Table 9.
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Table 8. Maturity partnering scoring [24].

Level Description

Level 0 No partnering and no practice or partnering principle in the project.

Level 1

Partnering was conducted informally. It was not visible in the strategy prepared, and there was no team appointed
as PIC for communication between stakeholders. Very limited partnering practices were used based on previous
experience. Minimal efforts in reducing risks or taking risks for short-term benefits were employed. Ad hoc
strategies were implemented by people who have partnering skills, and the process was not well controlled.

Level 2

There was a written plan for the partnership policy and strategy. There was a kick-off process and a meeting to
discuss partnering in-depth, including previous plans and the appointment of a PIC to lead the partnering program
being performed. Performance metrics were developed in partnering to achieve set project objectives, evaluating
in-depth performance achievements, and there was feedback on problems solved by partnering.

Level 3

Organization-wide standards and strategies were applied to many projects. The partnering process occurred from
the project initiation phase to establish shared aims and was managed using performance metrics. Achievement of
organizational performance was visible, and productivity followed the objectives set. There was comprehensive
documentation of meetings and coordination regarding the partnering conducted.

Level 4

Have and use strategies, documentation, and partnering were associated, integrated, as well as structured. A
validated continuous improvement system to achieve project objectives and each phase innovates to increase value.
The focus was on continuously improving performance through change management (e.g., incremental and
innovative changes).

Table 9. List of projects.

No. Title Value (USD Million) Location

1 DB “A” 12.5 DKI Jakarta

2 DB “B” 10.0 DKI Jakarta

3 DB “C” 16.5 Bukittinggi, West Sumatera

4 DB “D” 18.3 DKI Jakarta

5 DB “E” 9.0 DKI Jakarta

6 DB “F” 16.5 East Kalimantan

Project data were obtained in six locations spread nationally in Indonesia. The statisti-
cal results are shown in Table 10, in line with the list in Table 9.

Table 10. Statistical scoring.

Criteria DB “A” DB “B” DB “C” DB “D” DB “E” DB “F”

MEAN 0.268% 1.217% 7.544% 5.849% 9.399% 6.537%

MEDIAN 0.534% 3.137% 5.487% 6.092% 7.98% 4.719%

%MEAN and MEDIAN 49.811% 61.207% 37.475% 3.989% 17.815% 38.525%

STD 0.9% 1.5% 2.1% 3.2% 3.8% 3.4%

Deviation of MEAN −0.7% −0.3% 5.5% 2.6% 5.6% 3.1%

The data on DB “A” and DB “B”, in the standard deviation graphics, show that the
value deviated from the mean.

Figure 4 shows that the project performance was in accordance with the mean, median,
and standard deviation. In this context, the DB “A” and DB “B” values were away from
the mean. A similar value was also reflected in the in-depth interview results, where no
partnering in a project caused poor project performance.
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4.2. Maturity Partnering Simulation

Mapping and in-depth interviews were conducted on six projects to determine the
position and scoring of each project. DB “A” had characteristics at the basic partnering
level. Typically, partnering was not visible in the strategy prepared, and there was no
team appointed as PIC for communication between stakeholders. Consequently, very
limited partnership practices were used based on previous experience. Moreover, ad hoc
strategies were implemented by people who have partnering skills, and the process was
not well controlled, and some steps were not thoroughly communicated to achieve deep
partnering. The positions of the owner and general contractor were still “competitive”,
and they supervised each other in achieving project performance. Additionally, project
performance was behind schedule according to the planned project schedule, and project
overhead had also increased. The same increment was conducted on five other projects
to determine the maturity level of partnering for each project. Based on the results of
the in-depth interviews and project data mapping, a conclusion was made from the six
simulated projects as follows:

In Figure 5, it is shown that the DB “C” and DB “E” projects had an institutionalized
level of implementation, where strategies and partnering mapping were in place from the
start of the project. Subcontractors were required to prepare offers and implement the best
value-for-money strategy in the offers. Additionally, in DB “D” and DB “F”, partnering
work occurred at a managed level, where the standardization of it had been established
but had not yet fully become a culture in the organization. Partnering was still at the basic
level, where there was still competition between the included parties in the DB “A” and
DB “B” projects.
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5. Conclusions

In conclusion, several inferences can be made from the prior discussion, which include
the following:

1. Maturity partnering in a project improved service delivery and provided better value.
This process led to better performance and faster completion times on projects. Al-
though partnering could be a strategy to achieve better project performance, projects
with deep partnering achieved better performance based on the trust placed in each
stakeholder before project implementation.

2. The depth of the partnering was measured, and its maturity increased by exam-
ining the initial point of the existing partnering. This initial step allowed for the
partnering to be expanded gradually, moving towards a deeper and more institution-
alized direction. Partnering that was implemented institutionally became part of the
organizational culture and achieved more specific organizational aims.

3. The indicators developed in measuring the depth of partnering were considered to be
influencing factors in increasing the depth of it in DB projects.

4. KPIs were arranged as scoring in measuring maturity partnering using tiered levels,
whereby project positioning on maturity partnering was measured. In addition, KPIs
were a clear measure for determining the depth of a project based on standards that
had been established together.

5. Project organizations that were aware of the maturity partnering position increased
the level of it to improve quality and strengthen the culture in the project organization.
The level of partnering depth was measured continuously to transform the partnering
into an organizational culture useful for improving construction project performance.

6. The limitation of this research was that KPIs were structured to be implemented in
Design and Build projects, but it was possible to modify developments for other
delivery projects such as Design Bid Build and Integrated Project Delivery.

Author Contributions: A.T. and E.M.S.: writing—original draft and investigation; D.M.: project
administration and supervision; M.A.W. and R.Z.T.: writing—review and editing and formal analysis;
D.M. and R.Z.T.: formal analysis and visualization; E.M.S. and H.S.: writing—review and editing
and supervision; M.A.W. and H.S.: data curation and visualization; A.T. and E.M.S.: investigation
and formal analysis. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by supported by RIIM LPDP Grant and BRIN, grant number
183/IV/KS/11/2023 and 558/UN7.D2/KS/XI/2023.

Data Availability Statement: Data are contained in this article.

Acknowledgments: The authors are grateful to colleagues for their cooperation in providing the
important data to accomplish this research.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Dixit, S.; Mandal, S.N.; Thanikal, J.V.; Saurabh, K. Evolution of studies in construction productivity: A systematic literature review

(2006–2017). Ain Shams Eng. J. 2019, 10, 555–564. [CrossRef]
2. Alwi, S.; Mohamed, S.; Hampson, K. Waste in the Indonesian Construction Projects. 2002. Available online: https://eprints.qut.

edu.au/4163/ (accessed on 3 March 2024).
3. Koskela, L.; Howell, G.; Ballard, G.; Tommelein, I. The foundations of lean construction Editorial comment. In Design and

Construction; Routledge: London, UK, 2001.
4. Chan, A.P.C.; Chan, A.P.L. Key performance indicators for measuring construction success. Benchmarking 2004, 11, 203–221.

[CrossRef]
5. Valverde-Gascueña, N.; Astor, E.N.; Fuentes-Del-Burgo, J.; Ruiz-Fernandez, J.P. Factors That Affect the Productivity of Con-

struction Projects in Small and Medium Companies: Analysis of Its Impact on Planning. 2011. Available online: https:
//www.researchgate.net/publication/267327459 (accessed on 15 April 2024).

6. Abdel-Hamid, M.; Abdelhaleem, H.M. Impact of poor labor productivity on construction project cost. Int. J. Constr. Manag. 2022,
22, 2356–2363. [CrossRef]

https://doi.org/10.1016/J.ASEJ.2018.10.010
https://eprints.qut.edu.au/4163/
https://eprints.qut.edu.au/4163/
https://doi.org/10.1108/14635770410532624
https://www.researchgate.net/publication/267327459
https://www.researchgate.net/publication/267327459
https://doi.org/10.1080/15623599.2020.1788757


Buildings 2024, 14, 1494 15 of 16

7. Pocock, B.B.J.; Member, A.; Hyun, C.T.; Member, Z.; Liu, L.Y.; Kim, M.K. Relationsidp between project interaction and performance
indicators. J. Constr. Eng. Manag. 1996, 122, 165–176. [CrossRef]

8. Xia, B.; Chen, Q.; Xu, Y.; Li, M.; Jin, X. Design-Build Contractor Selection for Public Sustainable Buildings. J. Manag. Eng. 2015, 31,
04014070. [CrossRef]

9. El Asmar, M.; Asce, M.; Hanna, A.S.; Asce, F.; Loh, W.-Y. Quantifying Performance for the Integrated Project Delivery System as
Compared to Established Delivery Systems. J. Constr. Eng. Manag. 2013, 139, 04013012. [CrossRef]

10. Katar, I.M. Enhancing the Project Delivery Quality; Lean Construction Concepts of Design-Build & Design-Bid-Build Methods.
Int. J. Manag. 2019, 10, 324–337. [CrossRef]

11. Sari, E.M.; Irawan, A.P.; Wibowo, M.A.; Siregar, J.P.; Praja, A.K.A. Project Delivery Systems: The Partnering Concept in Integrated
and Non-Integrated Construction Projects. Sustainability 2023, 15, 86. [CrossRef]

12. Sari, E.M.; Irawan, A.P.; Wibowo, M.A. Role of Technical Education in Partnering Construction Project: A Geographical Study on
Indonesia. Rev. Int. Geogr. Educ. (RIGEO) 2021, 11, 636–644. [CrossRef]

13. Sari, E.M.; Irawan, A.P.; Wibowo, M.A.; Siregar, J.P.; Tamin, R.Z.; Praja, A.K.A.; Dewi, M.P. Challenge and Awareness for
Implemented Integrated Project Delivery (IPD) in Indonesian Projects. Buildings 2023, 13, 262. [CrossRef]

14. Molenaar, K.R.; Songer, A.D.; Barash, M. Public-sector design/build evolution and performance. J. Manag. Eng. 1999, 15, 54–62.
[CrossRef]

15. Sari, E.M.; Irawan, A.P.; Wibowo, M.A.; Sinaga, O. Applying Soft Systems Methodology to Identified Factors of Partnerships
Model in Construction Project. PalArch’s J. Archaeol. Egypt/Egyptol. 2020, 17, 1429–1438.

16. Gadde, L.E.; Dubois, A. Partnering in the construction industry-Problems and opportunities. J. Purch. Supply Manag. 2010, 16,
254–263. [CrossRef]

17. Thompson’, P.J.; Sanders, S.R.; Member, A. Parlnering Continuum. J. Manag. Eng. 1998, 14, 73–78. [CrossRef]
18. Crane, T.G.; Felder, J.P.; Thompson, P.J.; Thompson, M.G.; Sanders, S.R.; Member, A. Partnering Measures. J. Manag. Eng. 1999, 15, 37–42.

[CrossRef]
19. Fath, A.; Herwindiaty, A.A.; Wibowo, D.E.; Sari, M.A.; Wu, H.; Liu, Z.; Achmad, A.; Herwindiaty, D.E.; Wibowo, M.A.; Sari,

E.M. Readiness for Implemented Sustainable Procurement in Indonesian Government Construction Readiness for Implemented
Sustainable Procurement in Indonesian Government Construction Project. Buildings 2024, 14, 1424. [CrossRef]

20. Sari, E.M.; Irawan, A.P.; Wibow, M.A.; Purwanto, S.K.; Sutawidjaya, A.H.; Dewi, M.P.; Santoso, J.T. Design bid build to integrated
project delivery: Strategic formulation to increase partnering. J. Infrastruct. Policy Dev. 2023, 8. [CrossRef]

21. Sari, E.M.; Irawan, A.P.; Wibowo, M.A.; Praja, A.K.A. Partnering Tools to Achieve Lean Construction Goals. PalArch’s J. Archaeol.
Egypt/Egyptol. 2021, 18, 6727–6739.

22. Bigwanto, A.; Widayati, N.; Wibowo, M.A.; Sari, E.M. Lean Construction: A Sustainability Operation for Government Projects.
Sustainability 2024, 16, 3386. [CrossRef]

23. Sari, E.; Irawan, A.; Wibowo, M. Design Partnering Framework to Reduce Financial Risk in Construction Projects; European Alliance
for Innovation n.o., Sep.; EAI: Gent, Belgium, 2022. [CrossRef]

24. Nunez, M.P.; Del Puerto, C.L.; Jeong, H.D. Development of a Partnering Maturity Assessment Tool for Transportation Agencies. J.
Leg. Aff. Disput. Resolut. Eng. Constr. 2018, 10, 04518021. [CrossRef]

25. Halil, F.M.; Nasir, N.M.; Shukur, A.S.; Hashim, H. A quantitative analysis study on the implementation of partnering in the
design and build construction project. In IOP Conference Series: Earth and Environmental Science; Institute of Physics Publishing:
Bristol, UK, 2018. [CrossRef]

26. Spang, K.; Riemann, S. Partnering in Infrastructure Projects in Germany. Procedia Soc. Behav. Sci. 2014, 119, 219–228. [CrossRef]
27. Malvik, T.O.; Engebø, A. Experiences with Partnering: A Case Study on the Development Phase. Procedia Comput. Sci. 2022, 196,

1044–1052. [CrossRef]
28. Bresnen, M.; Marshall, N. Partnering in construction: A critical review of issues, problems and dilemmas. Constr. Manag. Econ.

2000, 18, 229–237. [CrossRef]
29. Hosseini, A.; Wondimu, P.A.; Bellini, A.; Tune, H.; Haugseth, N.; Andersen, B.; Lædre, O. Project Partnering in Norwegian

Construction Industry. Energy Procedia 2016, 96, 241–252. [CrossRef]
30. Wøien, J.; Hosseini, A.; Klakegg, O.J.; Lædre, O.; Lohne, J. Partnering Elements’ Importance for Success in the Norwegian

Construction Industry. Energy Procedia 2016, 96, 229–240. [CrossRef]
31. Perera, B.A.K.S.; Rameezdeen, R.; Chileshe, N.; Hosseini, M.R. Enhancing the effectiveness of risk management practices in Sri

Lankan road construction projects: A Delphi approach. Int. J. Constr. Manag. 2014, 14, 1–14. [CrossRef]
32. Thangaratinam, S.; Redman, C.W. The Delphi technique. Obstet. Gynaecol. 2005, 7, 120–125. [CrossRef]
33. Chan, A.P.C.; Yung, E.H.K.; Lam, P.T.I.; Tam, C.M.; Cheung, S.O. Application of Delphi method in selection of procurement

systems for construction projects. Constr. Manag. Econ. 2001, 19, 699–718. [CrossRef]
34. Humphrey-Murto, S.; Wood, T.J.; Gonsalves, C.; Mascioli, K.; Varpio, L. The Delphi Method. Acad. Med. 2020, 95, 168. [CrossRef]
35. Xia, B.; Chan, A.P.C. Measuring complexity for building projects: A Delphi study. Eng. Constr. Archit. Manag. 2012, 19, 7–24.

[CrossRef]
36. Hallowell, M.R.; Gambatese, J.A. Qualitative Research: Application of the Delphi Method to CEM Research. J. Constr. Eng. Manag.

2010, 136, 99–107. [CrossRef]

https://doi.org/10.1061/(ASCE)0733-9364(1996)122:2(165)
https://doi.org/10.1061/(asce)me.1943-5479.0000295
https://doi.org/10.1061/(asce)co.1943-7862.0000744
https://doi.org/10.34218/IJM.10.6.2019.031
https://doi.org/10.3390/su15010086
https://doi.org/10.48047/rigeo.11.1.49
https://doi.org/10.3390/buildings13010262
https://doi.org/10.1061/(ASCE)0742-597X(1999)15:2(54)
https://doi.org/10.1016/j.pursup.2010.09.002
https://doi.org/10.1061/(ASCE)0742-597X(1998)14:5(73)
https://doi.org/10.1061/(ASCE)0742-597X(1999)15:2(37)
https://doi.org/10.3390/buildings14051424
https://doi.org/10.24294/jipd.v8i1.2242
https://doi.org/10.3390/su16083386
https://doi.org/10.4108/eai.31-3-2022.2320722
https://doi.org/10.1061/(asce)la.1943-4170.0000272
https://doi.org/10.1088/1755-1315/117/1/012033
https://doi.org/10.1016/J.SBSPRO.2014.03.026
https://doi.org/10.1016/j.procs.2021.12.108
https://doi.org/10.1080/014461900370852
https://doi.org/10.1016/J.EGYPRO.2016.09.132
https://doi.org/10.1016/j.egypro.2016.09.130
https://doi.org/10.1080/15623599.2013.875271
https://doi.org/10.1576/toag.7.2.120.27071
https://doi.org/10.1080/01446190110066128
https://doi.org/10.1097/ACM.0000000000002887
https://doi.org/10.1108/09699981211192544
https://doi.org/10.1061/ASCECO.1943-7862.0000137


Buildings 2024, 14, 1494 16 of 16

37. Zimina, D.; Ballard, G.; Pasquire, C. Target value design: Using collaboration and a lean approach to reduce construction cost.
Constr. Manag. Econ. 2012, 30, 383–398. [CrossRef]

38. Park, T.; Kang, T.; Lee, Y.; Seo, K. Project Cost Estimation of National Road in Preliminary Feasibility Stage Using BIM/GIS
Platform. In Proceedings of the Computing in Civil and Building Engineering, Orlando, FL, USA, 23–25 June 2014.

39. Kim, S.C.; Yoon, J.S.; Cheol, O.K.; Paek, J.H. Feasibility Analysis Simulation Model for Managing Construction Risk Factors. J.
Asian Archit. Build. Eng. 2005, 4, 193–200. [CrossRef]

40. Wibowo, M.A.; Handayani, N.U.; Mustikasari, A. Factors for implementing green supply chain management in the construction
industry. J. Ind. Eng. Manag. 2018, 11, 651–679. [CrossRef]

41. Safapour, E.; Asce, S.M.; Kermanshachi, S.; Asce, M.; Kamalirad, S.; Tran, D. Identifying Effective Project-Based Communication
Indicators in Primary and Secondary Stakeholders in Construction Projects. J. Leg. Aff. Disput. Resolut. Eng. Constr. 2019, 11,
04519028. [CrossRef]

42. Aboul-Ata, K. Towards Effective Earned Value Technique in Construction Management. Int. J. Civ. Eng. Technol. (IJCIET) 2019, 10,
384–394.

43. Molenaar, K.R.; Johnson, D.E. Engineering the Procurement Phase to Achieve Best Value Leadership and Management in
Engineering. 2003. Available online: http://www.colorado.edu/ (accessed on 15 April 2024).

44. Hanna, A.S.; Iskandar, K.A.; Lotfallah, W. Benchmarking project performance: A guideline for assessing vulnerability of
mechanical and electrical projects to productivity loss. Constr. Manag. Econ. 2019, 37, 101–111. [CrossRef]

45. Ajayi, S.O.; Oyedele, L.O. Waste-efficient materials procurement for construction projects: A structural equation modelling of
critical success factors. Waste Manag. 2018, 75, 60–69. [CrossRef]

46. Lauren, P. Lean Eliminating the Waste Construction. In Construction Executive; Associated Builders and Contractors (ABC):
Richmond, VA, USA, 2005; pp. 34–37.

47. Ajayi, S.O. Design, Procurement and Construction Strategies for Minimizing Waste in Construction Projects. Ph.D. Thesis,
University of the West of England, Bristol, UK, 2016.

48. Suripin, E.; Wibowo, M.A. Model of Construction Waste Management Using AMOS-SEM for Indonesian Infrastructure Projects.
MATEC Web Conf. 2017, 138, 05005. [CrossRef]

49. Okpala, D.C.; Aniekwu, A.N. Causes of High Costs of Construction in Nigeria. J. Constr. Eng. Manag. 1988, 114, 233–244.
[CrossRef]

50. Jarkas, A.M.; Bitar, C.G. Factors Affecting Construction Labor Productivity in Kuwait. J. Constr. Eng. Manag. 2012, 138, 811–820.
[CrossRef]

51. Hamzeh, F.; González, V.A.; Alarcon, L.F.; Khalife, S. Lean Construction 4.0: Exploring the Challenges of Development in the
AEC Industry. In Proceedings of the 29th Annual Conference of the International Group for Lean Construction (IGLC), Lima,
Peru, 14–17 July 2021; pp. 207–216. [CrossRef]

52. Dargham, S.A.; Hatoum, M.B.; Tohme, M.; Hamzeh, F. Implementation of integrated project delivery in Lebanon: Overcoming
the challenges. In Proceedings of the 27th Annual Conference of the International Group for Lean Construction, IGLC 2019,
Dublin, Ireland, 3–5 July 2019. [CrossRef]

53. Awada, M.A.; Lakkis, B.S.; Doughan, A.R.; Hamzeh, F.R. Influence of Lean Concepts on Safety in the Lebanese Construction
Industry. 2016. Available online: www.iglc.net (accessed on 15 April 2024).

54. de la Garza, J.M.; Leong, M.-W. Last Planner Technique: A Case Study. In Proceedings of the Construction Congress VI: Building
Together for a Better Tomorrow in an Increasingly Complex World, Orlando, FL, USA, 20–22 February 2000. [CrossRef]

55. Wandahl, S. Lean Construction with or without Lean-Challenges of Implementing Lean Construction Exploring Last Planner
System in search of excellence View project. 2014. Available online: https://www.researchgate.net/publication/276417464
(accessed on 15 April 2024).

56. Patel, A. The Last Planner System for Reliable Project Delivery. Ph.D. Thesis, University of Texas at Arlington, Arlington, TX,
USA, 2011.

57. Ballard, H.G. The Last Planner System of Production Control Acknowledgements. Ph.D. Thesis, University of Birmingham,
Birmingham, UK, 2000.

58. Vishal, P. Vishal Last Planner System-Areas of Application and Implementation Challenges. Ph.D. Thesis, Texas A&M University,
College Station, TX, USA, 2010.

59. Fernandez-Solis, J.L.; Porwal, V.; Lavy, S.; Shafaat, A.; Rybkowski, Z.K.; Son, K.; Lagoo, N. Survey of Motivations, Benefits, and
Implementation Challenges of Last Planner System Users. J Constr Eng Manag 2013, 139, 354–360. [CrossRef]

60. Kim, Y.-W.; Asce, A.M.; Ballard, G. Management Thinking in the Earned Value Method System and the Last Planner System. J.
Manag. Eng. 2010, 26, 223–228. [CrossRef]

61. Besiktepe, D.; Ozbek, M.E.; Atadero, R.A. Identification of the criteria for building maintenance decisions in facility management:
First step to developing a multi-criteria decision-making approach. Buildings 2020, 10, 166. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/01446193.2012.676658
https://doi.org/10.3130/jaabe.4.193
https://doi.org/10.3926/jiem.2637
https://doi.org/10.1061/(ASCE)
http://www.colorado.edu/
https://doi.org/10.1080/01446193.2018.1513160
https://doi.org/10.1016/j.wasman.2018.01.025
https://doi.org/10.1051/matecconf/201713805005
https://doi.org/10.1061/(ASCE)0733-9364(1988)114:2(233)
https://doi.org/10.1061/(asce)co.1943-7862.0000501
https://doi.org/10.24928/2021/0181
https://doi.org/10.24928/2019/0242
www.iglc.net
https://doi.org/10.1061/40475(278)73
https://www.researchgate.net/publication/276417464
https://doi.org/10.1061/(asce)co.1943-7862.0000606
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000026
https://doi.org/10.3390/BUILDINGS10090166


 

 

 



 

 

 

 



 


	Introduction 
	Partnering 
	Maturity Partnering Technique 
	Partnering in Project Life Cycles 
	Delphi Method 

	Materials and Methods 
	Results 
	Schematic Literature Review 
	Delphi Method Round 1: Affecting Factors of Maturity Partnering 
	Delphi Method Round 2: Refining Affecting Factors 
	Delphi Method Round 3: Utility and Validation Affecting Factors 

	Discussion 
	Project Data Progress Mapping 
	Maturity Partnering Simulation 

	Conclusions 
	References

