
 

JANUARY-APRIL 2020 DOI NUMBER: 10.19255JMPM02206 

 

JMPM Issue #22 | Vol.07 Num.04 

In search of Empirical Evidence for the Relationship 

Between Collaboration and Project Performance  

 

Haavard Haaskjold; Bjørn Andersen; Jan Alexander Langlo 

Norwegian University of Technology and Science, Norway 

 

Abstract: Existing research suggests a positive relationship between the level of collaboration 

in projects and project performance in terms of cost, time and quality.  However, empirical 

data to support this are scant and this paper responds to the calls for more empirical research 

on this specific relationship. In this paper, we conducted bivariate analysis on a dataset from 

142 Norwegian projects which reported their cost, schedule and quality performance through 

the 10-10 benchmarking tool developed by the Construction Industry Institute (CII). We 

found a strong positive relationship between collaboration and project quality performance.  

Projects with good collaboration experienced fewer errors and deviations and more often 

delivered according to requirements and client expectations than projects with poor 

collaboration.  We also propose an indicator that practitioners can apply to measure the 

collaboration quality in their projects.   
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1 Introduction  

The McKinsey Global Institute (Barbosa et al., 2017) claims that USD1.6 trillion is wasted each 

year globally due to poor productivity in the construction industry and that in most countries 

construction is lagging behind other industries when it comes to productivity. The specific 

figures are open to debate, but in general, this productivity gap is widely recognized among 

researchers (Zhang et al., 2018, Fulford and Standing, 2014).   

Among several areas to improve, it estimated that improved collaboration alone could improve 

construction productivity by 8-9% (Barbosa et al., 2017).  The term collaboration has been 

defined by the  Institute for Collaborative Working (ICW, 2017, p. 29): “Collaboration is a 

commitment between two or more parties to create value by striving to achieve shared 

competitive goals and operational benefit through a spirit of mutual trust and openness”.    

There is a general agreement that improved collaboration has a positive effect on performance 

in construction projects (Caniëls et al., 2019, Sarhan et al., 2017, Walker et al., 2017, Eriksson 
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and Westerberg, 2011). The majority of existing studies are based on surveys with limited 

empirical support and more empirical research on the relationship between collaboration and 

project performance is needed (Bond-Barnard et al., 2018, Silva and Harper, 2018, Meng and  

Gallagher, 2012). The purpose with this paper is to respond to this call for more empirical 

research as we used Dietrich et al. (2010)’s definition of collaboration quality and explored the 

relationship between collaboration quality and project performance in terms of cost, schedule 

and quality of the deliverables on a substantial dataset. We used these empirical data to test the 

proposition suggested by others, such as Eriksson and Westerberg (2011), that there is a positive 

relationship between collaboration and project performance.   

Through bivariate analysis of a dataset of 142 Norwegian construction and infrastructure 

projects that utilize the 10-10 benchmarking system developed by the Construction Industry 

Institute (CII), we address the following research questions:  

RQ: What is the relationship between collaboration quality in projects and project performance 

in terms of cost, schedule and quality?  

The research objective of this paper is to establish an indicator to measure the collaboration 

quality in projects and use this indicator to investigate the relationship between collaboration 

quality and project performance. We contribute to the body of knowledge in a field where more 

empirical studies are needed (Bond-Barnard et al., 2018, Silva and Harper, 2018, Meng and 

Gallagher, 2012).   

The structure of this paper is as follows. First, we present the theoretical background of the topic 

and present the research method. Next, we present the results and discuss their implications for 

theory and practice. This is followed by a conclusion where we summarize the paper and make 

recommendations for further research.  

2 Theoretical background  

The following section provides an overview of the state-of-the-art research on the relationship 

between collaboration and project performance. We identify a research gap calling for further 

empirical research on this topic.  Finally, we discuss the theoretical foundation for building the 

collaboration quality construct that is used in this paper to analyze empirical data.   
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2.1 Relationship between collaboration and project performance  

Collaboration generally has a positive effect on project performance (Bond-Barnard et al., 2018, 

Um and Kim, 2018, Cicmil and Marshall, 2005, Turner and Müller, 2003). It should lead to 

win-win situations for all parties (Bititci et al., 2007, Yeung et al., 2007) and the value of the 

relationship between customers and suppliers in supply chains is enhanced if there is a high 

degree of collaboration (Vaaland and Håkansson, 2003).   

In Table 2-1 we present a summary of existing research that investigates the relationship between 

collaboration and project performance with regard to cost, time and quality, in other words, the 

performance measures within the traditional “iron triangle” of project efficiency constraints 

(Rezvani and Khosravi, 2018). In this table, a (+) symbol indicates where authors have found a 

correlation between collaboration and each of the three dimensions of the iron triangle, as 

opposed to a (-) symbol indicating that the authors studied this relation but found no correlation. 

A blank cell indicates that the authors did not study the relationship between collaboration and 

the specific dimension.   

Table 2-1: Existing research on the relationship between collaboration and project performance in terms 

of cost, time and quality  
Author  Unit of analysis  Data collection 

method  
Performance dimension  
Cost  

  

Schedule  Quality  

(Eriksson and Westerberg,  
2011)  

Factors affecting 

project performance  
Conceptual 

framework based on 

literature  

(+)  (+)  (+)  

(Iyer and Jha, 2005)  Cost performance 

success factors  
Survey, 112  
practitioners in India  

  

(+)      

(Chan et al., 2003)  Partnering benefits  Survey  
78 respondents in  
Hong Kong  

(+)  (+)  (+)  

(Silva and Harper, 2018)  

  

Correlation between 

team integration and 

performance 

(cost/time)  

Survey  
26 projects in the US  

(+)  (-)    

(Ibrahim et al., 2018)  

  

Difference in 

performance between  
IPD projects and non- 
IPD   

Survey, 109 projects  (+)  (+)  (+)  

(Franz et al., 2017)  Difference in 

performance between 

contract types  

Survey, 204 projects 

in the US  
(+)  (+)  (+)  

(Suprapto et al., 2016)  Difference in 

performance between 

contract types  

Survey, 119 

practitioners from 

(+)  (+)  (+)  
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various in industries 

in the Netherlands  

(Dietrich et al., 2010)  

  

Collaboration 

antecedents and 

outcomes  

Conceptual 

framework based on 

literature  

(+)  (+)  (+)  

(Cho and Ballard, 2011)  Difference in 

performance between  
IPD projects and 

nonIPD  

49 construction 

projects  
(+)  (+)    

(Asmar et al., 2013)  Difference in 

performance between  
IPD projects and 

nonIPD  

Survey, 35 US 

construction projects  
(-)  (+)  (+)  

(Hanna, 2016)  Difference in 

performance between  
Survey, 12 projects, 

42 practitioners  
(-)  (+)  (-)  

 IPD projects and 

nonIPD  
    

(Bond-Barnard et al., 2018)  Link between 

collaboration and 

project success  

Online survey, 151 

respondents from 

various industries  

(+)  (+)  (+)  

Note:     

(+) authors suggest that there is a relationship with collaboration      

(-) authors suggest that there is no relationship with collaboration      

Blank cell: the author did not discuss the relationship with collaboration     

  

Eriksson and Westerberg (2011) proposed a conceptual framework with a positive relationship 

between collaboration level and project performance in terms of cost, time, and quality. In 

addition, they proposed a positive relationship between collaboration and success in terms of 

environmental impact, work environment and innovation. Similar findings were also reported 

by Dietrich et al. (2010), who through an extensive literature review of existing research found 

a relationship between collaboration quality and project success. Iyer and Jha (2005) conducted 

a survey of Indian construction projects where they identified coordination as the most 

significant factor that influenced project cost performance.  Chan et al. (2003) conducted a 

survey of 78 practitioners working with partnering projects in Hong Kong and found that 

collaboration was positively related to all three sides of the iron triangle.  

Based on a survey of US public transportation projects, Silva and Harper (2018) investigated 

correlations between how well-integrated teams were in projects and how well these projects 

performed with regard to cost and schedule. They found that project organizations that 
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experience high levels of collaboration, in general, perform better with regard to cost 

performance, while there was no clear correlation with schedule performance. However, in their 

survey, only 26 projects had registered cost and schedule performance and the authors have 

encouraged other researchers to collect more project data and perform similar studies.  Recently 

Bond-Barnard et al. (2018) published results from a survey where they found empirical 

evidence of a positive relationship between collaboration and project management success in 

terms of cost, time and quality.  

Several studies compare how projects using different contract types perform with regard to cost, 

time and quality.  Sullivan et al. (2017) provide a summary of 30 existing studies performed by 

researchers on projects using either design-build (DB), construction manager at risk (CMR) or 

design-bid-build (DBB) delivery methods. However, none of these 30 studies included projects 

that utilize high-order collaborative arrangements. Recently, some empirical studies have been 

published with a focus on the performance of higher-order collaborative delivery methods. For 

example, Ibrahim et al. (2018) analyzed 109 projects and found that projects that utilized 

Integrated Project Delivery (IPD) arrangements, in general, outperformed the remaining 

projects that used less collaborative procurement arrangements.  Similar findings are reported 

by Asmar et al. (2013), who compared 12 IPD projects with 23 non-IPD projects in the US and 

found that there were no significant differences in cost performance between these projects but 

that there was a small difference in schedule growth. However, they found that IPD projects 

were superior in quality performance compared with the non-IPD projects. Regarding quality 

performance, Hanna (2016) came to a different conclusion and found no difference in quality 

performance between IPD and non-IPD projects. However, Hanna (2016) did find similar 

results to those of Asmar et al. (2013) regarding cost and schedule growth.    

Furthermore, Franz et al. (2017) collected data from 204 projects and found generally positive 

correlations between collaboration and project performance in terms of cost, time and quality. 

They found some differences between various delivery methods but highlighted that choosing 

a collaborative contract arrangement did not automatically lead to improved performance.  

Similar conclusions were reached by Suprapto et al. (2016), who studied project performance 

based on survey responses from 119 practitioners in the Netherlands and compared how projects 

(mainly oil and gas) used various contract types performed. Their main finding was that 

relational attitude and level of teamwork are more important than which type of contract is used.   
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2.2 Research gap  

According to von Danwitz (2018), there is a general need for project management research for 

more quantitative studies based on large datasets. The majority of empirical research on the 

relationship between collaboration and performance in construction projects is focused on 

comparing projects that use different procurement arrangements and contract types as shown in 

Table 2-1.  The prevailing view on performance measurement is that more research is needed on 

collaborative organizations (Bititci et al., 2012). Eriksson and Westerberg (2011) encourage 

researchers to collect data from a large number of projects to test their proposition that there is 

a positive relationship between collaboration and project performance.   

“The value of having this framework tested is potentially great as the project management 

literature has many indications that increased cooperation may be a good strategy for achieving 

project success, but empirical evidence delineating this in a more holistic way is lacking”  

(Eriksson and Westerberg, 2011, p. 206).  

There is a need for more empirical research to investigate the relationship between collaboration 

and project performance (Bond-Barnard et al., 2018, Silva and Harper, 2018, Meng and 

Gallagher, 2012).  

2.3 Collaboration quality  

Based on a review of existing literature, we have proposed constructs that describe the quality 

of the collaboration in projects. We will use these constructs to study the correlation between 

collaboration quality and project performance, as presented in the method section in this paper. 

These constructs are Trust, communication, teamwork, and coordination. Supporting literature 

that provides a theoretical foundation for each construct is presented in Table 2-2. In section 3 of 

this paper, we connect these four constructs to our dataset containing questionnaires collected 

from projects.   
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Table 2-2: Summary of elements describing collaboration quality  
Collaboration element  Supporting literature  
C1 - Trust  (Walker and Lloyd-Walker, 2016)  

(Chan et al., 2004)  
(von Danwitz, 2018)  
(Bond-Barnard et al., 2018)  
(Pinto et al., 2009)   
(Kadefors, 2004)  
(Haaskjold et al., 2019)  
(Nevstad et al., 2018)  
(Suprapto et al., 2015)  
(Ling et al., 2013)  
(Yeung et al., 2007)  
(Dietrich et al., 2010)  

C2 - Communication  (Walker and Lloyd-Walker, 2016)  
(Dietrich et al., 2010)  
(Chan et al., 2004)  
(Badi and Pryke, 2015)  
(Aliakbarlou et al., 2018)  
(Simatupang and Sridharan, 2005)  
(Nevstad et al., 2018)  
(Suprapto et al., 2015)  
(Yap et al., 2017)  
(Hoegl and Gemuenden, 2001)  
(Yeung et al., 2007)  

C3 – Teamwork  (Aliakbarlou et al., 2018)  
(Caniëls et al., 2019)  
(Suprapto et al., 2016)  
(Walker and Lloyd-Walker, 2016)  
(Hoegl and Gemuenden, 2001)  
(von Danwitz, 2018)  
(Ling et al., 2013)  

C4 – Coordination  (Walker and Lloyd-Walker, 2016)  
(Dietrich et al., 2010)  
(Chan et al., 2004)  
(von Danwitz, 2018)  
(Hoegl and Gemuenden, 2001)  
(Ling et al., 2013)  
(Dietrich et al., 2010)  

  

Several authors such as (Bond-Barnard et al., 2018, Pinto et al., 2009, Kadefors, 2004) have 

found a positive relationship between trust and collaboration in projects. Trust is defined by  

(Rousseau et al., 1998, p. 395) as follows: “Trust is a psychological state comprising the 

intention to accept vulnerability based upon positive expectations of the intentions or behavior 

of another”. Furthermore, trust can have different forms. Calculative trust follows rational 

choices (Rousseau et al., 1998) and can be tangible in terms of for example certificates 

(Kadefors, 2004). Relational trust is less tangible and develops over time based on previous 
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behavior (Rousseau et al., 1998) while institutional trust describes how necessary circumstances 

for trust are created through for example legal systems (Rousseau et al., 1998).   

An openness that encourages the sharing of both bad and good news is positively associated 

with trust (Suprapto et al., 2015, McAllister, 1995).   Having effective mechanisms to resolve 

issues is one of several factors that contributes to trust (Manu et al., 2015). Other elements of 

trust include role clarity (Henderson et al., 2016, Buvik and Rolfsen, 2015) and empowering 

team members and contractors with sufficient authority (Schoorman et al., 2007).   

Effective communication plays an important role in the collaborative relationship between 

clients and contractors (Aliakbarlou et al., 2018).  It is important that all parties communicate 

and understand the project’s objectives and goals (Yeung et al., 2007). Poor communication can 

lead to misunderstandings and conflicts (Lædre, 2009, Young, 2006).  The quality of 

communication is often best when there is a balance between formal and informal 

communication (Turner and Müller, 2004). Geographical co-location often leads to better 

communication and higher collaboration levels among the parties (Walker and Lloyd-Walker, 

2015). Another example is how the use of shared workspaces facilitates better communication 

between different professions on construction sites (Christensen, 2008).  

Teamwork quality influences how well teams collaborate (Hoegl and Gemuenden, 2001). 

Parties that achieve a high order of collaboration often demonstrate strong elements of a no-

blame culture, consensus when making decisions and a culture where the team members act for 

the best of the project instead of pursuing personal gains (Walker and Lloyd-Walker, 2015).   

Having team members with the right experience (Park and Lee, 2014, Patel et al., 2012) who 

are motivated by good leadership (Caniëls et al., 2019) contributes to a high-performing 

collaborative climate.   

Coordination describes to what extent the parties have a common understanding of the goals 

and what activities need to be taken to achieve these (Dietrich et al., 2010). In order to 

collaborate, the parties must manage the interfaces between stakeholders effectively and ensure 

that resources are allocated where they are needed most (Chan et al., 2004). Having effective 

work processes to manage and coordinate activities and changes also contributes to improved 

collaboration (Simatupang and Sridharan, 2005).   

Through a literature review, we have identified the need for more empirical research on the 

relationship between collaboration and project performance. Furthermore, we have presented 
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the theoretical foundation for construct elements that describe collaboration quality. In the 

following section, we present the research method used as we analyzed a set of data from 

construction and infrastructure projects in Norway.   

3 Data and methodology  

Through deduction, we build constructs based on existing theory, analyze empirical data, and 

compare findings with previous research. The dataset contains quantitative empirical data 

collected from 142 Norwegian construction and infrastructure projects that utilize the 10-10 

benchmarking tool. We conducted a bivariate analysis to explore relationships between 

collaboration quality and project performance.  Typically we use bivariate analysis when we 

search for evidence that variation in one variable correlates with the variation in another variable 

(Bryman, 2016).  

3.1 10-10 Benchmarking program of Norwegian construction projects  

As a response to the negative trend in productivity in the Norwegian construction industry 

(Todsen, 2018) the Norwegian Building Authority (DiBK) initiated a study to identify 

measurement tools that industry actors could use to measure and benchmark their performance.   

The outcome of this study was a recommendation to implement the CII 10-10 benchmarking 

program in Norway (Langlo et al., 2017). The 10-10 Program was originally developed by the 

US-based Construction Industry Institute (CII) and is designed to evaluate project performance 

in the construction industry (Yun et al., 2016). Data from each project are recorded and 

companies receive benchmarking scores on their performance compared with other projects in 

the database.  The categories for rating are based on CII’s 30 years of research on best industry 

practice for 10 input factors and 10 outcomes, hence the name 10-10.   

In Norway, several major construction owners and contractors have implemented the 10-10 

Program in their project organizations and today data from 142 projects from 26 different 

companies have been registered in a common database for Norwegian projects. Companies 

participating in the 10-10 Program receive feedback on how they perform compared to a 

selection of comparable projects and use this as a tool for continuous improvement. Based on 

these measures, project organizations can evaluate how they are performing in order to adjust 

and improve their performance (Choong, 2014). In addition to providing a benchmarking tool 

for companies, one intention in establishing the 10-10 Program in Norway was to establish a 
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database with a large volume of reliable project data that can be used for academic project 

management research (Langlo et al., 2017).     

3.2 Suitability of 10-10 dataset to investigate research questions  

The projects in the database can be grouped into three main characteristics which are: Road 

construction projects, power grid development projects, and building projects. The building 

projects typically include hospitals, schools, apartment buildings and other large buildings.  

With regards to the procurement method used for the 142 projects recorded in the database, the 

distribution was as follows: 50 of the projects used the design-bid-build method, 76 projects 

used design-build, 14 used parallel primes while 2 used Integrated Project Delivery models.   

The authors have access to all data in the 10-10 database for Norwegian projects. Since 142 

projects are registered in the database today and the fact that each of these contains in average 

79 data points registered by project participants (in total 1,629 people), we consider this a 

substantial dataset. All these data are extracted from the CII 10-10 system and have 

subsequently been entered into the IBM SPSS software by the authors.   

The dataset for each project consists of two main sections. The first section contains descriptive 

information which includes specific scope, cost, and schedule data for the project. Both planned 

and actual values are registered. The second section contains data collected through a 

questionnaire developed by CII based on their research on industry best practices (Yun et al., 

2016). The full set of questionnaires can be downloaded from the 10-10 Program website 

(http://www.10-10program.org).  Certified 10-10 benchmarking coordinators facilitate the data 

collection process in the companies to ensure the reliability of the data. These coordinators also 

provide guidance to respondents who have questions related to the interpretation of the 

questions. Numbers and values such as cost data, schedule data, etc., are entered into the 

database by the coordinator based on input from the project manager and/or project control 

personnel.  

Furthermore, when a company’s 10-10 coordinator submits the data to the database, the data is 

validated by CII in the United States as a final check of the dataset.     

Respondents are chosen by the project manager and the company’s certified 10-10 coordinator 

to ensure that relevant fields of expertise are covered. On average, each project in the dataset 

has 11.5 respondents filling in the questionnaire (total 1,629 respondents).   

http://www.10-10program.org/
http://www.10-10program.org/
http://www.10-10program.org/
http://www.10-10program.org/
http://www.10-10program.org/
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A schematic presentation of our research design is shown in Figure 3-1. The left side of the figure 

illustrates how we built a common construct for collaboration quality and this is further 

described in chapter 3.3 of this paper. The right side of Figure 3-1 shows how we measure project 

performance in terms of cost growth, schedule growth and quality of deliverables, something 

that is further described in section 3.4.  

 

   

3.3 Collaboration quality construct  

Construct concepts must be soundly founded on theory and we must apply statistical tools to 

test that they are reliable and measure the same concept (Bryman, 2016). In this section, we 

provide the theoretical foundation for our constructs before we calculate the Cronbach’s alpha 

to check the internal reliability of the constructs.  In Table 2-2, we presented a summary of 

elements that describe collaboration quality in projects. This summary was based on a literature 

review of existing research.  Next, we searched the questions in the 10-10 dataset for questions 

that describe any of these elements and sorted these into the constructs. A complete list of which 

questions are associated with each question from the questionnaire is presented in Table 3-1 

together with supporting literature providing the theoretical foundation for allocating the 

  

Figure  3 - 1 :   Research design schematic   
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questions to the construct to ensure validity.  All the questions in this table utilize the same 

Likert scale with five increments ranging from strongly disagree (1) to strongly agree (5).   

 

Table 3-1: Building constructs for collaboration quality based on questions in the 10-10 questionnaire    

Question from 10-10 questionnaire  Supporting literature  

C1: Trust  

  

  

C11-Project leaders were open to hearing "bad news", and they wanted 

input from project team members  
(Suprapto et al., 2015)  
(McAllister, 1995)  
(Chan et al., 2004)  
(Hoegl and Gemuenden, 2001)  

C12 - When issues arose, there were effective mechanisms to ensure 

they were resolved  
(Manu et al., 2015)  
(Dietrich et al., 2010)  
(Chan et al., 2004)  
(Ling et al., 2013)  
(Kvålshaugen and Sward, 2018)  

C13-Project management team members were clear about their roles 

and how to work with others on the project  
(Kalkman and de Waard, 2017)  
(Buvik and Rolfsen, 2015)  
(Dietrich et al., 2010)  
(Chan et al., 2004)  

C14 - A high degree of trust, respect and transparency existed among 

companies working on this project  
(Pinto et al., 2009)  
(Kadefors, 2004)  
(Walker and Lloyd-Walker, 2016)  
(Bond-Barnard et al., 2018)  
(Chan et al., 2004)  

C15 - Project team members had the authority necessary to do their 

jobs  
(Schoorman et al., 2007)  
(Park and Lee, 2014)  
(Kvålshaugen and Sward, 2018)  

C2: Communication  

  

  

C21 - The project’s objectives were appropriately communicated to the 

relevant project team members  
(Yeung et al., 2007)  
(Walker and Lloyd-Walker, 2016)  
(Walker et al., 2017)  
(Badi and Pryke, 2015)  
(Hoegl and Gemuenden, 2001)  

C22 – The project management team maintained open and effective 

communication  
(Dietrich et al., 2010)  
(Walker et al., 2017)  
(Chan et al., 2004)  

 (Hoegl and Gemuenden, 2001)  

C23 - The owner level of involvement was appropriate  (Andersson, 2016)   
(Badi and Pryke, 2015)  
(Kvålshaugen and Sward, 2018)  

C24 - Leaders effectively communicated business objectives, priorities 

and project goals  
(Yeung et al., 2007)  
(Dietrich et al., 2010)  
(Ling et al., 2013)  

C25 - Plan and progress including changes were communicated clearly 

and frequently among project stakeholders  
(Simatupang and Sridharan, 2005)  
(Walker et al., 2017)  
(Ling et al., 2013)  
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C3: Teamwork  

  

  

C31 - People on this project worked effectively as a team  (Caniëls et al., 2019)  
(Suprapto et al., 2016)  
(Ling et al., 2013)  

C32 - All of the necessary, relevant project team members were 

involved in the risk assessment process  
  

(Walker and Lloyd-Walker, 2016)  
(Walker et al., 2017)  
(Tsiga et al., 2016)  

C33 - The project team including project manager(s) had skills and 

experiences with similar projects / processes  
(Patel et al., 2012) (Park 

and Lee, 2014)  
C34 - Project leaders recognised and rewarded outstanding personnel 

and results  
(Caniëls et al., 2019)  
(Maurer, 2010)  
(Kvålshaugen and Sward, 2018)  

C4: Coordination  

  

  

C41 - The interfaces between project stakeholders were well managed   

  

(Rahi et al., 2019)  
(Pinto, 2010)  
(PMI, 2017)  
(Jaafar and Yusof, 2019)  

C42 - The project control system was effective in monitoring project 

progress in terms of cost, schedule and scope   
(Yousefi et al., 2019)  
(PMI, 2017)  
(De Koning and Vanhoucke, 2016)  

C43- A dedicated process was used to proactively manage change on 

this project   
(Simatupang and Sridharan, 2005)  
(PMI, 2017)  
(Pinto, 2010)  

C44- Resources were allocated according to project priorities   (Chan et al., 2004)  
(Patel et al., 2012)  
(PMI, 2017)  

  

Furthermore, we consolidated the constructs C1-C4 into one combined construct called  

“Collaboration quality” as shown in Table 3-2 and Figure 3-1. This collective construct describes 

the overall collaboration quality in each project.   

The more questions that measure the same attribute, the greater the reliability of the data. 

However, when we use multiple indicator measures, such as several questions from a 

questionnaire, we need to make sure that these questions measure the same thing (Bryman, 

2016). To validate that the various questions in a constructed measure the same attribute we 

must, in addition to building these on theory, check the internal reliability of the construct. A 

commonly used test is to calculate what is known as the “Cronbach’s coefficient alpha”  

(Bryman, 2016). This is a coefficient developed by Cronbach (1951) to measure the internal 

consistency of a scale containing multiple items. The higher the value of the coefficient, the 

more reliable our constructs are. An often-cited source is Murphy and Davidshofer (2005), who 

suggested that values below 0.6 are unacceptable,  0.7 is low level, 0.8-0.9 is moderate to a high 
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level, and above 0.9 is high level. Kaplan and Saccuzzo (2009) state that coefficients in the 

range between 0.7 and 0.8 are generally considered “good enough” for most research and that 

the more items included in a construct the more reliable it becomes. Bryman (2016) 

recommends 0.8 as a rule of thumb for an acceptable level. Although more than two decades 

old, it is interesting to read the work by Peterson (1994), who investigated alpha coefficients 

from 832 published studies and found that the mean value was 0.77. Furthermore, Peterson 

explored the alpha value for studies using various construct scales. For constructs based on 

more than three items and with Likert scales containing more than 4 scale items, the mean value 

was 0.78 (Peterson, 1994).  Purely presenting  Cronbach’s alpha is not enough alone to verify 

that constructs measure the same attribute (Schmitt, 1996) and we must build the constructs on 

a solid theoretical foundation to ensure validity (Bryman, 2016) as shown in Table 3-1.  

Using the IBM SPSS software, we calculated the Cronbach’s alpha coefficient for our constructs 

and report these in Table 3-2.  The Cronbach’s alpha for the four constructs C1-C4 is in the range 

between 0.79 and 0.89. We also see from Table 3-2 that the Cronbach’s alpha for the overall 

“collaboration quality” construct combining C1, C2, C3, and C4 is 0.93. We, therefore, argue 

that the questions from the questionnaire that have been associated with each construct have 

acceptable internal consistency, i.e., the various questions combined into a constructed measure 

the same attribute or concept.   

In addition to the Cronbach’s alpha being acceptable, we should investigate the factor loading 

to determines the minimum sample size needed to ensure statistical significance. A loading 

factor of 0.70 or higher means that a sample size of 60 is sufficient. For a sample size of 100, 

the factor loading should be above 0.55 (Hair et al., 2014).  We see from Table 3-2 that our lowest 

factor loading is 0.73, i.e. acceptable for our sample size.   

Furthermore, we should have composite reliability (CR) values of a minimum 0.70 (Bagozzi 

and Yi, 1988) and the values for the average variance extracted (AVE) should not be lower than 

0.50 (Bagozzi and Yi, 1988, Fornell and Larcker, 1981). Our lowest CR value is 0.87 and the 

lowest AVE value is 0.60, i.e., acceptable.   
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Table 3-2: Reliability of constructs  
Latent 

variable  
Observed  
variable (ref 

Table 3-1 )  

Factor loading  

  

Average 

variance  
extracted  
(AVE)  

Composite  
reliability 

(CR)  

Cronbach’s   

C1      0.70  0.92  0.89  

  C11  0.79        

  C12  0.85        

  C13  0.85        

  C14  0.85        

  C15  0.84        

C2      0.60  0.88  0.83  

  C21  0.77        

  C22  0.82        

  C23  0.73        

  C24  0.76        

  C25  0.81        

C3      0.63  0.87  0.80  

  C31  0.84        

  C32  0.80        

  C33  0.76        

  C34  0.77        

C4      0.62  0.87  0.79  

  C41  0.79        

  C42  0.76        

  C43  0.73        

  C44  0.86        

            

Collaboration      0.82  0.95  0.93  

  C1  0.93        

  C2  0.90        

  C3  0.93        

  C4  0.87        

  

3.4 Performance in terms of cost, schedule and quality of deliverables  

In this paper, we investigate how collaboration quality is related to project performance in terms 

of cost, time and quality.  Above, we have described how we used the questionnaire from the 

10-10 dataset to build reliable constructs measuring the collaboration quality in the projects. 

The following section describes how performance in terms of cost, time and quality is 

represented in the 10-10 dataset. Performance in terms of these dimensions is commonly known 
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as the "iron triangle" (Rezvani and Khosravi, 2018). Most researchers today agree that  iron 

triangle is too limited as a definition of project success (Müller and Jugdev, 2012). We agree, 

and broader definitions have for example been proposed by Pinto and Slevin (1988) as a 

supplement to the iron triangle to describe success. However, the dataset we investigate mainly 

contains performance metrics within the iron triangle of cost, time and quality. For this reason, 

we have chosen to narrow our study to these metrics.  

In the dataset, both the planned cost and the actual cost were recorded for each project in 

monetary value.  Based on this, a factor called cost growth is calculated. The cost growth factor 

is simply the actual cost compared with the planned cost.  From the 142 projects included in the 

dataset, the cost growth factor was calculated for 104 of these. For the remaining cases, either 

planned cost or actual cost had not been registered sufficiently.  Similarly, we can also calculate 

the scheduled growth for each project. The schedule growth factor is calculated by comparing 

the actual duration with the planned duration.  From the 142 projects included in the dataset, 

the schedule growth factor was calculated for 125 of these. For the remaining cases, either 

planned duration or actual duration had not been registered sufficiently.   

Quality is defined by PMI (2017) p. 718 as “the degree to which a set of inherent characteristics 

fulfills requirements”, while Juran and Godfrey (1999) and Oakland (2012) remind us that 

quality is also associated with meeting customers’ needs beyond purely conforming to 

specifications and requirements. The project should create value for the owner (Haddadi and 

Johansen, 2019). Based on the research of industry best practice, CII has developed a quality 

performance indicator that is measured with the 10-10 benchmarking tool. Based on the various 

data registered for each project, the quality performance indicator is calculated as a number 

ranging from 0 to100.  This indicator cover several aspects related to quality best practices such 

as Amount of changes, errors, omissions and cost of quality (PMI, 2017),  meeting functional 

and regulatory requirements (Arditi and Gunaydin, 1997), level of non-conformances and 

deviations (Yeung et al., 2013), conformity to expectations (Molenaar et al., 1999)  and client 

satisfaction (Oakland, 2012, Juran and Godfrey, 1999).   

3.5 Criticism of the method  

We have not designed the questions used in the dataset ourselves specifically to address the 

research questions of this paper, but instead reviewed an existing dataset and searched for 

relevant questions related to our research questions. With this pragmatic approach, we must be 
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careful to avoid bias and ensure that the data we use from the 10-10 dataset is relevant for our 

specific research questions and soundly founded on existing theoretical frameworks. To 

compensate for this, we have performed an extensive literature review, presented in Table 3-1, 

to ensure that we have a solid theoretical foundation when we allocate questions to each 

construct. Furthermore, we have validated the internal reliability of these constructs by 

calculating Cronbach’s alpha.   

Companies that participate in the 10-10 program are proactive and seek continuous 

improvement in their projects. Since the dataset only contains data from such projects, one can 

argue that projects with less focus on continuous improvement and benchmarking will not be 

captured in the dataset, as they may not have been using the 10-10 benchmarking tool. 

Furthermore, we know that being measured does affect behavior (Spitzer, 2007) and one can, 

therefore, argue that there is a risk that participants may focus more on specific elements that 

they know will be measured through the 10-10 program than other elements not specifically 

measured.  There is also a risk of respondent bias as many of the respondents to some extent 

are responsible or accountable for the project outcome. One can, therefore, argue that this may 

have influenced how respondents answer certain questions.   

The data are collected in projects that are executed in Norway and one can, therefore, argue that 

some caution should be taken in generalizing findings outside this context. However, the 

questions in the questionnaire were developed by CII based on their comprehensive research on 

best practices (Yun et al., 2016) and we argue that this is an element that improves the 

generalisability of the findings.   

4 Results and analysis  

In this section, we report the results of our analysis. First, we provide a summary of the mean 

value and distribution for the various variables. Following this, we show detailed results from 

the bivariate analysis and report the Pearson’s r correlations.  

4.1 Descriptive summary  

The main descriptive data from the analysis is shown in Table 4-1 and the frequency distribution 

of the data is presented in Figure 4-1.  The projects experienced mean cost growth of 14% 

compared with the planned cost. Out of a total of 104 valid cases, 63 of these reported a cost-

performance within +- 5% or better compared with the planned cost. The remaining 41 projects 
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exceed the planned cost with more than 5%, and 16 of these exceeded the planned cost with 

more than 25%.  The mean schedule growth factor was 13%. From 125 valid cases, 85 projects 

reported a schedule performance within +-5% of the planned duration or better.  The other 40 

projects exceed the planned duration with more than 5% where 23 of these exceeded the planned 

duration with more than 25%.   These values for cost growth and schedule growth are similar 

to results published in a recent study of 418 projects where Chen et al. (2016) found that that 

77% of the projects were completed on cost or below and that 68% finished on time, or ahead 

of time.  

Table 4-1: Descriptive statistics  
Variable  Scale  Mean  

value  
Std.  
deviation  

Valid 

cases  
Cost growth  (Actual cost / planned cost) - 1  0.14  0.53  104  
Schedule growth  (Actual duration / planned duration) - 1  0.13  0.51  125  
Quality of deliverables  Indicator ranging from 0-100  70.4  9.9  142  
Collaboration quality  Likert (1-5)  3.76  0.52  142  

  

  

Figure 4-1: Frequency distribution of results. Cost growth (top left), schedule growth (top right), quality of 

deliverables (bottom left) and collaboration quality (bottom right).  
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From the top left and top right diagrams in Figure 4-1 we see the distribution for cost growth and 

schedule growth. We see that from those projects that finish above cost or behind schedule, 

many of them exceed the planned value with 25% or more. The fact that so many of the projects 

are found to the right in these two diagrams, away from the mean value, explains why the 

standard deviation is high compared with the mean value for cost growth and schedule growth 

in Table 4-1.  

Moving on to the quality of deliverables, we see that on a scale from 0-100, the projects received 

a mean score of 70.4 for the measured indicator. From the bottom left diagram in Figure 4-1 we 

see that the distribution for this indicator follows a bell curve where few of the projects are to 

the far left or far right in the diagram.  A similar distribution, although slightly skewed, is also 

found for the quality of collaboration indicator (bottom right diagram). On a Likert scale from 

1 to 5, the mean score was 3.76 for this variable.   

4.2 Bivariate analysis – Pearson’s r correlation  

A summary of Pearson’s r correlations is shown in Table 4-2. The number between 0 and 1 

indicates the strength of the relationship between the variables. A value close to 0 indicates a 

weak relationship, as opposed to values closer to 1, which indicates a strong relationship 

(Bryman, 2016).  Various labeling systems exist to categorize the value of the correlation, i.e., 

the strength of the relationship. For example, Taylor (1990) argues that <0.35 indicates weak 

correlations while values between 0.36 and 0.67 have moderate strength. Higher values indicate 

strong correlations. A rule of thumb for medical research suggests the following: negligible 

(<0.30), low strength (0.30-0.50), moderate strength (0.50-0.70), high strength (0.70-0.90) and 

very high strength (>0.90) (Mukaka, 2012).   

In addition to the strength of the relationship, we need to check if the relationships we found 

are statistically significant. I.e., to what extent can we expect that our findings apply to projects 

outside our sample size of 142 projects. According to Bryman (2016), statistical significance at 

<0.05 or lower is in general considered acceptable in social research. We can then argue that 

there is a five percent (or less) chance that we have identified a relationship in our dataset that 

is not representative of a larger population.   
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Table 4-2: Pearson’s r correlations between performance and collaboration quality   
Variable / 

Variable  
  Cost growth  Schedule 

growth  
Quality of 

deliverables  
Collaboration 

quality   

Cost growth  Pearson Correlation  1        

Sig. (2-tailed)          

N  104        

Schedule 

growth  
Pearson Correlation  -.002  1      

Sig. (2-tailed)  .984        

N  102  125      

Quality of 

deliverables  
Pearson Correlation  -.147  -.086  1    

Sig. (2-tailed)  .138  .341      

N  104  125  142    

Collaboration 

quality   
Pearson Correlation  -.088  -.081  .744**  1  
Sig. (2-tailed)  .372  .367  .000    

N  104  125  142  142  

 

Furthermore, we illustrate the findings in Figure 4-2 with scatter plots in the three first quadrants 

of the figure.  Each dot in these scatter plots represents one project from the dataset. The 

horizontal axis shows the collaboration quality value for the project while the vertical axis 

indicates performance in terms of cost growth factor, schedule growth factor and quality of 

deliverables.  Scatter plots are useful to examine bivariate relationships and variables grouped 

along a straight line indicate that there is a strong linear relationship or correlation (Hair et al., 

2014).  The fourth quadrant shows a schematic summary of the correlation between 

collaboration quality and each of the three sides of the iron triangle.   
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Figure 4-2: Correlation between collaboration quality and project performance  

A common misuse of correlations is to interpret them as an explanation for cause and effect 

(Bryman, 2016). For example, our findings in Table 4-2 show a strong correlation between 

collaboration quality and the quality of the project deliverables. Although it is tempting to 

conclude that our findings show that improving collaboration will lead to improved quality of 

the deliverables, we cannot establish this cause and effect based on our findings. Our statistical 

analysis has purely identified that those projects that scored high on collaboration quality also, 

in general, scored high on the quality of their deliverables. We have to rely on existing research 

that investigates the specific cause and effect before making conclusions (Bryman, 2016).   

4.2.1 Correlation between collaboration quality and cost growth  

From Table 4-2 we see that the value of the relationship found (-.088) is low and not statistically 

significant. Hence, we did not find evidence that suggests that projects that scored high on 

collaboration quality experience less cost growth than those that scored lower on collaboration 

quality. From the top left scatter plot in  Figure 4-2 we see a few cases with very high-cost growth 
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that may be considered outliers. To investigate the effect such potential outliers have on the 

results, we did a test where we removed these potential outliers from the dataset, but we found 

that this had very little impact on the results.   

4.2.2 Correlation between collaboration quality and schedule growth  

Moving on, we see from Table 4-2 that we did not identify a relationship between collaboration 

quality and schedule growth either. The Pearson’s r factor is -0.081 and it is not statistically 

significant. Our study, therefore, finds no evidence that there is a relationship between 

collaboration quality in a project and the scheduled growth in the project.  We also have 

potential outliers related to schedule growth in the data set because a few of the cases have 

rather a high schedule growth values, as one can see in the top right scatter plot in  Figure 4-2. 

To investigate the effect such potential outliers have on the results, we did a test where we 

removed these potential outliers from the dataset, but we found that this had very little impact 

on the results.  

4.2.3 Correlation between collaboration quality and quality of deliverables  

From Table 4-2 we see that the relationship between collaboration quality and the quality of the 

deliverables is strong, with a value of 0.744. This relationship is also statistically significant at 

the 0.01 level. Projects that have received a high score for the collaboration quality construct 

have also received a high score for the quality level indicator of the project deliverables. From 

the bottom left scatter plot in Figure 4-2, we see that the variables follow a straight line. We, 

therefore, claim that we have found evidence suggesting a relationship between the quality of 

the collaboration in a project and the project performance in terms of quality.    

5 Discussions and implications  

In this section, we discuss the consequences of our findings and how they correspond with 

previous research in the field. Furthermore, we highlight contributions to the body of knowledge 

and practical implications from our research that practitioners may benefit from.  

Most of the cited research in Table 2-1 suggests that there is a relationship between collaboration 

quality in a project and the quality of the deliverables. Projects with a high level of collaboration 

are expected to experience fewer errors and deviations, more often meet requirements and more 

often have satisfied clients than projects with poor collaboration. Our research shows similar 

results as we find a clear correlation between collaboration quality in projects and how well 

these projects deliver in terms of the quality of the deliverables.   
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Consequently, our findings contribute to further validate existing research, as we have provided 

more empirical support in a field where several authors have highlighted the need for more 

empirical studies (Bond-Barnard et al., 2018, Silva and Harper, 2018, Meng and Gallagher, 

2012). Our findings are similar to those of Eriksson and Westerberg (2011) and Bond-Barnard 

et al. (2018) who found a correlation between collaboration and quality performance.  

Participants in construction projects where there is a high level of trust are more likely to 

actively search for improvements and innovative solutions than in projects with less trust 

(Kadefors, 2004). Similarly, good communication and teamwork is important to ensure that all 

parties understand the goals for the projects and avoid misunderstandings (Li et al., 2015).  If 

specifications and expectations are not clearly communicated, an opportunistic contractor may 

choose to reduce quality to increase profit or recoup costs for under-pricing (Liu et al., 2016).  

The best results are in general achieved when there is a balance between formal and informal 

communication (Turner and Müller, 2003). Trust, communication, teamwork and coordination 

are all important elements for collaboration (Haaskjold et al., 2019, Dietrich et al., 2010) and 

we found that projects that do well in these areas, in general, perform better in terms of quality 

of the project deliverables.    

Our findings also raise a question related to how strong the relationship is between collaboration 

quality and project performance in terms of the remaining two sides of the iron triangle. Overrun 

on cost or time can often cause critical problems for project managers (Yousefi et al., 2019). 

With the exception of (Silva and Harper, 2018, Asmar et al., 2016, Asmar et al., 2013) the 

literature in Table 2-1 suggests that projects with good collaboration in general also perform 

better in terms of both cost and schedule. Improved collaboration is one of several cures 

recommended by Zidane and Andersen (2018) as a remedy to reduce project delays.  We found 

only weak correlations between collaboration and project performance in terms of cost and 

schedule. None of these were statistically significant.  We do not argue that collaboration is bad 

for cost and schedule performance, but rather point out that for the projects we studied we found 

no clear correlations either way.  There may be several reasons for this. The first obvious reason 

that needs to be discussed is the quality of our data itself. From the distribution in Figure 4-1 we 

see that many of the projects reported a cost or schedule performance within +-5% of the 

planned value. We, therefore, excluded these from the dataset to explore how this affected the 

correlations. We found still no significant correlation with the cost growth of schedule growth 

even if we removed all projects that performed on cost and time from the dataset.  Asmar et al. 
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(2013) found similar results to us in their study. They found a correlation between collaboration 

and quality, but not with cost or schedule.    

Another possible reason for the lack of correlation between collaboration quality and 

performance in terms of cost and schedule is that there may be several independent factors that 

affect cost and schedule performance that does not necessarily correlate with collaboration. 

There are many different factors affecting project success (Fortune and White, 2006).   One 

example of a factor that may affect project cost and time performance is how well the scope of 

work was defined (Iyer and Jha, 2005). Projects may experience growth in scope as a result of 

new requirements from the client. This will lead to cost growth and schedule growth as the 

project will cost more and take longer to complete. However, the quality of the deliverables will 

not suffer if the scope work increases and the duration and budget are increased to accommodate 

the increased work scope.   

The main contribution to theory is that we have provided empirical analyses based on a high-

quality data set within a research field where there is a need for more empirical research. Hence, 

we have responded to calls for more empirical research on the relationship between 

collaboration and project performance as raised by (Bond-Barnard et al., 2018, Silva and 

Harper, 2018, Meng and Gallagher, 2012). We have tested a part of the theoretical framework 

suggested by  Eriksson and Westerberg (2011) and found evidence supporting their proposed 

relationship between collaboration quality and project success in terms of quality. The recorded 

data has been validated by CII, which has created the questionnaire based on three decades of 

research. We also claim that our study contributes to validating parts of the research by others 

such as Bond-Barnard et al. (2018) Silva and Harper (2018), Asmar et al. (2013) and Eriksson 

and Westerberg (2011). Our research makes a contribution to the body of knowledge dedicated 

to collaboration as proposed by (Busi and Bititci, 2006), as we share collaboration performance 

details from 142 projects.  

When it comes to practical implications, we propose that project managers can use the 

collaboration quality construct that we established in this paper to measure the collaboration 

quality in their project. The 18 questions from the 10-10 questionnaire that constitute the 

construct are listed in Table 3-1 and can be applied by practitioners to measure collaboration 

quality. Our findings suggest that collaboration is strongly related to the quality side of the iron 

triangle.   
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More than a decade ago, Josephson and Saukkoriipi (2005) published a report of waste in 

Swedish construction projects and found that 10% of the total construction cost for projects at 

the time was related to control and repair poor quality. Hwang et al. (2009) claimed that direct 

costs related to rework are on average 5% of the construction cost.  Large productivity benefits 

can be achieved if the quality of the project deliverables are improved through collaboration 

(Barbosa et al., 2017, Fulford and Standing, 2014).   In this paper, we have established an 

indicator for measuring collaboration quality that project managers can use to measure the 

collaboration quality in their project.  Since we also found a strong correlation between 

collaboration and the quality of the project deliverables, we propose that project managers can 

use the collaboration quality indicator as an early warning sign for the level of quality of the 

project deliverables from their project. If projects score low on the collaboration quality 

indicator in an early phase of the project, this may be a warning sign that the project may be 

heading in a direction where the deliverables may not be in accordance with specifications and 

client expectations.  Hence, the project manager can take necessary actions at this stage to 

ensure that the desired quality level is achieved upon the delivery of the project.   

6 Conclusion, limitations and recommendations for further research  

The purpose of this paper was to investigate the relationship between collaboration and project 

performance in terms of cost, time and quality. We have analyzed a set of data from 142 

Norwegian construction and infrastructure projects that utilize the 10-10 benchmarking tool 

developed by the Construction Industry Institute (CII). This is a high-quality dataset where 

certified coordinators in the participating companies collect data.  

We have investigated the following research questions:  

RQ: What is the relationship between collaboration quality in projects and project performance 

in terms of cost, schedule and quality?  

We did not find evidence for a relationship between collaboration quality in projects and cost 

performance. Projects with high collaboration quality did not experience less cost growth than 

projects with lower collaboration quality. When it came to scheduling performance, we found 

similar results. Projects with high collaboration quality did not experience less schedule growth 

than those with lower collaboration quality.  
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However, we found a strong, and statistically significant, the relationship between collaboration 

quality and project quality performance. Projects with good collaboration experienced few 

errors and deviations and more often delivered according to requirements and client 

expectations than projects with poor collaboration.   

Our main theoretical contribution is that we have provided empirical analyses of the relationship 

between collaboration and project performance based on what we consider to be a high- quality 

dataset. Hence, we contribute to increasing the number of empirical studies on a topic where 

several authors have highlighted the need for more empirical studies (BondBarnard et al., 2018, 

Silva and Harper, 2018, Meng and Gallagher, 2012). Furthermore, we have proposed an 

indicator to measure collaboration quality that can be used by project practitioners.  

Although we consider the dataset to be of high quality, it has certain limitations. The data have 

been collected from only Norwegian projects. However, the 10-10 tool that was used to collect 

data has been developed by CII based on their research on project best practices (Yun et al., 

2016). Another limitation is that one can argue that projects that use the 10-10 benchmarking 

have taken an action toward continuous improvement purely by participating in this 

benchmarking program. There is a risk that low-performing projects are less likely to take part 

and register their data with the 10-10 benchmarking tool and that such projects may, therefore, 

be less represented in the dataset than high-performing projects. We see that the performance 

data for the projects in our dataset follow a similar distribution as data published in studies from 

other countries. We, therefore, argue that our findings can be generalized, at least to a certain 

extent, outside the Norwegian context and the 10-10 benchmarking program,   

Another potential weakness is that companies that use the benchmarking tool used repeatedly 

for new projects. Participants are therefore aware of the measured metrics in the benchmarking 

tool and they may know what will be measured. This can lead to what Meyer (2002) calls  

“perverse learning”, a phenomenon where people adjust their behavior to ensure that they 

perform well on tasks that they know will be measured while other areas not measured will 

suffer.   

As the size of the dataset increases with more registered projects, it would be interesting to 

perform longitudinal research on the same dataset to explore developments of trends. For 

example, how has the relationship between collaboration quality and project performance 

developed over time?   Since we found no correlations with cost and schedule performance in 
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our dataset, it would be welcome if other researchers with access to similar datasets conducted 

similar bivariate analyses and compared those with our findings.   

As most of the studied cases in our research utilized design-build or design-bid-build as a 

delivery method it would be useful if future studies on the relationship between collaboration 

and performance included more cases that utilized more collaborative delivery methods such as 

IPD to see if the results will be different.    

  

References  

Aliakbarlou, S., Wilkinson, S. & Costello, S. B. 2018. Rethinking client value within construction 

contracting services. International Journal of Managing Projects in Business, Vol. 11(4), pp.  

1007-1025. doi:10.1108/IJMPB-07-2017-0076  

Andersson, A. 2016. Communication barriers in an interorganizational ERP-project. International 

Journal of Managing Projects in Business, Vol. 9(1), pp.  214-233.  

doi:10.1108/IJMPB-06-2015-0047  

Arditi, D. & Gunaydin, H. M. 1997. Total quality management in the construction process. 

International Journal of Project Management, Vol. 15(4), pp.  235-243.   

Asmar, M. E., Hanna, A. S. & Loh, W.-Y. 2013. Quantifying Performance for the Integrated Project 

Delivery System as Compared to Established Delivery Systems. Journal of Construction 

Engineering and Management, Vol. 139(11), pp.  04013012. doi:10.1061/(ASCE)CO.1943-

7862.0000744  

Asmar, M. E., Hanna, A. S. & Loh, W.-Y. 2016. Evaluating Integrated Project Delivery Using the 

Project Quarterback Rating. Journal of Construction Engineering and Management, Vol. 

142(1), pp.  04015046. doi:10.1061/(ASCE)CO.1943-7862.0001015  

Badi, S. M. & Pryke, S. D. 2015. Assessing the quality of collaboration towards the achievement of 

Sustainable Energy Innovation in PFI school projects. International Journal of Managing 

Projects in Business, Vol. 8(3), pp.  408-440. doi:10.1108/IJMPB09-2014-0060  

Bagozzi, R. P. & Yi, Y. 1988. On the evaluation of structural equation models. Journal of the academy 

of marketing science, Vol. 16(1), pp.  74-94.   

Barbosa, F., Woetzel, J., Mischke, J., Ribeirinho, M. J., Sridhar, M., Parsons, M., Bertram, N. & 

Brown, S. 2017. Reinventing construction through a productivity revolution. McKinsey Global 

Institute.  

Bititci, U., Garengo, P., Dörfler, V. & Nudurupati, S. 2012. Performance Measurement: Challenges 

for Tomorrow*. International Journal of Management Reviews, Vol. 14(3), pp.  305-327. 

doi:10.1111/j.1468-2370.2011.00318.x  

Bititci, U., Turner, T., Mackay, D., Kearney, D., Parung, J. & Walters, D. 2007. Managing synergy 

in collaborative enterprises. Production Planning & Control, Vol. 18(6), pp.  454-465. doi: 

10.1080/09537280701494990  

Bond-Barnard, T. J., Fletcher, L. & Steyn, H. 2018. Linking trust and collaboration in project teams 

to project management success. International Journal of Managing Projects in  

Business, Vol. 11(2), pp.  432-457. 10.1108/IJMPB-06-2017-0068  

Bryman, A. 2016. Social Research Methods, Oxford, Oxford University Press.  



 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

147 In search of Empirical Evidence… 

Busi, M. & Bititci, U. S. 2006. Collaborative performance management: present gaps and future 

research. International Journal of Productivity and Performance Management, Vol. 55(1), pp.  

7-25. doi:10.1108/17410400610635471  

Buvik, M. P. & Rolfsen, M. 2015. Prior ties and trust development in project teams – A case study from 

the construction industry. International Journal of Project Management, Vol. 33(7), pp.  1484-

1494. https://doi.org/10.1016/j.ijproman.2015.06.002  

Caniëls, M. C. J., Chiocchio, F. & Van Loon, N. P. a. A. 2019. Collaboration in project teams: The 

role of mastery and performance climates. International Journal of Project Management, Vol. 

37(1), pp.  1-13. https://doi.org/10.1016/j.ijproman.2018.09.006  

Chan, A. P. C., Chan, D. W. M., Chiang, Y. H., Tang, B. S., Chan, E. H. W. & Ho, K. S. K. 2004. 

Exploring Critical Success Factors for Partnering in Construction Projects. Journal of 

Construction Engineering and Management, Vol. 130(2), pp.  188-198. 

doi:10.1061/(ASCE)0733-9364(2004)130:2(188)  

Chan, A. P. C., Chan, D. W. M. & Ho, K. S. K. 2003. An empirical study of the benefits of construction 

partnering in Hong Kong. Construction Management and Economics, Vol.  

21(5), pp.  523-533. 10.1080/0144619032000056162  

Chen, Q., Jin, Z., Xia, B., Wu, P. & Skitmore, M. 2016. Time and Cost Performance of DesignBuild 

Projects. Journal of Construction Engineering and Management, Vol. 142(2), pp.  04015074. 

doi:10.1061/(ASCE)CO.1943-7862.0001056  

Cho, S. & Ballard, G. 2011. Last planner and integrated project delivery. Lean Construction Journal, 

Vol. 7(1), pp.  67-78.   

Choong, K. K. 2014. Has this large number of performance measurement publications contributed to 

its better understanding? A systematic review for research and applications. International 

Journal of Production Research, Vol. 52(14), pp.  41744197. 10.1080/00207543.2013.866285  

Christensen, R. M. 2008. Development Practically Speaking, Learning processes in the Danish 

Construction Industry. PhD thesis, Aalborg University.  

Cicmil, S. & Marshall, D. 2005. Insights into collaboration at the project level: complexity, social 

interaction and procurement mechanisms. Building Research & Information, Vol. 33(6), pp.  

523-535. 10.1080/09613210500288886  

Cronbach, L. J. 1951. Coefficient alpha and the internal structure of tests. psychometrika, Vol. 16(3), 

pp.  297-334.   

De Koning, P. & Vanhoucke, M. 2016. Stability of earned value management: Do project 

characteristics influence the stability moment of the cost and schedule performance index. The 

Journal of Modern Project Management, Vol. 4(1), pp.  8-25.   

Dietrich, P., Eskerod, P., Dalcher, D. & Sandhawalia, B. 2010. The dynamics of collaboration in 

multipartner projects. Project Management Journal, Vol. 41(4), pp.  59-78. 10.1002/pmj.20194  

Eriksson, P. E. & Westerberg, M. 2011. Effects of cooperative procurement procedures on 

construction project performance: A conceptual framework. International Journal of  

Project  Management,  Vol.  29(2),  pp.    197-208. 

https://doi.org/10.1016/j.ijproman.2010.01.003  

Fornell, C. & Larcker, D. F. 1981. Evaluating structural equation models with unobservable variables 

and measurement error. Journal of marketing research, Vol. 18(1), pp.  3950.   

Fortune, J. & White, D. 2006. Framing of project critical success factors by a systems model. 

International Journal of Project Management, Vol. 24(1), pp.  53-65. 

https://doi.org/10.1016/j.ijproman.2005.07.004  

https://doi.org/10.1016/j.ijproman.2015.06.002
https://doi.org/10.1016/j.ijproman.2015.06.002
https://doi.org/10.1016/j.ijproman.2018.09.006
https://doi.org/10.1016/j.ijproman.2018.09.006
https://doi.org/10.1016/j.ijproman.2010.01.003
https://doi.org/10.1016/j.ijproman.2010.01.003
https://doi.org/10.1016/j.ijproman.2005.07.004
https://doi.org/10.1016/j.ijproman.2005.07.004


 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

148 In search of Empirical Evidence… 

Franz, B., Leicht, R., Molenaar, K. & Messner, J. 2017. Impact of Team Integration and Group 

Cohesion on Project Delivery Performance. Journal of Construction Engineering and 

Management, Vol. 143(1), pp.  04016088. doi:10.1061/(ASCE)CO.1943-7862.0001219  

Fulford, R. & Standing, C. 2014. Construction industry productivity and the potential for collaborative 

practice. International Journal of Project Management, Vol. 32(2), pp.   

315-326. https://doi.org/10.1016/j.ijproman.2013.05.007  

Haaskjold, H., Andersen, B., Lædre, O. & Aarseth, W. 2019. Factors affecting transaction costs and 

collaboration in projects. International Journal of Managing Projects in Business, Vol., pp.   

Haddadi, A. & Johansen, A. 2019. Value Proposition in Different Types of Buildings- 

Characteristics and Means. The Journal of Modern Project Management, Vol. 6(3), pp.   

Hair, J., Black, W., Babin, B. & Anderson, R. 2014. Multivariate Data Analysis (new int. ed.), Essex, 

Harlow: Pearson Education.  

Hanna, A. S. 2016. Benchmark performance metrics for integrated project delivery. Journal of 

Construction Engineering and Management, Vol. 142(9), pp.  04016040-1-9. 

doi:10.1061/(ASCE)CO.1943-7862.0001151  

Henderson, L. S., Stackman, R. W. & Lindekilde, R. 2016. The centrality of communication norm 

alignment, role clarity, and trust in global project teams. International Journal of  

Project  Management,  Vol.  34(8),  pp.    1717-1730. 

https://doi.org/10.1016/j.ijproman.2016.09.012  

Hoegl, M. & Gemuenden, H. G. 2001. Teamwork quality and the success of innovative projects:  

A theoretical concept and empirical evidence. Organization Science, Vol. 12(4), pp.  435-449. 

10.1287/orsc.12.4.435.10635  

Hwang, B.-G., Thomas, S. R., Haas, C. T. & Caldas, C. H. 2009. Measuring the Impact of  

Rework on Construction Cost Performance. Journal of Construction Engineering and  

 Management,  Vol.  135(3),  pp.    187-198.  doi:10.1061/(ASCE)0733- 

9364(2009)135:3(187)  

Ibrahim, M., Hanna, A. & Kievet, D. 2018. Comparative Analysis between Project Delivery Systems 

through Quantitative Assessment of Project Performance. Construction Research Congress 

2018.  

Icw 2017. Insight into ISO 44001. London: Institute for Collaborative Working.  

Iyer, K. C. & Jha, K. N. 2005. Factors affecting cost performance: evidence from Indian construction 

projects. International Journal of Project Management, Vol. 23(4), pp.   

283-295. https://doi.org/10.1016/j.ijproman.2004.10.003  

Jaafar, K. & Yusof, S. 2019. Evaluating Stakeholder's Level of Involvement in Project Execution 

Phase. The Journal of Modern Project Management, Vol. 7(1), pp.   

Josephson, P.-E. & Saukkoriipi, L. 2005. Slöseri i byggprojekt: behov av förändrat synsätt. External 

organization.  

Juran, J. & Godfrey, A. B. 1999. Quality handbook, New York, McGraw-Hill.  

Kadefors, A. 2004. Trust in project relationships-inside the black box. International Journal of Project 

Management, Vol. 22(3), pp.  175-182. 10.1016/S0263-7863(03)00031-0  

Kalkman, J. P. & De Waard, E. J. 2017. Inter-organizational disaster management projects: Finding 

the middle way between trust and control. International Journal of Project  

Management, Vol. 35(5), pp.  889-899. https://doi.org/10.1016/j.ijproman.2016.09.013  

Kaplan, R. M. & Saccuzzo, D. P. 2009. Psychological testing: Principles, applications, and issues, 

Belmont, CA, Wadsworth, Cengage Learning.  

https://doi.org/10.1016/j.ijproman.2013.05.007
https://doi.org/10.1016/j.ijproman.2013.05.007
https://doi.org/10.1016/j.ijproman.2016.09.012
https://doi.org/10.1016/j.ijproman.2016.09.012
https://doi.org/10.1016/j.ijproman.2004.10.003
https://doi.org/10.1016/j.ijproman.2004.10.003
https://doi.org/10.1016/j.ijproman.2016.09.013
https://doi.org/10.1016/j.ijproman.2016.09.013


 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

149 In search of Empirical Evidence… 

Kvålshaugen, R. & Sward, A. R. 2018. Sluttrapport "Samhandling og prosessledelse". Oslo: 

Handelshøyskolen BI.  

Langlo, J. A., Bakken, S., Karud, O. J., Landet, R., Smidt Olsen, A., Andersen, B. & Hajikazemi, 

S. 2017. Sluttrapport - Prestasjonsmåling i norsk BAE-næring.  

Li, H., Arditi, D. & Wang, Z. 2015. Determinants of transaction costs in construction projects. Journal 

of Civil Engineering and Management, Vol. 21(5), pp.  548-558. 

10.3846/13923730.2014.897973  

Ling, F. Y. Y., Ning, Y., Ke, Y. & Kumaraswamy, M. M. 2013. Modeling relational transaction and 

relationship quality among team members in public projects in Hong Kong. Automation  in 

 Construction,  Vol.  36(pp.    16-24. https://doi.org/10.1016/j.autcon.2013.08.006  

Liu, L., Bannerman, P. L., Ding, X., Elliott, E.-J., Ewart, G. & Kong, X. 2016. The Motives for and 

Consequences of Underpricing for Construction Contractors—Evidence from Australia. The 

Journal of Modern Project Management, Vol. 3(3), pp.  36-45.   

Lædre, O. 2009. Er Det Noen Sak?, Bergen, Norway, Fagbokforlaget.  

Manu, E., Ankrah, N., Chinyio, E. & Proverbs, D. 2015. Trust influencing factors in main contractor 

and subcontractor relationships during projects. International Journal of  

Project  Management,  Vol.  33(7),  pp.    1495-1508. 

http://dx.doi.org/10.1016/j.ijproman.2015.06.006  

Maurer, I. 2010. How to build trust in inter-organizational projects: The impact of project staffing and 

project rewards on the formation of trust, knowledge acquisition and product innovation. 

International Journal of Project Management, Vol. 28(7), pp.  629637. 

10.1016/j.ijproman.2009.11.006  

Mcallister, D. J. 1995. Affect-and cognition-based trust as foundations for interpersonal cooperation in 

organizations. Academy of management journal, Vol. 38(1), pp.  24-59.   

Meng, X. & Gallagher, B. 2012. The impact of incentive mechanisms on project performance. 

International Journal of Project Management, Vol. 30(3), pp.  352-362. 

https://doi.org/10.1016/j.ijproman.2011.08.006  

Meyer, M. W. 2002. Rethinking Performance Measurement Cambridge, University Press.  

Molenaar, K. R., Songer, A. D. & Barash, M. 1999. Public-Sector Design/Build Evolution and 

Performance. Journal of Management in Engineering, Vol. 15(2), pp.  54-62.  

doi:10.1061/(ASCE)0742-597X(1999)15:2(54)  

Mukaka, M. M. 2012. A guide to appropriate use of correlation coefficient in medical research. Malawi 

Medical Journal, Vol. 24(3), pp.  69-71.   

Murphy, K. R. & Davidshofer, C. O. 2005. Psychological testing : principles and applications, Upper 

Saddle River, N.J, Pearson/Prentice Hall.  

Müller, R. & Jugdev, K. 2012. Critical success factors in projects: Pinto, Slevin, and Prescott– the 

elucidation of project success. International Journal of Managing Projects in Business, Vol. 

5(4), pp.  757-775.   

Nevstad, K., Børve, S., Karlsen, A. T. & Aarseth, W. 2018. Understanding how to succeed with 

project partnering. International Journal of Managing Projects in Business, Vol. 11(4), pp.  

1044-1065. 10.1108/IJMPB-07-2017-0085  

Oakland, J. S. 2012. Oakland on quality management, New York, Routledge.  

Park, J.-G. & Lee, J. 2014. Knowledge sharing in information systems development projects: 

Explicating the role of dependence and trust. International Journal of Project  

Management, Vol. 32(1), pp.  153-165. https://doi.org/10.1016/j.ijproman.2013.02.004  

https://doi.org/10.1016/j.autcon.2013.08.006
https://doi.org/10.1016/j.autcon.2013.08.006
http://dx.doi.org/10.1016/j.ijproman.2015.06.006
http://dx.doi.org/10.1016/j.ijproman.2015.06.006
https://doi.org/10.1016/j.ijproman.2011.08.006
https://doi.org/10.1016/j.ijproman.2011.08.006
https://doi.org/10.1016/j.ijproman.2013.02.004
https://doi.org/10.1016/j.ijproman.2013.02.004


 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

150 In search of Empirical Evidence… 

Patel, H., Pettitt, M. & Wilson, J. R. 2012. Factors of collaborative working: A framework for a 

collaboration model. Applied Ergonomics, Vol. 43(1), pp.  1-26. 

https://doi.org/10.1016/j.apergo.2011.04.009  

Peterson, R. A. 1994. A meta-analysis of Cronbach's coefficient alpha. Journal of consumer research, 

Vol. 21(2), pp.  381-391.   

Pinto, J. K. 2010. Project Management : Achieving Competitive Advantage, Boston, Pearson Prentice 

Hall.  

Pinto, J. K. & Slevin, D. P. 1988. Project success. Project management journal, Vol. 4(pp.  6772.   

Pinto, J. K., Slevin, D. P. & English, B. 2009. Trust in projects: An empirical assessment of 

owner/contractor relationships. International Journal of Project Management, Vol. 27(6), pp.  

638-648. http://dx.doi.org/10.1016/j.ijproman.2008.09.010  

Pmi 2017. A Guide to the Project Management Body of Knowledge (PMBOK® Guide), Newtown 

Square, Pennsylvania, Project Management Institute.  

Rahi, K., Bourgault, M. & Robert, B. 2019. Benchmarking Project Resilience. The Journal of Modern 

Project Management, Vol. 7(1), pp.  6-21.   

Rezvani, A. & Khosravi, P. 2018. A comprehensive assessment of project success within various large 

projects. The Journal of Modern Project Management, Vol. 6(1), pp.  115123.   

Rousseau, D. M., Sitkin, S. B., Burt, R. S. & Camerer, C. 1998. Not So Different After All: A Cross-

Discipline View Of Trust. Academy of Management Review, Vol. 23(3), pp.  393404. 

10.5465/amr.1998.926617  

Sarhan, S., Pasquire, C., Manu, E. & King, A. 2017. Contractual governance as a source of 

institutionalised waste in construction: A review, implications, and road map for future research 

directions. International Journal of Managing Projects in Business, Vol. 10(3), pp.  550-577. 

doi:10.1108/IJMPB-07-2016-0058  

Schmitt, N. 1996. Uses and abuses of coefficient alpha. Psychological Assessment, Vol. 8(4), pp.  350-

353. 10.1037/1040-3590.8.4.350  

Schoorman, F. D., Mayer, R. C. & Davis, J. H. 2007. An integrative model of organizational trust: 

Past, present, and future. Academy of Management Briarcliff Manor, NY 10510.  

Silva, A. & Harper, C. 2018. Using Project Team Integration to Predict Cost and Schedule Performance 

in Public Transportation Projects. Construction Research Congress 2018.  

Simatupang, T. M. & Sridharan, R. 2005. The collaboration index: a measure for supply chain 

collaboration. International Journal of Physical Distribution & Logistics Management, Vol. 

35(1), pp.  44-62. doi:10.1108/09600030510577421  

Spitzer, D. R. 2007. Transforming Performance Measurement, New York, AMACOM books.  

Sullivan, J., Asmar, M. E., Chalhoub, J. & Obeid, H. 2017. Two decades of performance comparisons 

for design-build, construction manager at risk, and design-bid-build: quantitative analysis of the 

state of knowledge on project cost, schedule, and quality. Journal of Construction Engineering 

and Management, Vol. 143(6), pp.  04017009.   

Suprapto, M., Bakker, H. L. M., Mooi, H. G. & Hertogh, M. J. C. M. 2016. How do contract types 

and incentives matter to project performance? International Journal of Project Management, 

Vol. 34(6), pp.  1071-1087. 10.1016/j.ijproman.2015.08.003  

Suprapto, M., Bakker, H. L. M., Mooi, H. G. & Moree, W. 2015. Sorting out the essence of owner–

contractor collaboration in capital project delivery. International Journal of  

Project  Management,  Vol.  33(3),  pp.    664-683. 

https://doi.org/10.1016/j.ijproman.2014.05.001  

Taylor, R. 1990. Interpretation of the Correlation Coefficient: A Basic Review. Journal of  

https://doi.org/10.1016/j.apergo.2011.04.009
https://doi.org/10.1016/j.apergo.2011.04.009
http://dx.doi.org/10.1016/j.ijproman.2008.09.010
http://dx.doi.org/10.1016/j.ijproman.2008.09.010
https://doi.org/10.1016/j.ijproman.2014.05.001
https://doi.org/10.1016/j.ijproman.2014.05.001


 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

151 In search of Empirical Evidence… 

Diagnostic Medical Sonography, Vol. 6(1), pp.  35-39. 10.1177/875647939000600106 Todsen, 

S. 2018. Produktivitetsfall i bygg og anlegg [Online]. Statistics Norway. Available:  

https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfalli-bygg-

og-anlegg [Accessed 20.08.2018 2018].  

Tsiga, Z. D., Emes, M. & Smith, A. 2016. Attitudes to risk management in space projects. The Journal 

of Modern Project Management, Vol. 4(1), pp.  41-51.   

Turner, J. R. & Müller, R. 2003. On the nature of the project as a temporary organization. International 

Journal of Project Management, Vol. 21(1), pp.  1-8. http://dx.doi.org/10.1016/S0263-

7863(02)00020-0  

Turner, J. R. & Müller, R. 2004. Communication and co-operation on projects between the project 

owner as principal and the project manager as agent. European Management Journal, Vol. 

22(3), pp.  327-336. https://doi.org/10.1016/j.emj.2004.04.010  

Um, K. H. & Kim, S. M. 2018. Collaboration and opportunism as mediators of the relationship 

between NPD project uncertainty and NPD project performance. International Journal of 

Project Management, Vol. 36(4), pp.  659-672. 10.1016/j.ijproman.2018.01.006  

Vaaland, T. I. & Håkansson, H. 2003. Exploring interorganizational conflict in complex projects. 

Industrial Marketing Management, Vol. 32(2), pp.  127-138. https://doi.org/10.1016/S0019-

8501(02)00227-4  

Von Danwitz, S. 2018. Managing inter-firm projects: A systematic review and directions for future 

research. International Journal of Project Management, Vol. 36(3), pp.  525-541.   

Walker, D. & Lloyd-Walker, B. M. 2015. Collaborative Project Procurement Arrangements, Newton 

Square, Pennsylvania, USA, Project Management Institute.  

Walker, D. H. T., Davis, P. R. & Stevenson, A. 2017. Coping with uncertainty and ambiguity through 

team collaboration in infrastructure projects. International Journal of Project  

Management, Vol. 35(2), pp.  180-190. https://doi.org/10.1016/j.ijproman.2016.11.001  

Walker, D. H. T. & Lloyd-Walker, B. M. 2016. Understanding the motivation and context for 

alliancing in the Australian construction industry. International Journal of Managing Projects 

in Business, Vol. 9(1), pp.  74-93. doi:10.1108/IJMPB-07-2015-0065  

Yap, J. B. H., Abdul-Rahman, H. & Chen, W. 2017. Collaborative model: Managing design changes 

with reusable project experiences through project learning and effective communication. 

International Journal of Project Management, Vol. 35(7), pp.  12531271. 

10.1016/j.ijproman.2017.04.010  

Yeung, J. F. Y., Chan, A. P. C. & Chan, D. W. M. 2007. The definition of alliancing in construction 

as a Wittgenstein family-resemblance concept. International Journal of  

Project  Management,  Vol.  25(3),  pp.    219-231. 

https://doi.org/10.1016/j.ijproman.2006.10.003  

Yeung, J. F. Y., Chan, A. P. C., Chan, D. W. M., Chiang, Y. H. & Yang, H. 2013. Developing a 

Benchmarking Model for Construction Projects in Hong Kong. Journal of Construction 

Engineering and Management, Vol. 139(6), pp.  705-716. doi:10.1061/(ASCE)CO.1943-

7862.0000622  

Young, R. R. 2006. Project Requirements, A Guide to Best Practices, Virginia, USA, Management 

Concepts.  

Yousefi, N., Sobhani, A., Naeni, L. M. & Currie, K. R. 2019. Using statistical control charts to monitor 

duration-based performance of project. The Journal of Modern Project Management, Vol. 6(3), 

pp.  88-103.   

https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
https://www.ssb.no/bygg-bolig-og-eiendom/artikler-og-publikasjoner/produktivitsfall-i-bygg-og-anlegg
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
http://dx.doi.org/10.1016/S0263-7863(02)00020-0
https://doi.org/10.1016/j.emj.2004.04.010
https://doi.org/10.1016/j.emj.2004.04.010
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/S0019-8501(02)00227-4
https://doi.org/10.1016/j.ijproman.2016.11.001
https://doi.org/10.1016/j.ijproman.2016.11.001
https://doi.org/10.1016/j.ijproman.2006.10.003
https://doi.org/10.1016/j.ijproman.2006.10.003


 

  

JAN-APR 2020 JOURNALMODERNPM.COM 

 

152 In search of Empirical Evidence… 

Yun, S., Choi, J., De Oliveira, D. P. & Mulva, S. P. 2016. Development of performance metrics for 

phase-based capital project benchmarking. International Journal of Project  

Management, Vol. 34(3), pp.  389-402. https://doi.org/10.1016/j.ijproman.2015.12.004  

Zhang, X., Azhar, S., Nadeem, A. & Khalfan, M. 2018. Using building information modelling to 

achieve Lean principles by improving efficiency of work teams. International  

Journal  of  Construction  Management,  Vol.  18(4),  pp.    293-

300. 10.1080/15623599.2017.1382083  

Zidane, Y. & Andersen, B. 2018. Causes of delay and their cures in major Norwegian projects. The 

Journal of Modern Project Management, Vol. 5(3), pp.  80-91.   

 

About Authors 

 

Haavard Haaskjold is a PhD Candidate of project management at the Norwegian 

University of Technology and Science (NTNU). The research topic for his thesis is 

reduction of project transaction costs through improved collaboration. Haaskjold is 

currently a lecturer at the continuous education Master of Science programme at 

NTNU where he teaches classes in project management. He is also a reviewer for 

several international journals. Haaskjold is a certified Project Management 

Professional (PMP) from the Project Management Institute and has 15 years of experience as a 

practitioner of project management in the international oil and gas industry. 

 

Bjørn Andersen is a professor of quality and project management at the Norwegian 

University of Technology and Science. He has authored/co-authored around 25 

books and numerous papers for international journals and conferences, in total more 

than 300 publications. Professor Andersen serves as Director of Project Norway and 

has since its inception been a member of the steering group of the Concept research 

program, which conducts trailing research of large public investments projects that 

go through the Norwegian quality assurance scheme. He has managed and been 

involved in several national and international research and implementation projects, in areas such as 

stakeholder management, lean construction, project performance, etc., as well as a number of project 

evaluations. Andersen is an Academic in the International Academy of Quality, is co-editor of the 

journal Production Planning & Control and reviewer for several other journals and conferences. 

 

Jan Alexander Langlo is an associate professor of quality and project management 

at the Norwegian University of Science and Technology. He has more than 20 years’ 

experience as senior researcher and research manager at SINTEF. He is coordinator 

for NTNUs continued education programme in project management and teaches 

several courses. Langlo har also worked in numerous research projects as both project 

manager and team member. In addition, Langlo has been a central resource for establishing and 

running the research program Project Norway for more than 20 years. Recently, he has also been 

appointed as manager of the member association Nordic 10-10, which is providing the 10-10 

performance measurement tool and the Nordic 10-10 performance improvement processes to the 

Norwegian construction industry. 

https://doi.org/10.1016/j.ijproman.2015.12.004
https://doi.org/10.1016/j.ijproman.2015.12.004

