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Abstract 
[bookmark: _Hlk514317439][bookmark: _Hlk514317440]The construction industry is lagging behind other industries in terms of efficiency and performance. Lean-oriented supply chain management initiatives have not yet led to significant improvements because of the peculiarities of the industry. In this regard, it is characterized by poor collaboration, conflicts, disputes and a lack of customer focus and end-user involvement. These peculiarities make partnering not straightforward in construction industry projects. Practitioners, researchers, and societies at large have, therefore, called for a change in attitudes, behaviors, and procedures in order to increase the chances of project’s success. First, this study carried out a systematic literature review followed by eight structured interviews to understand the most important barriers which prevent the collaboration in customer–supplier relationships in construction supply chains. Secondly, Decision Making Trial and Evaluation Laboratory (DEMATEL) analysis provided a new understanding of the barriers, by showing cause-effect associations amongst them, to promote collaboration in construction industry’s supply chain management (SCM). This new understanding can be used to orient more effective actions to improve the customer–supplier relationship in the construction supply chain. Main findings show that three of the four barriers that act as causes are industry-related barriers and the main one depends on the specific temporary configuration that characterizes a project-based industry. Among the causes, there is also an organizational barrier that highlights how a clear definition of project’s roles and responsibilities impacts on collaboration. 
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Introduction
The construction industry is lagging behind other industries in terms of efficiency and performances (Shehu et al. 2014). In several countries, the relationships within the construction industry feature poor collaboration and lack of customer involvement (Chan and Kumaraswamy 1997; Egan 1998; Erik Eriksson et al. 2009; Latham 1994). These attitudes lead to inefficiencies in outcomes such as time and cost overruns and low productivity, quality, and customer satisfaction (Eriksson and Westerberg 2011). Practitioners, researchers, and societies are paying increasing attention to these issues in order to increase project performances (Dubois and Gadde 2000; Love 2002).
The construction industry presents several features that distinguish it from other industries. The complexity and peculiarities of the construction supply chain are the starting point for understanding barriers that prevent performances’ improvement. Construction is a typical project production industry operating within an environment of considerable complexity and uncertainty (Fearne and Fowler 2006). Production at a temporary site and performed by a temporary organization (Cheng et al. 2010; Love 2002) lead to relationships focused on short-term thinking. Most of the times the actors attempt to exercise leverage through the existing contract, resulting in an environment where opportunism reigns (Cox and Thompson 1997; Kamann et al. 2006). Moreover, the uniqueness of each project in technical, financial, and socio-political terms leads to problems in the management of supply chain relationships. Besides opportunism, construction industry exhibits fragmentation of actors and processes (Xue et al. 2007). Findings from numerous studies have been critical of construction industry’s fragmented nature, arms-length relationships, lack of coordination and poor communication between participants (Love et al. 2004). Above all, the high influence of customer's requirements has a direct impact on demand and process variability, thereby increasing the complexity of the supply chain (Pesämaa et al. 2009).
Literature shows that the need of improvement in project’s performances and profits has also emerged gradually in the construction industry (Bankvall et al. 2010), suggesting that changes in managing the supply chain are needed (Agapiou et al. 1998). Construction practitioners have tried to replicate benefits obtained in other industries, however, their attempts resulted in partial effectiveness and slow implementation (Akintoye et al. 2000; Lönngren et al. 2010). SCM and related concepts (i.e. partnering, alliancing and public-private partnership) have been proposed as solutions to these issues (Ying et al. 2015), however, due to the peculiarities of the construction industry, lean-oriented SCM initiatives have not yet led to significant improvements. Indeed, existing manufacturing research in SCM cannot be directly applied to the construction environment because of the transient nature of production in construction projects (Tang et al. 2010) and also because of the adversarial relationship, which undermines network management (Dainty et al. 2001, 2007; Saad et al. 2002).
Mollaoglu et al. (2015) investigated the barriers to partnering in the United States since partnering has been recognized as the best practice implemented by the fewest (Tuchman 2011). In their study, they conducted a comprehensive literature review and a Delphi survey with partnering experts from various sectors and disciplines. However, they did not address any theoretical insights in the relational aspects of barriers that prevent partnering. Collaborative approaches and techniques to improve projects outcomes in the construction industry such as Integrated Project delivery (IPD) and Integrated Form Agreement (IFOA) have been investigated in the literature (i.e. Lostuvali et al. 2012; Melo et al. 2013) that focuses on the level of awareness and application of these approaches. Nevertheless, minor efforts have been put in presenting a comprehensive view of the variables that prevents the establishment of such collaborative approaches. Indeed, there is still mismatch in understanding of the cultural, procedural and organizational barriers that would spread the inception of collaborative approaches within the construction industry (Kent and Becerik-Gerber 2010) and, above all, a  consideration of the dynamics among them (Ey et al. 2014). As a result, there is a strong need as well as opportunity to investigate how to improve the customer–supplier relationship in the construction supply chain and to identify the barriers that prevent the achievement of such improvements, as well as their interrelations, in terms of relevance and influence.
To reach the objective, the research study carried out a systematic literature review, which was validated and deepened through structured interviews. Moreover, the research study used DEMATEL (Lin et al. 2011; Zhu et al. 2011) to investigate the importance and interrelations of barriers. The DEMATEL approach has been considered one of the best tools to deal with importance and causal relationships among evaluation criteria (Lin et al. 2009; Wu and Lee 2007). The reason for the DEMATEL choice comes from its ability to confirm interdependence among considered factors, and its ability to derive a direct graph showing the interrelationships among factors (Lin et al. 2009). The DEMATEL approach has been used successfully to identify causal relations among the research factors in several research fields, including construction management (Heravi and Charkhakan 2015; Hiete et al. 2011; Hsu et al. 2013). 
The paper is organized as follows: the systematic literature review and the main outcomes are discussed in the literature review section. The research method is presented in the methodology section and the discussion of results is presented in the discussion section. Finally, in the last section conclusions are drawn.
Systematic literature review
This research study used a systematic literature review to identify and extend the body of knowledge on the customer-supplier relationship in the construction supply chain. This is due to the fact that a systematic literature review, as stated by Okoli and Schabram, (2010), is a comprehensive and reproducible method for identifying, evaluating and synthesising  works produced by researchers, scholars and practitioners. 
The research approach in this study included a nine-step systematic literature review, divided into three stages, as proposed by Tranfield et al., (2003) and Denyer and Tranfield, (2009) and effectively applied by Mostafa et al. (2016).
[bookmark: _Toc398585694]The systematic literature review purpose (Denyer and Tranfield 2009; Tranfield et al. 2003) has been addressed in the previous section and the protocol was outlined and organized to conduct the systematic literature review steps in order to achieve the purpose of this study. The focus is placed on the customer–supplier relationship, which is considered pivotal for the improvement of performances in the construction industry. 
Planning the review and searching the literature
The search for related publications was carried out through an examination of various scholarly sources, including books, journal articles, conference proceedings and reports. The most efficient way for searching the literature is using electronic resources (Levy and Ellis 2006). The following electronic databases were considered: Emerald, Elsevier, Taylor and Francis, American Society of Civil Engineers.
The searching in the abovementioned databases was conducted using key terms to avoid unbiased research and to expel unnecessary material (Duff 1996). The research study used the following research primary keywords: “construction”, “modularization”, “productivity”, “contract”, “supplier”, “planner”, “procurement”, and “partnership”. Once articles were reviewed, other cited articles were added referring to the principle of snowballing (Choong et al. 2014). Searching for related papers was limited to papers published between 2004 and 2018 to make sure that all information was up to date. The systematic literature review started from 2004 because it is the publication year of the article “Understanding the meaning of collaboration in supply chain” by Barratt. He poses the emphasis on the need for a greater understanding of the elements that make up supply chain collaboration, and in particular how the relevant cultural, strategic and implementation elements inter-relate with each other. 
Screening
The next screening step involved removing all duplicates according to the title and author. This study determined research inclusion and exclusion criteria to ensure fidelity and comprehensiveness that are critical to the quality assessment of papers (Booth et al. 2012). Authors examined research articles by title, abstract and keywords. In this way, all the articles that met the inclusion criteria were selected.
Authors excluded articles not belonging to the following areas of research: business & economics, industrial engineering, manufacturing engineering, civil engineering, architecture, transportation, construction & building technology, and operations research, and management science.
Only well-known academic databases were searched for academic journals and papers that contained a robust and profound analysis of findings. Some of the collected articles were excluded because those were out of scope of this research study’s object. 
The research study used secondary keywords to focus on the objective of the study and so on the customer-supplier relationship. Secondary keywords are the following ones: “Planning”, “Industrialization”, “Logistics”, “Sustainability” concerning quality, operational information, technology tools, and production planning; “Cooperative Procurement”, “Financial Incentive”, “Partnering”, “Public Private Partnership”, “Social Network Analysis”, “Target Costing”, “Trust” in reference with organizational and strategic issues regarding customer-supplier relationship.
Searching the online databases resulted in 920 papers addressing the primary keywords, then, considering the secondary keywords, authors read the abstracts and reviewed the full papers, focusing on partnering in the customer-supplier relationship in the construction supply chain, that produced 136 papers.
Table 1. Number of papers identified from secondary keywords
Thematic Analysis
As a next step, the articles were coded, analyzed and sorted according to four categories: prerequisite to partnering, working for partnering, achieving excellence in partnering and barriers for partnering.  A discussion of each category is provided below.
Partnering in the construction industry
Customer–supplier relationships present several degrees of collaboration and alignment (Palacios et al. 2014), spanning from short-term and adversarial to long-term and strongly collaborative.
Research has suggested that performance, in terms of costs, time, quality, buildability, fitness-for-purpose, and a wide range of other criteria, can be improved if participants adopt more collaborative working behaviours (Sedita and Apa 2015, Javanmardi et al. 2018).
Authors use the term “partnering” synonymously with “strategic alliances”, defining partnering or strategic alliance as a long-term relation in which two or more partners share resources, knowledge, and capabilities with the objective of enhancing the competitive position of each partner (Spekman and Sawhney, 1990). Since there is not a unique definition of partnering, authors refer also to the Construction Industry Institute’s (CII) definition of partnering.
On the basis of the literature analysis, authors divided partnering activities into three categories: prerequisite to partnering, working for partnering, and achieving excellence in partnering. 
Each category is discussed in brief in the following sections.
Prerequisite to partnering
Internal-firm lean culture and trust are two main prerequisites to achieve partnering.
Firms with a lean culture present aligned internal processes and they are more willing to align with other firms. Internal alignment and collaboration are fundamental prerequisites for building alignment among different firms (Fawcett and Magnan 2002). Firms with a lean culture are able to see the value stream and set activities as a flow (Martínez-Jurado and Moyano-Fuentes 2014), breaking down departmental barriers and improving collaboration along the internal supply chain. The alignment amongst internal activities let firms to be able to look outside their enterprise to seek alliances with external partners (Stank et al. 2001).
Trust is the second fundamental prerequisite to enable collaboration and co-prosperity. It is pivotal for collaboration within a project-based industry, where each activity is temporary and it is not possible to have full knowledge of partners’ activities and choices (Venselaar et al. 2015).
Working for partnering 
Working for partnering means identifying and selecting suppliers and managing day-by-day activities (i.e. procurement cycle management, project development, delivery activities). 
In this section, authors focus on two main concepts: customer–supplier management and supplier relationship management (Barratt 2004; Gosling et al. 2010).
Customer–supplier management refers to those activities related to the selection of strategic suppliers and customers (Barratt 2004) to ensure successful collaboration. 
To develop innovative products and market them successfully, it is necessary to select key suppliers who can provide the right expertise (Safa et al. 2014). Moreover, it has been demonstrated that integration with suppliers can improve firm’s performance significantly (Flynn et al. 2010; Singh and Power 2009).  
Within customer–supplier management activities, the procurement practice is crucial because it interacts with all stages of the buying process from product design to performance evaluation. Procurement is responsible for the whole project orientation, pushing it towards competitive or cooperative governance (Eriksson 2008).
Achieving excellence in partnering
Achieving integration means performing site activities as a flow pulled by customers’ requests. Each team with its own specific capability should perform its activities in sequence.
Today, the construction industry is affected by bottlenecks and a high level of inventory due to the presence of interdependent activities (Koskela, 1999) and variability, which affect project performance (Čuš-Babič et al. 2014). For example, multi-skilled groups could mitigate problems related to customization and variability because they make it possible to overcome functional fragmentation and to cope better with every unpredictable situation (Sacks et al. 2007).
Partnering also means using concurrent engineering for design and sharing knowledge. The latter is fundamental because it enables suppliers to transfer ideas along the value chain (Corsten and Felde 2005) and best practices in order to gain cost savings, flexibility, and a better decision making. The benefits of partnering are not immediately visible but lead to strategic long-term rewards (Simatupang and Sridharan 2002).
Barriers
Partnering in the construction industry is not straightforward because of conflicts and disputes, poor collaboration, and a lack of customer focus and end-user involvement (Latham 1994; Ozorhon et al. 2014).
These factors led directly to inefficiencies in outcomes such as time and cost overruns (Love 2002; Love et al. 2013; Yildiz et al. 2012), low productivity and quality, and customer dissatisfaction (Boukamp and Akinci 2007). Practitioners, researchers, and societies at large have, therefore, called for changes in attitudes, behaviors, and procedures in order to increase the chances of project’s success and better product or service delivery (Dubois and Gadde 2000; Love et al. 2013). 
Traditional procurement procedures and contracts offer little incentive for cooperation to emerge. They are potential root causes of the opportunism and lack of cooperation that characterize construction projects (Cheung et al. 2001). 
Due to this criticism, the interest in more collaborative relationships, mostly referred to as partnering, has increased in recent years as an alternative approach to traditional procurement and project governance. A “paradigm shift” (AlSehaimi et al. 2014) and a fundamental change of behaviors and attitudes, by all actors involved, are needed to achieve partnering. Such a change can be difficult and several studies have shown barriers to partnering (Bresnen and Marshall 2000; Olatunji et al. 2017; Sparkling et al. 2017). 
Barriers identified from the review of the literature were grouped into categories (Chileshe et al. 2016) to facilitate the development of an indexing system, thus enabling the retrieval and coding of interview data (Maclaran and Catterall 2002).
Similarly to the categorization proposed by (Sparkling et al. 2017), authors organized the barriers into three categories: cultural, organizational, and industry related barriers, as shown in tables 2, in table 3 and in table 4.

Table 2. Cultural Barriers
Table 3. Organizational Barriers
Table 4. Industry Barriers
[bookmark: _Toc398585695]From the review of the literature, it was found that a holistic view that takes into account the whole set of barriers is still missing. Indeed, there is no study addressing, at the same time, all barriers and their effects on the customer–supplier relationship within the construction supply chain.
It would be very interesting and useful for practitioners to know the importance and the influence of each barrier on the customer–supplier relationship, and, in addition, the interrelationships amongst them. 
Methodology 
For the assessment of the customer–supplier relationship, the review of the literature led to the identification of some criteria that act as obstacles to establishing a profitable collaboration. Recent studies such as that of Bazeley (2013) suggested a process focusing on comparison and similarity against the theoretical foundation (Chileshe et al. 2016). Following this approach, the research study used “a priori codes” as recommended by Bazeley (2013, p. 170), using the criteria emerged from the review of the literature to demarcate codes in the interviews. In this way, authors could protect the link between the research objective and the data while collecting fresh ideas (Bazeley, 2013).
Structured interviews were conducted with eight decision makers in eight different companies, three located in Brazil and five in Italy, playing different roles in the construction supply chain, whose profile are presented in table 5. 
Table 5. Profile of interviewees.
A “purposive sampling” approach was used to identify interviewees with an adequate knowledge and experience in the construction supply chain. Purposive sampling enables researchers to meet the goals defined by the research aim in conjunction with controlling the level of variation amongst the interviewees (Bazeley, 2013). From the preliminary list of the organizations selected with experience in the construction supply chain, eight senior-level representatives from eight organizations agreed to take part in the study. All of them are experts’ representative of firms in the construction industry. The level of homogeneity amongst the interviewers ensures to reach the level of saturation as suggested by Guest et al. (2006). According to Mason (2010), the size of the sample in qualitative research becomes irrelevant due to the fact that the value of the study is based on the quality of data (Chileshe et al. 2016; Patton 2002). Moreover, the willingness of these eight interviewees to be involved in the study was one of the major reasons for recruiting them. According to Simms and Rogers (2006), implementing this approach increases the richness of data due to the commitment of the interviewees. 
The “coat hanger” to use the terminology used by Bazeley and Richards (2000) is the source of barriers that prevents collaboration in the construction supply chain. Then, the ideas were organized looking at the grouping nodes, characterized by the categories in which the barriers have been classified and, moreover, new barriers that prevent collaboration in the construction supply chain (overlooked in the literature) emerged: goal incongruence and poorly defined roles and responsibilities. 
Thus, through a detailed analysis of the pertinent literature and eight structured interviews, ten barriers to partnering in the customer supplier relationship in the construction supply chain were recognized as the most relevant and they have been used for the DEMATEL analysis. 
Table 6. Main barriers to partnering according to literature review and interviewees 

Application of the DEMATEL technique 
The ten barriers identified in this study as the most relevant for the assessment of the customer–supplier relationship have been undergone to a DEMATEL analysis in order to identify their relative importance and their interrelations. DEMATEL has been applied to solve problems concerning decisions in order to clarify the essential features of problems and help to develop countermeasures (Chen, 2012). It is recommended for situations like this, where scarce evidence is available from few case studies, as an instrument to support holistic and qualitative analysis.
The DEMATEL method illustrates the interrelationships among criteria, finds the central criterion to represent the effectiveness of factors, and avoids “overfitting” for evaluation. It works through the structuring of complicated causal relationships matrices or digraphs that portray relationships between systems components with the strengths of relationships quantitatively portrayed (Huang et al. 2012). Although other approaches, such as interpretative structural modelling (ISM) or the Analytical Hierarchy Process (AHP), may be used, the DEMATEL digraph structural evaluation technique has some advantages (Sofiyabadi et al. 2012). It allows for a broader discrimination of measures (ISM only has 0–1 levels) and multiple directional relationships (AHP has a unidirectional relationship and multiple separate matrices requiring integration). Moreover, the DEMATEL approach does not need large amounts of data and is capable of revealing the relationship among factors influencing other factors (Chang et al. 2011). DEMATEL modeling thus better fits the problem under analysis and offers the advantage of giving a holistic view on the customer-supplier relationship in the construction supply chain.
Calculation Steps of DEMATEL
Step 1: Generation of average matrix 
Suppose, in a problem that considers n criteria, that binary relations and the strength of each relation are investigated. An n×n matrix Ak from the kth expert’s questionnaire is derived. The aij(k) represents the degree of influence of criterion Ei on Ej, which then forms the influence matrix Ak. The pairwise comparison scale designates five levels with the scores of 0, 1, 2, 3, and 4 representing “no influence”, “low influence”, “moderate influence”, “high influence”, and “very high influence”, respectively. The same respondents were asked to assign the scores according to their opinions.
Suppose m is the number of experts consulted. The n×n average matrix Z is found by averaging all the experts’ scores.
Step 2: Normalized initial direct-relation matrix
On the basis of the average matrix Z, the normalized initial direct-relation matrix X can be obtained through expressions (1) and (2). 
 (1)
 (2)
Step 3: The total relation matrix (T) is determined by expression (3), where i represents an n×n identity matrix. Matrix N indicates only direct relations. A continuous decrease of the direct effects of problems along the powers of matrix X, for example, X^2, X^3, X^4, and so on, guarantees convergent solutions to the matrix inversion, similar to an absorbing Markov chain matrix (Li, C.-W., Tzeng 2009). The total relation matrix T is an n×n matrix as follows: 
   (3)
Step 4: Prominence and Relevance 
Step 4a: Determine row (Ri) and column (Dj) sums for each row I and column J from the total relation matrix (T). That is:
 (4)
(5)
The row values Ri are the overall direct and indirect effects of the barrier i on other barriers. Similarly, the column values Dj represent the overall direct and indirect effects of all barriers on barrier j. 
Step 4b: Determine the overall prominence (Pi) of barrier i and the net effect (Ei) of barrier i using expressions (6) and (7).
 (6)
 (7)
The larger the value of Pi, the greater the overall prominence (visibility/importance/influence) of barrier i in terms of its overall relationships with other barriers. If Ei>0, then barrier i is a net cause, or foundation, of other barriers. If Ei<0, then barrier i is a net effect of other barriers (Tzeng et al. 2007). 
Step 5: Set a threshold and draw the cause–effect diagram: In order to explain the structural relationship among the criteria while keeping the complexity of the system to a manageable level, it is necessary to set a threshold value to filter out negligible effects in matrix T. If the value is too low, the diagram will be too complex to show the necessary information for decision-making. If it is too high, many criteria will be presented as independent criteria, without showing the relationships with other criteria. An appropriate threshold value is necessary in order to obtain a suitable cause–effect diagram as well as adequate information for decision-making (Li, C.-W., Tzeng 2009).
In the discussion results, two different scenarios will be presented which will take into account two different thresholds set by following two different methodologies.
The threshold value can be chosen by the decision maker or through discussions with experts. Therefore, each researcher will obtain the threshold value in a different way. The threshold in the first case is set up using the Maximum Mean De-Entropy Algorithm (MMDE). This algorithm, which is based on the entropy approach, can be used to derive a set of dispatch-nodes, whose factors strongly influence others factors, and a set of receive-nodes, which are easily influenced by another factor. According to these two sets, a unique threshold value can be obtained for the impact-relations map. This algorithm differs from the traditional methods through which the threshold value is decided by searching for a suitable impact-relations map. 
The threshold in the second case is calculated by taking into account the mean and standard deviation of the values tij from the matrix T and adding one standard deviation to the mean. 
The MMDE uses the approach of entropy but also uses two other measures for the stability of information: ‘‘de-entropy” and “mean de-entropy”. MMDE is mainly used to decide whether a node is suitable for inclusion in the impact-relations map. With this method, a unique threshold value can be obtained, solving the problem of choosing the threshold value in the traditional way. 
Based on a calculated total relation matrix T, the steps of the proposed MMDE algorithm to determine a threshold value are described as follows: 
a) Transform the nxn total relation matrix T into an ordered set T {t11, t12, …, t21, t22, …, tnn} and rearrange the element order in set T from large to small, and transform it into a corresponding set of ordered triplets (tij, xi, xj) denotes T*. Every element of set T, tij, can also be considered as an ordered triplet (tij, xi, xj) as (influence value, dispatch node, receive node). 
b) Take the second element, the dispatch-node, from the ordered triplets of the set T*, and then obtain a new ordered dispatch-node set, Tdi. 
c) Take the first t elements of Tdi as a new set Tdit, assign the probability of different elements, and then calculate the Hd of the set Tdit, HTdi. Calculate the mean de-entropy using the following equation:
 (8)
d) Considering the mean de-entropy values (TtDi), choose the maximum mean de-entropy and its corresponding TtDi. This dispatch-node set, with the maximum mean de-entropy, is denoted as Tmax Di.
e) Similarly, to Steps b–d, an ordered receive-node set Tre and a maximum mean de-entropy receive-node set TmaxRe is determined. 
f) Take the first u elements in T* as the subset, Tth, which includes all the elements of TmaxDi in the dispatch-node and all elements of TmaxRe in the receive-node, the minimum influence value in Tth is the threshold value.
Results 
Step 1: Average matrix
The respondents were asked to give scores of 0, 1, 2, 3, and 4 representing “no influence”, “low influence”, “moderate influence”, “high influence”, and “very high influence”, respectively, to indicate the influence of each relationship on the criteria. By calculating the arithmetic average of respondents’ opinions, the average matrix A has been defined as follows in table 7. 

Table 7. Average Matrix A
Step 2: Normalized initial direct-relation matrix
On the basis of the average matrix A, the normalized direct-relation matrix N is obtained through expressions (1) and (2). The N matrix is shown in table 8.  

Table 8. Normalized direct-relation matrix N

Step 3: The total relation matrix T
The total relation matrix T is determined by expression (3), where I represents an n×n identity matrix. Then the sum of rows and columns has been computed to obtain D and R values as presented in table 10. 

Table 9. Total relation matrix T
Step 4: Prominence and net effect
Prominence and net effect: to calculate (D + R), the D value and R value are taken from table 10, and Pi and Ei were calculated and presented in table 10 according to formulas (6) and (7). 
The larger the value of Pi = (D + R), the greater the overall prominence or importance of barrier i in terms of overall relationships with other barriers. If the net effect Ei > 0 (with Ei = D – R), then barrier i is a net cause or foundation of other barriers (those values are highlighted in bold). If Ei < 0, then barrier i is a net effect of other barriers (Tzeng et al. 2007). 
Table 10. Prominence and net effect 
Step 5
The threshold value obtained by using MMDE is 0.55. Values, equal to or higher than the threshold value, are presented in bold in the total matrix T, table 9. For example, the value obtained from the seventh row and the second column is 0.55, which means that B7 will affect B2.
In order to get a broader analysis of influences, authors calculated the threshold value 0.47 using the threshold computed by adding one standard deviation to the mean of the values. Values equal to or higher than the threshold value and lower than MMDE threshold are underlined in the total matrix T, table 9.
Finally, the prominence and causal relationship graph in figure 1 is drawn by plotting the coordinate values of each barrier on a scatter plot with a horizontal axis (D + R) and a vertical axis (D – R). In the prominence and causal relationship graph, the lines with arrows indicate the direction of the relationship between criteria that have a matrix values higher than the threshold value. Arrows that represent the relationship determined by the MMDE threshold (0.55) are the stronger ones, so they are represented by thicker arrows in figure 1.

Fig.1. Prominence and causal relationship graph  
Discussion
The prominence and causal relationship graph (Figure 1) gathers in a combined view several types of information that can be analysed from different perspectives. The X-axis shows prominence, which means that further to the right, the barrier is perceived as more prominent or relevant. On the Y-axis, values above zero indicate net causes while negative values indicate net effects.
The thicker arrows are the result of a threshold value calculated using MMDE and show the stronger cause–effect relationships. Regular arrows were used for relationships obtained with the threshold of mean + standard deviation. They show more relations, complementing the analysis. Dotted arrows represent the relationships that are above the threshold of mean + standard deviation but are caused by barriers that are not net causes (i.e. their net effect values are below zero, as presented in table 10).
Starting from the bottom, six barriers are net effects as results of the DEMATEL’s prominence and causal relationship graph. Amongst those, B8 (abuse of power), and B6 (lack of holistic view in establishing relationship – focus on dyadic relationship), are the most prominent. B6 is influenced by the biggest number of other barriers, indicating that it can be considered a main consequence.
On the other hand, considering the upper part of figure 1, B7 (project-based industry with consequent temporary configuration) influences seven other barriers. All barriers are directly or indirectly related to B7. The only other net cause found by MMDE is B5 (poorly defined roles and responsibilities). It influences six barriers and has higher prominence than B7.
[bookmark: _Hlk482684692]B10 (geographic dispersion issue – supplier choice influenced by the geographic location of the project) and B9 (laws, regulations, and labour unions) are considered net causes just taking into account the threshold of mean + standard deviation. B10 is the only one that is not influenced by B7 but it is also the one with the lowest prominent value. B9 has just two influences (from B7 and B5) and it influences two other barriers (B2 and B6). Considering the four net causes, three of them are industry-related barriers. 
B7 (project-based industry with consequent temporary configuration) is a characteristic of the sector, but a temporary configuration is something that can be mitigated, for example, by developing long-term suppliers that would be able to supply different regions. This also has a conceptual interface with B10 (geographic dispersion issue – supplier choice influenced by the geographic location of the project), another net cause. B9 (laws, regulations, and labour unions) depends on external aspects, such as regulatory changes, that are out of the company’s control.  However, changing it could become an aim through a combined effort of firms within the industry. 
The identification of these industry-related aspects as net causes partially explains the perception of most agents that collaboration is harder in construction than in other industries. Specific aspects of this sector are important barriers and generate other barriers. 
B5, poorly defined roles and responsibilities, is the only net cause that is not industry-related. It is an organizational cause that emerged from the interviewees, since it was not mentioned in the literature. The identification of B5 as a main cause, influencing six other barriers, is an important facilitator for actions. This is because it only depends on companies’ efforts to define clear roles and responsibilities, something that is not complex and that could have a significant impact.
At the very bottom of prominence and causal relationship graph, two cultural barriers emerge: B1, adversarial attitudes and lack of trust, and B6, lack of a holistic view in establishing relationships – focus on dyadic relationship. It indicates that changing these barriers is harder since it depends on modifications of several aspects and behaviours, exemplified by the barriers that influence them.
Between the industry barriers at the top and the cultural barriers at the bottom, organizational barriers can be found, all of which can be modified by companies’ strategic directives and process changes, taking the relationships shown in figure 1 to help prioritize the barriers from top to bottom.
Conclusions
Several cultural, organizational, and industry-related barriers to buyer–supplier collaboration have been pointed out in the literature review and in the conduction of interviews. As shown in the discussion section, the DEMATEL analysis of perceived barriers, taken from literature and interviewees, revealed that some declared barriers could in fact be considered as consequences of other barriers.
Collaboration among construction agents is not simple, considering the complex supply chain and the dispersion of objectives, some of them controversial. But several companies – both contractors and suppliers of construction materials and services – are focusing on changing this scenario by advancing in more collaborative relationships as a way of increasing their competitiveness.
The results have shown that the DEMATEL technique can be useful to separate causes and effects. By doing so, it enables an interesting reflection about what construction actors could do differently regarding the net causes if they intend to reduce the net effects.
[bookmark: _Hlk513703632]As a summary, prominence and causal relationship graph shows a clear flow, from industry-related barriers at the top as net causes, cultural barriers in the bottom as net effects, and organizational barriers in the middle as effects. Poorly defined roles and responsibilities is the only organizational barrier that emerges to be a net cause. 
This hierarchy brings a different view of barriers, not identified in previous related researches, and suggests a needed combination of actions that should be addressed by agents aimed at improving collaboration in the construction industry as a mean for higher performances. 
Changes at a cultural level, such as lack of trust, are difficult to introduce, since they depend on companies’ leadership directions and behaviours changes. The hierarchy that emerged in DEMATEL analysis clarifies the reason why, just trying to apply changes at that level, without acting on the others, would not be sustainable. Industry-related and organizational barriers, if not addressed, will continue generating impacts on cultural barriers. Organizational barriers are those that are totally under the control of the company. 
The presence of a hierarchy among the levels shows that barriers’ change assumes the incorporation of several collaboration routines, which could positively affect cultural barriers, showing it as a practical starting point for changes. The treatment of organizational barriers, from top to bottom, considering the prominence and causal relationship graph (Figure 1), can be used as a strategy to optimize the effort. 
Industry barriers are generally considered by companies as external boundaries, beyond their field of action. The identification of industry-based barriers as main net causes implies that they need to be addressed, reinforcing the need for actions that have to be initiated by groups of companies, adding their efforts in industry associations.
The research was carried out considering decision makers of customer supplier relationships management in construction industry, within companies installed in two different countries and acting in different construction markets. The use of DEMATEL, suitable for small samples, brought a new view of barriers for collaboration when referred to previous literature, as it highlights cause and effects in a hierarchy of industry-organizational-cultural barriers. It is possible that specific barriers and the relationship among them could be situation specific, encouraging further researches addressing countries and construction activities segmentation. 
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Table 1. Number of papers identified from secondary keywords
	Secondary Keywords
	Number of papers
	Percentage of papers

	Planning
	248
	27%

	Industrialization
	46
	5%

	Logistics
	44
	5%

	Sustainability
	26
	3%

	Cooperative Procurement
	32
	4%

	Financial Incentive
	50
	6%

	Partnering
	136
	16%

	Public Private Partnership
	6
	0,7%

	Social Network Analysis
	8
	0,9%

	Target Costing
	109
	13%

	Trust
	157
	18%

























Table 2. Cultural Barriers
	Barrier
	Description
	References

	Adversarial attitudes and lack of trust
	Adversarial culture is based on a win–lose state of mind. 
Actors used to work in opposition to each other, achieving individual objectives, rather than working together towards a joint objective. 
	· (Ng et al. 2002) 
· (Bresnen and Marshall 2000)
· (Tan et al. 2017)
· (Sparkling et al. 2017)
· (Olatunji et al. 2017)

	Conservative industry culture – lack of learning culture and change inertia

	Construction culture features conservatism and inflexibility, which hamper compromises and teamwork solutions.
People who work within the construction industry are not required to show a high educational level, and this cultural aspect is visible in the lack of learning culture and a close mindset that is not open to questioning. 
	· (Childerhouse et al. 2003) 
· (Ng et al. 2002) 
· (Kululanga et al. 1999)
· (Post and Altman 1994) 

	Transactional, short-term focus
	Relationships focus on the short-term, which leads to opportunism among actors due to the short length of projects and their narrow perspective. This traditional focus on short-term profits in single projects constitutes a barrier because it hampers cooperative relationships and profitability.
	· (Ingirige and Sexton 2006)
· (Dubois and Gadde 2000) 
· (Oughton and Reed 1999)
· (Cox and Thompson 1997)
· (Tan et al. 2017)
· (Sparkling et al. 2017)
· (Ying et al. 2015)











Table 3. Organizational Barriers
	Barrier
	Description
	References

	Lack of holistic view on establishing relationship – focus on dyadic relationship 
	Construction companies focus on a dyadic relationship with their clients and main contractors, rather than a systemic one involving subcontractors and suppliers. 
This attitude limits opportunities for the complete integration of processes throughout the delivery chain. 
	· (Bankvall et al. 2010)
· (Akintoye et al. 2000) 

	Late involvement of interested parties

	The traditional procurement procedure implies the late involvement of contractors and other actors in the project definition, hampering knowledge sharing, concurrent engineering practices, and supply chain integration. 
	· (Brown et al. 2001)
· (Cheung et al. 2001)
· (Bresnen and Marshall 2000)
· (Akintoye et al. 2000) 

	Abuse of power

	Contractors, thanks to their size and bargaining power, manage small subcontractors’ activities in order to allocate risk outside their own organization.
	· (Miller 1998) 
· (Olatunji et al. 2017)

	Inadequate and excessively cost-focused metrics used to select key suppliers and to evaluate their performances 
	Parameters used during bid evaluation to select external and internal partners are not focused on soft parameters (e.g. resources and competencies, collaborative ability, reputation, earlier experience of the supplier, and shared values) but focus almost exclusively on tender price.
	· (Eriksson 2008)
· (Kadefors 2005)
· (Rooke et al. 2004)


	Process misalignment and inadequate inter-firm measurement
	Lack of supply chain orientation, complexity of capturing metrics across multiple companies, unwillingness to share information among companies, and also the absence of an approach for developing and designing such metrics lead to misalignment.
	· (Kotula et al. 2015)
· (Lee and Peccei 2008)
· (Stock and Lambert 2001)
· (van Hoek 1998)
· (Olatunji et al. 2017)





Table 3. Organizational Barriers
	Lack of competence and vision among top management

	Unclear perception of what SCM means and lack of a clear vision of supply chain integration. Organizations may have to change their organizational structures and develop new competences to achieve collaboration in the supply chain. 
	· (Venselaar et al. 2015)
· (Ng et al. 2002)
· (Olatunji et al. 2017)
· (Harper 2016)
· (Alderman and Ivory 2007)

	Lack of communication

	The main reasons for lack of communication are information system and technological incompatibility and conflicting organizational structures and culture. 
Many firms are only comfortable using their systems for their own tasks and they contribute to system incongruence. 
	· (Sambasivan and Soon 2007)
· (Stock and Lambert 2001)
· (Tyndall et al. 1998)
· (Quinn 1997)
· (Tan et al. 2017)
· (Kao et al. 2016)
· (Olatunji et al. 2017)

	Lack of visibility
	Lack of visibility is a consequence of lack of trust. In fact, people are unwilling to share information for fear of exposing their weakness and secrets to others.
	· (Stock and Lambert 2001)
· (Lee and Whang 2000)
· (Kao et al. 2016)
· (Tang et al. 2015)


	Excessive work breakdown and lack of integration

	Due to clients’ competitive tendering habits, which hamper integration of work tasks and actors in the first stages of projects, activities are split into different packages which are allocated to different specialized actors to complete individually, losing integration and a system perspective
	· (Fulford and Standing 2014)
· (Eriksson and Laan 2007)
· (Briscoe et al. 2004)
· (Harper 2016)

	Use of competitive bidding 

	Traditional procurement procedures focus on price and competition rather than on trust and cooperation.
They are characterized by open bid invitations, where actors are forced to compete to win the bid. 
	· (Nyström 2015)
· (Eriksson 2008)
· (Eriksson and Laan 2007)
· (Ng et al. 2002)
· (Lazar 2000)

	Lack of commitment of firms 

	The common exclusion of key subcontractors decreases their commitment.
Contractors’ and subcontractors’ relationships are characterized by exclusion, conflict, and mistrust, enabling the main contractor to apportion risk to the subcontractor. 
	· (Eriksson and Laan 2007)
· (Ng et al. 2002)
· (Dainty et al. 2001)
· (Akintoye et al. 2000)
· (Miller 1998)
· (Olatunji et al. 2017)





























Table 4. Industry Barriers
	Barrier
	Description
	References

	Project-based industry with consequent temporary configuration

	Construction projects are limited in time. Each project is performed in a different place from the previous one, with different actors involved.
	· (Bresnen and Marshall 2000)
· (Sparkling et al. 2017)
· (Koolwijk et al. 2018)

	Market and process fragmentation
	The construction supply chains of larger projects typically involve hundreds of different companies supplying materials, components, and a wide range of construction services, which increases the complexity and reduces opportunities for integration.
	· (Dainty et al. 2001)

	Laws, regulations, and labour unions





	Labour unions can be critical barriers to any type of change in most industries. This is because they mostly have a conservative and defensive culture that inhibits change and encourages maintenance of the status quo. Public procurement legislation aims at facilitating competition and non-biased procurement decisions, based on trust and collaboration. 
	· (Kadefors 2005)
· (Naoum 2003)
· (Ng et al. 2002)
· (Okumus and Hemmington 1998)
· (Sparkling et al. 2017)


	Geographic dispersion issue – supplier choice influenced by geographic location of the project

	The wide geographic spread of construction projects results in the employment of different local teams of contractors and suppliers.
For this reason, construction actors treat each construction project as a one-off venture. 
	· (Briscoe et al. 2004)
· (Briscoe and Dainty 2005)
· (Wegelius-Lehtonen 2001)









Table 5. Profile of interviewees
	Interviewee
	Designation
	Role of the company
	Years of experience
	Country

	A
	Business Development manager
	Engineering and consultancy
	+10
	Italy

	B
	CEO
	Contractor
	+20
	Italy

	C
	Head of Procurement
	Contractor
	+20
	Italy

	D
	Vice-president
	Supplier
	+20
	Italy

	E
	CEO
	Contractor
	+20
	Brasil

	F
	Supply Chain Manager
	Contractor
	+10
	Brasil

	G
	President
	Contractor
	+20
	Brasil

	H
	Director of Operations
	Contractor
	+20
	Italy














Table 6. Most important barriers to partnering according to literature review and interviewees 
	Id.
	Barrier
	Type

	B1
	Adversarial attitudes and lack of trust
	Cultural

	B2
	Goal incongruence
	Organizational

	B3
	Inadequate and excessively cost focused metrics to select key suppliers and to evaluate their performances
	Organizational

	B4
	Lack of visibility
	Organizational

	B5
	Poorly defined roles and responsibilities
	Organizational

	B6
	Lack of holistic view in establishing relationship – focus on dyadic relationship
	Cultural

	B7
	Project-based industry with consequent temporary configuration
	Industry

	B8
	Abuse of power
	Organizational

	B9
	Laws, regulations, and labour unions
	Industry

	B10
	Geographic dispersion issue – supplier choice influenced by the geographic location of the project
	Industry












Table 7. Average Matrix
	 
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	0
	2
	2
	3
	2
	3
	0
	4
	4
	1

	B2
	4
	0
	3
	3
	2
	3
	0
	3
	2
	2.5

	B3
	2
	4
	0
	1
	4
	4
	1
	2
	1
	3,5

	B4
	3
	3
	2
	0
	4
	2.5
	1
	2
	2
	1

	B5
	2
	3
	4
	4
	0
	3
	2
	4
	4
	2

	B6
	2
	2
	3.5
	2
	1
	0
	3.5
	4
	1
	2.5

	B7
	4
	4
	3
	2.5
	3
	3
	0
	3.5
	4
	2

	B8
	4
	2
	3
	3
	2
	3
	4
	0
	3
	1

	B9
	2
	4
	3
	2
	3
	4
	2
	2
	0
	2

	B10
	2.5
	3
	2
	2
	3
	4
	1
	3
	2
	0
















Table 8. Normalized Matrix
	
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	B1
	0.00
	0.07
	0.07
	0.10
	0.07
	0.10
	0.00
	0.14
	0.14
	0.03

	B2
	0.14
	0.00
	0.10
	0.10
	0.07
	0.10
	0.00
	0.10
	0.07
	0.08

	B3
	0.07
	0.14
	0.00
	0.03
	0.14
	0.14
	0.03
	0.07
	0.03
	0.12

	B4
	0.10
	0.10
	0.07
	0.00
	0.14
	0.08
	0.03
	0.07
	0.07
	0.03

	B5
	0.07
	0.10
	0.14
	0.14
	0.00
	0.10
	0.07
	0.14
	0.14
	0.07

	B6
	0.07
	0.07
	0.12
	0.07
	0.03
	0.00
	0.12
	0.14
	0.03
	0.08

	B7
	0.14
	0.14
	0.10
	0.08
	0.10
	0.10
	0.00
	0.12
	0.14
	0.07

	B8
	0.14
	0.07
	0.10
	0.10
	0.07
	0.10
	0.14
	0.00
	0.10
	0.03

	B9
	0.07
	0.14
	0.10
	0.07
	0.10
	0.14
	0.07
	0.07
	0.00
	0.07

	B10
	0.08
	0.10
	0.07
	0.07
	0.10
	0.14
	0.03
	0.10
	0.07
	0.00















Table 9. Total relation matrix. In bold, values equal or higher than MMDE threshold and values higher than or equal to mean + std.dev (and lower than MMDE threshold) are underlined
	
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	D

	B1
	0.30
	0.37
	0.37
	0.36
	0.44
	0.19
	0.44
	0.39
	0.25
	3.46
	3.46

	B2
	0.44
	0.32
	0.41
	0.38
	0.36
	0.46
	0.20
	0.43
	0.34
	0.30
	3.64

	B3
	0.39
	0.45
	0.33
	0.33
	0.42
	0.49
	0.23
	0.42
	0.32
	0.34
	3.73

	B4
	0.39
	0.40
	0.37
	0.27
	0.40
	0.42
	0.22
	0.39
	0.33
	0.25
	3.43

	B5
	0.46
	0.51
	0.52
	0.48
	0.37
	0.55
	0.31
	0.55
	0.47
	0.55
	4.56

	B6
	0.38
	0.39
	0.43
	0.34
	0.33
	0.36
	0.30
	0.46
	0.32
	0.30
	3.61

	B7
	0.53
	0.55
	0.51
	0.45
	0.47
	0.56
	0.25
	0.55
	0.49
	0.36
	4.73

	B8
	0.48
	0.44
	0.46
	0.42
	0.40
	0.50
	0.34
	0.39
	0.42
	0.29
	4.14

	B9
	0.41
	0.48
	0.44
	0.37
	0.41
	0.52
	0.28
	0.44
	0.30
	0.31
	3.96

	B10
	0.40
	0.42
	0.39
	0.36
	0.39
	0.49
	0.24
	0.44
	0.35
	0.23
	3.72

	R
	4.18
	4.34
	4.24
	3.76
	3.89
	4.79
	2.56
	4.52
	3.74
	2.98
	












Table 10. Prominence and net effect. In bold Ei negative values, whose barriers represent net causes
	 
	D
	R
	Prominence Pi = D + R
	Net effect    Ei = D – R

	B1
	3.46
		4.18
	7.64
	–0.71

	B2
	3.64
	4.34
	7.98
	–0.70

	B3
	3.73
	4.24
	7.97
	–0.51

	B4
	3.43
	3.76
	7.19
	–0.33

	B5
	4.56
	3.89
	8.45
	0.68

	B6
	3.61
	4.79
	8.40
	–1.17

	B7
	4.73
	2.56
	7.29
	2.17

	B8
	4.14
	4.52
	8.66
	–0.38

	B9
	3.96
	3.74
	7.70
	0.22

	B10
	3.72
	2.98
	6.70
	0.73



