Impact of integrated collaborative technologies to form a collaborative culture on the planning, design and construction stages of construction projects.
Abstract

Purpose

Research has shown that the lack of team collaboration works as a barrier in the use of collaborative technologies such as Building Information Modelling (BIM). Therefore, this paper investigates whether and how integrated collaborative technologies have an impact on team collaboration between stakeholders, including clients, in the planning, design and construction stages.
Design/methodology/approach
To investigate this interrelationship, the researchers used a survey methodology involving gathering both quantitative and qualitative data, and used regression analysis to assess the strength of impact of integrated collaborative technologies on team collaboration. Content analysis was used for the qualitative data. 
Findings
Findings show that integrated collaborative technologies impact on team collaboration by assisting the development of a collaborative culture throughout a project. This collaborative culture could help provide access to information by stakeholders from anywhere at any time. In this collaborative environment stakeholders can share and access knowledge and awareness about the project and thus gain common ground and understanding about the project brief. In addition integrated collaborative technologies gives stakeholders the capacity to control the project process, to enhance the interaction and networking project processes as well as to pre-identify and promptly respond to project errors and uncertainties.

Originality/value

This paper contributes to the identification and impact of collaborative culture in the AEC sector.
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1.
Research Purpose

The deployment of a collaborative culture for stakeholders during the planning, design and construction stages of a project enhances project performance (Kapogiannis, 2013). Zuppa (2008) states that development of trust is an integral component of effective teams, successful partnering and implementing new technology. Building and maintaining trust between contracting parties can lower costs (accurate data provision), improve performance (share information) and minimize disputes. According to Nikas et al. (2007) the construction industry is entering a new era where technologies can improve collaboration on construction projects. Collaboration is an intended process that creates value beyond communication and depends on the trust of the collaborators (Vangen and Huxham, 2003). It is driven by a desire to solve problems, create solutions, or to discover new methods of completing work (Peters and Manz, 2007), as confirmed by primary research. Moreover Nikas et al. (2007) found that collaborative technologies foster collaboration in the construction industry with the intention of improving project management, information management, transaction time, transparency of project information, relationships between partners, communication, schedule, costs and profitability. Unfortunately, collaborative technologies are not widely used and are perceived as ineffective due to lack of trust in the technologies and/or lack of trust between the collaborators (Brown et al., 2004; Panteli and Duncan, 2004; Peters and Manz, 2007). As a result there is a need to change the mind-set of stakeholders in construction projects in a manner which supports and enhances trust between the team members. However, Nikas et al. (2007) did not identify the added value of integrated collaborative technologies and since then there is no study that completely and convincingly explains the impact of integrated collaborative technologies on team collaboration and thus on project performance in detail. 
Uden and Naaranojia (2007) state that trust is defined as the willingness of a party to be vulnerable to the action of another party based on the expectation of a favourable outcome. Moreover Chinowsky and Rojas (2003) stated that collaboration is defined as synchronous discussion with the ability to exchange project information and real time data manipulation and exchange. Commitment is defined as the participation and follow-through of a project team (Thorpe and Mead, 2001) where the shared language and culture is the common understanding between team members, allowing them to gain access to the information they require (Chiu et al., 2006). The same authors in the same article state that shared vision is a bonding mechanism that helps different team members focus their resources on common goals. Thus integrated collaborative technologies assist project stakeholders in achieving the above features towards attaining a common goal through collaboration (Kapogiannis et al.,2013).  

Patel et al. (2012) identified the main factors (individuals, teams, interaction processes, tasks, support, context and overarching factors) and sub-factors of collaboration in construction, automotive and aerospace industry. In particular, the external factors that influence building collaboration in a business environment and in a project are: trust, time, performance, management, conflict, goals, incentives, constraints and experience. The internal factors influencing the building of collaboration in a business are: teams, individuals, context, support, tasks and interaction processes. In order for external and internal factors to be applied during the project management life cycle a number of different activities, behaviours and skills have to be developed. 
Moreover collaborative tools and environments help facilitate action-oriented teams working together over geographic distances by providing tools that aid communication, collaboration and the process of problem solving. The CoSpaces project aimed to prove and results shown the added value of the use of collaborative tools and environments in design face only (Collaborative Engineering Design, 2010). Technology Integration is the use of technology tools in general content areas in businesses in order to allow stakeholders to apply computer and technology skills to learning and problem-solving (Fernando et al., 2013). Collaboration requires individuals working together in a coordinated fashion, towards a common goal (Kerzner, 2006; Patel et al., 2012). Arguably Integrated Collaborative Technologies are those tools that could help stakeholders work collectively towards problem solving without considering geographical distance (Fernando et all, 2013; Chiu et al., 2006.; Harvey et al., 2000). Arguably these technologies could work either in a synchronous (real time) or asynchronous (not real time) manner, so allowing the stakeholders or the team members to share documents or files from anywhere at any time. For this research an integrated collaborative technology and environment is considered the Building Information Modelling (BIM) due to its added value in being integrated in the construction processes (Eastman, 2009).
The implementation of BIM in the United Kingdom is at maturity level 2 and its adoption by the industry was made compulsory by 2016 (Philips, 2012). However recent research in 2017 run by the Chartered Institute of Building (CIOB) shows the industry has failed to comply with the implementation of BIM maturity level 2 due to lack of understanding of how to collaborate (CIOB, 2017). Therefore there is a need to do a step backwards by understanding whether and how integrated collaborative technologies such as BIM have an impact on team collaboration between stakeholders, including clients in all stages aiming to deploy a collaborative culture during all stages of a project, as is presented in Table 2. Henceforth, this provides the basis for the following statement (H1): integrated collaborative technologies impact on team collaboration (stakeholders).
2.
Research Method
The research question is focused on whether and how collaborative technologies can help form a collaborative culture within construction projects.  In order to explore this from both perspectives, qualitative and quantitative data was collected from a purposive sample of 24 construction project managers operating in the UK.  Contact was made via a number of events took place by the CIOB North West, mainly at the University of Salford.  The 24 project managers worked for a total of 18 different large organisations: 29% worked for contractors, 33% for consultants, 21% for clients, 8.5 for % suppliers and 8.5% for architects.  The average work experience of the interviewees was 16.5 years in the Architect, Engineering and Construction (AEC) industry.

Quantitative data was collected from the construction project managers.  Quantitative data was collected using a Likert Scale questionnaire in order to assess the strength of the impact of the factors as set in Appendix I. A 0-10 Likert Scale was used in order to provide the interviewees with flexibility with their answers.  The scale ranged from ‘No Impact at all’ (i.e. ‘0’) to ’Very High Impact’. Qualitative data was collected through interviews, the average length of which was 60 minutes, and which were recorded and subsequently transcribed.  Content analysis was then applied to the transcripts mobilising a coding process.  The first step involved a coding schedule using predefined coding themes, and from this a coding manual was generated to accompany the coding schedule (listing the codes). Consequently, elements of the content are described and organised according to these categories, where categories are used to explain the information as is occurred from this data.  This data is analysed and findings reported in table 2.
3.
Comparative Data Analysis

Due to constraints of space within this paper, the statistical analysis carried out for the assessment of one of the factors, specifically that ‘Integrated collaborative technologies can enhance the understanding of roles within a team (H1a)’ has been presented here as an exemplar. The combined results from the remaining analysis can be found in table 2. 
3.1 Quantitative Data Analysis

According to the descriptive statistical analysis, it was found that the degree of influence of integrated collaborative technologies in enhancing the understanding of roles within a construction project environment is equal to the mean value, that is, µ=7.66 (Likert Scale is between 0 and 10) it is very likely that integrated collaborative technologies are seen as enhancing the understanding of roles within a team. The mean µ=7.66 is not in the range of threshold. By analysing the graphical representation of the distribution of the interviewees’ responses it can be shown that the minimum value was 2 and the maximum was 10, and the value 8 was quite frequent compared to the others. In contrast, the frequency of the range 9 and 7 was the second and third most popular (Figure 1). Finally, due to the atypically large value, the histogram is slightly skewed to the left, or negatively skewed (-1.99). 
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Figure 1. Normal Distribution and Descriptive Statistical Analysis for factor - H1a

Moreover the Standard Deviation (SD) between the data and the mean is SD=1.83. The range for the underlying population mean for integrated collaborative technologies in enhancing the understanding of roles within a project team equals ± 0.77, or the values could be between µ=6.89 and µ=8.43. Thus, at a significance level 0.05 the accepted range is 6.89 <7.66 <8.43. Furthermore by assessing the coefficient of determination where R2 (Actual Frequency) = 0.66 and R2 (Normal Distribution) = 0.90 and both their values are close to 1. As a result the factor H1a is accepted.

3.2 Qualitative Data Analysis

By applying the content analysis technique on the feedback received from the subjects (Creswell, 2009), the researcher identified the features of integrated collaborative technologies and the contributing factors that affect the enhancement of the understanding of roles within a team. In particular:

Problem’s owner: the more clarity there is in a team in terms of who is doing what the more chances the project manager has in identifying the owner of an actual problem was provided as a major factor by respondent 2,4,6,7,14,18 and 22. For the purpose of tracking this information from the system, the project manager will request access to the system to identify the project status, who is involved and the tasks’ constraints, i.e., time, cost, quality, client satisfaction, etc. This type of information will help him/her to identify the problem’s owner as well as to provide a solution to the problem. Moreover the majority of respondents (including respondent 2, 4, 14, 18 and 22) mentioned also the potential of eliminating the risk of another possible future problem because the project manager could test ideas in a virtual environment so he/she can visualise possible consequences for the task progress and thus for project progress.
Conflict avoidance: the more clarity there is in a team in terms of who is doing what the more efficiently project planning can be designed. It was mentioned by respondents 1,2,3,4,5,6,8,10,14,15,16,20,22,23 and 24 that in a project it is essential that the project manager includes certain items, such as the project brief, in the feasibility study of the project management life cycle. In order to produce the actual feasibility study, team members may join virtually and physically in a meeting with access to project information from anywhere at any time and share it in order make corrections and validate the project information to eliminate project risks. Additionally respondent 3, 5 and 6 of the aforementioned respondents stated that the team could keep records and retrieves them in future meetings in order to complete or justify a case when necessary. Therefore, harmonious technological integration, including collaboration, accessibility and information exchange, can enhance team members’ understanding of their roles within the team.

Pre–identification of team members’ responsibilities, background, culture and skills: in particular (respondent 1,2,3,4,5,6,8,10,11,12,14,15,16,18, 20,22,23 and 24),75% of the interviewees (n=24) stated that these technologies can help project managers and their team members enhance their understanding of who is involved, what type of responsibilities they have and what project/task requirements exist. Furthermore, only 40% of the project managers (respondent 1, 3, 5, 7, 9, 10, 13, 14, 20 and 22) stated that “information access and information sharing” between project stakeholders helps them to “look at specific information”, e.g. the team members’ curriculum vitae (CV), so as to understand each member’s specialisation and to help them to delegate the relevant appropriate task(s). From the team members’ CVs the project manager can read and identify candidates’ background (academic knowledge), culture and skills (collaborative, interaction, etc.) In addition, in a case where project managers could not approach specialised team members for one particular task/activity, they believed they could use these technologies to make contact with other potential candidates and recruit them due to their unique expertise (usually the Human Resources department uses databases – Human Resources’ Management Systems (HRMs) - as part of the Enterprise Resources Planning Systems (ERPs) holding information on past applicants which a project manager could access and thus invite a new candidate for interview). Therefore, this technological integration allows team members to enhance their understanding of their colleagues’ roles.

Clarify team members’ responsibilities: in particular respondent 1,3,4,6,8,9,10,12,15,17,18, 20, 21 and 23 found these technologies useful at the project design phase, where the project manager needs to contact and meet with other team members so as to set and decide the organisational and work breakdown structure (OBS and WBS) respectively. In particular, more than 75% of these interviewees believed that the unique competitive advantage of integrated collaborative technologies in “connecting from anywhere at any time” allowed them to meet virtually. According to their responses the biggest assets are “saving time”, “making quick and efficient decisions”, “saving money” and “sharing and filtering information synchronously between two or more team members”. As a result, when difficulties occurred during the setup of the OBS or WBS of a project, and team members were not at the office or the project was based in a remote area, project managers found these technologies powerful and useful in their project process – this in spite of the fact that they were expensive to buy and difficult to use in the beginning. Therefore, this technological integration allows team members to enhance their understanding of their colleagues’ roles. According to the above, integrated collaborative technologies that can significantly enhance the understanding and contributing factors are listed in the following Table 1:
Table 1. Features and factor for H1a

	H1a
	INTEGRATED COLLABORATIVE

TECHNOLOGY FEATURES
	CONTRIBUTING FACTORS



	Enhancement 

of the

understanding

of roles

within a

team
	· Project Information accessibility

· Project Information sharing

· Access to Enterprise Resources Planning Systems including Human Resources Systems and Accounting Information Systems

· Synchronous and asynchronous connectivity from anywhere at any time Virtual Meetings
	1. Problem ownership

2. Conflict avoidance

3. Pre-identification of team members’ responsibilities, background, culture and skills

4.Clarification of team members’ responsibilities and roles


It should be mentioned that all the elements presented in both appendix I and Figure 1 have been assessed accordingly. Both Qualitative and Quantitative results are presented in Table 2.

3.3 Data Comparison Analysis

In this section it has been proven that integrated collaborative technologies influence team collaboration. In particular, by taking on board the final results of the research as presented in Table 2 it is illustrated that the maximum mean is µ=8.62, namely that this is the strength of influence of the link between enhancing knowledge sharing and awareness between project stakeholders and the use of integrated collaborative technologies within a construction environment. The second highest mean value is µ=8.54, showing the influence of the link between enhancing the interaction process between project stakeholders in terms of communication and the use of integrated collaborative technologies within a construction environment. Moreover, the mean with least impact concerning the degree of influence of integrated collaborative technologies on team collaboration is the design of the organisational breakdown structure, where μ=5.79. As a result, it is initially clear that there is a need to continue investing in integrated collaborative technologies, e.g. Building Information Modelling, to be able to support team collaboration within a construction project. The benefits from such an investment will impact on the project’s process and deliverables due to the direct impact of such integrated collaborative technologies on team performance. Table 2 shows both qualitative and quantitative data. In particular strength of influence are quantitative data. Moreover both integrated collaborative technologies features and the contributing factors within the construction environment are qualitative data. 
Table 2. Integrated Collaborative Technologies and Team Collaboration.

	INTEGRATED COLLABORATIVE TECHNOLOGIES INFLUENCE ON TEAM COLLABORATION IN CONSTRUCTION PROJECTS

	
	Factors
	STRENGTH OF INFLUENCE
	INTEGRATED COLLABORATIVE TECHNOLOGIES FEATURES

(HOW)
	CONTRIBUTING FACTORS WITHIN THE CONSTRUCTION ENVIRONMENT

(WHAT)

	H1a
	Enhancement of the understanding of roles within a team.


	μ=7.66
	· Project Information accessibility

· Project Information sharing

· Access to Enterprise Resources Planning Systems including Human Resources Systems and Accounting Information Systems

· Synchronous and asynchronous connectivity from anywhere at any time 

· Virtual Meetings
	· Problem Ownership

· Conflict avoidance 

· Pre–identification of team members’ responsibilities, background, culture and skills

· Clarification of team members’ responsibilities and roles

	H1b
	Enhancement of the relationships between stakeholders


	μ=7.58
	· Project Information accessibility

· Project Information sharing

· Synchronous and asynchronous connectivity from anywhere at any time 

· Virtual Meetings

· Virtual Training
	· Developing Trust

· Enhancing Communication

· Problem pre-identification 

	H1c
	Enhancement of knowledge sharing and awareness between stakeholders 
	μ= 8.62
	· Project Information sharing 

· Project Information access

· Virtual Meetings

· ERPs

· Databases
	· Enhancing team collaboration

· Pre–identify clients’ requirements

· Risk Identification 

Records for Best Practices

	H1d
	Enhancement of understanding project brief


	μ=8.08
	· Project Information sharing 

· Project Information access

· Virtual Meetings

· ERPs

· RFID

· Databases
	· Decision Making process

· Design Procurement Strategy

· Pre–identify problems

	H1e
	Enhancement of understanding of group processes

	μ=8.33
	· Project information access

· Project information sharing

· Connect from anywhere at any time

· Virtual Meetings

· 3D simulation
	· Human Interaction & Communication

· Group Performance Risk identification

· Enhancing team collaboration

· Supply chain management

· Data Process



	H1f
	Enhancement of collaboration in terms of the heterogeneity and size of a team 
	μ=6.66
	· Project information access

· Synchronous & Asynchronous connectivity

· Virtual Meetings

· Virtual Team Control

· Virtual Training
	· Team Development 

· People Management

· Pre- identification of members’ background, culture and skills 

	H1g
	Enhancement of the interaction processes between the project’s stakeholders in terms of learning
	μ=7.25
	· Project information access and sharing

· Virtual Training (both synchronous and asynchronous)

· Databases
	· Personal Development 

· Key Success Factors



	H1h
	Enhancement of the interaction processes between the project’s stakeholders in terms of coordination
	μ=8.41
	· Project information access

· Project information sharing

· Connect from anywhere at any time

· Virtual Meeting 

· Simulation
	· Project Organisational Structure

· Design Constrains

· Pre–identify project brief



	H1i
	Enhancement of the interaction processes between the project’s stakeholders in terms of communication
	μ=8.54
	· Project information access

· Project information sharing

· Connect from anywhere at any time

· Virtual meetings

· Blogs, wikis, really simple syndication, tagging and chat
	· Information process, 

· Development of trust 

· Team collaboration

· Problem’s pre-identification skills 

	H1j
	Enhancement of the interaction processes between the project’s stakeholders in terms of making decisions.
	μ=7.62
	· Project Information access

· Project Information sharing

· Connect from anywhere at any time

· Databases

· Data Mining

· Virtual Meeting
	· Problem’s pre-identification

· Team Collaboration

· Problem Avoidance skills 

	H1k
	Enhancement of the structure of a project (Organisational Breakdown Structure – OBS) 
	μ=5.79
	· Project Information access

· Project Information sharing

· Connect from anywhere at any time

· Synchronous connection

· Virtual Meetings
	· Roles and Responsibilities

· Select right people

· Team Collaboration

	H1l
	Enhancement of the structure of a project (Work Breakdown Structure – WBS) 
	μ=6.25
	· Project Information access

· Project Information sharing

· Connect from anywhere at any time

· Synchronous and asynchronous connection

· ERPs

· Visualisation

· 3D Modelling
	· Team Communication/ Collaboration

· Select right team members

· Design Project Schedule (Programme)



	H1m
	Enhance the accessibility of projects’ stakeholders to information. 
	μ=7.95
	· Project Information access & sharing

· Connect from anywhere at any time

· Synchronous and asynchronous connection

· Virtual Meetings

· Interoperable Systems
	· Design of Interoperable Strategies

· Access to Project Information

· Problem Resolution skills 

	H1n
	Enhance the networking capability and accessibility between project managers
	μ=8.06
	· Project Information access and sharing

· Virtual Meetings

· ERPs

· Communication Tools

· KPI Tools
	· Efficient Management

· Project Information Sharing

	H1o
	Enhance project managers’ access to project knowledge to control their job

	μ=8.2
	· Project Information access and sharing 

· Synchronous connection

· Virtual Meetings

· ERPs

· 2D/3D/4D Modelling

· Gantt Chart

· Simulation
	· Wellbeing

· Productivity 

	H1p
	Enhance project managers’ capability to identify, analyse and manage both errors and violation by giving them access to information
	μ=7.79
	· Project Information access and sharing 

· Synchronous connection

· Virtual Meetings

· ERPs

· 2D/3D/4D Modelling

· Gantt Chart

· Simulation
	· Access to Project Information

· Review of Project Information

· Efficiency


By analysing Table 2 the strength of influence of integrated collaborative technologies impact on the enhancement of stakeholders’ relationships within a team shows (μ=7.58) that it is significantly appropriate. In addition based on the interviews results it has been shown that when a project manager a) shares project information; b) have access to information; c) run virtual meetings and d) access to various data and information systems during the understanding process of the project brief then they become stronger and more confident on the decision making process, to design project procurement strategy and to pre–identify project risks. This is achieved due to the capability these technologies give to cross check information from different systems and to make it available to project stakeholders during a (virtual) meeting. Egbu (1999) stated that, amongst other factors, a project manager has to be accountable. Accountability is about trust and the development of trust is a major contributing factor in supporting the statement.  Additionally, Kernzer (2006), in his book, explained that communication should be established within a team in a manner that causes it to work more efficiently and effectively. This was also validated in the KPI (2012) report by the UK Government (2012) which includes the need to predict performance indicators for construction, design and scheduling. Therefore, the added value of the extensive use of integrated collaborative technologies is to allow team members to exchange opinions, even if they have arguments according to respondent 1,2,3,4,5,6,8,10,14,15,16,20,22,23 and 24. They can use these technologies for interaction from distributed or co-located sites or even via mobile. Arguments (interaction) help people to enhance their understanding and criticism skills (Goleman, 2012) and this can lead to enhancing both trust and communication. For example, using Building Information Modelling helps stakeholders to exchange drawings, documentation, etc. and to make any amendments at the early stages (Koskela, 2013). Hence, all these contributing factors support the strength of the statement concerning the added value of using these technologies in order to enhance stakeholders’ relationships (respondent 1,2,3,4,5,6,8,10,11,12,14,15,16,18, 20,22,23 and 24), i.e. 75% of the interviewees.
Likewise the integrated collaborative technological features impact on the deployment of the group process in such a manner as to allow enhanced human interaction and communication, enhanced project team performance, to identify project risks as well as to manage the supply chain and the data process respectively. The research show that the mean is μ=8.33. In ‘KPIs 2012’, the UK Government report (Glenigan 2012), it is clearly stated that the construction industry is lacking in terms of collaboration with project stakeholders, including the supply chain. The main reason that such statements are made at the present time is due to manufacturers’ costs for the design and development of new products supporting the architecture, engineering and construction (AEC) industry. This cost is transferable directly to the contractor and indirectly to the client. As a result, this process leads to raising project risks such as “hidden project costs that are derived from the construction supply chain” for example. In addition to the above, another contributing factor is to keep records of past successful cases (Best Practices – Key Success factors) that could enable the design process of new projects to be more efficient. Hence, the added value of the effect of integrated collaborative technologies on the enhancement of knowledge sharing and awareness between the project partners (stakeholders) is to enhance team collaboration, to pre-identify client’s requirements, to pre-identify project risks and to keep records of past successful cases. The mean value in this occasion according to researchers response is very high, μ=8.62 (respondent 1,2,3,4,5,6,8,10,11,12,14,15,16,17,18,19,20,21, 22,23 and 24), i.e. 87.5% of the interviewees).
An additional competitive advantage of the use of integrated collaborative technology features according to interviewees responses is the enhancement of the interaction process between project stakeholders in terms of learning by setting up key success factors, coordinating by pre–identifying project and design constraints, strongly communicating by improving collaboration and trust efficiently, and decision making by solving and pre–identifying project problems. According to interviewees responses enhancement of the interaction process between stakeholders through learning (μ=7.25) is less compare to coordination (μ=8.41) and communication (μ=8.54). In fact, through efficient communication, information could be transferred, trust developed between team members and key success factors such as Key Performance Indicators (KPI) could be set. According to the interviewees human interaction and communication is a contributing factor that is imposed by the extensive use of technologies (respondent 1,2,3,4,5,6,8,9,10,11,12,14,15,16,18,19,20,22,23 and 24), i.e.83% of the interviewees. In particular, human interaction and communication is a factor that aims to enhance communication between team members (Fasel, 2001). Technology can efficiently optimise this process and can affect the group performance risk identification that aims to highlight possible project deficiencies that could affect group progress (Harvey, 2000) by testing them (simulation) and then making appropriate decisions on how to deal with them. Moreover, the contributing factor of enhancing the efficiency of team collaboration is supported by Marttiin et al. (2002) who said that “team collaboration is a strong element in making a team work but what has to be worked out is how to make the team efficient.” Integrated collaborative technologies bring the added value of working “from home” or “from anywhere” by “internet access” and information access” respectively. McDermott et al. (2005) stated that a construction project without a supply chain management strategy is unlikely to meet its procurement strategy criteria. Therefore, the design of a supply chain management strategy enhances the added value of these technologies by tracking their products and providing access to an amount of information, e.g. product details, quality, quantity. Without its participants having access to appropriate data/information a project cannot move towards the design of the project itself. In addition interviewees found that there is an added value of such technologies if team members can organise the data/information so as to have easy access to them when and as required (respondent 2,3,4,5,6,7,8,11,13,14,15,17, 20,21,22,23 and 24),71% of the interviewees. Hence, an additional added value of the usage of integrated collaborative technologies is to significantly enhance the understanding of group process in a manner so as to eliminate related risks during the project management life cycle, but less compare to support the decision making (μ=7.62).

Team roles, including the responsibilities allocated to each role and the selection of the right people, according to 75% interviewees (respondent 2,3,4,5,6,7,8,9,10,11,13,16,17,20,21,22,23 and 24), are main contributing factors that support the impact of integrated collaborative technologies on team collaboration in construction projects. Research findings show that the impact is μ=7.66 less compare to the enhancement of the interaction process though coordination and communication between stakeholders.  In fact according to Kerzner (2007) a smooth design for a work breakdown structure requires the skill, initially, of understanding the project’s requirements and then, based upon this understanding, the project manager has to recruit the right person for this task. For this purpose the project manager and the team members need access to the data/information of the candidates. Therefore, online services are a part of the integrated collaborative technologies which help to design a work organisational breakdown structure (OBS). 
The research show that the impact of integrated collaborative technologies in the enhancement of OBS and WBS (Work Breakdown Structure) is less important compare to the other factors ( μ=5.79 and μ=6.25 accordingly). Moreover, collaboration and coordination with other partners is required in order to interview candidates virtually. During the virtual interview the panel will be in a position to distinguish the strengths of the candidate - but it is the case that interviewees do not always feel very secure in using online face-to-face communication (this is the only limitation that has been identified and is something that Panteli (2004) mentioned in his research paper). Furthermore, the design of project drawings and the design of the procurement strategy according to 58% of the interviewees (respondent 2, 5,6,7,8, 11, 12, 13, 14, 15, 20, 21, 22 and 23) state that there are two factors that are enhanced by the use of integrated collaborative technologies because of the technical capability of the project manager and his/her team to use features made available by such technologies, e.g. 3D modelling, simulation, ERPs. A limitation in this case, according to Zanni (2013), is a lack of using these technologies within the project management life cycle. Therefore, enhancement of the design of WBS can be achieved by using integrated collaborative technologies.

In addition findings show - (respondent 1,2,3,4,5,6,7,8,11,12,13,14,15,17,20,21,22,23 and 24), 75% of the interviewees – that the enhancement of the accessibility of project stakeholders to information by the use of integrated collaborative technologies is by supporting the design of interoperable strategies as well as by allowing access to project information and providing problem solutions to be relatively high too (μ=7.95). These three contributing factors affect the project design from the preparation stage to the RIBA work programme (2013). The point is that it is certainly believed that these technologies offer added value to projects but the limitation, according to research, is that because end users do not currently see the added value they provide, they tend not to use them. Therefore, they need further training. In the international market there are organisations (private, public and professional bodies) that offer these courses but it is believed, according to the BIM Task Forum of the UK Government (BIM Task Group, 2017). that generally the curriculum is not strong enough. Therefore, an added value of integrated  collaborative technologies according to  87.5% of the interviewees responses (respondent 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,17,20,21,22,23 and 24) is in enhancing project stakeholders’ accessibility to project information and also to provide training by ICT training providers on how to seek information, access appropriate information and then to use it. So the contributing factors support that efficient management and project information sharing play a significant role in enhancing the networking accessibility and capability between stakeholders (μ=8.06) that covers 79% of the sample (respondent 1,2,3,4,5,6,7,8,9,10,12,13,14,15,17,20,21,23 and 24). In particular Pinto (2007) states in his report on the “management of projects” that humans play a more important role than tasks,but if they do not perform efficiently then this will reflect on the deliverable process. Therefore, these technologies impact on the enhancement of the networking accessibility and capability between stakeholders.

In addition to the above interviewees stated that wellbeing and productivity are a result of the potential use of integrated collaborative technologies. Both factors are considered as key by Parker et al. (2006) and Patel et al. (2012) in order to keep team members’ psychology at a high level. Both have stated that, in terms of organisational psychology, both factors affect team members’ wellbeing and productivity. In particular, these factors affect happiness and performance at work. When team members work - either co-located, distributed or remotely - they need a way to work together and to maintain a good quality of life. By using the latest technologies, such as laptops/tablets/netbooks which can support (hardware) integrated collaborative technologies, they can access knowledge so as to manage a job.  It has to be noted that this impact is one of the highest figures, μ=8.2, in the research. 
Also the use of integrated collaborative technologies allows the enhancement of project managers’ capability to identify, analyse and manage both errors and violations of tasks, which are interconnected with the following two contributory factors: access and review of project information (μ=7.95).                                                                                         
       In particular, interviewees (respondent 1,2,3,6,7,8,9,12,13,14,15,17,20,21,22, and 24)  have been seen that mistakes can happen in a task but project managers did not have the technology to predict these errors or to report them (Schrage, 1990). In addition, past examples have shown ignoring errors can lead to repeat mistakes in a project and thus can cause the same problems in the future (Pinto, 2007). As a result, the same interviewees see that the solution is to give access to project information to project managers from anywhere at any time and also to provide them with the capability to review information; then it is more likely that they can identify, analyse and manage both the errors and the violations of a task. This occurs because of proactive awareness and because the capability is available to create records (2D/3D/4D), to access to Enterprise Resource Planning systems (ERP), to share and meet with team members and also to have the capability to test (simulation). As a result the research shows that by integrating business and project data through different technologies enhance project managers’ capability to identify, analyse and manage errors and task violation shows that this statement can be accepted According to Grant (2006) Enterprise resource planning (ERP) is the integrated management of core business processes, synchronously and asynchronously and supported by software and technology. The paradox of ERP systems is that will help project managers and stakeholders to have access to more data that will improve projects risk identification. However this is UK BIM Task Group ultimate target to reach to BIM Level 3 where “Business and Projects could have a common communication language” 
4. Conclusion
Although the sample size of 24 may seem relatively small for one part of the study, credible findings were facilitated by the facts that (a) the average work experience of the interviewees was 16.5 years and (b) this study component was suitably complemented in this mixed method research. In summary, the research shows that the impact of integrated collaborative technologies on team collaboration is to form a collaborative culture in all stages of construction projects. This collaborative culture will allow stakeholders to use these technologies to enhance team collaboration. For example (virtual) meetings could help to pre-identify clients’ requirements, hidden costs and project risks during all stages of the project are needed to be proactive. Moreover stakeholders in this collaborative environment will have the capacity to design a competitive procurement strategy. This strategy will help them to run the project smoothly, eliminating risks and mapping clients’ requirements to projects output and outcomes too. Beyond the added value of running virtual meetings and designing a competitive procurement strategy the collaborative culture allow stakeholders to  improve accuracy, sharing and access to project data and information from anywhere at any time, enhancing wellbeing and productivity. In addition the collaborative culture can assist to develop trust among stakeholders and improve the control all project stages. So, considering that a collaborative culture could be generated by stakeholders to improve the design, delivery and hand over of a project through collaboration, then it is also required to identify how project performance could be improved. Henceforth the future research is to exploit whether and how this collaborative culture could support the development of proactive behaviour and thus improve project performance. 
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APPENDIX

Integrated collaborative technologies can impact team collaboration (H1)

H1a: Could integrated collaborative technologies enhance the understanding of roles within a team, and how?
H1b: Could integrated collaborative technologies enhance the relationships between the project partners (stakeholders), and how?

H1c: Could integrated collaborative technologies enhance the knowledge sharing and awareness between the project partners (stakeholders), and how?

H1d: Could integrated collaborative technologies enhance the common ground/understanding of the project brief (scope, aim, objectives, budget, timeline, stakeholders), and how?

H1e: Could integrated collaborative technologies enhance group processes (group effectiveness and performance), and how?

H1f: Could integrated collaborative technologies enhance collaboration in terms of the heterogeneity and the size of a team, and how?

H1g: Could integrated collaborative technologies enhance the interaction processes between the project’s stakeholders in terms of learning, and how?

H1h: Could integrated collaborative technologies enhance the interaction processes between the project’s stakeholders in terms of coordination, and how?

H1i: Could integrated collaborative technologies enhance the interaction processes between the project’s stakeholders in terms of communication, and how?

H1j: Could integrated collaborative technologies enhance the interaction processes between the project’s stakeholders in terms of decision making, and how?

H1k: Could integrated collaborative technologies enhance the structure of a project: Organisational Breakdown Structure, and how?

H1l: Could integrated collaborative technologies enhance the structure of a project: Work Breakdown Structure, and how?

H1m: Could integrated collaborative technologies enhance the accessibility of projects’ stakeholders to information, and how?

H1n: Could integrated collaborative technologies enhance the networking accessibility and capability between the projects’ stakeholders, and how?

H1o: Could integrated collaborative technologies enhance project managers’ access to project knowledge required in order do/control/manage their job, and how?

H1p: Could integrated collaborative technologies enhance project managers’ capability to identify, analyse and manage/control both errors and violation of a project/task, and how?

