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ABSTRACT 

 

Information plays a key role in construction project management. In order for a 

construction project to be well managed, data from past projects, stored in a database, 

as well as data from the project at hand, must be readily available. It serves as an 

essential and valuable resource for project planning, control, reporting, and decision-

making. Effective management of information is an integral part of a successful project 

management system, whose primary objective is completing the project on time and 

within budget limitations while meeting established quality requirements and other 

specifications. 

Web-based coordination tools offer many benefits in the management of 

construction projects and the flow of information within; however they still have not been 

widely implemented in the construction sector. 

This research described the design and implementation of an Internet/Intranet-

based project coordination model where the Internet is utilized as a mechanism for 

communicating project control data and information. The monitoring process is 

automated through the use of intelligent documents over the World Wide Web and 

database technology through which data collection and dissemination are similarly 

automated.  

This research focused on identifying some of the needs in the available Web-

based Project Management models and implementing a collection of new sub-models to 

meet these needs to help different project participants in efficiently control projects and 

effectively monitor and assess project performance.  
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1.  Introduction 

1.1 Research Overview 

 

Communication and coordination of information in construction projects are 

becoming increasingly complicated. Projects are integrating more members and these 

members are often quite geographically apart. Limited projects‟ durations, their complex 

details, and sophisticated contracting methods are also requiring project participants to 

effectively communicate and share project information. Successful management of 

construction projects depends heavily on their access to documents and the standards 

of information within. A lot of projects undergo big challenges due to ineffective 

coordination of information.  Communication is an integral part of project success and 

the process of effectively communicating has been shown to be an important factor in 

the success of a project. (Chassiakos and Sakellaropoulos 2008) 

One way that project participants can improve communication is through the use 

of Information Technology (IT) and more specifically web-based project management 

systems (WPCS). These web based coordination tools have been developed as means 

to help project teams communicate and transfer information efficiently. They also assist 

in the collection process of good data in a timely manner that will be the base for future 

project management and decision making process.  

The main target of WPCS is to facilitate rapid exchange of data and speedy 

access to project information through the use of the Internet and by creating a web-

based coordination system. By utilizing the Internet, information is centrally stored and 

can be easily accessed by project participants. This easy access allows project 



3 
 

participants to coordinate during design and construction more easily. By using the 

Internet over other forms of communication, users are able to take advantage of 

common standards to help overcome compatibility issues of different programs (O‟Brien 

2000). Information in a typical web-based system are centrally stored in a database 

engine and processed by a user friendly online interface. Data retrieval and reporting 

are then presented on-line using the interface website and controlled by providing 

passwords to authorized individuals according to their level of authorizations.  

Utilization of WPCS has increased during the recent years but accompanied with 

difficulties in achieving complete successful implementation in many construction 

organizations. The most common reasons for failing to receive the full benefits from 

WPCS are: poor capture of user requirements, lack of strategic approaches, lack of 

proper planning, user resistance to change, lack of user involvement, and technical 

characteristics (Erdogan et al. 2008). Some of these reasons relate directly to how the 

system is modeled and developed. And hence there is a need to design and implement 

an efficient coordination system with standard intelligent documents avoiding any 

reasons of failure. 

1.2 Problem Definition 

 

Recently, construction projects were noticed to have grown in size, complexity 

and the number of stakeholders creating an urgent need for coordination. Multiple 

stakeholders and construction teams depend mainly on different project information, its 

accuracy, and its availability for the proper execution and timely delivery of the projects 

in hand. Web-based project management systems offer many benefits in the 
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management of construction projects through developing a mechanism for overcoming 

the unparalleled fragmentation of the information in this industry as well as 

standardizing communication and information exchange during the construction process 

without duplicating information or losing quality. 

Many reasons increased the complexity of the modeling and development of the 

components of the web based coordination systems, some of these reasons can be 

illustrated as follows:  

 The big diversity in construction documents and multiple types of project 

information are required to be available at different stages of a 

construction project. 

 Project information is being used by a broad range of stakeholders, 

professionals, and contractors of multiple disciplines for the purpose of 

coordination and execution of work. 

 The information being coordinated is extremely dynamic and constantly 

changing even in small sized construction projects because of the 

continuous cycles of documents‟ adding, editing, formatting, exchanging 

and transmitting, and this usually happens on a daily basis. Any changes 

or modifications to information shall be recorded and disseminated 

automatically within the system thus ensuring that every discipline 

involved is working with the most up-to-date information (Aouad et al. 

1995). 
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 The distance between headquarters and construction sites also adds to 

the complexity of communication and integration of construction 

documents and information  

 Lack of integration: A high percentage of the available coordination 

systems focus on specific tasks such as project planning and monitoring, 

estimating, design, etc. These isolated applications have resulted in a 

broad spread of stand-alone application packages with no or „„fixed‟‟ 

communication links. The industry lacks an integrated comprehensive 

system, which facilitates the smooth flow of information between the 

various stages of the project (Alshawi 2000) 

 Mixing electronic and hard copy communication: Although many 

construction organizations are using IT to improve specific 

processes/applications, the construction industry still traditionally holds the 

view of issuing hard copy documentation as against electronic forms for 

auditing and record purposes. And hence, the communication in the 

construction industry is complicated by its structural and cultural problems 

(Deng et al. 2001). 

 Incompatibility of computer platforms required for integration in a given 

project: The incompatibility between hardware and software have raised a 

serious problem, which have prevented project managers to easily access 

and manage project information. Therefore, IT systems that are available 

and currently used by the industry do not consider the needs of widely 
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dispersed participants in large construction projects (Underwood and 

Alshawi 1997).  

These reasons among others show the importance and the need of creating an 

advanced coordination system that have a positive effect on the spread of the WPCS 

solutions and solve some issues in project management practices in the construction 

industry. 

1.3 Research Objectives 

The main objective of this research is to design and implement an advanced web based 

approach for integrating, incorporating and coordinating main construction projects 

related documents in an advanced standard accessible platform. The internet or intranet 

is utilized as a mechanism for interrelating project information between different parties.  

The research aims at developing a systematic and unified model for coordinating project 

activities and all its related construction documents. The advanced model development 

avoids the challenges existing in the construction industry as illustrated in the literature 

review. It also attempts to add some needed features that are missing in electronic 

coordination of construction activities.  The structure of the documents inside the 

system not only acts as a source of correct and updated project information as a part of 

a standard system but also makes them active for later follow up and monitoring 

processes. Remote data entry into the centralized database will be performed on line 

using appropriately designed web forms developed as a part of the overall project 

coordination system. Reports can then be automatically generated and presented on-

line using Web technologies. 
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The resulting goal of this research is ultimately to create a new improved WPCS 

system. Such development allows better communication and efficient information 

transfer between project participants. As a result, project coordination and access to 

projects information is improved leading to enhanced project performance. 

 

1.4 Research Methodology 

 

Literature review and the background study (covered in Chapter 2) are considered as a 

pre-research stage and as a guide for the other research stages that includes the 

following: 

1. Investigate relations between different documents and parties in a construction 

project. 

2. Develop a coordination  flow model between different project stakeholders 

3. Design a framework structure for an Intranet-based coordination system  

4. Implementation of the designed framework 

5. Develop conclusions and recommendations for future researches 
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Figure 1.1 shows the different stages of the process of the research methodology 

 

 

 

 

 

 

Figure ‎1-1: Research Stages 

 

1.5 Thesis Contents 

 

The thesis is organized into six chapters. Chapter 1 defines the problem of the thesis 

and shows the research objectives and methodology followed , while chapter 2 is a 

comprehensive literature review for various definitions of coordination and the web-

based coordination models in construction industry. The system modeling and 

architecture is reviewed in chapter 3 in details while the system development itself is 

illustrated in chapter 4. Chapter 5 discusses system implementation from a comparative 

perspective against the traditional documentation system. It also discusses a case study 

from a system evaluation perspective. Finally chapter 6 concludes the thesis and gives 

future recommendation for future research.  
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2. Literature Review 

2.1 Introduction 

  

This chapter reviews literature related to the development of the management and 

coordination systems in the construction industry. The scope of the literature review 

ranges from definitions of the different coordination models and systems to discussing 

challenges in implementing these systems 

A background introduction on the need for web-based coordination systems and the 

use of internet in facilitating the management of construction project is discussed. This 

chapter also discusses different definitions of coordination not only in construction 

context but also when referring to coordination through the web. Different strategies and 

models of both coordination systems and web-based coordination systems are 

reviewed in this chapter along with a small list of the commercially available web-based 

management solutions. The review is finalized in this chapter by discussing the factors 

affecting the implementation of coordination systems and the challenges that appears 

while implementing them. 

 

2.2 Background 
 

During the construction process documents concerning any element is collected, 

analyzed and recorded for incorporation into the proposed project. These documents 

sharing graphical and textual information are the base resource where information is 

cataloged, stored and distributed and they will be evolved and modified as the project is 

heading towards completion and the different users interact in the project.  
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The users of construction documents are a changing group of individuals and 

organizations that participate during the different phases of the project. The initial users 

of these documents may consist of the team members traditionally brought together to 

design or to construct a project; owner, design professionals, and  contractor. Other 

users may include owner representatives, consultants, along with the subcontractors 

that form the next tier of the project team. There is also a broader group of users that 

include material suppliers, product manufacturers, government officials, accountants, 

attorneys, lenders, and other construction professionals. 

Each of these individuals accessing these documents brings a different level of 

experience, understanding, capability, and purpose to the project. This group of 

individuals may constantly evolve and change throughout each phase of the project. As 

one project phase leads to another, the user group forms, disbands, and reforms many 

times. With the development of a project, there is a continuous need for clear, correct, 

complete, and coordinated documents that do not get duplicated, misplaced, nor 

conflicted with previously generated information. Proper organization of the construction 

documents facilitates cost estimating and aids in the preparation of bids (Merrit and 

Riicketts 1994). 

The Construction Specification Institute (CSI) publishes a master list of section 

Titles and Numbers organizing the technical specifications into divisions, which have 

generally become the accepted industry standard for coordination in construction 

documents (AIA 1994). Fisher and Kunz used the master list and said that Computer 

Integrated construction can be defined as a business process that links the project 
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participants into a collaborative team through all phases of a project (Fisher and Kunz 

1995). 

2.3 Coordination Definition and Description 

 

Coordination of work was described in different contexts according to the area of 

research as follows: 

 In construction management; coordination systems are described as the tools 

that provide the stakeholders access to the project updated accurate 

information. These tools present the status of each project allowing 

management to monitor progress (Attaran and Attaran 2002). 

 In design context; coordination is described as tools and technologies that 

exchange design documents faster and allowing real-time collaboration and 

audit of the design process (Chim et al. 2004) 

 In the context of visualization; coordination systems permit project members 

to view project documents with complicated information in a visual format that 

is easily recognizable. This type gives means for changes to be made easier 

and earlier in the project life cycle (Sriprasert and Dawood 2005). 

 And in the general context; coordination systems are described as the use of 

technology to enable project stakeholders to exchange information and 

communicate easier on projects (Li et al. 2004). 

The coordination definition that we adopt in this research is the combination of all these 

definitions together.  
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There are also different forms of coordination in construction projects as adopted by 

Attaran and Attaran (2000). Table (2.1) shows four modes of coordination i.e. 

collaboration and their typical forms of use 

 

 

 

 

 

 

 

 

 

2.4 Web-based Coordination Definition and Description 

 

The basic definition of a web-based project coordination system (WPCS) is the 

availability of a website specific to a project accessible for all users through any internet 

connection. The project website “provides a centralized, commonly accessible, reliable 

means of transmitting and storing project information” (Nitithamyong and Skibniewski 

2004). Beyond this definition, WPCS vary considerably according to their features and 

way of setup. 

When talking about web based project management systems (WPCS), it is 

important to differentiate them from other systems that only allow the transfer of 

Table ‎2-1 Forms of coordination and typical uses (Attaran and Attaran 2002) 
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information via the internet, such as the File Transfer Protocol (FTP) sites. File Transfer 

Protocol sites allow posting of files in a folder structure similar to those in internal 

networks. However, these FTP sites do not act as coordination and follow up tool like 

WPCS solutions and typically their user interface is not very user friendly. 

WPCS can be broken down into three main categories. The first category is the 

Project Collaboration Network (PCN), which focuses on facilitating project management 

by assisting project participants with sharing documents, communications, and 

workflows. It also tracks what is accessed and when, and manages the versions of 

documents. The second category is the Project Information Portal (PIP), which are 

usually used to track codes, permits, economic trends, cost data, and project planning 

information. The third category is the Project Procurement Exchange (PPE), which are 

used to electronically manage bidding and procurement. (Nitithamyong and Skibniewski 

2004). 

Another three forms of WPCS were mentioned by Nitithamyong and Skibniewski 

when discussing system acquisition; first option is developed and hosted by the system 

owner, second is purchased and hosted “in-house” by the system owner, and finally is 

purchased as a service while a vendor hosts the system (Nitithamyong and Skibniewski 

2004). 
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2.5 Need for Coordination Systems 

 

Construction industry by definition is an industry of multi organizational nature and 

geographically separated projects. Many coordination tools and systems are currently 

used; however the industry is constantly searching for new, more proficient and 

effective coordination methods that will bring projects and their stakeholders closer. 

The use of advanced visualization technologies has great potential to increase the 

coordination ability within the project team members. However, their use as an effective 

coordination tool to extract, interpret and process information is still limited and not 

completely explored (Dawood and Sikka 2008). 

2.6 Development of Web based Management Systems 

 

The use of project management softwares to assist managers is not new to the 

construction industry. Project management software systems have been used for years 

to coordinate many types of information from financial data to scheduling to document 

management (Suchanic 2001). The use of project management systems has been 

progressively improving over time to help meet the needs of the industry. Throughout 

the history of project management software there have been a number of outside 

factors that have dramatically changed the way they have been used. The increased 

availability of personal computers since 1990‟s allowed project management softwares 

to be much more available to individual users and easy access to the Internet recently 

has made the transfer of information much more efficient.  
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By utilizing the Internet, companies were able to transfer documents much quicker 

and cheaper than before (Anumba et al. 2007). By incorporating the internet into project 

management, users were able to coordinate activities by sending and receiving 

information much faster and thus reduce avoidable delays. Web-based collaboration 

was designed to help overcome the chaotic nature of communication in construction 

that often leads to drops in communication, poor understanding, conflict, and cost and 

schedule overruns. As web-based collaboration matured, it allowed the development of 

project websites in the late 1990‟s. The idea behind project websites was that each 

project would have its own website which would serve as a centralized location to store 

information so that it would be easily accessible to the project participants (O‟Brien 

2000). This increased availability was because the project website stored the 

information on central servers which were connected to the Internet. This allowed all 

project participants access to the same information at any time (Mead 1997). Since the 

introduction of project websites as a means for collaboration in the 1990‟s, the use of 

these systems has been steadily increasing (Nitithamyong and Skibniewski 2004). 

2.7  Coordination Strategies and Models 

There are two types of coordination strategies; technical and managerial. Technical 

coordination strategy focuses on the data interoperability of software applications that 

support different disciplines. Managerial coordination strategy puts an emphasis on the 

collaboration between a client and various disciplines of specialists within the project 

teams (Zhu et al. 2001). 

Integrated Project Delivery (IPD) is an approach that coordinates people, systems, 

business structures and practices into a process that collaboratively connects the 
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talents and insights of all members to diminish waste and optimize organization through 

all project phases. Integrated Project Delivery teams should contain all members 

involved in the project. Any IPD should include a tight coordination between the client, 

the architect, and the main contractor responsible for construction of the project, during 

all project phases. The success key of the IPD lies in assembling a team that is 

dedicated to coordination processes and is capable of working in cooperation effectively 

(AIA California Council 2007) . 

Another approach for the coordination of engineering information is Building 

Information Model (BIM). It can be defined as the digital representation of physical and 

functional characteristics of a project. As such it serves as a shared knowledge 

resource for information about a project forming a reliable basis for decisions during its 

lifecycle from inception onward (NIBS 2007). BIM can be considered as a model for 

coordination as it integrates work independent on time and place. It allows different 

stakeholders at different phases during the life cycle of a project to add, retrieve, modify 

information. BIM in its ultimate form, as a shared digital representation founded on open 

standards for interoperability, can become in future researches a virtual information 

model to be handed from the design team to the contractor and subcontractors and then 

to the client (Sebastian et al. 2009). 

2.8 Web-based Coordination Strategies and Models 

 

A range of Internet coordination applications, models and development strategies 

can be noticed in the literature review. 
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Mead (1997) categorized four main areas that Web coordination systems are 

designed to address: project information, design information, management information, 

and financial information. The project information category contains general project 

information, photos, and directories of project participants. Design information contains 

contract drawings, revisions, and specifications. Management information contains 

meeting minutes, submittals, change orders, as built drawings, requests for information 

(RFI), logs, and schedules. Financial information includes all information related to the 

accounting of the project. Other areas such as bidding and procurement have been 

incorporated into Web Coordination systems more recently (Nitithamyong and 

Skibniewski 2004) 

Workflow management is an important part of WPCS. By making workflow a part of 

the coordination system, users can set a predetermined route for information. For 

example, a workflow can be setup to allow project manager to assign “tasks” to users, 

such as responding to an RFI. When the user has completed their task the system 

automatically prompts the next task for that item and the user who is affected (Chan and 

Leung 2004) 

There are four approaches that have been developed to solve the data 

fragmentation problem (Rezgui et al. 1996). These approaches are as follows: 

1. Communication between applications: Using a neutral data format that allows 

different software systems to share data. A Commercial example of such an 

approach is AutoCad IGEs Translator. 
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2. Knowledge based interface: This is one of the early strategies for integration 

based on linking multiple applicants and multiple databases. KADBASE was a 

classic example of this approach. 

3. Shared project Information Model: The idea of this model can be defined as 

creating a dynamic repository for project specific information that can be 

appropriately accessible to all project participants. One of the major 

advantages of this approach is that it is independent of any particular 

implementation or application. Therefore, different applications may 

eventually be able to share and communicate with the same information 

model. Examples of this model include COKE (Construction Knowledge 

Expert), OPIS (Object Model Based Project Information System), COMMIT 

(Computer Models for the Building Industry In Europe), and ICON (Integration 

of Construction Information). A similar model is being developed by the 

International Organization for Standardization (ISO) to develop a universal 

standard for the representation and exchange of product data. This standard 

is usually referred to as STEP (Standards for the Exchange of Product Data). 

Formally ISO 10303 objectives is to provide a mechanism capable of 

describing product data throughout the life of a product independent of any 

particular computer system. 

4. Integration through Geometry. This is often the case in CAD packages where 

integration is based on and limited only to geometrical information. 

Zhu (1999) showed that there are three types of web-based applications for the 

construction industry: The fee-based project management service; the build-it-yourself 



20 
 

solutions; and the web-enabled on shelf software. The subscription fee project 

management services are provided by professional information technology (IT) 

companies called  Application Service Providers (ASPs). Benefits of this type include 

low implementation cost, minimal in-house IT expertise required, easy application, 

continuous upgrade, and simple client system requirements. Its limitation lies in 

information security and service quality. The build-it-yourself solutions are suitable for 

extremely large companies, so that they can tailor the application to best fit their 

business environment and maintain their own business style. The limitation is obvious in 

that it requires lots of investment, outsourcing, and a long development cycle. The last 

type, on shelf Web-enabled software, refers to a software set that is bought as a 

readymade application and maintained by construction companies. This solution is a 

balance of the former two. It reduces the need for outsourcing, shortens the 

development cycle and at the same time, preserves the sensitive information of the 

company. Limitations of this system are a higher initial cost, greater know-how required 

from staff, and software limitations that do not attend to all the requirements of the 

organization (Zhu 1999). 

The existence of the technology of Intranet and its possible application in specific 

projects was discussed by Mead (1997). Three systems are outlined: (a) basic; (b) 

expanded; and (c) comprehensive Intranet system. The principle of the basic Intranet is 

to present Internet access to major members of the project team and to grant 

descriptive and marketing information about the project. The spirit of the basic Intranet 

is an e-mail distribution system that can be used to transmit communication and files 

between team members. The basic Intranet make use of a project homepage to give 
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access to project descriptions, project links and construction progress photos of the 

project. This system uses project information that does not change frequently. While 

minimal in scope, this system helps train members to start the coordination process by 

providing access to simple Internet tools like e-mail and the World Wide Web. The 

expanded project Intranet includes a store of integrated management information that 

can improve the performance of the project team. That information includes updated 

project schedule, logs for meeting minutes, pending change orders, request for 

information, submittals status log and action items. In this system, selected project 

members with proper security access the project management store. Project information 

within this system change rapidly and hence files have to be updated regularly. Finally 

the Comprehensive project Intranet adopts a process of complete re-engineering of the 

construction information process. In this system, construction information is divided into 

four main groups: project, management, design and financial information. 

In the area of coordination between construction project stakeholders, Tam (1999) 

studied improvement using Information Technologies in facilitating information transfer 

in construction projects in Hong Kong. A system called “Total Information Transfer 

System” (TITS) was created including six major criteria: internet chat with live drawings 

demonstration, remote login, data exchange, live video-cam, search-engine and an e-

mail system. This system formed an integrated communication system, which connects 

with the Internet using its simple existing features for everyday construction information 

exchange. Construction project members can easily correspond with other branches 

using “Internet Chat”. Video captured at site can be transmitted to the main offices using 

live video-cams. Supplementary office activities like recruiting are done through the 
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company web page. Search engines are used to search for information that help the 

decision making process. It is concluded that it is better for coordination to use internet 

for data exchange between distant projects rather than using a local area network as 

dial-up and virtual private lines.  

An automated code-checking system using an integrated client/server framework 

was studied by Han et al. (1998). The checking of building designs are made online 

through using a website and controlled from client server settings. The code-checking 

software is located on the server and the codes of both the client and server are in 

Java, creating an independent system. In this system, the interaction is done through 

submitting information and getting results in a generated web page. The web page 

contains information with hyperlinks to specific comments. When applicable, these 

comments have hyperlinks to the actual information needed. 

Rojas and Songer (1999) introduced the concepts of a web-centric paradigm, and a 

model for developing web-centric systems and provided a trial product called the Field 

Inspection Reporting Systems (FIRS). Web-centric system is illustrated as an integrated 

network of computers and other information application devices for processing of 

dynamic information. A pen-based computer is used within FIRS to capture inspection 

information on site which are then sent via modem to the Web server. The server stores 

the data and makes it accessible to the owner, contractors, sub-contractors, 

construction managers, architects/engineers, and suppliers through the internet 

accessibility. More than 150 different reports are created instantly using FIRS. FIRS is 

created using client-server structural design. The server processes requests from users 

by maneuvering the database in order to produce proper reports. A case study proved 
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that 20% savings was recorded when comparing FIRS versus the Paper Based 

Inspection System (PBIS). Administrative overhead was three times as much for the 

PBIS system and mistakes were reduced by one third for the FIRS system. The main 

savings came from the fact that FIRS produces reports automatically since all data are 

located in a centralized database while PBIS required manual work to produce a report. 

Bentley highlighted the process of system implementation by discussing the six 

steps that should be used to integrate a Web-based network into an organization 

without disturbing normal workflow (1998). The steps can be summarized as follows: 

the “project web”, the engineering back office, introducing Java, project data 

management, component modeling, and the life-cycle integration.  

 The project control over the Internet was discussed by Seesing to show its need 

and its importance (Seesing 1996). The research talked about security and safety 

pitfalls of such a practice but concluded that benefits prevail over risks. 

Wills (1998) discussed the increasing usage of Internet as the fundamental solution 

for making project management easier. He stated that although the Internet is very 

attractive it may not be the complete resort. The arrangement must be able to 

correspond information efficiently instead of just sending vast amounts of information 

that are un-usable. Communication ability is not the mere solution in itself; however the 

communication content is the means to project success.  
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2.9  Commercially Available WPCS Solutions 

 

Table (2.2) lists some of the commercially available coordination and management 

systems. 

Table ‎2-2: Sample of Available Coordination Softwares: 

No Software Name 

1 Planbox 

2 ProjectManager.com 

3 Primavera Project Planner 

4 Project.net 

5 Planisware 5 

6 Projectplace 

 

2.10 Factors Affecting Implementation of Web Based Coordination 

Systems 

 

Reviewing the literature revealed some factors that can lead to high success of 

system implementation if they are well managed or to failure if overlooked and poorly 

managed. Some of which are listed below: 

 Top management support. Top management support has been reported as 

the most critical factor that significantly contributes to the success of web 

based coordination systems (Chan and Liu 2007). 

 Presence of an implementation leader: Studies concerning usage of web 

based systems showed the need for leader within the project and 

continuously promoting system implementation (Allen et al. 2005) 
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 Proper Training: Formal training with good explanation of all management 

practices used in the project is necessary for system implementation (Hjelt 

and Bjork 2007). 

 Simplicity of use:  System simplicity is one of the most important factors to 

system adoption and implementation (Mitchell and Demian 2008) 

 System reliability. Reliability is an important component of the technical 

quality of the implemented system. If the system faces many technical 

difficulties users will quickly revert to others channels of communication, such 

as e-mail, phone, fax, etc (Andresen et al. 2003). 

 

2.11 Challenges in Implementation of Coordination Systems 

 

There are some challenges and issues that faced the coordination systems during 

their implementation. According to Laudon (2000), full benefit from coordination systems 

was affected due to; weak understanding and implementation of the user requirements, 

improper planning and management of implementation phases, and system resistance 

by users. Another challenge emphasized by Baldwin (2004), is the tendency of 

coordination systems for solving only short term problems without taking into 

consideration the organizational expansion strategy. While Sebastian (2009) showed 

that the competency level of the different project members and their capacity to 

organize the project procedures plays an important role in the effectiveness of the 

coordination systems applied. Coordination system providers‟ little or no background in 

construction may also represent a defect in the system implementation. Ruikar (2005) 

stated that a service provider must have a good understanding of an end-user‟s 
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business tasks and problems to ensure the success of system implementation. System 

security was also emphasized to be one of the main concerns in web based 

coordination systems. Since the construction business is competitive in nature, most 

stakeholders are worried about the possibility of their online data being accessed and/or 

stolen by unauthorized users or competitors (Chan and Liu 2007). Another challenge is 

the inadequate computer experience of team members. Studies by Hjelt and Bjork have 

showed the significance of team members‟ computer experience and IT skills for 

successful implementation of collaboration tools in construction (Hjelt and Bjork 2007). 

 

2.12 Factors affecting Assessment of Web Based Coordination systems  

 
The assessment of a system in an organization depends mainly on how a project team 

can successfully employ specific WPCS (even for an ideal system with no technical 

problems) and achieve most of the system stated benefits. In order to start evaluation 

process for a system, the factors (technical and non-technical) that influence the 

performance of the system has to be identified as well as the measures that should be 

used to assess such performance. The most relevant factors and measures to our 

research scope are those done by Nitithamyong and Skibniewski (2006). The main 

groups of factors that are thought to affect the performance of the system are; 

characteristics of the project, project team, service provider, and system itself .These 

factors are used to assess the performance of proposed system from six important 

management improvement perspectives which are: strategic, time, cost, quality, risk, 

and communication. The project characteristics factor includes the following sub factors; 

Project location, Type of client, Type of contract, Type of project, Project size, Project 
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value, Project duration, Complexity related to design and engineering, Complexity 

related to construction tasks, Starting stage of WPCS development. The Project team 

sub factors can be listed as follows; Project team characteristics Party deciding for the 

use of the WPCS, Internet access availability, Type of internet access, Presence of a 

champion, Prior experience with WPCS, Alignment of WPCS objectives to project 

objectives, User involvement during implementation planning, Top management 

support, Team attitudes toward WPCS, Team attitudes toward IT, Adequacy of training, 

Adequacy of resources, Ability of project managers, Computer experience, Frequency 

of WPCS‟s features usage. And as for the Service provider characteristics factor, it can 

also be divided into a number of sub factors as follows; Contact facilities, Promptness of 

responses, Attitudes of staff, Technical competency of staff, Knowledge in construction. 

And finally the System characteristics factor includes the following sub factors that will 

be used in the assessment procedure as follows; Type of hosting options, Number of 

users, Frequency of software/version update, Ease of use, Output quality, System 

reliability, Data quality and reliability, Data security, Integration among WPCS features, 

Integration with external software, Integration with team‟s internal systems. 

Nitithamyong and Skibniewski (2007) listed a number of measures that can be used to 

assess the WPCS during implementation given in Table 2-3. 
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Table ‎2-3: Assessment Measures for Performance Perspective Factors: 

 

No Performance Perspective Assessment Measures 

1 Strategic improvement  Helping in tracking project activities 

 Enhancing organization‟s image 

 Enhancing competitive advantage 

 Improving project team‟s computer literacy 

 Improving customer/supplier relations 

 Increasing capability for global corporation 

 Helping in attracting more sophisticated 
clients 

 Improving integration with other business 
functions 

2 Time improvement  Facilitating document transfer and handling 

 Helping in searching for files and 
documents 

 Enabling immediate report and feedback 

 Reducing response time to answer queries 

 Helping in preparing correspondence 

3 Cost improvement  Reducing number of faxes 

 Reducing number of postage and shipping 

 Reducing amount of paperwork 

 Reducing telephone usage and expense 

 Reducing travel expense 

 Reducing number of face-to-face meetings 

4 Quality improvement  Improving quality of documents 

 Facilitating forecasting and control 

 Easily identifying errors and inconsistencies 

 Reducing rework 

 Reducing number of design errors 

5 Risk improvement  Improving decision making of project team 

 Helping in conforming with contracts 

 Reducing number of claims 

 Reducing number of requests for 
information (RFIs) 

6 Communication improvement  Enhancing coordination among team 
members 

 Reducing bottlenecks in communications 

 Reducing barriers in communications 
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2.13 Summary and Conclusions 

 

The use of Internet for exchanging information in a work environment has become 

very important and will be more in years to come. Industries such as construction that 

are interdependent and involve a large number of participants, information, and 

resources, tend to benefit from the use of coordination systems through better 

communication, easier retrieval of information, work collaboration, and management. 

Using internet for project coordination is a sophisticated yet still a young market and 

continuously growing in diversity, quality and persistence over the years. There is a 

significant and widespread change that is being driven by the rapidly spreading 

adoption of web-hosted project coordination tools within the construction and 

engineering industries, leading to the creation of a strong relationship between 

coordination technologies and the construction business. Hence there is a continuous 

need for development of coordination tools and systems. 

With the development of coordination systems, they shall eventually be used as the 

basis for a decision-making framework that facilitates strategic planning and 

implementation of working policies and protocols. Coordination through internet is still 

the ideal case for the construction industry since it is cheap, widely available, and not 

too difficult to use. It provides the best coordination solution to the construction 

fragmented nature.  
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3. System Modeling and Architecture 

 

3.1 Introduction  

This chapter is devoted to the development of a coordination model. The 

coordination model takes into consideration some important needs that have to be 

satisfied to create a fully integrated model that solves most of the challenges faced. The 

main coordination model is an integrated compromise between different sub-models 

each of which answers to a certain challenge and solves an implementation problem. 

There is a big need for a model to relate to organizational strategy as well as the short 

term plans and projects and hence the organizational strategy sub-model is created. 

There is also a need to create a flexible model that relates to the needs of the users and 

continuously takes their requirements into consideration and hence the documents 

categorization sub-model is also created. Another two sub-models are created to tackle 

the challenge of construction data fragmentation and quick and ease of access to such 

data. These sub-models are active standard documents sub-model and documents‟ 

hierarchy flow sub-model. To satisfy the need of the simplicity and the easiness of the 

future coordination system, project technical categorization sub-model documents 

categorization sub-models are added to the main model as well. Each of these sub-

models alone tackle some problems, however collectively all sub-models combined 

together solves challenges and creates an integrated main model.  
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3.2 Developed Model Components 

 

The model consists of a number of sub-models with different concepts combined 

together as shown in (Figure 3.1). The model starts from implementing an 

organizational strategic sub-model to gather people and business with available 

technology. Then using this available technology to develop a hierarchy sub-model 

through which active structured documents are used for project monitoring 

purposes. These active documents are used in a flexible information flow sub-model 

that improves the communication process and ties between multiple professional 

disciplines involved in the construction industry. An Internet/intranet sub-model is 

used as a media through which information flow is conducted. Construction 

technicality sub-model is introduced to allow for the use of intelligent construction 

documents whether were they categorized under a project or just used inside the 

organization in a general sense. Project technical categorization sub-model gives 

six standard divisions for each project. These six divisions constitutes the heart of 

the proposed project coordination process; general project coordination, contract 

coordination, communication, site coordination, design coordination, and reports 

center. Under the document categorization sub-model, each division branches into 

many standard intelligent documents to allow for flexibility of adding new user 

defined requirements and hence proper monitoring, updating and integrated alerting 

system.  
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Figure ‎3-1: Main Model and Components 
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3.3 Organizational Strategies Sub-model 

 

The objective of organizational strategies sub-model is to reduce document 

fragmentation, duplication and doubt about activities information. This is achieved by 

intelligently using available resources, enhancing staff and organizational motivation 

and bringing together the three strategic areas of business, people and technology. 

Figure 3-2 shows the alignment of these three strategies in the sub-model design. 

 

Figure ‎3-2: Organizational Strategies Sub-model 

This sub-model design enables participants to build capacity to complete a set of 

tasks that their organization would find difficult to achieve without such a model. This 

sub-model combines organization business, the people resources and the technology 

used to form the enterprise project structure for such an organization. The enterprise 

project structure within this sub-model allows for business strategy to be fully 
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implemented and for the future system to be unlimitedly expandable. The advanced 

communication structure of the model allows for stakeholders to be fully engaged to 

ensure that all key strategies shall be employed during the coordination process.  The 

technology of the model will automate the process of coordination between all key 

participants and monitor the work on a day-to-day basis 

3.4 Active Documents Sub-model 

 

The search for information means quick access to required information; searching 

for valuable information in various documents, synchronizing related data in different 

documents to form an alerting and monitoring scheme used for decision making. One of 

the main milestones of this model is to reach the objective of creating an active 

document. Active document can be defined here as a document that has a standard 

form identical or very much similar in its fields to other documents in various 

international organizations concerning the same subject. Creating these standard fields 

give the model a way through which these documents can be intelligent when 

connected to any alerting mechanism in creating the future system. Each document in 

each project has the capability of having a unique alert designed according to the 

situation of each project and thus making the follow up, alerting techniques, tasking, and 

monitoring means more advanced and intelligent. 

The value of the documents is not that it has a lot of words representing information but 

that it has a lot of information that can be easily used. The more simple and standard 

documents are, the better it is. These active documents were developed by creating 

certain fields that contain related pieces of information in order to make the document 
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more informative, standard and intelligent. Accordingly, any user that has the 

permission can retrieve or call upon any documents by using these standard fields. 

Each and every document has some fields different than other documents, but there are  

main fields that are available in all active documents as follows: 

1. Project Name 
2. Project Serial Number 
3. Project Code 
4. Document Number  
5. Document Date/Opening date 
6. Close date 
7. Document Status 
8. Document Subject. 
9. Document Creator details 
10. Document Action by 
11. Document Body 
12. Document Version Code 
13. Document Reference Number 

 
These elements are found in all documents to control and coordinate such documents 

and perform monitoring, follow up procedures or any other actions through the model. 

These elements are considered as an identification card for each document making 

them active documents that can be send as a task or to another entity as a message or 

even can be send to a printer. Since each document is connected to a number of dates 

associated with certain information about the document such as  creation date, required 

due date, closing date, opening date, approval date and today‟s date, therefore 

intelligent information and alerting is setup through comparing today‟s date with all other 

associated dates. This comparison will result in a number that is the basis of an online 

monitoring and tracking mechanism changing normal documents to intelligent and 

active document.  Figure 3-3 illustrates actions of active document. 
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Figure ‎3-3:  Active Document Actions 
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The main difference between traditional, inactive documents and active documents in 

the model design is that active documents were given a different structure. The active 

documents are connected to the system database through many fields that are 

interconnected by an alerting mechanism for each document in each project. These 

alerts change the property of a traditional document into an active documents that 

automatically update the future system dash boards after each new calendar day and 

gives automatic alert when appropriate to all or selected number of system users. 

3.5 Documents’ Flow Sub-Model 

 

In construction projects, a massive amount of information is created in unstructured 

documents and hence coordination of such documents presents some challenging 

issues related to their use. In the process of coordination of construction documents 

related to a particular project or any of its specific components, the intent is to arrange 

all the available information about any specific component into a comprehensive 

interrelated set of data. 

Documents‟ flow sub-model is designed for linking all construction documents with 

each other by utilizing available internet technology. The objective of this sub-model is 

to convert traditional, unstructured and inactive documents into structured active ones 

that can be used for coordination, monitoring, alerting, and searching purposes where it 

is accessible for all project team members. Figure 3-4 shows how this transformation is 

done by taking the active document created in the previous sub-model and stores it into 

a central depository accessible on the internet 
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Figure ‎3-4:  Documents Flow into a Central Depository on the Internet 
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The need for appropriate project information inside each document type is extremely 

important because regularly the information in one stage of the project is the basis for 

creating new piece of information in another stage. It is also crucial that this information 

be accurate, ordered and structured in such a way that facilitates easy retrieval and 

reuse.  

The sub-model objective is to enhance quality and intelligence of construction 

documents and then make them a portal for monitoring, follow up and coordination of 

project components in a way that allows users to combine and share documents inside 

the project. This sub-model develops an easy mechanism for organizing construction 

documents with accurate information for various project components, which are active, 

interrelated and easily retrieved in different representation and reports. These 

documents are the most valuable resource because information is stored within, easily 

reached by different links and distributed for stakeholders and continuously evolving 

through the cycles of the same project. 

3.6 Projects Technical Categorization Sub-model 

 

There are key construction technical categories that are considered to have a wide 

affect on the coordination process, and accordingly were used as the basis for design of 

the model. These categories include people, communication, cost, time, quality, claims, 

issues resolution, performance and contract relations and others. 

These categories can either be divided into sub-categories or grouped together to 

create one or more form of coordination concepts in  construction projects according to 

practicality of the construction industry, simplicity of use, similarity to widely used 
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models and systems, type of information, location, frequency of usage, discipline of 

information, etc. The model gives freedom to each organization to create unlimited 

number of these categories under each project. The sub-model using these technical 

categories gives each active document in the model a standard parent, and hence each 

document in the project is related to a specific work category. For example; schedules 

are related to general coordination, change orders are related to contract coordination, 

daily reports are related to site coordination, drawings are related to design 

coordination, and requests for information are related to communication  

Figure 3-5 shows how the model automatically divides any project under the 

company six main technical categories as follows: 

1. General Coordination  
2. Contract Coordination 
3. Site Coordination 
4. Design Coordination 
5. Communication Coordination 
6. Report Center 

 

Figure ‎3-5:  Project Coordination Main Categories 
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In the event of creating an active document it shall fall into a unique category in this 

model. This unique category has two major characteristics. First, it is company and 

project related and therefore allow for the created document to follow and be part of a 

specific company and/or project. Second, the document has a general standard form to 

give practicality of usage. In that essence, the active document shall be part of two not 

similar categories at the same time. The model design introduced a flexible tool to 

create a tree of all company related structures ending with a specific project as a first 

step. Inside this project and as a second step, the standard more general set of 

documents will then appear to be used within. 

 

Figure ‎3-6: A Model for Combining Categorization of Company Related and 
General Standard Industry Documents 

 

Company 
Related 

Structures 

Company 
Related 

Company 
Related 

Company 
Related 

Project Related 

Standard 
Documents  



43 
 

3.7 Documents Categories Sub-Model 

In this sub-model standard and active documents are modeled according to 

common standards of the construction documents in the engineering industry as 

illustrated below: 

General coordination category contains active standard documents that are related to 

the project as a whole and have no relation to the contract, site, or design information 

Examples of such documents are: 

a. Project information 
b. Companies information 
c. Schedule information  
d. Tasks information 
e. Organization chart of the project 
f. Issues arising in the project 
g. Header and footer for documents in the project 

On the other hand, contract coordination contains active standard documents that are 

related to the contract administration of the project such as: 

a. Bill of quantities 
b. Cost Breakdown structure 
c. Cost coding of BOQ 
d. Purchase orders 
e. Contracts 
f. Invoices 
g. Payment requisitions 
h. Proposals of change orders 
i. Change orders 

Figures 3-7, 3-8, 3-9, 3-10 and 3-11 show how these active documents are involved in 

multiple actions with other documents in the model. They also show how all these 

documents are categorized under each project and then under each technical category. 

Simplicity of the model is maintained by  duplication of actions under each category; for 

example; the schedule as an individual document under the technical category of the 
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general coordination can be logged, viewed, edited, sent, printed, and transferred to a 

task and many other actions. Following the same scheme other documents such as 

contracts in the contract coordination technical category or requests for information 

under communication category are treated the same way. Each document category 

under the technical category acts as a central depository for other documents from the 

same type under the same project. This sub-model will facilitate different parties 

accessing chosen document categories under chosen projects with chosen actions to 

be done for each active document.  

More close coordination and interrelation between documents exists under certain 

technical categories such as the contract coordination as illustrated in Figure 3-8. 

Contracts are closely related to payment requisitions, and change orders are closely 

related to proposals of change orders and contracts, while bill of quantities are closely 

related to cost coding and contracts. These interrelation creates a sense of unity 

between all active documents and information can be accessed and view in different 

layouts and presentations.  

The same concept shown in Figure 3-11, which shows the interrelation between design 

resource team members and the drawing list allocated to each one. This relation allows 

for the proper allocation of design drawings to any design member in the resource pool. 

After the allocation of resources the model allows for tracking and monitoring design 

performance for each drawing under drawing list 
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Figure ‎3-7:  General Coordination Active Documents 
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Figure ‎3-8:  Contract Coordination Active Documents 
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The third category is the communication coordination, under which goes all 

communication related active documents as shows in Figure 3-9: 

 

Figure ‎3-9:  Communication Coordination Active Documents 
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The fourth subcategory is site coordination created under each project and it consists of 

the following interrelated active documents: 

 

Figure ‎3-10: Site Coordination Active Documents 
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The design coordination subcategory contains the active documents shown in Figure 3-

11.Finally the report center includes reports specifically relating to this project.  

 

Figure ‎3-11: Design Coordination Active Documents 
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3.8 Summary and Conclusions 

 

System modeling corresponds with and supports the project team‟s strategy and 

business needs as well as technology strategies. The responsibilities of the people and 

the documents work flow are defined to create an advanced model based on structured, 

active documents to facilitate automated tracking and monitoring techniques. The model 

forms a frame work that aids the smooth flow of information within the construction 

technical categories. Document categories allow for standardization of different 

unstructured construction document and their availability and continuous ease of 

access. The model takes into consideration the interrelation between active documents 

within the same and/or different project, technical category or document category. The 

main model combines all these sub-models together in one integrated model that 

tackles all challenges of implementation 
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4. System Development 

4.1 Introduction 

 

This chapter discusses system development based on the literature review in 

chapter two and the modeling concepts discussed in chapter three. The system is 

developed into central SQL database with interconnected relationships between all 

active documents. The system tackles such network of relation using a web browser 

and web-based application equipped by permissions for each user to limit or extend his 

ability to maneuver active documents within each project. The developed solution is 

customizable to allow for personalized interfaces and customizable to projects, which 

means it is suitable for all kinds of projects varying in size, type and degree of 

complexity. The framework of the solution is also compatible with the upload of any 

application extension and compatible with major engineering software such as 

Primavera, Microsoft project and Excel. The development allowed for complete 

document management through uploading, downloading and automated log creation.  

The main modules of the system are developed in a way to overcome common 

nature of data fragmentation in the construction business. Coordination among various 

participants throughout the construction process is developed within the system using 

macro and micro modules. The exchange of information between project players is 

developed in an advanced intelligent standard form. The system takes into 

consideration different involvement and backgrounds of different users as well as 

different phases of the construction industry with login and access right features.  
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4.2 Implementation Media 

System programming starts by creating a database designed for the model 

needs supported with a user-friendly interface with a user permission system, and also 

stable static Internet connection to ensure reliability and security. 

The Language adopted in programming is the ASP.net, an advanced 

programming language that facilitates interactive interface and supports powerful 

databases, thus requiring relatively low resources. ASP.net is a widely used source 

scripting language that is especially suited for Web development with database 

applications. The advantages of using ASP.net are the capacity to be embedded into 

HTML and to enable Web designers to write Web pages relatively quickly. The greatest 

advantage in using ASP.net is that it offers many advanced features for more 

sophisticated programmers and web designers to accommodate our model special 

needs and specific requirements. One of the most important special requirements is to 

make the whole construction coordination process strictly online with no downloading 

required. 

 Another advantage of using ASP.net is its compatibility with many operating 

systems such as Linux, Unix, Microsoft Windows, MacOS X, and RISC OS. ASP.net 

can also be supported by many Web servers, such as Apache, Microsoft Internet 

Information Server, Personal Web Server, Netscape and iPlanet servers, and many 

others. Therefore, the use of ASP.net can provide freedom of choosing an operating 

system and a Web server. Furthermore, ASP.net can be supported by a wide range of 

databases, including SQL, Adabas D, dBase, Oracle, and Solid. With all these 
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advantages, ASP.net was selected as the programming language leading to the final 

database sub-model. 

4.3 System Database  

 

To support the use of ASP.net in constructing a database, a structured data 

collection and retrieval system was used. The well known Database „SQL‟ has been 

used. It is one of the most popular Database systems, being designed for velocity, 

authority, and accuracy in operation critical, heavy load use applications. 

SQL is a relational database management system that stores data in separate 

tables rather than putting all of the data in one large store space. This helps advance 

speed and flexibility. SQL is ready software, available for use and adjustment to suit 

different projects. The following list describes some of the key characteristics of the SQL 

database software. 

1. Security: the password system is very flexible and protected, and allows host-

based verification. Passwords are secured by encrypting all password traffic 

connected to a server. 

2. Database Limitations: SQL can handle huge databases, with some databases 

capable of handling millions of records, tables, and rows. 

3. Connectivity: customers have the choice of connecting to the SQL server by 

using TCP/IP sockets, Unix Sockets (Unix), or Named Pipes (NT) and other 

means. 

4. Stability: Consistent evaluation of the SQL occurs to ensure bugs are strongly 

monitored and fixed in the latest version. 
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4.4 Centralized Data Center  

 

The key requirement for any improved communication process is coordination of 

information exchange. The system developed an improved communication process that 

meets different needs of multiple professional disciplines involved in construction 

process. This system will not only embark upon communication and information sharing 

during the actual construction of the project but also, the information exchange as a 

process of transferring information from one project member to others. It is based on 

evolving IT facilities of the Internet, World Wide Web (WWW) in connection with central 

database technology. The proposed framework is shown in Figure 4-1.  

 

Figure ‎4-1: Improved communication process through a central database 
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4.5 Internet/Intranet Coordination framework 

 

 The system is coordinated between both Internet/Intranet mediums as shown in 

Figure ‎4.2. It consists of a web server containing user interface, which is setup as a web 

Browser. The web server contains a central SQL Database storing both project and 

general information. The client side of the system consists of any available computer 

workstation, which contains an internet browser and Internet connection. The browser 

allows certain documents to be viewed by the user according to a set of permissions in 

the central database. The user interface is a very simple regular website with a set of 

web pages, menus and buttons, which enable the user to create, edit, delete, retrieve 

data to or from or through the central database and into another entity. 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure ‎4-2:  Framework for Internet and Local Setup 
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4.6 System Architecture 

 

System architecture consists of two main sections: Project Based and Company 

based. Therefore all the modules of the system interface are divided into two main 

categories to cope with these two sections as shown in Figure 4-3. The first Company 

category called here as the macro section consists of all the data related generally to 

the company and/or related to some or all of the projects. This category includes 

general inbox, human resources related features, enterprise project structuring, general 

projects settings, accounts configuration, general reporting, summary dashboard and 

logout features. The second project specific category or micro contains all project 

directly related features. It consists of the system six main modules; general 

coordination, contract coordination, site coordination, design coordination, 

communication and report center. These two categories are interconnected together 

through the development of database and programming framework. All macro modules 

are positioned at the top of the webpage while all micro modules are positioned inside 

each project at the left hand side of the webpage allowing user friendly interfacing 

throughout the system.  

Illustration of the macro and micro features and their webpage positions is shown in 

Figure 4.3 
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Figure ‎4-3: Macro and Micro Modules 

4.6.1 System Macro Modules 

 

The macro modules are typically related to any data that is not project specific. This 

type of data may include messages inbox that gathers all messages from different 

projects in one central inbox categorized by priority. A combined task list is also 

developed as part of the macro features as it includes all tasks related to the user in all 

projects. This macro feature makes it very easy for each user to follow up and track 

tasks on a very timely manner. Enterprise project structure feature is a company 

convenience feature and customizable in lieu of the structure and the strategies of each 
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company. Reports are also an important module of the macro level. Some reports are 

default in the system while all others are customizable and accordingly implementing 

the needs of the client to get the full system benefit during implementation.  

Figures 4-4, is an example of macro inbox messaging module divided into high, medium 

and low priorities. This function relates to the organization as a whole and not just to an 

individual project 

 

Figure ‎4-4: Inbox Items by priority for each project 
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4.6.2 Project Micro Modules 

 

There are six default modules in each created project, representing four important 

categories: tasking and workflow management, document management, site, contract 

and design coordination through effective team Communication, and reporting. Figures 

(4.1 to4.5) illustrate the main components of each module of the first five modules. The 

sixth module is the report center which is designed to be customizable and different 

from each company to another and hence overcoming user resistance by attending 

closely to their requirements. 

 

 

Figure ‎4-5: Module 1 (General Coordination) 
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Figure ‎4-6: Module 2 (Communication) 

 

 

Figure ‎4-7: Module 3 (Site Coordination) 
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Figure ‎4-8: Module 4 (Contract Coordination) 

 

 

Figure ‎4-9: Module 5 (Design Coordination) 
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4.7 System Features 

 

4.7.1 Login and Access Rights 

 

As a development of Internet/Intranet coordination sub-model illustrated in section 

3.6, the system allows connection through both local network setup and internet hosted 

setup. The only difference between connecting through the internet and connecting 

through a local setup lies in a special arrangement of the IP address inside the system 

server. This arrangement will allow local users  to connect to the database through a 

local IP address that does not exist on the internet, while external users will connect 

through the database by using a normal HTTP website name, which is 

(demo.procoor.com) in our case. The connection will be made through any normal 

internet browser using a login page prompting for username and password entry. In 

order to support security of the system no access to the system will be allowed without 

using the encrypted credentials of each user 

4.7.2 Enterprise Project Structure 

 

As a development of the organizational strategies sub-model illustrated in section 

3.2, the system should be customizable to persons and projects; scalable according to 

construction project size and level of IT infrastructures in the companies; and 

extendable enough to allow project participants to define a tailor-made solution that fits 

their company and projects structure. 

Therefore a feature called Enterprise Project Structure (EPS) is developed to allow 

for customization of each company structure and extension of their projects tree. 
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Figures 4-10 and 4-11 show EPS and how easily it can be tailored and customized to 

any company needs. 

 

Figure ‎4-10: EPS Customization 

 

EPS feature allows users in different companies with different organizational needs 

and strategies to tailor their needs on line by creating their own hierarchy of 
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departments, branches, disciplines, etc. Any hierarchy tree will end with an option to 

add a project with all its micro features as a default as shown in Figure 4-11 

 

 

Figure ‎4-11: Customizability to Organizational Different Strategies and Structures 
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4.8 Summary and Conclusion 

 

A system was developed following the main model developed in chapter three and all its 

related sub-models.  The system is design to be compatible with all widely known 

application extensions. Therefore any file or folder can be attached to any active 

document. ASP.net was used as a programming language for flexibility, simplicity and 

availability, while SQL database was used as a system database because it is one of 

the popular, ASP.net compatible, flexible, and accurate databases. 

System is developed to act as a central depository for each project through the actions 

done to each active document. Logs to these documents are created automatically 

through the system to give the central depository a simple accessible layout. System is 

developed to be accessed and used through any web browser and hence can be 

accessed through the internet or the intranet. The system addresses both organizational 

document and project specific document through creating Macro and Micro modules. 

Finally all documents are standardized and are set under specific technical categories 

for simplicity and ease of use. 
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Chapter (5)  
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5. Case Study & Verification 

5.1 Illustrated Example: 

This example shows the difference between the steps used in the original document 

exchange of information process from one project team member to another through a 

set of paper documents vs. using the web-based management system for issuing the 

documents; in our case study the document is a new design drawing. 

5.1.1  Steps of traditional paper-based document exchange 

The traditional paper-based process for document exchange of information consists 

of five main activities shown in Figure 5-1 

Issue new drawing: this activity represents the process of how design team issues 

new drawings. The paper drawings are issued by post and on average take 2 days, 

depending on location of the designer and means of delivery. 

Check and register drawing: this represents the process of checking and registration 

of issued drawing. The drawing is checked for errors or mistakes and if any is found, the 

designer is advised for correction, otherwise the details of the drawing are recorded in 

the register. The engineer send signed transmittal sheet to issuer to acknowledge that 

the drawing have been received. 

Make copies of drawing: this activity involves reproduction of the registered 

drawings. Two copies of drawings are normally issued as original and the engineer then 

make copies; the number per drawing depends on the number of subcontractor/supplier 

that requires the drawing. On a mega type project, the number of subcontractors or 

suppliers often exceeds hundred depending on the size of the project. 
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Check and distribute drawing: this activity represents the drawing distribution 

process. The site engineer checks and attaches transmittal sheet for each of the 

drawings and sends them to relevant subcontractors. 

Receive and document transmittal sheet: this activity describes the process of 

documentation of drawing distribution. The signed transmittal sheets received from the 

subcontractors are documented. 

 

Figure ‎5-1: Original Document Process 
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Figure 5-1 shows the steps required to issue a new active document. In our illustrated 

example this active document is a new drawing. In the traditional document exchange 

process it goes into many steps between the different project team members. Client will 

give requirements and/ or changes to the design team, this request will go from the 

secretary of the design team to the design team. Request is accepted and drawing 

information is being input and the drawing is prepared. After finishing creating 

documents, the design team issues an advice of the issued drawing and sends it to the 

site engineer. Site engineer sends these drawings to project document controller to be 

registered. Document controller registers the drawing information and saves all drawing 

details, and the site engineer accordingly orders copies of this drawing. Therefore the 

drawing is moved once more to the plotter and printer shop and comes back after 

fulfilling copies requirements. At that point the site engineer arranges a distribution list of 

all related stakeholders for this drawing to be distributed among them. Comments from 

each stakeholder come back to the site engineer and timely consuming coordination is 

done between these comments to finalize the drawing.  

Table 5-1 shows steps required for detailed movement of each drawing. The number of 

steps it takes to reach its final state shows that it goes through at least twenty three 

exchange steps 
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Table ‎5-1: Analysis of Traditional Drawing Exchange Steps 

Step Description Responsibility Counter 

Request a drawing Client 1 

Create a drawing Design team 2 

Request to issue drawing Design team 3 

Request Accepted Design Team 4 

Logs issued drawings Secretary 5 

Advise of an issued drawing Design team 6 

Request to register drawing Site Team 7 

Register the drawing Site Secretary 8 

Request a modification (duplicates all the 
above steps 

Site Team 16 

Request drawing copies Site Team 17 

Sent to Plotter Secretary 18 

Receive from Plotter Secretary 19 

Request the distribution list Site team  20 

Distribute drawings Secretary 21 

Receive and comment on drawings All Stakeholders 22 

Coordinate all comments on the drawings Site Team 23 

5.1.2  Re-Engineering Process using our Model 

 
Using our model reduced the main drawing distribution activities from five activities 

to three activities regardless of the actual time involved, as illustrated by Figure 5-2. The 

actual time involved in the process have dramatically decreased by using this model. 

The model also decreased the number of detailed movement that the drawing 

undergoes from one team member to the other from twenty three movements to only 

seven movements as shown in Table 5-2. The Web based management system cuts 

many steps from the traditional information exchange process which wastes a lot of 
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valuable time. The designer creates a drawing after receiving a request from the client 

for certain requirements and/or changes. The designer then issues drawings using 

design software and saves the design electronic files by uploading them on the 

database. The system automatically sends an e-mail notice, with an attached transmittal 

sheet to the site engineer and any other involved party to inform them that a new 

drawing has been issued. The engineer can immediately view the non-editable version 

of this drawing on the computer screen or print it out for thorough checking if needed. 

This version of the drawing can be downloaded from the system and edited with any 

desired changes and then uploaded again on the system with another version, so that 

all versions are registered and saved. The transmittal sheet is also completed 

automatically via the web system forms. These exact forms were used previously to add 

the drawing on the system.   

 

Figure ‎5-2: Re-Engineering Document Process Model using our Model 
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Any stakeholder can input comments for drawing modification directly on the 

same drawing document, which are being saved instantly in the system database and 

immediate alerts are sent to the designer for revision and resubmission. All revisions 

and submittal cycles for each drawing are recorded automatically in the system register 

for proper tracking and monitoring of each design activity. If the site engineer is 

completely satisfied with the drawing, he can instruct the system either to make it 

accessible to certain users from subcontractors or suppliers or to sent it by email using  

the system so that the email itself is registered and recorded as well. An 

acknowledgement post it document is sent to the sender once the drawings is received 

to make confirmation that the document is opened by the recipient. 

Table ‎5-2: Drawing exchange steps using Model: 

Responsibility Step Description Counter 

Client Request a drawing 1 

Design team Create a drawing 2 

Design team Upload Drawing 3 

Site Team Writes Comment for modification  4 

Design Team Upload Revised Drawing 5 

Secretary Distribute drawings 6 

All Stakeholders Receive and comment on drawings 7 

 

5.1.3 Comparison of the WPCS with Traditional Paper Based System 

The WPCS was compared against the traditional paper-based document exchange 

system based on two criteria; the main process activities comprising the document 

exchange and the number of steps the document has to take between stakeholders to 

reach its final destination. The main process activities were reduced from five process 
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activities in the traditional system to three process activities in the web-based system. 

The document exchange took 23 steps to reach its final destination in the traditional 

system compared to only seven steps to reach the same final destination with a saving 

of 17 steps. Without making an accurate assessment of the actual time spent during 

each step, it is obviously clear that the WPCS made a huge saving in regarding process 

activities and accordingly time and cost.  

Cost savings are in directly affected by time savings however are directly affected by 

other expenses that are completely eliminated from the document exchange steps using 

web-based coordination system 

 

5.2 Validation of the system  

A system demonstration to show drawing addition and distribution is illustrated in 

Figures 5-3. To start using the system, the user will login to the system using his 

username and password. 

 

Figure ‎5-3: System login page 
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Access to the system will lead to the company home page, which is a summary 

dashboard of all alerts on the right hand side and all projects on the left hand side. All 

the menu buttons provide links to required information stored in the central database as 

shown in Figure 5-4 

 

Figure ‎5-4: System Dashboard and Projects  

 

A simple click on any project will open the specific project with all its technical 

categories as shown in figure 5-4. A simple click on the design coordination category 
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will open all document categories inside the design category in a given project. Another 

click on the document category called drawing will open an automatic log of all the 

drawings currently issued under this project as shown in Figure 5-5. 

 

Figure ‎5-5: Drawing Automatic Register  

This drawing register contains a lot of information such as drawing description, number, 

reference number, revisions, approval status, and number of cycles until approval, open 

date, closed date and all cycle dates, etc. Another simple click on any drawing will open 

the drawing to view all details and choose either to view the drawing, or edit, print, send 

as an email or as a task or many more actions as shown in Figure 5-6. This drawing can 

be distributed through the local system or to outside emails depending on which 

stakeholder has an access to the system and who does not, however in all cases all 

parties are being alerted.  
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Figure ‎5-6: Drawing Distribution and other Actions 

 

5.3 Evaluation of the system 

 In order to evaluate the proposed system, we adopted factors (technical and non-

technical) that influence the performance of our developed system as well as measures 

that assess such performance. The main groups of factors that are thought to affect the 

performance of the system are; the characteristics of the project, the project team, the 

service provider, and the system itself. Our survey questionnaire was designed to 

include all these factors along with the measures that can assess such factors in simple 

and direct questions as shown in table 5-3 
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Table ‎5-3: Performance Assessment Questionnaire: 
S

tr
a
te

g
ic

 

System Performance Perspective Strongly Agree       Neutral  Strongly Disagree      
5                 4                3               2               1 

 Did it  help in tracking project activities      

Did it enhance organization‟s image      

Did it enhance competitive advantage 

 

     

Did it  improve computer literacy 

 

     

Did it  improve customer/supplier relations 

 

     

Did it  increase global corporation 

 

     

Did it  help in attracting more clients 

 

     

Did it  improve integration with other functions      

T
im

e
 

Did it facilitate document transfer  

 

     

Did it  help in searching for files and documents 

 

     

Did it  enable immediate report and feedback 

 

     

Did it  reduce response time to answer queries 

 

     

Did it  help in preparing correspondence      

C
o

s
t 

Did it  reduce number of faxes 

 

     

Did it  reduce number of postage and shipping 

 

     

Did it  reduce amount of paperwork 

 

     

Did it  reduce telephone usage and expense 

 

     

Did it  reduce travel expense 

 

     

Did it  reduce number of face-to-face meetings      

Q
u

a
li

ty
 Did it  improve quality of documents 

 

     

Did it  facilitate task control 

 

     

Did it  reduce rework 

 

     

Did it  reduce number of design errors      

R
is

k
 Did it  improve decision making of project team 

 

     

Did it  help in conforming with contracts      

Did it  reduce number of claims 

 

     

C
o

m
m

u
n

ic
a
ti

o
n

 Did it  reduce number of request for information 

(RFIs) 

 

     

Did it  make Communication improvement  

 

     

Did it  enhance coordination within team      

Did it  reduce bottlenecks in communications 

 

     

Did it  reduce barriers in communications      
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The questionnaire interview was conducted on an engineering consultancy group in 

Egypt with a number of engineers reaching almost 500 with different positions and 

disciplines. The head of each department was contacted to select the respondents that 

are most willing to participate in the questionnaire interview. The overall performance 

WPCS scores are rated by the respondents on a scale of 1 to 5 (1 extreme failure and 5 

extreme successes). The number of the engineers that participated in the questionnaire 

interview was ten engineers. During each interview, the interviewee was asked to 

provide a general view on the use of WPCS in the organization, including the 

implementation setting/decision and operational issues that his team experienced. The 

interviewee was then presented with the set of questions that measures the intensity of 

the success factors. Questions were deliberately closed-ended with a number scale to 

avoid unstructured answers but, however, shall allow the interviewee the freedom to 

respond with more than merely positive or negative answers. The objective was to 

check for absence/presence of the assessment criteria identified in the survey, while at 

the same time checking whether they were fulfilled only superficially, or in a meaningful 

way. Each interview lasted approximately one hour and data was compiled to form 

results as illustrated in the following section. 

5.4 Analysis of the Interviews Data 

A numerical analysis was performed on the data of the interview questionnaires to show 

the percentage of agreement and/or disagreement of the interviewees with the system 

performance in their organization. The performance scores are rated on a scale of (1) to 

(5) with (1) showing complete disagreement implying failure and (5) showing complete 

agreement implying success of implementation. 
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As illustrated in Table 5-4 below, the number of hits for each scale number was 

registered at the specific column of the scale number and at the corresponding row of 

the question in hand. The scale numbers (5) and (4) represent agreement and (2) and 

(1) represent disagreements, however (3) is not included as it is considered neutral 

opinion. Percentage for each assessment factor was calculated by adding percentage 

values under scales of (5) and (4) in case of agreements and (2) and (1) in case of 

disagreements. Overall percentage for the whole sample was calculated by taking 

average of all agreements and disagreements percentages values and dividing it by the 

number of factors. Overall percentage was found out to be (65.5 %) agreements and 

(11.3%) disagreements. This means that (65.5%) of the interviewees agree that that 

there is an obvious improvement in the organization after implementing the system and  

(11.3%) of them disagree with the improvements in certain disciplines. Percentage 

values for each group of factors were also calculated to give an indication for which 

group of factors were most successful in comparison to others. And hence the time 

improvement scored the highest percentage of (86 %) while communication, time and 

quality improvements scored almost the same percentage of (70 thru 72 %). In the third 

place comes the risk improvements with (56.7 %) and finally comes the organization 

strategic improvement scoring the lowest percentage of improvement among all other 

improvement factors to show only (45 %). These results are all illustrated in table 5-4 

hereunder. 
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Table ‎5-4: Performance Assessment of Proposed WPCS 
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5.5 Results of Questionnaire Interview  

.  The analysis revealed that there was a big improvement in all performance 

perspective items as all items showed scores ranging from the highest number (5) going 

down to the medium low number (2). An overall implementation pure success factor of 

65.5 % without adding the neutral scores of (23.2%), which if added will bring the overall 

score to (88.7 %). The weakness of the system appeared in the comparable poor 

improvement within the organization strategic factors and the risk improvement factors. 

However there is a very noticeable improvement in organization time, cost, quality and 

communication levels.  

The comments in the questionnaire interview showed that the decision to employ 

WPCS in the organization originated from their need to monitor their projects costs, 

particularly those associated with the engineers‟ hours for design work. It was also 

stated that all contract drawings and specifications were put available on the WPCS, 

which saved a lot of time for all projects‟ team members. All drawings issued by the 

design engineers and all RFIs or change orders by other stakeholders were available 

digitally on the central database, which reduced errors of design and the need to 

rework. Similarly, drawings and documents submitted by the contractor were usually in 

electronic format, even the shop drawings improving communication between all 

parties. The WPCS was extremely efficient at logging and transferring information for 

RFIs, supplemental instructions, change orders, meeting minutes, and related 

correspondence reducing risk and improving decision making process.  A transmittal 

system was also fully integrated with the WPCS to track all documents sent 

electronically. Files that was too large to be transmitted through e-mail messages before 
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using the WPCS could now be uploaded to the WPCS and downloaded at the other end 

reducing cost of printing, shipping and postage. Finally, all the interviewees agreed that 

the organization enhanced its quality and image by the use of the WPCS.  

5.6 Factors Affecting Results of the Questionnaire Interviews 

Although not all the WPCS features were fully developed and utilized at the start of the 

implementation, there were surprisingly no major problems encountered mainly 

because of the client‟s involvement in the system customization and having sufficient 

knowledge to deal with minor problems as they arose. The system‟s ease of use was 

also critical to the implementation success. The WPCS was carefully customized with 

significant input from the actual users. Various features were based on a similar 

template, reducing the learning time required to become comfortable with the system. 

Although the majority of members were new to the system, most had sufficient 

computer experience. The provider could also be reached easily by regular e-mail or 

telephone, enabling minor issues to be characteristically addressed within minutes, with 

larger issues always resolved on a same-day basis. 

The client also had in-house IT staff who were particularly helpful in sorting out 

problems with the WPCS utilization, especially at the early stages. High-speed 

connections were available and utilized by all major participants. The system and data 

connections were also extremely reliable with no significant downtime. The system also 

had a fully developed security system that allowed the team to create security levels, 

decide what information would be available at each level, and assign security levels to 

individuals or groups. For accountability, a record was kept of when documents were 

accessed and by whom. All construction specifications and drawings were kept in the 
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central database using versioning techniques to ensure that they could not be altered. 

Other project information, such as schedule information could also be shared easily 

through the system integration features with different software packages. 
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6.  Conclusions and Recommendations 

6.1 Conclusions 

 

There is a need for integration of information processes within the construction 

industry. It can now be realistically achieved using the evolving information 

technology, especially the capability of web technology. A model was developed in 

this research addressing the challenges facing information transfer in the 

construction industry as well as the problems that might appear in system 

implementation in an organization. The research has described and tackled all the 

research objectives and developed an advanced Web-IT coordination tool that 

improves communication and information sharing in a project. The easy, accurate 

and timeless exchange of documents during the construction of any given project, 

no matter its size, duration and complexity was achieved. The development and 

implementation of the system on the basis of the created model was achieved and 

described in details. The system was tested through an illustrated example for one 

document, the engineering drawing in our case. The illustrated example compared 

the paper-based system, with the developed coordination system and a 

considerable cut in the activities process and savings in time and cost was 

recorded.  It also made obvious the main benefits of web-based coordination model 

compared to the conventional methods such as the following: 

 The system provides a lot of storage space and immediate access to any 

project for viewing, editing, printing or downloading for modifications and/or 

changes. 
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 New documents are made available to all project members without delay, 

which provide clear evidence of time and cost savings. 

The evaluation of the system was done through a questionnaire interview made in a 

large consultancy organization in Cairo, Egypt. The analysis of the data coming from the 

interviewed sample revealed that the organization improved noticeably in terms of time, 

cost, quality and communication and improved slowly on the strategic and the risks 

levels. 

This evaluation showed the importance of implementing the web-based coordination 

system in all engineering firms for many reasons most importantly are the following: 

 The quality of documents and tasks improved from the system 

implementation. 

 The time involved in all engineering activities was reduced tremendously 

 The cost was reduced due to the reduction in the number of faxes, postage, 

paperwork, telephone usage, travel expenses and face to face meeting. 

 Communication was enhanced through the system and better coordination 

between the project team members was maintained 

Based on the previous discussion the developed web coordination system can be 

exploited to improve communication within the construction industry.  
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6.2 Recommendations and Future Research 

 

The work described in this research could be extended to include all aspects of the 

construction industry and the following items can be an example of future research 

points: 

 Integrate planning, project performance indicators and estimation activities in the 

web-bases systems modeling. 

 Explore compatibility of the system with the ISO standards 

 Broader coordination model can be created to address the most complicated 

relations between construction documents 

 Build a complete comprehensive model and develop a system that includes other 

aspects of the construction industry 
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