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Abstract: 

The higher pace of development of technology has had momentous effects on all aspects of the business sector. Electronic ways of conducting business activities have taken the industry to a new era and construction organizations are moving away from traditional processes to modern ways of working through the use of electronic media. The impact of the current economic crisis has also made the use of e-business activities vital and essential to achieve better performance, productivity improvements and efficiency savings for construction businesses. Even though the possibilities afforded by e-business are evident, the level of implementation is not elevated as expected within the construction industry compared to other industries. While traditionally being backward in adopting new technologies, construction organisations have considerable e-business usage gaps from large scale to small, medium and micro level businesses.  This difference reveals that there is a plausible opportunity for advancement and it needs to be captured and managed. Hence for construction organisations currently using e-business tools and for those who have yet to use and seek to adopt e-business tools, there is a need to undertake an analysis of their business processes and working methods to ensure efficient and effective use of these tools.  This doctoral study will bridge this gap and need of the industry by aiming to develop an “e-business Capability Maturity Model (CMM)” as a tool for step-wise improvement of capability to carry out construction e-business activities. The benefit of such tool is to help construction organisations to know how to move from one level to the other by improving their e-business capabilities and thereby improving organisational processes. This paper presents the concept of CMM for construction e-business and the indicative research methodology. 
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1. Introduction

Applications of Information Communication Technology (ICT) have increased significantly over the past decade in every business sector. Advances in internet related technologies and electronic ways of conducting business activities have broadened the boundaries and capabilities of organisations bringing in opportunities for productivity improvement and efficiency savings. These benefits are timely especially within the context of the current economic crisis. While traditionally the construction industry has been backward in adopting new technologies, the level of implementation and maturity is not comparable as in other industries such as manufacturing, banking, oil and gas etc (European Commission, 2006). Hence for construction organisations currently using e-business tools and for those who have yet to use and seek to adopt e-business tools, there is a need to undertake an analysis of their business processes and working methods to ensure a productive and beneficial implementation of these tools. Providing a tool that measure e-business capability and maturity of construction organisations will help the industry to understand how organisations can move from one level to the other by improving their e-business capabilities.  This has the potential to improve organisational processes and project performance. Following this fundamental argument of providing a systematic tool for assessment of e-business capability and maturity, this paper presents the concept of developing a CMM for construction e-business and the indicative research methodology in achieving the aims of the research. The content of this paper is structured in to five main parts; a review of construction e-business, CMM, previous research work, aims and objectives and the indicative research methodology.
2. Construction E-Business

There are so many definitions that exist in the literature and in most cases proponents in this area have confused e-business and e-commerce terminologies and concepts. However, in this research the authors will argue in favour of Li (2007) argument as wider terminology that focuses on all types of business activities that are supported by electronic activities. On the other hand, e-commerce has been reported to be a sub-part of e-business 
 ADDIN EN.CITE 
(Laudon & Laudon, 2002; Aranda-Mena & Stewart, 2005 ; Anumba & Ruikar, 2008; Goncalves et al., 2010; Xu & Quaddus, 2010)
. It focuses on sales and transactions conducted in electronic means (Lockley et al., 2002; Xu & Quaddus, 2010).
Many other terminologies have also been identified that are associated with e-business in organisations. Aranda-Mena & Stewart (2005 ) identified e-procurement, e-transactions, e-logistics, e-collaboration as main processes associated with e-business. There are vast numbers of e-business activities as such as e-commerce, e-procurement, e-advertising, e-collaboration, e-transactions, e-logistics, e-marketing, e-invoicing, e-sourcing, e-auctions, e-government and 3D to n-D technologies. Their main purpose is to facilitate organisational activities across industry boundaries to achieve economical advantages. It is similar in the construction sector and e-procurement, e-commerce, e-tendering, e-collaboration, web-based project management, BIM (Building Information Modelling), Internet and e-mail can be identified as some of the common e-business trends within construction industry (Anumba & Ruikar, 2008). 
2.1: e-Business drivers and barriers

There are ample examples that are well documented in e-business drivers and barriers for construction industry. Table 2.1 illustrates some of these e-business drivers and barriers identified in recent literature (Eadie et al., 2007). 
Table 2.1: E-business drivers and barriers in construction industry

	Drivers
	Barriers

	· Cost savings
	· Legal validity of electronic exchange

	· Time savings
	· Company culture

	· Price reduction in tendering
	· Upper management support

	· Shortened procurement cycle times
	· Lack of IT infrastructure

	· Lower admin costs
	· IT systems too costly

	· Reduction in procurement staff
	· Lack of technical expertise

	· Gaining competitive advantages
	· Lack of skilled personnel

	· Improving communication
	· Lack of business relationships with suppliers providing e-procurement

	· Improved market intelligence and enhanced decision making
	· Security of transactions

	· Reducing operating and inventory costs
	· Interpretability concerns

	· Enhanced market data
	· No business benefits realised

	· Improving collaboration
	

	· Visibility of supply chain
	

	· Enhanced skills and standardised strategies
	

	· Enhanced decision making
	

	· Increased accuracy of production capacity
	

	· Enhanced inventory management
	


2.2: Impact of enabling technologies to e-business

Enabling technologies play a vital role in organisations when e-business activities blend with their day to day business practices. Some of the well known enablers such as the internet, World Wide Web, extranet and intranet are the technologies which are widely used in organisations. However emerging technologies such as Cloud Computing (CC) offer greater opportunity to seamlessly embed e-business practices within day to day organisational activities offering a plethora of advantages to construction organisations. CC makes e-business concept more accessible by providing a foundation and cost effective infrastructure for e-business activities.  CC can be defined as “a model for enabling convenient, on demand network access to a shared pool of configurable computing resources that can be rapidly provisioned and released with minimal management effort or service provider interaction” (Mell & Grance, 1999). Organisations can use CC as a service to obtain software, platform, infrastructure or data storage (Sultan, 2010). Further the e-business services can be borrowed through public clouds, private clouds, community clouds or hybrid clouds (Dillon et al., 2010). In construction context, CC can be identified as a means of solving pressing needs of construction ICT. In particular, as a way of accelerating e-business uptake by construction SMEs (Kumar et al., 2010).
3. Capability Maturity Model (CMM)
The first Capability Maturity Model (CMM) was developed in the software development industry by the Carnegie Mellon University as a framework to inspect capability maturity of software providers (Paulk et al., 1993). Subsequently CMM principles were applied as a process improvement tool in software organisations and it is now one of the most widely adopted process improvement initiatives within many industries such as software, manufacturing, drug and cosmetic, etc... CMM provides a step-by-step framework which permits businesses to assess where they are positioned within the framework and then provides guidelines on what are their process improvement priorities (Hutchinson & Finnemore, 1999). 
Advocates of CMM realised that to achieve capability and maturity in organisations, they need to eliminate barriers systematically and structure process improvement initiatives in a methodical way (Paulk et al., 1993). CMM demonstrates a staged approach with five maturity levels that have to follow to achieve continuous process improvements. Maturity levels are interconnected and each level comprise with Key Process Areas (KPAs) as shown in Figure 3.1.

Figure 3.1: KPAs by maturity levels in CMM (Paulk et al., 1993)
A research project at Salford University titled SPICE (Standardised Process Improvement for Construction Enterprises) investigated the applicability of CMM in the construction industry (Sarshar et al., 1999). It attempted to transform CMM principles that has delivered significant benefits to the software and manufacturing industries to the construction sector (Hutchinson & Finnemore, 1999). Initially low maturity level practices of CMM have been mapped within the context of construction organisations. Afterwards, the study was extended towards the high maturity levels and the overall application of the CMM high process capability maturity levels within construction organisations was confirmed (Keraminiyage, 2009). 
There are several attempts of measuring organisations’ e-readiness and e-business maturity in many industries. Many models have been developed to assess the uptake of e-business activities such as E-Commerce Maturity Model, Commitment- Implementation Matrix Model, E-Commerce Levels Model, E-Business Lifecycle Model and Growth for e-business (SOG-e) model (Prananto et al., 2001; Prananto et al., 2003). These models do not offer a stepwise systematic approach to assess e-readiness level with strategies to mature in e-business. CMM can suggest as satisfying the requirement of a step-by-step methodological mechanism to assess e-business capability and maturity within organisations.  

4. Related Works
Several research projects were commenced during the last decade to investigate the application of construction e-business process improvement strategies to improve industry performance (Ruikar, 2004, Eadie, 2009; Khalfan, 2001; Cisco systems, 2004 cited in Anumba and Ruikar, 2008). BEACON (Benchmarking and rEadiness Assessment for Concurrent engineering in CONstruction) model was developed to assess the readiness of construction companies to improve project delivery through implementing concurrent engineering and technology was considered as a one element of the model (Khalfan, 2001). IQ Net Readiness Scorecard was developed by CISCO as a web based application to assess an organisation’s ability to leverage to Internet business model (Anumba & Ruikar, 2008). VERDICT (Verify End-user e-Readiness using a DIagnostiC Tool) model developed by Ruikar (2004) is an e-readiness model developed for construction organisations to take measures of successful adoption and benefits of e-commerce tools. Eadie (2009) developed a CMM for e-procurement in construction which can be identified as an attempt to provide an e-readiness measurement tool within a segment of construction e-business structure.  However, this e-procurement model does not cover the wide range of e-business activities of construction organisations. The absence of process improvement and e-readiness measurement tool specific for the overall construction e-business activities therefore, still remains.
According to above argument, it is necessary to undertake an analysis of their business processes and working methods to ensure a productive and beneficial implementation of e-business tools. Construction industry lacks such a construction-specific methodological step-wise improvement tool to evaluate and measure process improvements in e-business activities. Providing a tool that measure e-readiness and e-business maturity of construction organisations will help the industry to understand how organisations can move from one level to the other by improving their e-business capabilities and thereby improving organisational processors.  
This research will attempt to address the research question of:
“How can construction organisations progress its capability of carrying out e-business activities?”
5. Aim & Objectives

The main aim of this PhD study is to develop an “e-Business Capability Maturing Model” for construction organisations as a tool for step-wise improvement of competence to carry out e-business activities. Objectives of the study are;

1. To explore the importance, awareness and trends in e-business within construction organisations leading to a construction e-business classification.

2. To analyse the impact of established and enabling technologies such as intranet, extranet, internet and cloud computing etc. on construction e-business.

3. To identify drivers and barriers for e-business in construction organisations.

4. To analyse, categorise and rank critical success factors for e-business implementation.

5. To use drivers, barriers and critical success factors to develop a model to capture capability to carry out e-business activities in construction.

6. To develop a user friendly web-based internet tool for analysing e-business maturity of construction organisations.

7. To test and validate the “e-Business CMM” in a construction organisation using the developed web-based internet tool.

6. Research Methodology
Indicative methodology for the study will consist of three phases: ‘conceptualisation’, ‘modelling’ and ‘validation’. The research methodology is illustrated in Figure 6.1 with research framework and how the objectives are to be achieved.  
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Figure 6.1: Research framework

Conceptualisation Phase
Conceptualisation stage will comprise a comprehensive literature review in order to classify e-business activities and to identify drivers and barriers. Further it will provide basis for the study covering each key area within the research as shown in Figure 6.2.
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Figure 6.2: Areas focus within Literature Review

Modelling phase

Modelling phase will follow case study approaches to verify drivers and barriers identified in the literature, to determine critical success factors and to develop the CMM model. Case studies will facilitate in-depth investigation of a phenomenon (Fellows & Liu, 2008; Yin, 2009) intended for developing the e-business CMM tool. Initially in-depth interviews will be carried out with professionals who are involved and experienced in managing construction e-business activities within case study organisations, to verify drivers and barriers identified in the literature review and to derive critical success factors. Consequently questionnaire survey will be carried out with same professionals in order to analyse derived critical success factors by ranking and categorising them. Based on the findings of case study interviews and questionnaires, a conceptual e-business CMM will be developed. Finally semi-structured interviews will be carried out to revise and refine the conceptual CMM model. This would lead in the development of e-business CMM tool for analysing e-business maturity of construction organisations. 

Validation Phase
Validation phase will comprise another set of case studies to test and validate the developed e-business CMM with the use of web-based tool by applying it for case study organisations.

7. Discussion and Conclusions

Higher pace of technology development drive organisations to blend e-business with their day to day business activities. Current e-business trends provide immense advantages to all industries and construction is no exception. Although the potential rewards are many, the implementation level and success stories are not yet as expected in the construction sector. There are ample studies which confirm e-business drivers in construction but the industry lacks with appropriate measurements and systematic tools to merge with e-business. This study will aim to address these needs by developing an e-business CMM as a step wise improvement tool for construction e-business. The concept behind the model is that, providing a tool which measure e-readiness and e-business maturity of construction organisations will help the industry to understand how organisations can move from one level to the other by improving their e-business capabilities and thereby improving organisational overall processors.  
Future work and developments with regard this study will contribute to the knowledge by adding a new stepwise improvement tool by ranking the capability of construction organisation to carry out e-business. It will be developed through categorising critical success factors necessary for successful implementation of e-business activities. Further it will provide a methodological mechanism to use e-business to improve construction organisation performance. Contribution to knowledge will also extend towards vast literature review on e-business approaches, enabling technologies, e-business drivers and barriers as well as critical success factors of its successful implementation and there will be a mechanism to access e-business capabilities and prioritise their improvements. Furthermore this will provide a construction e-business classification for construction organisations.  Understanding of emerging enabling technologies such as cloud computing will offer construction organisations a basis to adopt e-business effectively and efficiently. The e-business CMM tool will enable the users to successfully apply the CMM developed in a user friendly manner. This will enable in significant productivity improvements and encourage successful adoption of e-business in the construction industry.
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