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The introduction of the Construction (Design and Management) – CDM Regulations 
of 1994 has significantly complimented efforts aimed at improving the health and 
safety performance of the industry. An Approved Code of Practice (ACoP) was 
developed to specifically outline responsibilities of duty holders under the five key 
stages of the construction process. Throughout the process, several procedures are 
outlined by the ACoP to ensure that all duty holders conform to the Regulations. 
These procedures have translated to the fact that huge volumes of paper work are 
usually associated with each stage of the construction process. Such a development 
continues to pose great challenges to an industry that is already overwhelmed by 
paper work. To overcome these challenges, however, several efforts have been made 
to provide ICT support for all stages of the process. Such efforts include those ICT  
tools that incorporate health and safety into construction critical path method (CPM) 
scheduling software and those that use navigable movies for hazard identification and 
safety improvement training; yet others attempt to provide solutions to hazard 
identification through hazard referencing. Other systems include the development of 
on-line health and safety file management systems; web-based pre-tender and 
construction stage health and safety plan development and knowledge-based system 
for designers. This study proposes to evaluate the current and potential impacts of 
ICT tools on construction H&S performance. A review of available ICT tools for 
health and safety management is performed and a pilot study of awareness, uptake 
and impacts of the tools is also envisaged. It is expected that the investigation will 
yield a framework for further enhancement of H&S ICT tool development, uptake and 
overall impacts on H&S performance. 
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INTRODUCTION 
According to the Health and Safety Executive (HSE), the UK construction industry is 
well behind schedule on its targets of achieving 40 per cent reductions in accidents by 
2004-05 – as set at the 2001 Safety Summit (Construction News, 2005). So far, the 
industry has only managed to reduce major injuries by 15 per cent, while reducing 
fatalities and minor injuries by 25 percent (circa 2005). This result is despite several 
efforts made in terms of: the implementation of the CDM Regulations, the Approved 
Code of Practice and the development of the various Information Communication 
Technology (ICT) tools as aid for regulatory compliance at all stages of the 
construction process amongst other things. 

The Construction (Design and Management) Regulations 1994 defines duty-holder 
responsibilities in respect of H&S management. For example, the designers’ role in 
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reducing health and safety risks during construction include avoiding hazards, 
combating risks and providing information. According to the HSE (2003), it was 
reported that despite some improvement in designers’ understanding of health risks, 
safety risks and regulations, it was concluded that there is concern in the construction 
industry that there has been limited success in securing safer designs. The 
opportunities to design out hazards are not being exploited to the full. Indeed, it was 
also reported that designers are not always aware that they can help to reduce 
construction hazards by way of changing the design of structures. In particular: 
 

 designers have limited experience and understanding of buildability; 

 the differences in risk levels experienced by different trades and work methods is 
not well understood; 

 the relationship of health and safety issues to lifetime costs is not well understood; 

 risk assessment are often insufficient and; 

 risk assessments are undertaken too late to bring about design changes, thereby 
the opportunity to consult with other members of the construction team at that 
point is often not taken. 

 
These shortcomings in designers’ comprehension of health and safety risks are 
compounded by the overwhelming amount of paperwork involved in compliance with 
the CDM regulations (HSE, 2000). Most importantly, these shortcomings arise despite 
the various well-researched and well-developed ICT tools, which aim to address 
problems associated with H&S management at various stages of construction. 

 

AIM AND OBJECTIVES 
 
It is against this background that this paper aims to evaluate the potential impacts of 
the current ICT tools on construction health and safety performance by addressing the 
following objectives: 

• performing a review of the available ICT tools for health and safety 
management; 

• conducting a review  of utilisation of ICT tools in the construction industry; 

• formulating a conceptual framework for further enhancement of health and 
safety ICT tools development, uptake and overall impacts on health and safety 
performance. 

 

OVERVIEW OF THE CURRENT HEALTH AND SAFETY ICT 
TOOLS 

 
The HSE (2001) set guidelines for the definitions of the goals, standards, and 
challenges for those with a duty of care to manage effectively their health and safety 
risks. The guidelines concern certain hazardous activities, which have been set with 
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codes of practice and guidance - giving solutions reflecting good practice in achieving 
compliance with the law. To enable the HSE be an effective regulator and to ensure 
that its policies and standards are technically sound and cost effective, high quality 
scientific and technological underpinning is essential.  

 

In recent years, therefore, a number of innovative research projects are being carried 
out to demonstrate the application of various technologies within the construction 
industry. As a result of this, several health and safety systems using wide-ranging 
technologies have been developed. These include those incorporating health and 
safety into construction critical path method (CPM) scheduling software (Khartam, 
1997). The aim of such a system was to introduce health and safety considerations as 
early as possible during the project within the construction schedule as it would allow 
advance planning to take place. Other studies such as Carter and Smith (2001), 
however, discussed the process of hazard referencing as a possible solution to the 
problem of hazard identification. This system has the capability of linking hazards to 
tasks so that a complete risk assessment can be produced automatically when a 
methodology is devised. Yet others such as Guillermo and Finchy (2003) involved the 
use of navigable movies to train users in hazard identification and safety improvement 
within the UK construction industry. Similarly, some studies had described a 
systematic way of considering and quantifying uncertainty in construction schedules 
(Mulholand and Christian, 1999).  
 

Furthermore, a prototype knowledge based system was recently developed. This tool 
provides flexible access to relevant health and safety information, either as a 
standalone or interactively within a CAD tool (HSE, 2003). In addition, the system 
allows the designer to add new properties, which are relevant to health and safety, to 
building objects in their designs. This was as a result of a belief that the poor health 
and safety record in the construction industry could be improved by encouraging 
designers to give more consideration to health and safety issues during the design 
stage thereby upholding the principles of the CDM Regulations 1994.   

 

Several other H&S ICT systems have been developed to date covering various 
aspects. These include: on-line health and safety file management systems; web-based 
pre-tender and construction stage health and safety plan development and knowledge-
based system for designers. Currently, there are two main groups of ICT software 
products for construction H&S management in the UK (Anon., 2005a). The first 
group comprises those designed to assist construction professionals deal with generic 
health and safety issues, while the second group are those developed with the purpose 
of ensuring regulatory compliance (Anon., 2005a; Anon, 2005b; Anon., 2005c). 
However, the extent to which these tools and indeed other ICT tools have been 
utilised in the construction industry to realise the intended aims and objectives set at 
the commencement of the projects is not clear. 

RESEARCH APPROACH  
This study is being conducted under a 3-stage process. In the first stage, the research 
reviewed ICT tools with emphasis on impact issues in response of construction 
industry H&S performance. The second stage examined a review of ICT tools 
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utilisation in construction with a focus on historical issues surrounding uptake and 
impact of new technologies. The final stage involves the development of a proposed 
framework for improving construction H&S performance based on an innovative 
approach to improving uptake and impact of H&S ICT tools. 

 

REVIEW OF IMPACT OF ICT TOOLS ON CONSTRUCTION 
INDUSTRY HEALTH AND SAFETY PERFORMANCE  

 
During the past two decades, considerable research and industrial efforts have been 
devoted to implementing ICTs within the Architectural, Engineering and Construction 
(AEC) industry (Huang, 2003). The industry, however, seems to make slow progress 
towards capitalising on the opportunities IT offers, to gain competitive advantage and 
enhance performance. According to Stewart and Mohamed (2004), reasons for the 
slow uptake of IT include amongst others, the very nature of how the industry 
operates i.e. one-off projects, industry fragmentation, lack of client leadership, low 
level of technology awareness and training, the required up-front investment, on-going 
maintenance costs and resistance to change. 

 

Furthermore, the HSE (2000) had stated that historically, the construction industry has 
been very fragmented in its use of computer software -this being a reflection of the 
fragmented nature of the industry itself. Numerous packages have been developed 
separately to address the requirements of the various disciplines involved in 
construction projects. Each package has evolved to suit its particular market with little 
regard for using the data at a later point in the project life cycle, and this has been 
particularly true for analysis and design packages. Problems identified as generally 
inhibiting innovation in general and health and safety ICT tool utilisation in particular 
are: poor rates of investment in research and development (R&D), fragmented supply 
chains, procurement systems, nature and quality of organisational resources and lack 
of coordination between academia and industry in research activities. The influences 
of these factors are the key issues that appear to be hindering ICT innovation and 
utilisation (ibid).  

 

In addition to the above, the gap between the expectation and result of ICT tool 
utilisation has also been attributed to the fact that too many previous research projects 
and industrial-based ICT initiatives adopted a technology-driven approach (Huang, 
2003). According to Huang (2003), there has not been enough effort given to 
understanding human behaviour, organizational culture, training and technology-
process-culture combined issues, regarding adoption of the new ICT tools and 
systems. It is generally accepted that the successful adoption of ICT innovations is a 
key contributor to organisation success. However, relatively little research effort 
addresses the problem of getting new ICT innovations generally accepted and 
continually used in a specific AEC company. In the same vein, previous studies have 
also shown that technology push (i.e. technological solutions) is not sufficient to 
improve the efficiency and effectiveness of the working environments without clear 
consideration of the business processes and the human issues (ibid). 
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On the other hand, however, discussions between the HSE (2000) and ICT vendors 
confirmed that the utilisation of health and safety ICT tools is not regarded as an issue. 
As commercial organisations, vendors focused on the provision of solutions, which 
they can sell to their users. Justification for adopting computer systems stem from the 
ability to improve product design by better analysis, or to derive productivity benefits 
associated with faster working, removal of repetitive tasks, and elimination of errors. 
According to the vendors, health and safety ICT tools do not feature strongly with 
management or information packages. They are 'support systems' which even though 
may not directly contribute to revenue generation, they facilitate: the smooth 
management of the organisation, its stability and sustained business (Bhutto et al, 
2004). 

  

ENSURING ICT TOOLS UTILISATION IN CONSTRUCTION 
According to Mitropoulos and Tatum (1999), advances in technology are widely 
regarded as major sources of improvement in the competitive position of firms and 
industries and are major factors for increased national economic growth and standards 
of living. In free market economies, technological diffusion is determined by 
managerial decisions at top levels of the firm. Thus, the evaluation and decision-
making process regarding adoption of new technology is at the heart of the innovation 
process. However, the benefits from technological advances depend on the extent to 
which this technology is utilised. The successful implementation of new and 
innovative ICT in construction on the other hand requires the development of strategic 
implementation plans prior to ICT project commencement. Strategic implementation 
in construction organisations according to Stewart and Mohamed (2004) must tackle 
the main ICT management processes: setting strategic and technical direction for ICT 
applications, making decisions about funding, executing ICT business strategies, and 
reviewing performance of ICT investments over their lifecycle.  

 

In addition, Mitropoulos and Tatum (1999) suggest that our understanding of how 
managers in construction organisations make decisions to adopt new technologies is 
very limited. Several important questions remain. How does the need for 
technological change emerge? How do managers select and justify new technologies? 
Is innovation driven by company goals, powerful internal or external organisational 
actors, or does it happen only when some organisational and environmental conditions 
simply allow it? And how do the managers deal with the uncertainties involved in the 
adoption of a new technology?  

 

Therefore, according to Hampson and Brandon (2004) advanced approaches to 
concept development, design, and construction management using state of the art ICT 
tools should be standard fare in all industry education and training programs. An 
education strategy should identify exemplar projects, which can demonstrate 
commercial benefit and provide these for limited trial. The strategy would provide an 
action-learning environment where personnel and organisations can share experiences 
and learn from one another, and enhance the supply chain to encourage uptake and 
improved satisfaction of client need. Part of the strategy would involve diffusing the 
results of trials to industry through workshops, and distribution to media. Furthermore, 
a research and development strategy would be able to bridge the gap between general 
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technology push and construction industry pull to promote the development and 
uptake of ICT for construction. This strategy would also provide forward thinking for 
the industry so that investment can be made in an intelligent and united way, ensuring 
maximum benefit accrues to the industry as a whole. 

 

DEVELOPING THE FRAMEWORK STRATEGY-THE INNOVATION 
JOURNEY 
 
In order to understand the uptake of the H&S ICT research innovation and its impact, 
this study first reviewed the ‘innovation journey’ (Van de Ven et al, 1999). Figure 1 
illustrates all the stages included in the innovation journey. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
Figure 1: THE INNOVATION JOURNEY  (Source: Van de Ven et al., 1999, pp10-11) 
  
A close examination of Figure 1 shows that stages 5 and 6 of the innovation journey 
are primarily concerned with the adoption and enhancement of innovation. 
Furthermore, the study reviews the typology of literature on adoption and diffusion of 
innovation research such as is presented by Wolfe (1994); Roger (1995) and Osborne 
(1998) and illustrated in Figure 2. 

As illustrated in the Figure 2, Wolfe (1994) argues that it is important to distinguish 
between three streams of innovation research (using a conceptual differentiation 
approach) while, Rogers (1995) had articulated a typology of diffusion research based 
on the aspect of the innovation process.  Osborne (1998), however, deviates from an 
exclusive focus on technology innovation and proposes that while a distinction 
between product and process innovations can be helpful, in public services these are 
often inter-related. He therefore evolved a four-fold typology, which examines 
innovations in the developmental, expansionary, evolutionary and total forms (ibid).  

Ultimately, each of these streams conceptualizes innovation and the diffusion process 
in different ways with each stream having its own insights and drawbacks. For this 
study, an initial analysis of the adoption of innovation literature is hereby undertaken 

1. The accretion of numerous 
events performed by many 

people over an extended time. 
Innovation cannot be attributed 
to the discrete acts of a single 
person on a particular date and 

at a particular time. 

2. Concentrated actions to 
allocate resources and initiate 
innovation development are 

triggered by ‘shocks’, not mere 
persuasion. When people reach 

a threshold of sufficient 
dissatisfaction with existing 

conditions, they initiate action 
to resolve their dissatisfaction. 
 

3. When innovation 
development work begins, the 
process does not unfold in a 
simple linear sequence of 

stages and sub-stages. Instead, 
it proliferates into complex 

bundles of innovation ideas and 
divergent paths of activities by 
different organisational units. 

4. Setbacks are frequently 
encountered during the 

innovation process because 
plans go awry or unanticipated 

environment events 
significantly alter the ground 

assumptions of the innovation. 
These setbacks signal rejection 

of the innovation or 
opportunities for learning 

through reinvention.

5. Innovation receptiveness, 
learning, and adoption speed 

are facilitated when the 
innovation is initially 

developed within the user 
organisation and inhibited 

when end users are provided 
no opportunities to reinvent, 

or modify, innovations 
developed elsewhere. 

6. Management cannot 
ensure innovation success 
but can influence its odds. 

The odds of success increase 
with experience and learning 
from past trials at innovation 

and decrease with the 
novelty, size, and temporal 
duration of an innovation 

venture. 
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prior to conducting a synthesis of the factors underpinning the uptake and impact of 
construction H&S ICT tools on H&S performance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: TYPOLOGY OF THE ADOPTION OF INNOVATION RESEARCH 
 
 

Conceptual Framework for Improving H&S Performance  
 
A conceptual framework for a methodology for a critical analysis of factors that affect 
the adoption of H&S ICT innovation is proposed. The framework pays particular 
attention to three key issues in three stages as illustrated in Figure 3.   

 
 
 
 
 
 
 
 

 
 
 

Figure 3: CONCEPTUAL FRAMEWORK DEVELOPMENT FLOWCHART 
 
In developing this framework, knowledge about ways of practice (for example, 
process innovation), or knowledge embodied in specific technologies and products 
(product innovation) would be obtained using a quantitative survey. Questions asked, 
as part of this procedure covers issues such as: 
 

– What types of knowledge is the field concerned with?  
– What forms of explicit knowledge are considered to be important and what attention, if any, is 

paid to the role of tacit knowledge in understanding knowledge transfer and utilisation?  

Intellectual traditions and schools of thought that underpin literature in the field of innovation 

WOLFE (1994) 
 

Three streams of 
conceptual - 

differentiation based 
innovation research are 

evident. These are: 
  

• Patterns of diffusion 
• Organisational  
   innovativeness  

• Process theory

ROGERS (1995) 
 
Eight categories of research innovations were identified: 
 
1. Earliness of knowing about innovations; 
2. Rate of adoption of different innovations in a social  
    system;  
3. Innovativeness; 
4. Opinion leadership; 
5. Diffusion networks; 
6. Rate of adoption in different social systems; 
7. Communication channel;  
8. Consequences of innovation.  

Outputs/Impacts 

Osborne (1998) 
 
Moves away from an exclusive 
focus on technology and 
interprets innovation in four 
ways interpreted in at least four 
ways: 
 
• Developmental innovations; 
• Expansionary innovations; 
• Evolutionary innovations; 
• Total innovations. 

• Types of knowledge about Health and Safety ICT tools 

• Types of utilisation 

• Models of process 
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Three distinct types of knowledge will be addressed. These are: 
 ‘Awareness’ knowledge – the awareness that an innovation exists, knowledge of its key properties, and 
understanding of how the innovation relates to current practices. 

1. ‘How-to’ knowledge – the information necessary to use an innovation properly. 
2. ‘Principles’ knowledge – information dealing with the functioning principles underlying how 

the innovation works.  
 
All three types of knowledge are important in moving potential adopters from 
ignorance through awareness and on to adoption.  

 

The ‘types of utilisation’ stage of the framework (Figure 3) will involve an in-depth 
look at H&S ICT innovation utilisation by addressing the following questions: 
 

– What forms of knowledge utilisation are envisaged? 
– Are we concerned primarily with direct and instrumental use (for example, adoption of new 

technologies), or 
–  Are we also concerned with less obvious shifts in basic attitudes and values? 
– How far is utilisation conceived in terms of replication as opposed to reinvention?  

 
Also, as illustrated in Figure 3, the final stage is the ‘model of process’. This stage 
will seek to understand: 
 

– How the process of knowledge utilisation has been modelled by key authors within the field? 
– What the key concepts employed are, and how have their interrelationships have been 

portrayed?  
 
The process of adoption could therefore be considered to revolve around four key 
elements: an idea or innovation, channels of communication to spread knowledge of 
the innovation, time during which diffusion takes place, and a social system of 
potential adopters in which this occurs (Rogers, 1995). Similarly, the study proposes 
to analyse how (within health and safety innovation research) the four generations of 
models identified by Williams and Gibson (1990) to characterise the technology 
transfer process, have been utilised. The four models include: the appropriability 
model - which emphasises the importance of quality research and competitive market 
pressures to promote the use of research findings; the dissemination model  (where 
experts inform potential users of the new technology); the knowledge utilisation 
model  (which stresses the importance of interpersonal communication between 
researchers and users and the role of organisational barriers and facilitators in 
promoting research use); and the communication and feedback model (which 
characterises technology transfer as an interactive process where individuals exchange 
ideas simultaneously and continuously). 

CONCLUSION 
This study commenced with a review of the available research on ICT tools for health 
and safety management in addition to a review of utilisation of ICT tools in the 
construction industry. Subsequently, the impact of ICT tools on the construction 
health and safety performance was evaluated in line with various established theories 
that underpin innovation adoption.  
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Evidently, several research/industry efforts have culminated into the development of 
ICT tools aimed at enhancing H&S performance. However, in order for the 
construction industry to enhance its effectiveness in securing better outcomes in health 
and safety, it requires a thorough technological advancement and management 
expertise that must be supported by well-resourced, creative and energetic research 
and innovation. An industry culture more embracing of research and innovation 
should therefore emerge. The need to ensure that construction health and safety 
innovation is poised to deliver clear and relevant research outcomes has been 
emphasised. 

It is in this regard that a conceptual framework for the further enhancement of health 
and safety ICT tools development, uptake and overall impacts on health and safety 
performance is hereby formulated.  The proposed framework puts forward a 
methodology that seeks to understand when and why innovations are adopted or 
rejected. Such output will provide an insight into the diffusion processes and also 
provide guidance on the enhancing the application and uptake of ICT H&S tools.  

It is anticipated that the outcome of the study would invariably, improve the utilisation 
and impact of ICT tools in the construction industry and ultimately enhance the use 
and understanding of the CDM regulation and their accompanying Approved Code of 
Practice. 
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