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ABSTRACT

Organisational and individual Health and Safety (H&S) cdemee is an essential
element to the successful completion of a constmigbimject in a safe way and
without hazards to the health of all workforce. Undex €Construction (Design and
Management) (CDM) Regulations 2007, the client should taksonable steps to
ensure that the appointed duty-holders and engaged peopl&&eompetent to
design, build or co-ordinate the project. Although the CR&fulations 2007 and its
Approved Code of Practice (ACoP) have established ‘Corter@rito guide the
client to assess duty-holders’ H&S competence in theebuaisa project, it is still
difficult for most inexperienced clients to discharge the&y of making the key
decisions in H&S competence assessment. In order tdheeldient implement H&S
competence assessment, it is important to develop atliablcan effectively and
efficiently support the client to make reasonable deassim the selection of H&S

competent duty-holders.

According to the findings of the case study of existingnfar H&S competence
assessment schemes undertaken as part of this work,cbHi&Betence assessment
was characterised as a subjective, qualitative and nearliregulation-compliance
checking process. In addition, the case study helpedifidéme latent shortcomings
in the ‘Core Critiera’ and the operational drawbacks current practice of
implementing H&S competence assessment. Based on ewredM Information

Technology (I.T.) and Artificial Intelligence (A.l.ppplications in construction,



Knowledge-Based System (KBS) is identified as being aalsleittool to support
decision-making in H&S competence assessment, mainlyoditee appropriateness to
solve regulation-compliance checking problems and support subjectd qualitative

decision-making process.

Following a decision-making framework for H&S competensseasment, a KBS
decision-support model was developed, applying three mechaiissigpport the
reasonable decision-making for H&S competence assessimantler to develop an
appropriate and practical KBS for H&S competence assadsma textual knowledge
base was developed, specifying the minimum satisfactiandards and a rating
indicator system for ‘Core Criteria’. As a result, @mine KBS was developed using
Java Server Pages (JSP) technology and MySQL. TheeddBS applied the textual
knowledge base to support the screen, rating, ranking and ingport
decision-supporting mechanisms. Simultaneously, the ngs@y and expert inquiry

facilities were also included in the KBS for effectfecision-making.

Finally, construction experts and practitioners in H&&nagement evaluated the
validity and usability of the KBS through a questionnauevey. The prototype KBS
was borne out to be an effective and efficient deoisupport tool for H&S

competence assessment and have the potential to bedapgimctice.
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Chapter 1: Introduction

Chapter 1: Introduction

1.1 Research Background

H&S competence refers to the extent of knowledge, expariand ability that enable
a group or individual to carry out certain work safejughes and Ferrett, 2005;
Carpenter, 2006a; Carpenter, 2006b). It has been widely iddntihat H&S
competence is an important indicator in the developrmoérda positive health and
safety culture (Mohamed, 2002; Taylor, 2002; Hughes and Fe&2@&5,; Lingard and
Rowlinson, 2005). Qualified and experienced duty-holders andk iance who
understand their legal obligations as well as the princghelspractices of health and
safety management can effectively minimise the pdggitof accidents in the

construction process and maximise the value of project.

Most H&S specific construction legislation has compe& requirements or
implications for relative practitioners (Carpenter, 200&mder Construction (Design
and Management) (CDM) Regulations 2007, clients must maksonable steps to
ensure that all engaged duty-holders including the CDM co-dottin@hen the
project is Notifiable), designers, contractors and ottamt members are health and
safety competent or work under the supervision of a canpegterson. In order to
standardise the assessing process, the Approved Codedaic®r(ACOP) under

CDM Regulations 2007 provides ‘Core Criteria’ to help theess®ent of
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duty-holders’ H&S competence. However, assessing dutiehsflH&S competence
is a regulation-compliance decision-making process irchvkile assessor needs to
compare the evidence provided by candidate duty-holdershétbhespoke standards,
and then make a judgment according to his personal knowlegperience and rule
of thumb (Carpenter, 2006a). For many ‘one-off’ or oanaai clients with very little
knowledge of construction (Egbu and Robinson, 2005), it could fheudtito deal

with such a knowledge-intensive work even with the aitCofe Criteria’.

With the development of information technologies (I.T9 large amount of
computer-based techniques have been applied to deal with mansyruction
problems (Heesom, 2004). As one of the major I.T. appdicatin construction,
Knowledge-Based System (KBS) enable people to improved#msion-making
process of knowledge-intensive activity by using differextvanced artificial
intelligent (A.l.) technologies. In order to explottee application of KBS for H&S
competence assessment, the following sections introdeaelgvant concepts in this

research.

1.1.1 Knowledge and decision-making

It is inconceivable that any human activity can be edrgut without knowledge. In
terms of a pragmatic viewpoint, knowledge is an integnatf framed experience,

values, contextual information, and expert insight, aad be seen as the most
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powerful engine of production (Marshall, 1972; Davenport Rngsak, 1998). In the
modern world, knowledge is an indispensable basis for makdegiaion. A decision
is a piece of knowledge leading to a choice among alieesatand decision-making
is, thereby, a knowledge-intensive activity which manuias knowledge about what
to do (Holsapple and Whinston, 1996). The decision-makingepsods also a
cognitive activity in which the decision-makers apply thebgnitive abilities to
generate reasonable decisions through drawing on orngltériernal knowledge
sources and assimilating external knowledge sourbek)(Figure 1.1 illustrates the

relationship between the knowledge and decision-making @oces

External
knowledge
source

Draw on

External
knowledge
source

Decision
maker's
cognitive
abilities

External
knowledge
source

Knowledge about what to do Derivation flows of knowledge Acquistion flows of knowledge

Figure 1.1 The cognitive process of decision-making (adaptedsapfde and

Whinston, 1996)
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1.1.2 Knowledge-based system and decision-support system

A Knowledge-Based System (KBS) or expert system carddfened as “...an
intelligent computer program that uses knowledge and imderprocedures to solve
problems that are difficult enough to require significant danexpertise for their
solution” (Giarratano and Riley, 2005). In literature, thems of KBS and expert
system are used synonymously. One slight differenddat knowledge in expert
system may include not only knowledge from books, magazandsknowledgeable
people but also more rare expertise (ibid). Figure 1.2tnlitess the basic working
concept of a KBS. In general, a KBS can provide end usighsexpert advice in
response to their query in certain knowledge domain. Thevledge base and
inference engine are two main components of a KB® Hitowledge base is a
database-like knowledge repository storing computerised ledlg®| expertise,
experience or heuristics elicited from domain expért& inference engine contains
different types of reasoning processes (programmes or ithlgsj which can
intelligently and automatically draw conclusions fromtdaor other information
supplied by users. Various Atrtificial Intelligence (A.kg¢chnologies are usually
applied in the inference engine to generate a reasoninggsrddting different

cognitive characteristics in knowledge-intensive problems.
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]

L

4
Domain
Expert

Inference Engine .

\ // Solutions End User

Figure 1.2 The working concept of KBS (Award, 1996; Giarratamb Riley, 2005)

The decision-support system (DSS) derived from data progefdP) systems and
management information system (MIS) can facilitateeesion-maker or a participant
in a decision-maker to seek related knowledge from itsvledge repository to
support a decision (Holsapple and Whinston, 1996). A typicasidacsupport system
can deal with descriptive knowledge (i.e. record keepinggautural knowledge and
reasoning knowledge through its knowledge acquisition abilkmpowledge

presentation ability and knowledge-selection/derived gbWith the emergence of
A.l. technologies, a DSS with the function of mamggreasoning knowledge is
known as artificially intelligent DSS or expert systdiBonczek et al., 1981).
Considering the common point — knowledge reasoning abilitp$% and KBS, a
DSS can be seen as a KBS with other decision-supportidoacincluding data

processing, information communication and reporting saslecision makers in
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dealing with knowledge-intensive decisions. Simultaneouwsli{BS can become a

part of a DSS to improve the knowledge processing ability.

1.1.3 KBS Applications in Construction Industry

Computing and communication technology, commonly knownl.&s have been
widely regarded as a key driver for innovation in constoacindustry (Sun and
Howard, 2004). The activities in construction are charse@r as
information-independent with the transferring of variousr® of information such as
drawings, specifications, cost analysis sheets, budgettsepsk analysis charts,
contract documents, planning schedules and health and safetyetds (Tam, 1999).
Since the rapid development in computer hardware and a@ftwthe increase of I.T.
application in construction practices would enhance thepetitive advantage,
improve productivity and performance, enable new ways ofgiag and organising,
and develop new business (Betts et al., 1991, Betts and O%92, 1994, Tan 1996,
Sun and Howard, 2004). According to Sun and Howard (2004), sgaaes of IT
application can be identified in construction industry:

1. Business and Information Management

2. Computer Aided Design and Visualisation

3. Building Engineering Applications

4. Computer Aided Cost Estimating

5. Planning, Scheduling, Site Management
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6. Computer Aided Facilities Management

As a sub-category in Business and Information ManagemdB§ I§ eminently
suitable to all stages of the construction process becaostconstruction problems
are gualitative and subjective and the problem-solving depemdylaan experience
and judgment rather than theory and analysis (Dutton, 18@®Wlinson (1991) listed
the KBS application in design, planning, prediction, iptetation, monitoring, fault
detection, diagnosis and instruction. Shen and Bradndon (1#9d)mentioned a
broad range of KBS applications in the constructiom ameluding project feasibility
study, cost planning and estimation, design and evaluatmmtyact management,

construction planning and operation, maintenance and ricatdi.

1.1.4 Innovation in Construction Health and Safety Management

As the construction industry is recognised as one ofrtbst dangerous industries
(Lingard and Rowlinson, 2005), Health and Safety (H&S) sshave been

extensively taken into account in the industry and attemjgtedduce accident and
occupational illness. Accidents that occurred in a projemtild not only result in

human tragedies, de-motivate workers, disrupt site aeBviand delay project
progress, but rather adversely affect the overall, gostductivity and reputation of
the construction industry (Mohamed, 1999). In order to protma&dnealth and safety

performance in the industry, |.T. was considered asnaovative mechanism for
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driving continuous improvement (Lingard and Rowlinson, 2005)..

Knowledge and experience regarding construction H&S issueslieen highlighted
as vital for delivering good H&S performance through appropridg¢sign, risk
assessments and method statements (Mulholland, 20@b). Robson and Fox (2000)
suggested that KBS can be used in five application arelaslimg regulatory advice,
hazard analysis and avoidance, decision support, monit@may diagnosis and
post-accident analysis, to improve industrial H&S. Epparent benefits of applying
KBS to construction H&S issues include the easy checkingompliance against
regulations, fast delivery domain specific expertise sk analysis, rapid and timely
H&S decision-making and effective capture and analysisnoifient information
(Lingard and Rowlinson, 2005). With the development of cangon I.T., it is
envisaged that KBS could be used in more different H&%sasnd bring more

benefits in future.

As previously presented, H&S competence assessment iowlekige-intensive
decision-making process involving the qualitative and subjectivaluation of
duty-holders’ H&S culture, management system and formdopeance in response
to the judgment standards of ‘Core Criteria’ under CDM Raguns 2007. The
reasonable assessment of duty-holders’ H&S competeles oa the knowledge of
regulation requirements and experience in constructi&8 khanagement. However,

the client, who discharges the duty of taking reasonabjes <0 assess duty-holders’
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H&S competence before they are appointed or engagehetproject (HSC, 2007),
have little knowledge of H&S regulations and experiemcel&S management. It is,
therefore, difficult for them to undertake their respbiisy in H&S competence
assessment. Although the existing formal assessmenmseshean help clients
undertake H&S competence assessment, the extensive pdpensartransparent
assessment standards and non-IT based information eechaocess of those
schemes reduce the effectiveness, practicality and cappiiy of applying
appropriate information and knowledge to support reasonablsia®enaking. It is
hypothesized that a KBS containing relevant informatiod knowledge such as
regulations, examples and cases would significantly iwgrbe decision-making
process for the H&S competence assessment. Withntbegence of the standardised
‘Core Criteria’ under CDM Regulations 2007, there is a aede aspiration of
applying Web technology and KBS to develop a computeriseddassist clients in
assessing duty-holders’ H&S competence against the ‘Coteri@ri The KBS can
enhance decision-support in H&S competence assessmentdbging time and
improving quality. Furthermore, it can improve the develepimof positive H&S
culture in construction by helping the practitioners condegulation-compliance

checking under CDM Regulations 2007.

1.2 Aim and Objectives of the Research

The aim of this research is to develop a KBS to asBetts in taking reasonable
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steps in assessing duty-holders’ H&S competence under COjMI&®ns 2007. In

achieving the research aim, the following objectives peeifed:

» Review of the research scope in construction H&S maneagke especially
focusing on legal requirements, procedures and currentigarant competence
assessment.

» Analysis of the knowledge representative nature embedgx idecision-making
process of H&S competence assessment

> Exploration of the application of KBS for decisionmay support for
construction H&S competence assessment

» Development of a decision-support model for H&S competeagsessment by
applying appropriate I.T. and Al technologies.

» Design and development of a textual knowledge base to @@isly represent
the knowledge in the decision-making process of H&S coempetassessment

> Prototyping of an online KBS to support decision-making forSHédbmpetence
assessment under CDM Regulations 2007,

» Evaluation of the KBS for construction H&S competeassessment.

The KBS (KBS-CHSCA) made use of Java language, Web aéady and database
to establish three decision-support facilities, includiegtual rule-based qualitative
assessment, case-based querying and online expert suppaddition, the KBS
possesses knowledge acquisition ability to capture and fetoner assessment cases

and human expert’s advice so that its knowledge baseecanhanced.

10
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1.3 Research Methodology

In the process of conducting the research, the folipwivo research methodologies
were used to collect relevant information and analysektoeviedge representative

characteristics of the domain problem.

1.3.1 Literature review

At first stage of research, a comprehensive literateveew was carried out, focusing
on highlighting the importance of assessing duty-holdersSH%mpetence in the
H&S management, introducing the legislation with rega@sH&S competence
assessment and investigating the feasibility of applying KBSimprove the

decision-making process in H&S competence assessment.

A literature review is the bedrock of a study, which aategrate different opinions,
criticise previous scholarly works, build bridges betweslated topic areas, and/or
identify the central issues in a field (Naoum, 1998; Fedloand Liu, 2003). In
addition, the literature review provides justificatidos the research and establishes
benchmarks against which the research contributionsbeaassessed (Gall et al.,
1996). The primary objectives of literature review in teisearch attempts to:
» Emphasise the significance of H&S for the sustainableeldpment of
construction industry through introducing the current sitnatiof H&S
performance and relative legislations in UK construciimiustry,

» Discuss the importance of developing H&S culture for timprovement of

11
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construction H&S performance and the relationship betwé®&8 competence
and a positive H&S culture,

» Introduce the ‘Core Criteria’ for H&S competence assent under CDM
Regulations 2007, and

> Explore the KBS technologies and practice to identiigotive solutions to

develop a KBS for construction H&S competence assedsmen

In order to have an in-depth understanding of the knowleglgesentation mode in
the domain problem, two groups of 19 existing H&S competassessment schemes
are investigated to elicit knowledge representative chanatics implanted in the

decision-making process of H&S competence assessment.

1.3.2 Case study

A case study is an in-depth data analysis approach focosinge aspect of a specific
problem (Naoum, 1998). The selection of case studies islynan the ground of

cases’ representative with similar conditions toséhaised in statistical sampling to
achieve a representative sample, to demonstrate partfagkts of the topic, or to

show the spectrum of alternatives (Fellows and Liu, 200Bgre are three types of
case studies in terms of the analysing appro@ath X

» Descriptive case study: aims to systematically idengifld record a certain

phenomenon or process,

12



Chapter 1: Introduction

» Exploratory case study: is driven by theory to look $pecific cases to test
established hypothesis, and

» Explanatory case study: tries to explain causality d&wdvsinkages among the
objects of the study.

The common sources of case study include: documentasiohival records,

interviews, direct observations, participant-observati@amsl physical artifacts (Yin,

2003). With the development of I.T. technologies, infararaon websites and on-line

videos provide dynamic sources for a case study. The anahgihod available to

undertake a case study has not been well defined so tlsainiportant to define

priorities for what to analyse and whybifl.). Miles and Huberman (1994)

summarised a set of useful analytic manipulations to camdise study:

» Putting information into different ways

» Making a matrix of categories and placing the evidenckinvéuch categories

» Creating data displays — flowcharts and other graphics eximining the data

» Tabulating the frequency of different events

» Examining the complexity of such tabulations and theiatienships by
calculating second-order numbers such as means and earianc

» Putting information in chronological order or using someeptemporal scheme

Since the case study of this research aims to expher&knowledge representative

nature of the decision-making process for H&S competassessment in current

practice, the descriptive method is applied to analyséirexisompetence assessment

schemes. The sources of case study come from the datation and information

13
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from websites of those schemes. After categorisingdles into two groups, the case
study concentrates on two representative cases fieimgroups to make an in-depth
analysis. The knowledge representative nature in thesideanaking process and

drawbacks of applying those schemes are identified irptheess of case study to

help the development of a decision-making framework akdB& model for H&S

competence assessment.

1.4 Research Programme

Under the general development framework of a KBS, tllewing research steps

were undertaken for the building of KBS-CHSCA.

1. Reviewing of existing knowledge to identify the problem domageneric
knowledge of construction health and safety issues, H&8agement and H&S
competence is reviewed to provide a profound knowledge backgrowhd an
significant justification of the research. Primaryedature sources (academic
research journals, refereed conference proceedings, pradigsestation/thesis,
report/occasional paper, and government publications), daopnliterature
sources (textbooks, trade journals, newspapers and magaaimkS)eference
guides (dictionaries and handbooks) are widely used as thagmr types of
literature sources in the review (Naoum, 1998).

2. Implementation of a case study to investigate the egidonmal schemes for
H&S competence assessment. The findings of case studytdedentify the

knowledge representative characteristics in the deemmking process of H&S

14
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competence assessment and reveal the drawbacks in quaetite.

3. Formulation of a conceptual decision-making framework identify the
participants of knowledge and information exchange and e#ect
decision-support mechanisms in the decision-making procgssohstruction
H&S competence assessment.

4. Development of a KBS decision-support model for H&S cetapce assessment.
The model applies suitable I.T. solutions to appropriatepresent knowledge
embedded in the decision-making process; deal with drawhaehksfied in the
current practice and sort out difficulties raised inftaenework.

5. Implementation of the proposed KBS to support decisiaking of H&S
competence assessment. A textual knowledge-base is upuitio fulfill the
functions of minimum satisfaction checking and subjectind qualitative rating.
Java Server Page (JSP), MySgl and HTML are used toseedhe
decision-support model on the Web.

6. Evaluation of the validity and usability of the KBS hya#ysing and discussing
the result of questionnaire survey from industry practdig for further

improvement.

1.5 Contribution to Knowledge

This study has made four primary contributions to the cursate of knowledge,

within construction H&S management, focusing on the agmicaf KBS to support

15
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decision-making for competence assessment under CDM Riegslad2007. The

knowledge contributions are presented as follows:

» Developed a KBS decision-support model to enable thet ¢betake reasonable
steps to assess duty-holders’ H&S competence agamsCtne Criteria’ under
CDM Regulations 2007. This model established three decision+tuppo
mechanisms, comprehensively applying knowledge sources ingludgulation
guidance, existing cases and human experts to effecBuplyort the subjective
and qualitative decision-making for H&S competence ass&agsm

» Established a measurement indicator system to supportsubjand qualitative
measurement of duty-holders’ H&S competence. The measuatemdicator
system simplified and improved the format and explanaifd@ore Criteria’ for
H&S competence assessment under the ACoP of CDM Re&gga2007,
providing a practical means of assessing duty-holders’ H&fpetence.

» Enhanced the decision-making process of H&S competensessasent,
effectively improving the knowledge acquisition, accurtialaand dissemination,
breaking the constraint of the lack of assessment laugel and experience, and
furthermore providing a platform to stimulate knowledgrchange and
expansion in the problem domain.

» Enriched the application of KBS in construction H&S @g@ment, providing a
systematical mechanism to effectively support decisiokkmgaor subjective and
gualitative assessment of regulations-compliance chgckproblem. The

implementation of an integrated inference process wbeldapplied in other

16
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legislation-based assessment problems and provide a @nexeimple to

stimulate further development of the KBS in constructid. field.

1.6 Academic achievement

In the process of conducting the study, the followingkaty publications have been

accomplished:

Journal Publication:

1. Oloke, D., Yu, H., and Heesom, D., (2006), Developing tRiceer Skills in
Construction Health and Safety Management: An Integrégaething and Learning
Approach, Journal for Education in the Built Environme&BH), ISSN: 1747-4205

(Online). fttp://www.cebe.heacademy.ac.uk/jebe/volumes_index.phjo?ed. 1)

Conference Publication:

1. Yu, H., Oloke, D., Proverbs, D. and Buckley, k. (200&)proved Health and
Safety in Construction: A knowledge-Based Approach. Fiogs of 21th Annual
Conference of Association of Researchers in ConstructiManagement

(ARCOM),475-487. London UK, September, 2005.

2. Oloke, D. and Yu, H.(2005) Impact of Information and Comication Technology

(ICT) on Construction Health and Safety Knowledge Mansg#. Proceedings of the
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Third International Conference on Construction in the 2Tsenhtury Advancing

Engineering, Management and Technology. Athens Greepggi8ber 2005.

3. Yu, H., Heesom, D., Oloke, D., Proverbs, D. and Bagckk. (2006), Using Al
Technologies to Improve Construction Health and Sd#etformance: A Conceptual
CBR Model for Health and Safety Competence Assessmeateedings of World
Conference Accelerating Excellence in the Built EnvironitngWCAEBE),

Birmingham, October, 2006

4. Yu, H., Heesom, D., Oloke, D., Proverbs, D. and Bagklk. (2007), A
Knowledge-based decision-support system for health andtysafempetence
assessment, Proceedings of 23th Annual Conference ofi&#snof Researchers in

Construction Management (ARCOM),305-314. Belfast UK, Septer2b@7.

1.7 Guide to the Thesis

As illustrated in Figure 1.3, this thesis consists of &térs.

Chapter 2 provides a review of H&S performance in the Widsstruction industry
and introduces the legal system of construction H&Salicular, the importance of
establishing a positive H&S culture in construction gcdssed and highlighted as the

justification of conducting H&S competence assessment.
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Chapter 3 reviews the concept and legislation developnmeit&S competence
assessment, and introduces the ‘Core Criteria’ for ld&@petence assessment under
CDM Regulations 2007. The latent shortcomings of the ‘@rniteria’ are discussed
in the review process. Furthermore, a case study of mxikirmal schemes for H&S
competence assessment is presented to explore the knowledgesentative
characteristics and practical drawbacks embedded in theiademaking process of

H&S competence assessment.

Chapter 4 outlines the A.l. technologies and the working iplesx of KBS,
highlighting the adaptability of KBS to deal with various Whedge-intensive
problems in construction and investigating the structurdlfanctional feasibility of

applying KBS for H&S competence assessment.

Chapter 5 presents a general research framework ofutig sitroducing knowledge
acquisition concepts and applied methods. A decision-makamgefvork of H&S
competence assessment is formalised by analysing tbesasnt process under the
‘Core Criteria’ and exploring the knowledge and informatilow among the
decision-making participants. According to the identifiedwledge representative
nature in the decision-making process and the difficuliesealed in the
decision-make framework, the appropriate knowledge repesemtmethods are
selected and generalised into a KBS decision-supported nodadsist client to

reasonably assess duty-holder’s H&S competence.
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Chapter 6 introduces the development of a textual knowlédge for the KBS,
describing a statement indicator system for H&S competassessment, including
the minimum satisfaction standards and qualitative messemt indicators in

compliance with the ‘Core Criteria’.

Chapter 7 describes the implementation of the KBS,ud@og the selection of
appropriate Web programming language, applying Unified Model Layeg@dML)

and Entity-Relationship (E-R) diagrams to explain theraxtions between users and
system, the structure of the database managementmsysied presenting the
snapshots of the KBS to illustrate the realisationhef proposed decision-support

model.

Chapter 8 introduces the framework and process of conductrgystem evaluation.
A questionnaire survey was carried out to collect comsnegarding the validity and
usability of the KBS from the practitioners. All feedkas analysed and discussed to

assist the future improvement of the KBS.

Chapter 9 provides a conclusion of the research, susimguthe research findings,

outlining the fulfilment of research objectives, dissing the limitations of the

research and putting forward recommendations for furtlseareh.

20



Chapter 1: Introduction

Chapter 1 -

Research background, aims
and objectives

!

;

Chapter 2

A

Review literature in construction
H&S performance and
management

y

h J

Review literature in construction
H&S competence assessment

Chapter 3 - —

.

Case study of existing formal
schemes for H&S competence
assessment

;

h J

Review literautre in A.l. and
KBS theory and KBS
applications in construction

A 4

Chapter 4 Jdi

Investigate the feasibility of
applying KBS for construction
H&S competence assessment

'

Develop a research framework
for applying KBS in construction
H&S competence assessment

A 4

h J

A

[ |
Chapter 5 J

Formalise a decision-making
framework for construction H&S
competence assessment

-

Develop a KBS decision-support
model for construction H&S

competence assessment

v

Develop a statement indicator

A

Chapter 6

A A

system for H&S competence
assessment

Y

Chapter 7 -

Implement appropriate Web
technologies to realise the
proposed KBS model

v

:

Chapter 8 -t

Evaluate the validity and usability
of the online KBS

.

!

Chapter 9 }7

Discussion, conclusions and
recommendations

Figure 1.3 Layout of thesis

21



Chapter 2: H&S Management in UK Construction

Chapter 2: Current Status of Health and Safety

Management in UK Construction

2.1 Introduction

Workplace Health and Safety (H&S) is a global chaknof the sustainable
development of our society and civilisation. Accordiogtiie International Labour
Office (ILO), work-related accidents and ilinesses coate 3.9 per cent of all deaths
and 15 per cent of the world’s population suffers a mimomajor occupational
accident or work-related disease in any one year (ILO, 2@%)er than the moral
concerns, the economic cost is considerable. The vataiked injuries cost the United
States US$125.1 billion in 1998 (1.5% of GDP — National $&@etuncil, 1999) and
Britain between £14.5 and £18 billion annually (2.1% - 2.6% oPGDHealth and

Safety Executive, 1999) (Smallman, 2001).

When compared with other occupations, construction worktrigsically hazardous
as it is still largely labour-intensive. The constructimdustry contributed around
60,000 fatalities out of a world total of 355,000, nearly 17 pet @O, 2005). As a
major employment generator, the potential rate foroasraccidents on and around
construction sites is very high. The main causes coutdassified as (Kartam, 1997;
Fewings, 2005):

» Environmental factor: Many people from different part®sch as clients,
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>

architects, engineers, equipment suppliers, contraetods others, are usually
working close together in an outdoor site packed by diitecenstruction plants
and material.

Physical factor: Many activities with unplanned variasian relation to design
and construction are unpredictable.

Behavioral Factor: The tolerance towards risk is ti@cklly very high.

Furthermore, the structural and cultural charactesigtfaconstruction are not in favor

of the improvement of H&S performance in the industijpmgard and Rowlinson

(2005) identified 5 barriers to improvement:

>

traditional separation of design and construction: sehlo limits the
identification of innovative solutions to H&S problemsthé design stage of a
project

competitive tendering: places a great deal of pressureoatractors, which
discourage them to factor into bids the cost of perfagrtiie work safely

a multitude of small businesses: may lack the knowledgk rasources to
implement H&S management activities and are likely witee H&S in order
to survive in the cutthroat industry

subcontracting: could bring about inconsistence and eveoscimthe H&S
management

emphasis on contractual relationships: often leads linear ‘chain’ pattern of
communication with a contractual relationship that isratt@rised by conflict

and confrontation, making co-operation on matters of Hi&fgult
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Each year at least 60,000 fatal accidents occur onrcotish sites around the world
— or one fatal accident every ten minutes (ILO, 2005).fok&wving estimates of ILO
reinforce the stark situation of H&S in construction.

1. One in six fatal accidents at work occurs on a cocistn site.

2. In industrialised countries, as many as 25-40 per cenbi-related deaths occur
on construction sites, even though the sector empdoyg 6-10 per cent of the
workforce.

3. In some countries, it is estimated that 30 per cembos$truction workers suffer

from back pains or other musculoskeletal disorders.

Overall, the UK has one of the best records for H&Sgperance in the world and the
British construction industry is one of the safesEurope. However, in 2005/2006,
the rate of fatal injury to workers is 3.0 deaths per huhtlheusand workers while
the industrial average is 0.71. Notwithstanding the fatalynjate is continuing the
downward trend of recent years, construction is stibegtor associated with a

disproportionately high number of job-related accidentsdiseases.

In order to improve the H&S performance in UK constiarcindustry, legislative and
organisational efforts have been made by government ahdstny to establish a
systematic legal system and preventive strategies.chiister provides an overview
of UK construction H&S performance, the framework &$llegal system and H&S

culture model.
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2.2 UK Construction H&S Performance

The significance of UK construction industry to the nailiceconomy is clear to see.
In 2003, the annual output of construction industry is £93 billieptesenting 8% of
the Gross Domestic Product (GDP). 2.2 million peoplekwoBritain’s construction
industry, making it the country’s biggest industry. As mew before, the UK
construction industry has one of the lowest acciderits irmthe world (shown on

Figure 2.1).

-x- UK —&— Japan --@-- Australia —0—USA —o— Canada —o—HK

300

250 -

200 -

150

100

50 |

Construction accidents per 1,000 workers per year

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 2.1 The rate of accidents per 1000 workers (UK: 3\day non-fatal injuries)

(Rowlinson, 2005)

Figure 2.2 and Figure 2.3 illustrate that the fatal injur@scanstruction workers
decline steadily since 1994 but still remain unacceptablywlggn compared to other
industries. Although the record of fatal injury accidems2005/2006 is the lowest
level, each of the 60 fatalities brings endless sotwthe victim’s family, friends and
colleagues and radically affects their lives. The highember and rate of 2006/07
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ruins the pattern of continued reduction since 2002/2003 andatedidhe stark

situation in construction H&S performance.

Fatal injuries to workers in construction

180 =
160 | 140 143 137 —

140 126 125 124
120
100
80
60

70 70

65 89 o
40
20

0 [LLRAND

P I ELL LI PP LS PSS F PSS
PP PP PN P PP PP PSSP S S

79

Fatalities

Year

Figure 2.2 Fatal injuries to workers in construction (HSE, 2007)
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Figure 2.3 Rate of fatal injuries to workers (HSE, 2007)

In addition, a much larger number died prematurely oreveisabled due to health
problems arising from the construction work (HSE, 2001). In ZI®%, 3760
employees suffered major injuries and 7509 were reporterpterience over 3-day

injuries. The main factors contributing to major injures @resented on Figure 2.4.

26



Chapter 2: H&S Management in UK Construction

Factors to major injuries in construction 2004/2005

W 598, 16% O Falls from height
O 1056, 28%

B Slips and trips

0 564, 15% O hit by moving/faling objects
Oinjured while handling, lifting g
carrying

0607, 16% B Others

@ 935, 25%

Figure 2.4 Factors to major injuries in construction 2004/2005 (2&H)

Work-related ill-health in construction also largelyeats the well-being of workers.
Handling and using tools, materials and substances carn nmedudctures, strains,
musculo-skeletal disorders (MSDs), dermatitis, cemanmd) hearing loss, hand arm
vibration syndrome and consequent long term disability. Figuseillustrates that
respiratory diseases (Diffused Pleural Thickening and #tebis), skin diseases
(Dermatitis and Mesothelioma) and physical ill healtSDs, Upper Limb Disorders,
Spine/Back Disorders and Vibration White Finger) are ¢bexmon occupational
diseases in construction and the occurring rates ah thee higher than other

industries.
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Annual Average Incidence Rates of Occupational Disses Seen by Disease
Doctors in THOR SurvEillance Schemes (2002-2004)
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Figure 2.5 Annual average incidence rates of occupationasdiseseen by disease
doctors in the health and occupation reporting network [RH§urveillance schemes

(2002-2004) (HSE, 2005)

In order to respect the rights of members of a group asdrenthat relevant
responsibilities are fulfilled, every community has awn rules in relation to various
aspects of people’s lives. Small or informal groups tenditptasimple rules, which
are not legally binding, while governments of countries aatestdevelop complex
and comprehensive rules, which can be enforced (Morrie,€t996; Lingard and
Rowlinson, 2005). Preventing occupational injury and illea#nsuring reasonable
compensation for victims and rehabilitating workers whitesunjury or ill-health as

a result of their work are identified as three objediwf H&S laws (Lingard and

Rowlinson, 2005). In relation to construction H&S, a vehohft of legislation has
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been established to specify H&S responsibilities ofeddiit parties involved in

construction activities.

2.3 Health and Safety Legislation in UK Constructio Industry

In the UK, H&S law is founded in both statue law — laade by Acts of Parliament —
and Common Law, determined by judicial precedent (Grifighal., 2000). In the
context of sub-divisions of law, civil law or criminlaw can apply to cases involving
H&S under different circumstances. For the vast nitgjof H&S cases, civil disputes
usually follow accidents or iliness and concern negligesrca breach of statutory
duty, and can be settled “out of court” (Hughes and Fer&05). However,

corporations or individual managers may be prosecuted utremal law for

offences, such as manslaughter or criminal inflictiosesfous injury, when negligent
conduct results in the death or serious injury of a wotlkengard and Rowlinson,

2005).

2.3.1 The Health and Safety at Work, etc Act 1974

The Health and Safety at Work, etc. Act 1974 (HSWA) i thilestone in H&S
legislation. Prior to 1974, the H&S legislations weresgriptive and expressed in the
form of specification standardb({d.). Hughes and Ferrett (2005) commented that

those laws were more concerned with the requiremernlémt and equipment to be
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safe rather than the development of parallel arrangesrfer raising the heath and
safety awareness of employees. In addition, thoseifigja¢ion-based legislations
were criticised as unsuitable for certain types ok (Bartel and Thomas, 1985;
Quinlan and Bohle, 1991; Lingard and Rowlinson, 2005), little ineenbd improve
beyond minimum standard (Lingard and Rowlinson, 2005) andnigqadh flexibility
(Gunningham, 1996; Lingard and Rowlinson, 2005 ). As a resuleakthew carried
out by Lord Robens in 1970, which identified ‘apathy’ of tb@struction industry as
being the cause of poor H&S performance, the HSWA 1974 wapileahto provide
robust principle-based standards unifying all H&S legislatiamsler the same
umbrella principles of the Act. The principal recomui&tions of Robens Report had
a major influence on the H&S legislations in Britaindaather Commonwealth
countries in the rest of the twentieth century (Johmestd999). In addition, HSWA
established the Health and Safety Commission (HSC), wisictesponsible for
proposing policy and regulations, and the executive a5, known as the Health
and Safety Executive (HSE), which has the respongibilir enforcing H&S

legislation.

As the basis of British H&S law, HSWA 1974 sets out gahauties on the employer
who should ensure the H&S of its employees and memdemuldic, as far as
reasonably practicable. The H&S duties imposed by HSWA 19Theoemployer and
other parties are as follows (Griffith and Watson, 2004):

» on employers towards employees
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>

>

on employers and the self-employed towards persons thidnetheir employees
on people in control of premises

on people who design, manufacture, supply and install pé&ntijpment and
substances

on every employee

on everybody

The ‘as far as reasonably practicable’ statement meahshe duty carried out should

be considered against inconvenience and cost involved. Inwtrds, an employer

does not have to take measures to avoid or reduce khé tisey are technically

impossible or if the time, trouble or cost of the measuwould be grossly

disproportionate to risk (HSC, 2003).

2.3.2 Health and Safety Regulations Influencing the Construcn

Industry

The HSWA 1974 is the principal legislative Act of Parlient (Enabling Act) under

which almost all H&S regulations have been made. $aneously, as a member of

the European Union (EU), UK has had to adapt all Esletons into its regulations

under the umbrella of HSWA 1974.
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The Framework Directive

'
MHSW 1992/1999

Non-specific Construction specific
The Heaith and Safety
at Work Act 1974 Temporary and Mobile
Directives (all industries) Sites Directive 92/57/EEC
\ (construction)
Regulations applying to i Other construction
any workplaces, e.g. CDM Regulations specific regulations
o hazardous materials 1994 e.g. CHSW, LOLER,
o manual handling WAHR

o biological agents

o use of work equipment
o equipment safety

o visual display screens
etc.

“The CDM Regulations 1994 and the Construction (Health, Safety and Welfare) Regulations 1996 (CHSW)
have been replaced by CDM Regulations 2007, which come into froce on 6 April 2007.

Figure 2.6 The EU directives and UK legislation in heaitt safety (Adapted from

Fewings, 2005, P. 243)

As shown in Figure 2.6, the Framework directive (89/391/E&@)e result of Article
118A of the Treaty of Rome (1957) encouraging H&S improvemesgarding to
working place and workers. As a response to the Frankewoective, the
Management of Health and Safety at Work RegulationslSM/) was enacted in
1992 and revised in 1999. The MHSW 1999 generally makes more itexyhiat

employers are required to do to manage H&S under HSWA 1974 @08G3). In

MHSW 1999, the risk assessment process and generic measgtesas training,
planning, health surveillance, organisation and monitoring acapesvhich might be

applied to a wide range of more specific regulations, dafined and prescribed
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(Fewings, 2005).

In sequence to the Framework directive, other daughtetrtislgsovere developed to
deal with various H&S issues in any workplace. Likewieach directive has its
corresponding regulation in UK. Some regulations caallfindustries, but others are
specific to certain industries. The Temporary or Mobil@sEauction Sites’ Directive
(92/57/EEC) led to two particular H&S regulations in UK dongtion industry, they
are:

» The Construction (Health, Safety and Welfare) (CHS¥ulations 1996: The
CHSW regulations cover a wide range of health, sadety welfare provision
applicable to almost all construction activities exogptking at height which is
covered by the Work at Height Regulations 2003 and liftingatjoers which are
covered by the Lifting Operations and Lifting Equipment Raigans 1998.

» The Construction (Design and Management) (CDM) Regulatil994: The
CDM Regulations is considered as the ‘bible’ of consibacH&S management
by construction practitioners. It aims to reduce the immdeof accidents and
occupational ill-health arising from construction workibtroducing procedures
to improve the planning and management of H&S on construptimpcts of all
types, throughout every phase and involving all duty holaletee management

of risk (Construction Confederation, 2000).

In order to improve H&S planning, management and perforenanthe construction
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industry, after a comprehensive revision, CDM Regulations 1884 CHSW
Regulations 1996 were brought together into CDM Regulations 200i¢h came
into force on 6 April 2007. The CDM Regulations 2007 aims arave the planning
and management of projects from the inception; identiatds as early as possible
to ensure appropriate measures can be taken to controlaisi@urage everyone and
apply adequate resources to improve health and safetyjiscmlirage unnecessary
bureaucracy which could generate distraction from thelmgsihess of risk reduction

and management (HSC, 2007).

In addition to the two construction specific regulasiorthere are other generic
regulations affecting health, safety and welfare issimesonstruction practice.

Appendix 1 outlines those regulations usually influencing ttoagon activities.

As a key feature of Robens-style legislation, notugbay codes of practice are
supplemented to provide industry with regulation compliangdance (Lingard and
Rowlinson, 2005). The Approved Code of Practice (ACoP) islysred for most sets
of regulations by HSC/HSE and gives details on how toptprwith the law.

Guidance has two forms — legal and best practice. Legdb@ee series of booklet
usually including the Regulations and the ACoP is issuetidoyHSC and/or the HSE
to cover the technical aspects of H&S regulations (HughdsFarrett, 2005). Best
practice guidance is published by HSE in the title of HSGch as HSG65 -

Successful Health and Safety Management. Notwithstgnéi@oP and best practice
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guidance are non-compulsory and you are free to take athen, if you do follow

them you will be doing enough to comply with the law (KH$E95).

2.4 Reuvitalising Health and Safety

Although the UK has a systematic legal system for tcaason H&S, construction
still contributes significant numbers of fatal accidemand ill-health cases to the
statistics. In February 2001, the first construction H&Esit was held to address
H&S concerns in the industry. Around 500 company direcah&f executives and
other leaders representing all parts of the industryedgiteat radical change has to be
made in the industry’s culture and approach to the coatrdlmanagement of risks
(HSE, 2001). In order to focus attention and stimulatéomctthe Construction
Industry Advisory Committee (CONIAC) to the HSC seteaies of targets, known as
‘revitalising targets’ for the industry. These targetslude (Hughes and Ferrett,
2005):
» to reduce the incidence rate of fatalities and majarieg by 40% by 2004/05
and by 66% by 2009/10
» to reduce the incidence rate of cases of work-relatéedlth by 20% by 2004/05
and by 50% by 2009/10
» to reduce the number of working days lost per 100,000 workemn fr

work-related injury and ill-health by 20% by 2004/05 and by 50% by 2009/10
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After 6 years of announcing ‘revitalising targets’, much prsgjtgas been made, such
as a fall in construction deaths. However, the rebafrfdtal injuries in 2006/2007
(see Figure 2.3) reveals that the efforts being put o&® is still not sufficient to
ensure that the industry’s target will be met in 2010. ifldestry should put more
emphasis on seeking innovative and sustainable ways rafingaogether to achieve

the excellence in H&S and meet the ambitious targetstpalty.

Since construction is a project-based industry, conshu¢#i&S management needs
to be systematically arranged and implemented throughewvhole life of a project
involving all parts and participants. Furthermore, a pesiH&S culture established
on mutual trust and confidence between management and werkgosignificant for
the improvement of H&S performance. The next sectidlh facus on discussing

concepts, models and measuring methods of H&S culturenstremtion.

2.5 Safety Culture in Construction

After years of research and practice, it has been fthatdechniques used to improve
health and safety performance seem to reach a platdghiting the continuing
improvement (Taylor, 2002). The lesson learnt from ther@obyl accident in April
1986 highlighted technological vulnerability and led to theouhuction of safety
culture (Choudhry, et al.,, 2007). The International Atorkicergy Agency first

developed (IAEA, 1986) and subsequently expanded (IAEA, 1991) theepb of

36



Chapter 2: H&S Management in UK Construction

safety culture. In 1993, the Advisory Committee on thetyadf Nuclear Installations
provided a definition of safety culture (ACSNI, 1993) whias tbeen referred to in
different safety academic literatures. Subsequently, H3@3) adopted the definition
that is ‘safety culture is the product of individual and group values, attitudes,
competencies, and patterns of behaviour that determine the commitmantl tthe
style and proficiency of, an organisation’s health and safety programmes.
Organisations with a positive safety culture are characterised by coroatioms
founded on mutual trust, by shared perceptions of the importainsaefety, and by

confidence in the efficacy of preventative measures.

However, safety culture is a debatable subject and oepted model of it exists to
date (Choudhry, et al., 2007). Despite the numerous defiaitaf safety culture
(Carnino, 1989; Lucas, 1990; Lee, 1993; Kennedy and Kirwan, 1998; Bz0@,
Glendon and Stanton, 2000; Guldenmund, 2000; Cooper, 2000; Mohamed, 2003;
Richter and Koch, 2004; Feng et al., 2006), there is a carsémst safety culture is
shared and consistent attitudes, beliefs and percepti@mtt diganisational members’

attention and actions to keep a sustainable safety iraprent.

Although it appears to be clear that developing and maintaa positive safety
culture can be an effective means in favorable to goafétys performance
(Vecchio-Sudus and Griffiths, 2004; Choudhry et al.,, 2007), seekmgffective

method of applying safety culture in practice is a chgieto the whole industry.
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2.5.1 Model of safety culture

Guldenmund (2000) suggests that the lack of a unifying theoreticalel has
hindered the study of safety culture. Lingard and Rowlind2005) also argue that
models of safety culture can specify desirable attribvedsted to excellent H&S
performance. A safety culture model is defined by Chouditral. (2007) as ‘a
manner in which safety culture is thought to be embeddethanorganisation’s
practices and safety management systems’, which iguhefpidentifying the key

elements for a positive culture.

Different researchers have presented various modetég@nd Kunzler, 2000; Geller,
1994; Geller, 1997; Cooper, 2000) to reflect a positive safetyreulAmong those
models, Cooper’s reciprocal framework is more practioad avidely accepted
(Glendon and Litherland, 2001; Neal et al., 2000; HSE, 2005; ChgwDh7). After

analysing former research efforts in accident causatrmdels, Cooper (2000)
identified that the interactive relationship (shown omguFe 2.7) between
psychological, behavioural and situational factors shoeldaken into account to

developing a safety culture.
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"The product of individual and group values, attitudes, perceptions, competences
and patterns of behaviour that can determine the commitment to, and the style and
proficiency of an organisation's health and safety managment system™.

ACSNI Human Factors Study Group, HSC (1993)

Psychological Aspects

‘How people feel'

Can be described as the
‘safety climate’ of the
organisation, which is

concerned with individual

Behavioural Aspects

‘What people do'

Safety-related actions and
behaviours

Situational Aspects

'What the organisation has'

Policies, procedures,
regulations, organisational
structures, and the
management systems

and group values, attitudes
and perceptions.

Figure 2.7 Three aspect approach to safety culture (HSE, 2005)

Cooper’s model reflects the multiple goal-directed cphad safety culture, which

encompasses (Cooper, 2000; Lingard and Rowlinson, 2005; Choudhry, 2007):

» Subjective internal psychological factors: the psycthickl aspects of safety
culture refer to safety climate which represents engd®y attitudes and
perceptions of H&S in the workplace (Flin et al., 2000; Moban2003). Since
safety culture is top-down core organisational beliefafety climate is a
bottom-up workforce’s attitudes and a useful diagnostic sow method for
measuring the safety culture (Guldenmund, 2000; Mohamed, 206@ardi and
Rowlinson, 2005).

» Observable ongoing safety-related behaviours: Unsafe behamidine major
cause of any accident, which accounts for eighty totyiper cent of all
accidents on site (Mohamed, 2002; Lingard and Rowlinson, 2883je foci of

the model, employee’s behaviour substantiates the oegmmal safety beliefs
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and can be influenced and altered by other two aspectfebf salture.

» Objective situational features: The safety managemgsters is the situational
aspect of safety culture, which is regarded as the docethearid formalised
system (policy, procedures, training instructions and ressuete) of controlling
against risk or harm (Kennedy and Kirwan, 1998). Although H&Hhagement
systems exist on paper and might not necessarily réfectvay it is carried out
in practice (Choudhry, 2007), it can represent the workrenwient and
underlying perceptions, attitudes, and habitual practices dbgegs at all levels

(Kennedy and Kirwan, 1998).

Cooper’s reciprocal safety culture model is a processtidn and reaction or one of
“perpetual dynamic interplay”, which provides an integratiagy of thinking about
the many processes that impact on safety culture (Co@p€f; Choudhry et al.,

2007).

2.5.2 Measure of safety model

As safety culture is intangible, it should be measureskéomine organisational safety
attitudes, performance and management systems. Theofmyichl, behavioural and
situational aspects of the model also provide a triatggil@det of measurement
instruments allowing the multi-faceted nature of theetsatulture construct to be

systematically examined (Cooper, 2000). According to Cooper J200&
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psychological aspects (attitudes and perceptions) can dessasl through safety
climate questionnaires; the behavioural aspects (actiedysalated behavioiurs) can
be assessed by checklists developed as a part of behagmfetyl initiatives, and the
situational features can be assess by safety managesystem audits/inspects

(Choudhry et al., 2007).

Despite the fact that the three aspects of safdtyrevenable it to be measured by a
variety of quantitative and qualitative methods (Cooper, 200®ijll take a quite
long period to provide a comprehensive picture of an orgamsatidé&S culture. In
terms of psychological aspects, the ubiquitous safatyatdi questionnaire requires to
collect data from a considerable number of employeei@¢asure people’s beliefs,
values and perceptions for safety culture. Similarlytharough assessment of
behavioural and situational elements of safety culture ba taken via peer
observation and periodical inspections or surveysid.], which are also
time-consuming processes. Therefore, it is a challéoga project-based industry
such as construction to find a method to evaluate an segam’s safety culture

before it engages in a project.

2.5.3 A positive H&S culture

As advocated by Blockley (1995) the construction industryuldvobe better

characterised as one with a poor safety culture andstfaty record will not be
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improved until the safety culture is promoted, safetjuce is becoming crucial to
construction (Fang et al., 2006). Much research (Hinze, 18&&®acha et al., 1999;
Langford et al., 2000; Choudhry, 2002; Mohamed, 2003) has beentddook into

how the safety culture can be established or measureanstruction. Furthermore,
other prior research (Taylor, 2002; Hughes and Ferret, 200&k; BI®5) focus on
identifying important components to promote a positive H&Hure. A consistent
commitment throughout all levels of management, aarcl®erganisation of
management, appropriate procedures, qualified and experienoekforge, an

effective communication system, employee involvemantd a monitoring and

reviewing system are considered as key elements of aveddifiS culture.

A construction project team is usually a temporary woimpromising different
organisations that play respective roles throughout thdewltie of a project. The
maintenance of successful H&S performance in a congtruproject requires a
well-developed administrative and technical managemestemsy to ensure a
reasonable arrangement for H&S performance. It alsmines that each project
participant organisation should have a positive H&S cultunek good record of H&S
performance to ensure the ability to deal with H&S hdzan the current project
(Lingard and Rowlinson, 2005; Carpenter, 2006a). It is, thexe&ssential and
significant to identify each participant organisation’s $S&ulture and former H&S

performance before the organisation comes into themuproject.
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Although research studies in academia have revealed {hertance of a positive
H&S culture and indicated some means of developing, taiaing and measuring a
positive H&S culture, the industry still appears to laakequate awareness,
knowledge and tools to nurture and evaluate a positive H&l&ire in practice.
Hughes and Ferret (2005) find that there is concern among Bi&8 professionals
that H&S culture is developed and driven by senior managihsvery little input
form the workforce. Without an enforced legislation afiéctive method, it is quite
difficult to arouse awareness and commitment of thaustry to improve H&S

culture.

However, the CDM Regulations 2007 which became effectivé épril 2007 was
introduced to improve this situation. The CDM Regulations a6{(pbse a pro-active
H&S culture and performance assessment responsibilityhenclient who is the
originator of a project and plays the central roleimplementing the Regulations
(RIBA, 2008). The client is required to take reasonalgpssto assess duty-holders’
H&S competence before they are appointed or engage iprtect. Any appointed
or engaged duty-holder must be H&S competent with a pesii&S culture,
effective H&S management system and good former H&Sopeence to carry out
the work assigned. Therefore, the H&S competence assassunder CDM
Regulations 2007 can be seen as a legal solution to egeotir@a development of
positive H&S culture in the industry by increasing the petttive advantages of

organisations which have already established a positive ¢i8t8re and an effective
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H&S management system.

2.6 Summary

H&S issues are increasingly serious concerns to governamel industry on the legal,
moral and financial grounds. As one of the safest coctstn industries in the world,
UK construction still remains a disproportionate higiter of fatal injuries and
ill-healthiness. Although many efforts have been made tabksh a systematic and
applicable legal system and improve the performance irsinguihe current situation

has not been as satisfactory as could be hoped.

H&S culture has been identified as a crucial elememviycome the bottleneck of
H&S improvement. A reciprocal model of safety cultuevealed three aspects of
developing and evaluating a positive H&S culture. An orgépisawith a positive
H&S culture can draw on effective management systemsintprove H&S

performance, mininise the possibility of accident andmmse the project value.

The H&S competence assessment under CDM Regulations 20@5 lmn a new
approach which seeks to ensure that the positive H&S euttam be developed and
maintained from the outset of a project. As a noviegal requirement, H&S
competence should be explored in detail in relationg@ancepts, current practice

and evaluation method, which will be discussed in Chéapter
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Chapter 3 Health and Safety Competence Assessment

3.1 Introduction

Chapter 2 provided a broad review of current practice insUinstruction H&S
performance, legislations and management, identifying dhabsitive H&S culture
was a significant determinative for an organisation’&SH management and
performance. This highlighted that implementing H&S compet assessment under
CDM Regulations 2007 brings a systematic method of evalyan organisation’s
H&S culture and performance before it comes into theeotrproject. In order to
extensively explore the research field of construcH&& competence assessment,
this chapter discusses the application of H&S competessssasent in construction

in the UK.

Section 3.2 introduces the concept of construction H&®&pstdence, typically
identifying the individual competence and organisationahmetence. In addition,
this section extensively reviews the legislations ofSH8ompetence assessment and
analytically discusses the influence of applying ‘Corege@id’ of H&S competence

assessment under CDM Regulations 2007.

Section 3.3 reviews the current practice of H&S competassessment in UK’s

industry, introducing the development of assessmentiarpeior to the emergence of
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‘Core Criteria’.

Section 3.4 examines two cases out of 19 existing form&6 Hompetence
assessment schemes for organisation, revealing the édhgevl representative
characteristics embedded in the decision-making process demwtifying the

limitations of current H&S competence assessment sehem

3.2 Construction H&S competence and assessment

According to Wright et al. (2003), competence is commadlelined as ‘the ability to
perform the activities within an occupation or function ie standards expected in
employment’. In the context of construction H&S, cotepee is a two-faceted
concept. On the individual level, a competent persaritén regarded to be one that
has sufficient training, knowledge and experience of the&k welated (Construction
Confederation, 2000; Taylor, 20002; Hughes and Ferrett, 2005; Carp2odéa).
Carpenter (2006a, 2006b) advocates that an individual's H&Spemmcy is the
combination of:
» Task knowledge (technical or managerial): Appropriate for tasks to be
undertaken.
» Health and safety knowledge: sufficient to performtdsk safely, by identifying
hazard and evaluating the risk in order to protect self #retsy and to appreciate

general background.
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> Experience and ability: sufficient to perform the taskcl(iding where
appropriate an appreciation of constructability), to recgpiersonal limitations,

task-related faults and errors and to identify appropritierss.

However, the level and development of personal competesthin an organisation
are determined by the organisational H&S culture. Orgaorsatiwith a real
commitment to improving their H&S culture will go beyoedsuring all members of
the workforce have received training and are suitably gedldnd experienced in the
safety-related requirements of their job (Talyor, 2002)o&itive H&S culture can
enable an organisation to have clear commitments of HB8&hagement, the
promotion of H&S standards, effective communication withiie organisation,
adequate cooperation from and with the workforce and a&ctet# and developing
training progromme (Hughes and Ferrett, 2005). Thus, an organiséth a positive
H&S culture can be seen as H&S competent to undertgkeject. Therefore, H&S
competence on the organisational level can be defined awltare within an
organisation that actively considers the health, sadatywelfare of its own people,
and of those that its work activities affect, withstlieing achieved through active

management and participation of employee’ (Carpenter, 2006a)

3.2.1 Legislation of H&S competence prior to CDM Regulation2007

Prior to CDM Regulations 2007, most construction related SH&gislation
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encompassed provisions for H&S competence to ensure cempebrkforce to
undertake a work, though those provisions are only on tinadodl level. Table 3.1

provides a summary of those legislations.

Table 3.1 Summary of competence requirements in releganstruction H&S

legislation prior to CDM Regulations 2007

ACT AND
REGULATIONS

SUMMARY

REFERENCES

HEALTH AND SAFETY

Although this act doesn’ specify the
requirement for competency, the employe

Carpenter (2006
2rS,

AT WORK ECT ACT| the self-employed and individuals should
1974 have adequate knowledge, experience jand
skills to discharge their duties.
Sufficient training and ¢perience ol Constructior

MANAGEMENT OF
HEALTH AND SAFETY
AT WORK
REGULATION 1999

knowledge and other qualities enable
person as competent to carry out his dut
However, competence requirements co
be varied by the situations. Simp
situations could just require:

a. an understanding of relevant currg
best practice;

b. an awareness of the limitations of on
own experience and knowledge and;

c. the willingness and ability t

@onfederation (2000)
iddughes and Ferre
u(@005);

I€arpenter (2006a)

2Nt

supplement existing experience and

knowledge, when necessary
obtaining external help and advice
In more complex situations or risks, ful
gualified and appropriately experienc
practitioners will be required.

oy

y
ed

CDM
1994

REGULATIONS

Section 8 and 9 require those employ
Planning  Supervisor,  Designers
Contractors must ensure that they have
competence to perform their duties. AC
highlights the principles and main points
assessing competence and resourceg
order to cut down unnecessary bureaucr
in the standard, generic health and sa
pre-qualification questionnaire.

HSC (2001
oCarpenter (2006a)
the
oP
of

in
acy
ety

CONSTRUCTION
(HEALTH AND SAFETY
AND WLEFARE)
REGULATIONS 1996

Section 28 emphasises that traini
technical knowledge or experience
necessary to reduce risks of injury to g
person. People who carry out any reley
construction work should possess th
capabilities or be under supervision
competent people.

Carpenter (2006
is
ny
ant
DSe

by
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In addition to the above provisions, the ACoP of cspomding regulations provides
guidance as supplementary for practical performance nstance, the paragraph 195
of ACoP in the CDM Regulations 1994 specifies six basiccipias for the H&S
competence assessment. Paragraph 198 also details tlmiemmeajes by which those
competence criteria could be assessed. However, the guigasité too abstract to
provide a thorough and effective method of assessing poaetis’ H&S competence

for a specific project or task.

3.2.2 ‘Core Criteria’ for H&S competence assessment

According to Regulation 4 of CDM Regulations 2007, H&S commpEeassessment
is a compulsory and major responsibility placed on ¢hent. Any duty-holder

including CDM co-ordinator, designer, principal contractorcontractor can not be
appointed or engaged in the project unless the clientdkas treasonable steps to
ensure that the duty-holder is H&S competent (HSC, 2007nrdler to assist the
client in effectively discharging this duty, ACoP expourfis¢oncept and methods of

applying competence assessment.

The duty-holder is a functional definition involving aise of functions in terms of
CDM Regulations 2007. Thus, organisations usually act &seit duty-holders to
take respective responsibilities. The ACoP, therebydhices a two-stage process, in

which the organisation’s H&S competence should be ssdeaccording to 14 ‘Core
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Criteria’ (Shown in Figure 3.1). Each criterion has #pest evaluation standards with
examples of evidence that the organisation could use rnorrate it meets the

required standard (Shown in Appendix 2).

Competence Assessment of Organisations

Contractor

v

Generic Competence

. Health and safety policy and organisation for health and safety

. Arrangements

. Competent advice - corpeorate and construction-related

. Training and information

. Individual qualifications and experience

. Monitoring, audit and review

. Workforce involvement

. Accident reporting and enforcement actionm; follow-up investigation

O~ EWK =

Alternative Competence

%, 9. Sub-contracting/consulting procedures (if applicable}
3 |
? v 5
Specific Competence
14. CDM 10. Hazard 11. Risk assessment
co-ordinator's duties elimination and risk leading to a safe
control method of work
12. Co-operation
with others and
co-ordinating your
work with that of
other contractors
13. Welifare
provision
od
"é: Work experience
=

Figure 3.1 Competence assessment of organisations (Y260a).

The first stage focuses on assessing the candidate otgaris&l&S culture and
management system to ensure the future work can bedcatriesafely and without

risk to health. As illustrated in Figure 3.1, all 14 critecaver two aspects of
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reciprocal safety model. The ‘Core Criteria’ comprisinge key elements of HSE
(2002) model for successful H&S management effectivelfeckfthe situational
aspects of safety culture (Thompson & Luthans, 1990). éisated in the reciprocal
safety model, the H&S management system is the olgecapresentation of an
organisation’s safety culture, showing an over-all yjeament of H&S management
and implementation in the organisation. According to KBSEamework for H&S
management (shown in Figure 3.2), a successful H&S manageystem should
include a clearly defined policy, well-defined plans incorfingaspecific objectives,
strong management commitment, the provision of sufficiesources, a systematic
training programme, effective monitoring and reporting ofqgrenince and a process
for reviewing performance and making improvements (HughesFangett, 2005;
Lingard and Rowlinson, 2005). Measuring the 14 ‘Core Critas@l effectively
provide the client with a retrospective view of an orgdims®s H&S management
system (Carpenter, 2006a). Thus, the client can sele@ Etfinpetent duty-holder
who has a positive H&S culture and reliable manageragstem to undertake the

project.
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........ = Information link

—= Control link

Folicy
< Palicy -« development

Organizational

Crganizing  [— development

,,,,,,,,,,, Planning and
Auditing > elrrenting 4
*;
.' Ceveloping
technigues of
A Measuring | o planning,
petfarmance measuring
and reviewing
4 Feviewing
= performance
Feedback loop to
improve
performance

Figure 3.2 Key elements of successful H&S managemengdtshand Rowlinson,

2005)

In addition, criterion 8 is an outcome measure of belaalaspects of safety culture,
demonstrating organisation’s former behaviours on H&S perfeceneCriterion 10 &
11 can also indicate the organisation’s routine metloodsehaviours on preventing

and controlling losses arising from unwanted and unfordsssrmaking events.

The second stage aims to assess the organisation’sesxqgerand track record to
ensure its suitability to deal with the key health anddeet hazards in the current
application (Carpenter, 2006a; HSC, 2007). As advocated by itarp006a) and

also adopted by HSC (2007), the organisations’ ability tmagea the work and
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potential harzards can be revealed through contact watviqus clients and project

teams.

The ‘Core Criteria’ on the organisational level not yomdrovide a means of
systematically assessing the organisation’s H&S cultudensanagement system but
also standardise the assessment process propitiouskingnetfective judgment.
However, the ‘Core Criteria’ are not practical enoughéduce the bureaucracy and
improve the efficiency of decision-making. There are¢hatent shortcomings which
could bring difficulties of implementing H&S competerassessment in practice:

» Non-quantificational judgment standards: although eachriorntenas concrete
judgment standards, the qualitative description of standardsiffisult and
ambiguous for decision-making.

» Subjective decision-making process: the judgment of edidnion varies on the
assessor’s knowledge, experience and preference. Such etisabgssessment
without structured procedures would result in deviation fraalgment standards.

» Knowledge-intensive information processing: the competeassessment
requires the verification of evidence and record, invgvielative construction
and H&S management knowledge. The lack of effectivetddl would lead to

errors or lapses in the paper work.

The competence assessment of individuals is also -@tlge process. At stage 1, an

individual's qualifications and training records should bewai®d to ensure he or she
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has a basic understanding of the risks arising fromcthestruction work. Stage 2
concentrates on the individual's past experience intype of work which will be
carried out. As criterion 5 of organisation’s H&S competeraims at assessing
individual qualification and experience, the individual petence assessment can be
carried out in the process of organisation’s H&S competassessment. According
to HSC (2007), the membership of a relevant professiosttution, such as CIBSE;
ICE; IMechE; IStructE; RIBA; RICS; CIAT; CIOB; NEBQ$ can be seen as a
strong evidence that the person has necessary task knowdedges capable of
dealing with H&S issues in the work. In addition, membgr®f a particular register
operated by an institution such as Association for Br§afety (APS); the Institution
of Construction Safety (ICS), can be viewed as comfirom that the person has
adequate expertise and experience to carry out the CDMsdumticurrent project.
Although the verification of an individual's qualificatioor membership is not
difficult, the judgment of training records is not eafy practice as the

decision-making process is still subjective, qualitative lamowledge-intensive.

In conclusion, although any industry-wide schemes will ehashortcomings
(Carpenter, 2006a), the ‘Core Criteria’ for H&S competeassessment provides a
robust process to ensure clients appoint H&S competenthdldrs in the inception
of project (HSC, 2007). Furthermore, in order to cut offag@ssary bureaucracy in
competence assessment, which can obscure the real ssslidivert effort away from

the client, the competence assessment should focikeoneeds of the particular
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project and be proportionate to the risks, size andpéoaty of the work ipid.).
However, as identified above, the three shortcominmdke implementation of ‘Core
Criteria’ would offset the innovative attempts of H&Bnapetence assessment under
CDM Regulations 2007. In order to develop a practical methoeffectively
applying ‘Core Criteria’, the following sections will rew the current practice of
H&S competence assessment and identify the knowledge eepatge
characteristics and limitations of current practice H&S competence
decision-making process after a case study of schemedH&& competence

assessment.

3.3 The current practice in industry

In practice, the contractor’s H&S competence is carsd as an important factor in
the selection process. Construction clients and conyname seldom concerned
about other duty-holders’ H&S competence. Presentlytraotor's H&S competence
assessment is usually covered by a generic pre-qualificajiestionnaire or
implemented through formal assessment schemes esgablish both public and
private sector sponsors. The general pre-qualificatiostigumaire is prevalent in the
pre-tender process to investigate and assess whethedai@ndiontractors have
capabilities of undertaking a contract satisfactorilyt i awarded to them (Hatush
and Skimore, 1997). The pre-qualification questionnaire usoaityprises a series of

criteria to evaluate the overall suitability of cators. Hatush and Skimore (1997)
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identified five main criteria (financial soundness, techniallity, managerial

capability, safety, and reputation) for contractor pre-fjcation and bid evaluation,

in which health and safety competence are assessedubgub-criteria alone with
required information:

» Safety: includes experience in handling dangerous substagxgsrience in
noise control; accident book; complied in all respecith wealth and safety
regulations; health and safety information chart fopleyees; safety record and
company safety policy;

» Experience modification rating (EMR): is financiallywarding or penalizing
employers according to their accident claims;

» OSHA (Occupational Safety and Health Administratiom}idence rate: is the
average numbers of injuries and illness, per 100 man-yeardonstruction firm.

» Management safety accountability: includes who in therosgdon receives and
reviews accident reports, and what is the frequencystilulition of these reports;
frequency of safety meetings for field supervisors; a@anpn of accident record
by foremen and superintendents, and the frequency of negoftequency of
project safety inspections, and the degree to which th@hie project managers
and field superintendents and use of an accident cost systasuring individual

foremen and superintendents as well as project managers.

Although the above H&S criteria refer to some aspeftd&S culture, management

system and performance, such a fragmented assessnmenteffactively reflect
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contractor’s H&S competence. Furthermore, the latiereness of the importance of
safety criteria, which are treated as secondary impoet, plagues the effectiveness of
client’'s autonomous pre-qualification assessment in cespeH&S. Therefore, as
argued by HSE (2001b) and Carpenter (2006a), those questionnstresgate a

great deal of paperwork, and are of little benefit to H&S.

As many clients don't have any knowledge of construabibmay only procure one
project in their lifetime, there are a number ofiat competence assessment schemes
provided by different professional organisations or sponsorselp clients assess
contractors and designers’ H&S competence (Carpenter, 20UBase schemes
respectively target the competence of individuals, sucth@sConstruction Skills
Certification Scheme (CSCS), and the organisations’ pevemce, like the

Construction Health and Safety Assessment Scheme SEHA

The individual competence assessment schemes focestorgtan individual's H&S
knowledge in respect of site practice. Multiple-choice stjoes and workplace
assessment are usually used in the assessment. Thegefdsmal schemes for an
organisation’s H&S competence utilise an independent el@tuprocess in which
scheme’s in-house assessors need to review organisdti@®spolicy, arrangement
and performance records, and then determine its H&S cengeetin terms of the
compliance of organisation’s H&S documents and records neldvant legislations.

Such schemes are to establish an accreditation meghanst mandatory but
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recognised by HSC, facilitating set and maintain professicstandards ilfid.).
However, prior to the CDM Regulations 2007, the H&S compet assessment in
the construction industry is organised and implemented aepaand ineffectively
without unified judgment criteria. Furthermore, since aliesnes are sponsored by
different public or private organisations and require paymin register or
membership, the various assessment schemes could inokeakeads on client and
duty-holders and even discourage the industry to apply Et#fpetence assessment.
Therefore, the ‘Core Criteria’ of H&S competence un@#M Regulations 2007
provide the industry with standardised assessment ariteyi which the H&S
competence assessment can be reasonably implementbdrgndalue for money to

all duty-holders.

3.4 Case study of existing formal H&S competence ssssment

schemes for organisations

A case study is an empirical data collection approachvestigate the qualitative
variables in the context of research problem (Yin, 1993pWweland Liu, 2002). The
duty-holders’ H&S competence assessment under CDM Réegndas a retrospective
review process of checking an organisation’s H&S cultur@nagement system and
performance records against ‘Core Criteria’. The exjssiohemes for organisation’s
H&S competence can be categorised as a method of nmgashe compliance of

organisation’s H&S management with relevant regulatiang specific criteria.

58



Chapter 3: H&S Competence Assessment

Therefore, the gathering of case study data from thstiegi H&S competence
assessment schemes for organisations will play an iangorole of eliciting the
knowledge representative characteristics in the deers@hing process of dealing

with regulation-compliance checking problems.

Carpenter (2006a) identified 19 formal H&S competence assessohemes on the
organisation level. As illustrated by Table 3.2, variouhestes regarding
organisation’s H&S are currently operated by a wide rarfiggponsors from different

industries.

59



Chapter 3:

H&S Competence Assessment

Table 3.2 The existing formal H&S assessment schemesrdanisation (Adapted:

Carpenter, 2006a)

Scheme’s Name

Sponsor

Sector Restricted
to Construction

Five Star Healt_h and Safet)fBritish Safety Council No

Management Audit

OHSAS 18001 Compliance Audit British Safety Council No

CAPS (The ConstructionNational Federation of Yes

Accredited Partnering Scheme) | Builders

CHAS (The Contractor’s HealthLondon Borough of Yes

and Safety Assessment Scheme)Merton

ConstructiononLine Department of Trade ard No’
Industry

Construction Confederation (CC)Yonstruction

h : Yes

Designer Assessment Confederation

CORG Council for Registered No
Gas Installers

Exor Management Services Exor_ . Managemenrt Yes
Services Limited

CAT (Capability Assessment .

Toolkit ) tI—hghways Agency No

LINK-UP Achilles Group Railways

MCG Sub-contractor Assessmen M?cj)arp Contractors Yes

National Electricity RegistrationUK Distribution Network No

Scheme (NERS)

Operators (DNOSs)

NHBC Scheme

Association of British
Insurers

House-building

OCR 1322 Hardaker & Associates Yes

Safe Contractor National Britannia Ltd No

SHEQual EC Harris Yes
Specialist  Engineering

SEC Contractors Group ves
Department of Trade and

TrustMark Industry Yes

UVDB Verify Achilles Group No

*: Yes if registrant is CHAS registered

According to the assessment process, those schemelecaategorised into two

groups:

» Self-assessment guidance: provides members with a preseriptdgment
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criteria and guidance to make assessment by thems&hN&S. Sub-contractor
Assessment and SEC belong to this group.

> Expert-assessment programme: requires applicants ltanfilan evaluation
guestionnaire or checklist, and then an expert asseslégo through evidence
or make a site visit to judge the compliance with legagurements and
determine competence level or validate accreditatiorst dbthe above schemes
are in this group.

In order to facilitate knowledge representation analgsimrding H&S competence

assessment decision-making, two schemes from diffassgssment process will be

reviewed to reveal their knowledge characteristics enddcision-making process and

drawbacks in the current practice.

3.4.1 Case 1 — MCG MCG Sub-contractor Assessment

(http://lwww.mcg.org.uk/pdf/MCG Subcontractor Pre-qualificatiBoidance.pdf

The Major Contractor Group, representing the interegtsmajor contractors to
government and other decision makers, provides member caspaith standard
H&S pre-qualification criteria for sub-contractors who ulb be engaged in the
project. The H&S pre-qualification criteria enable MCGmpanies to assess
sub-contractor's H&S competence by specifying the requingsneof H&S

management arrangements, including H&S policy statemeompetence of

employees, consulting the workforce, risk assessmei&S advice, accident
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performance, enforcement action previous experience, Gi2klth risk management
and H&S planning and improvement. The majority of thoseer@ are consistent
with ‘Core Criteria’ under CDM Regulations 2007. The judgtneequirements,
evidence and questions for sub-contractors are also suppiefactitate the
self-assessment by MCG companies. In addition, the eygaints together with
judgment standards make a prospective sub-contractolydeaterstand what H&S

criteria they should comply with while working with MGC&éampanies.

According to the evidence and questions suggested by MCG tpreetpialification

criteria assessment, the knowledge representative nadgaeding decision-making
process can be attributed as non-linear, subjective andtatjual Most of the

evidence the MCG requires to be available is relatedomuments, records and
procedural arrangements. The majority of evaluation quressfor evidence checking
are started by ‘how’ and ‘what’. Thus, the reasoning m®cef the H&S

pre-qualification assessment can be seen as qualitatheadion by measuring the
satisfaction or compliance between facts (answerg) prescriptive standards.
Furthermore, such a qualitative evaluation of H&S docusjemecords and
procedures is subjective because the judgment process dependsheo

decision-maker’s expertise and experience.

However, the lack of measuring scales is the big drawbacthe practice. As

advocated by Lehtinen, et al. (1996), the effective meanappfying subjective
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performance assessment in terms of behavioral scieliess on the construction
measuring scales. Without the measuring scales, theiateomking would be
inconsistent and non-reasonable due to individual preferdfaeover, the lack of a
standard assessment format could bring difficulties totipoaers while keeping the
judgment record and accumulating valuable knowledge andiemper In addition,
as the vast variations of construction work, size atdrealack of support from the
umbrella association is difficult to assure the dff@mess of applying

self-assessment and could even result in unnecessaauisuacy.

3.4.2 Case 2 - CHAS (The Contractor’s Health and Safety Assament

Scheme)

(http://www.chas.gov.ul/

The Contractors’ Health and Safety Assessment Scl€HAS) is a client-oriented
database consisting of approved contractors who have Waletated as H&S
competent against the assessment criteria. The airtheofscheme is to avoid
duplication of effort by contractors and consultantsH&S pre-qualification and
attempts to eliminate a full assessment when tenderngvdok with its members.
Clients subscribing to the scheme will be able to actes database and acquire the
information about a company’s current status, furtherrméion required in the
assessment, the outcome of term contract assesangtatvard of work. In addition,

in order to help contractors satisfy the requiremeatgmarding design work under
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CDM Regulations 2007, the scheme can be applied to designers

According to the assessment process, there are sit twa stages in assessing
competence. The first stage is a fundamental H&S campetevaluation in which
the applicant organisation needs to complete a detailedtionnaire which will be
assessed by an independent assessor. The questionnan® a&series of assessment
subjects including: General policy statement; Organisé#ipfl&S; Work equipment;
H&S training; Consultation arrangements; First aide firecautions; Sub-contractor;
Risk assessment; Asbestos, Health surveillance; Acaidpatting; Work equipment;
and Electrical safety. If a company passes the firgtjestassessment, it can be
considered as having adequate capability of managing H&S amdoedbme a
member of CHAS listed in the database. The companydhsin the assessment will
receive a written report describing the reasons for @aiturd can apply again within
an agreed timescale after having made suitable changepravements. The second
stage is carried out when the client requires the schient@ave a project specific
check ensuring the applicants have the ability in proportdo the level of risk.
However, the scheme only provides guidance on what chdukddsbe done at
Stage2. As introduced at the second stage, the third stalye isndertaken by clients
to monitor the company’s H&S performance when they domg a work. If the
monitor identifies the company have persistent poor safatiprmance, the client can

require the scheme to suspend or remove the companyheoapproved list.
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In accordance with the questionnaire designed by CHAS, khewledge

representative nature in the decision-making proceskeissame as that of MCG
sub-contractor assessment, though the decision inattemof H&S competence rests
with independent assessor. The supporting documentatibewdstence together with
completed questionnaire are evaluated in terms of theplmme with H&S

legislation. The independent assessor’'s expertise apdrierce are utilised to
support the qualitative assessment, the result of it igablients to select H&S
competent contractor or consultants in a time andures saving manner if no

specific requirements.

Although the independent assessors are experts in thanrdomBE&S competence
assessment, the non-transparent assessment prochesitvat structured measure
system is a main drawback. The subjective judgment reaanltvary as human’s
knowledge is perishable and inconsistent (Darlington 2000). QDwe the
non-transparent evaluation criteria, the qualitatigessment could be doubted by the
applicants though they can get written reasons fofaih&e. In addition, the lengthy
guestionnaire creates a large amount of paperwork for ctmtsaand consultants.
Simultaneously, the end user of the scheme (the rlieam't effectively acquire
instant knowledge support from the scheme’s experts foptbgect-specific H&S

competence assessment (Stage2) and monitoring of performaheenork (Stage3).
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3.4.3 Research findings of case study

As a result of the case study for the current formaéses for organisation’s H&S

competence assessment, the following characteristicecaummarised:

1. The knowledge representative characteristic of H&Sp=ience assessment can
be attributed as a non-linear, qualitative and subjeckasion-making process
in which relative documents and evidence should be evdluateerms of the
compliance with H&S legislations.

2. Assessment criteria are related to H&S legislationhawen’t been standardised
in practice.

3. Assessment scale hasn't been established in the pradgcesion-making is in
the black-box and depends on individual knowledge and experienc

4. The assessment process is separated and has not b@e®atadt A paper-based
guestionnaire is still prevalent to collect assessmdotmation, though database

(CHAS) has been applied to display the competence status.

The characteristic 2, 3 and 4 identified in the case stwdydrawbacks of current
practice in H&S competence assessment. As discussestiiois 3.3, the emergence
of ‘Core Criteria’ for H&S competence assessment urd®M Regulations can

resolve the problem of non-standardisation in assegsweria. However, the
characteristic 3 together with the latent shortcoming&ore Criteria’ mentioned

before are related to the knowledge representative atbaistic of H&S competence
assessment. The non-linear, qualitative and subjectivési@eenaking process
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without an effective decision-support tool is likely to b#fected by personal
knowledge, experience and preference and lead to ambiguous amtkdiEsns. In
addition, the case study reveals the inadequate commonicatid information
exchange between in-house experts of some schemes aedsttieeme end-users,
which result in that knowledge, expertise and experiezare not be effectively
accumulated, shared and used to support the decision-makiogsgr Therefore, in
order to overcome the latent shortcomings of ‘Corée@a’ and drawbacks in current
practice, it is proposed explore and apply advanced téxdies to improve the

gualitative and subjective decision-making process.

3.5 Summary

This chapter reviewed concepts, legislation developmedt camrent practice in
construction H&S competence assessment. Implementi®S Hompetence
assessment can effectively and thoroughly inspect dutiehislH&S culture, ability
and performance before they are appointed or engage tlentcproject. The CDM
Regulations 2007 provide the construction industry with é30riteria’ to implement

H&S competence assessment, which standardises thmg@dssessment standard.

The case study of current schemes for H&S competemsessarent reveals that the
knowledge representative characteristic of H&S competeasgessment is a

non-linear, qualitative and subjective decision-making @sec Although the “Core

67



Chapter 3: H&S Competence Assessment

Criteria” suggested by ACoP of CDM Regulations 2007 standarthe criteria for
H&S competence assessment, the latent shortcominglseofGore Criteria”, the
subjective and qualitative knowledge representative chaisdaterin the
decision-making process of H&S competence assessment handidéentified
operational drawbacks in current practice imply a neéddeveloping a tool,

supporting reasonable H&S competence assessment.

The next chapter presents a detailed review of the Ad.KBS technologies. The
synthesis of literature reviewed helps to explore the gp@ateness of applying A.l.
and KBS technologies in H&S competence assessmeatfeBisibility of developing

an online KBS for H&S competence assessment is these mied.
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Chapter 4. Knowledge-based system for constructiohealth

and safety competence assessment

4.1 Introduction

As discussed in the previous chapter, H&S competence BsS®ESSIS an
evidence-based performance measuring process in which evigdenelation to the
organisation’s H&S culture, management system and perfoemaicmeasured
against prescribed standards to decide whether the orgamida® underlying
abilities and knowledge of undertaking the current work (Wrigt al, 2003). The
decision-making in the measuring process is an analywieweof the compliance
between the regulation requirements and candidatetsspsctive H&S managerial
status in proportion to the risks, size and complexitthe work (Carpenter, 2006a;
HSE, 2007). The identified latent shortcomings of ‘Coree@at and drawbacks in
the current schemes has highlighted that it is negedsardevelop a tool for
improving the effectiveness of subjective and qualitatm@metence assessment and
in favour of information and knowledge communication, dsitjon and
accumulation. Therefore, it is envisaged that A.l. afd technologies could be
applied to develop a task-specific tool improving the eiffecess and efficiency of
such a knowledge-intensive decision-making process. Thisethamtvides a review
of relevant A.l. technologies applied in KBS for war$ decision-support tasks and

explores the feasibilities of developing a KBS systemn €onstruction H&S
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competence assessment.

Section 4.2 describes the basic architecture of KBS forside-making process,
focusing on introducing different A.l. technologies appliethe reasoning process of
KBS and identifying advantages and disadvantages of those réasoning

technologies.

Section 4.3 reviews the current application of KBS in trmeson, identifying the

main barriers of developing KBS for construction acéti

Section 4.4 explores the structural and functional fdagilof applying KBS for
H&S competence assessment by analysing the reasoning rocabe H&S
competence assessment and discussing the KBS applicaties ioasonstruction

H&S management.

4.2 A.l. Technologies and KBS for Decision-Making

Chapter 1 introduced KBS as a type of A.l. technologyingakise of computers to
help people deal with complex problems and make decisiors narrow domain
(Awad, 1996; Giarratano and Riley, 2005). According to knowledgeesentative
characteristics in the decision-making, different Aelchnologies can be applied in

KBS as knowledge acquisition facility or knowledge remsg facility to improve the
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decision-making process.

4.2.1 KBS for decision-making

Decision-making is an intelligent process consistinghoée phases (Simon, 1960;

Holsapple and Whinston, 1996):

>

Intelligence: is an information and knowledge collectipariod when the
decision maker is alert for occasions to make decisionthe decision-making
process for the H&S competence assessment, thegatele phase represents the
information acquisition from the regulations regardih&S ‘Core Criteria’ and
relative evidence of duty-holders.

Design: is an information and knowledge processing periadhinoh alternative
courses of action will be analysed, compared and evdluate the
decision-making process for the H&S competence assessthe design phase
involves the subjective and qualitative evaluation of th@piance between the
‘Core Criteria’ and evidence.

Choice: is an information and knowledge generation aogcliag period when
the decision-maker selects an alternative under iftemné external decision
pressures. The result of selection generates conseidiknowledge in terms of
the decision-making process and could be utilised in thedseision-making. In
the decision-making process for the H&S competencessissnt, the choice

phase needs to determine the competent duty-holdenseasliaof evaluation and
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accumulate the assessment records and experiencetrfot jlusther assessment

but also as proof of reasonable judgment.

The three decision-making phases represent different kdgelprocessing functions
which can be respectively realised by knowledge acquisiaod knowledge
reasoning facilities in the KBS. Figure 4.1 illustrates/@ical rule-based KBS, in
which expertise and heuristics are stored in the kedgd base as production rules
(IF-THEN). The inference engine decides which rulessatisfied by current facts or
objects and then provides the users with the resultexfuging the satisfied rules. The
knowledge acquisition facility enables the user to erg¢er knowledge in the system
rather than asking knowledge engineer to code the knowl@tigeefore, the KBS is
an intelligent decision-support system substituting hunexperts draws on
descriptive and reasoning knowledge to infer advice in resgorséecision-maker’s

request for a recommendation (Holsapple and Whinston, 1996).
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Inference Engine

Knowledge Waorking
Base Agenda Memory
(Rules) (Facts)

Knowledge

Expianation S aciiy Acquisition Facility

User Inferface

Figure 4.1 Structure of a rule-based system (Friedman-20D3; Giarratano and

Riley, 2005)

4.2.2 A.l. technologies for reasoning process in KBS

An A.l. system basically includes the data structured us&nowledge representation,

the algorithms needed to apply that knowledge, and the largjaageprogramming

techniques in their implementation (Luger, 2002). In order tocgss different

knowledge, A.l. technologies can be applied in the ¥ahg reasoning processes:

» Rule-Based Reasoning: is the common method of repregekniowledge by
using IF... THEN... rules,
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Case-Based Reasoning (CBR): is adapting past experiencemahlspecialists,
represented as cases and stored in a database, to meat deamands when a
user encounters a new case with similar parametetsdier, 1993, Laudon and
Laudon, 2002),

Frame-Based Reasoning: is using name and set of attributde{oto provide a
natural way for the structured and concise representatib knowledge
(Negnevitsky, 2002)

Model-Based Reasoning: is applying a set of rules reflet¢tiagcausality and
functionality of a physical system to solve predictad contingent problems
(Luger, 2002),

Fuzzy Logic (FL): is applying approximate reasoning to traesiabiguous and
imprecise knowledge into an executable rule set by usmmgecisely defined
terms called membership function to solve problems (Lauddraddon, 2002,
Negnevitsky, 2002),

Artificial Neural Networks (ANN): is employing a distibive machine learning
mechanism to formulate a human brain analogous learniggrithin that
performs local optimisation (Negnevitsky, 2002),

Genetic Algorithms (GA): is simulating natural evolutigenerally by creating a
population of individuals, evaluating their fitness, genegat new population
through genetic operations and repeating this process a nofmii@es to come

up with better solutions (ibid).

However, different A.l. technologies applied to acquimreowledge and process
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reasoning have their advantages and disadvantages. Tabfro#ides a succinct

summary of those A.l. technologies.

Table 4.1 A brief summary of A.l. technologies in kne#lde acquisition and

reasoning process (Mitchell, 1997; Negnevitsky, 2002; Luger, 2002jr&hap02;

Giarratano and Riley, 2005)

A.l. Reasoning Advantages Disadvantage
Process
< Natural knowledge representat | <- Task- dependent knowledge a
< Good explanation facilities inability to learn
< Separation of knowledge from its¢- High heuristic knowledge causés
Rule-Based : :
Reasoning processing . opaque relations between rules
< Dealing with incomplete and<- Ineffective search strategy
uncertain knowledge < Omitting theoretical explanation
< Simplified knowledge acquisitic| <~ Knowledge may be misapplie
process < Sometimes the requirement of| a
Case-Based < Atime-saving reasoning process large case base
Reasoning < Avoiding past errors ang<- Difficulty to determine good
exploiting past successes criteria. for indexing and
< Appropriate indexing strategies matching cases
< The ability to use| < A lack of experientia
functional/structure knowledge of (descriptive) knowledge of the
the domain domain
Model-Based < Aropu_st reasoning process < The (equirement of an expligt
Reasoning < Providing causal explanations d(_)mam modeI_ .
< High complexity of constructing
the model
< High probability of exceptiona|
situation
< A powerful tool for combinin¢ | <- Expressivity limitation
declarative  and  procedurak> Can not distinguish between
Frame-Based knowledge _ ess_ential properties and
Reasoning < Can  organise knowledge agc_ldental properties
hierarchically < Difficult to make about the
hierarchical structure of the
system and its inheritance pathg
< Inherently robust to reesent| <- Difficult to construct and tune tt
. vague, ambiguous and imprecise  fuzzy membership functions and
Fuzzy Logic
Reasoning terms _ rules _ _
< Particular well suitable for <~ Lack an effective learning
modeling human decision making capability
< Strong adaption to problem¢ <~ Slow convergence spe
that are too complex for<- ‘Black Box’ data processing
Artificial Neural conventional technologies structure can not provide
Networks < Automatic learning inference explanation
< Good uncertainty and imprecision
tolerance

75



Chapter 4: KBS for Construction H&S Competence Assessment

< Systenatic random sear: < Difficult to tune
< Derivative-free optimisation < Poor knowledge representation
. . < Good uncertainty and imprecision and explanation ability
Genetic Algorithms tolerance
< Good learning ability and
adaptability

It is noticed that A.l. technologies are not the gu@a of solving all problems. In
many real-world applications, not only does knowledge neebetacquired from
various sources but also the different reasoning mettaaldd be combined to tackle
complex problems. The requirement for such a combinatisndd to the emergence
of hybrid intelligent systems (Negnevitsky, 2002). Ko and Ch@@®3) suggested
that an integrated system combined with two or three tAdhnologies could be a
promising path towards the development of intelligentesystcapable of capturing
gualities characterising the human brain. For examplepueal expert system can take
advantage of the learning ability of ANNs to offset thexdwledge acquisition
bottleneck” of rule-based KBS. Meanwhile, rule-basedSkdan provide a facility to
explain the reasoning process which appears to be a blackab@NNs. The
combination of different A.l. technologies can offet demerits of one paradigm by
the merits of another (Ko and Cheng, 2003). Other exampthsde neuron-fuzzy
systems (Kasabov, 1996; Lin and Lee, 1996; Nauck et al., 1997AMumck, 1997),
evolutionary neural networks (Montana and Davis, 1989; Whélel Hanson, 1989;
Ichikawa and Sawa, 1992), fuzzy evolutionary systems (Ishibetchl., 1995) and

neuron-fuzzy-genetic systems (Shapiro, 2002).

In general, A.l. technologies provide different meahiswilding up KBS's for various

problems. The key point of selecting appropriate A.l. netdgies for knowledge
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acquisition and the reasoning process in KBS is to understee knowledge nature
of the domain problem and find an effective way to remtesgevant knowledge. In
addition, it should be noted that A.l. technologies &®E5 are not appropriate to
every knowledge related task. Sometimes it is diffitalicapture even a relatively
small, straightforward amount of human expertiseabee of the rich and complex
human knowledge (Davenport and Prusak, 1998). It is, theirapgrtant to explore

the feasibility of applying A.l. and KBS to process certamowledge-intensive work.

4.3 KBS application in construction

It has been demonstrated by many years of researcknihatedge-based systems are
one of the most effective methods of managing knowleddgeey can be applied in
appropriate areas and to appropriate tasks (Kingston, 200G toHRstruction industry
is a knowledge-intensive industry involving various differdisciplines (Yu, et al,
2005). Many construction problems are subjective and qualitane that much of
the industry’s expertise is based on experience and judgmaetr than theory and
analysis (Touran and Briceno, 1990). With the trend ofirgnat reducing waste,
improve reliability, increasing efficiency, improving theswulibution of risk and
generally increasing the overall performance of the ingusBS has been
considered as the best tool to help the construction myoestlise innovation, though
it is not envisaged that KBS will replace human expeutssbipport them (Dutton,

1997, Yu, et al, 2005).
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Since diverse KBS at all stages of the constructiongg®&om cradle to grave have

been developed and reported, construction is an eminantgble area for KBS

(Dutton, 1997). KBS has been widely used in different waos8on disciplines to

support decision-making in:

>

>

>

Design (Chau and Albermani, 2003; Yang et al., 2003)

Construction management (Yau and Yang, 1998; Ko and Cheng, 2008; P
2004)

Planning and Scheduling (Shaked and Warszawski, 1995)

Site layout (Zouein and Tommelein, 1999; Elbeltagi and Hedg#¥01; Zhang et
al., 2002; Osman et al.,2003; Soltani and Fernando, 2004)

Cost/Estimating (Li et al., 1998; Perera and Imriyas, 2088e3l, 2004; Sutrisna
et al., 2004)

Health and Safety management (Gowri and Depanni, 1998; Daviifi3,
Cheung, 2004 )

Contract management (Cheung et al., 2004; ArA.l.n ana@I#006; Chua and
Loh, 2006)

Contractor pre-qualification (Juang et al, 1987; Lam €2G00; Ng, 2001)

Although a number of research have been carried ouatttempt to explore and

develop prototype KBS for various construction activitiesyvew KBS appear to be

in routine use (Dutton, 1997). The main barriers to theaiigeBS in construction

could be (Christian and Pandeya, 1995; Duffy et al., 1996; Dutt@97; Mukherjee,
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2003 ):

» The fragmentation of industry: Since most of constoumcprojects are one-off, it
is difficult to acquire sufficient knowledge, experierare heuristics for the KBS
building-up.

» The adversarial nature of industry: The prevalence aditional procurement
methods bring about obstructions for knowledge acquisitimh r@-use in the
industry.

» The complexity of knowledge requirement: Constructioanextremely complex
process involving many disciplines. For example, many tgbdsiowledge are
required in the design process, such as aestheticstiofualdy, legislation,
economics, ergonomics and buildability. It is thereby easy to develop an
almighty KBS to deal with such an ill-specified problem.

» The variation of regulations: it will bring large mantnce problems to KBS
because building regulations change over time.

> Insufficient reliable knowledge: Some A.l. technologesh as ANNs and CBR,
acting as inference engine in KBS require adequate vala @latases in the
system development. However, due to the complexity armhamstence of the
industry some important data is often unreliable or cotalylanissing, which

obviously hampers to train and utilise those A.l. teabgiels dependent upon it.

The five main barriers with other factors such as thek lof investment and

ambiguous understanding of some construction processesinethat the application
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of KBS in construction lags behind other engineering domaiok as aerospace and
automotive. In spite of technological and industriaitations, the potential for KBS
implementation in construction is huge. The requiremient efficient data and
information transfer, collaborative cross-disciplicommunication between distinct
professions, improved record-keeping and effective documemtatiakes a large
development space for sophisticated I.T. including KBSm({8erville and Craig,
2006). A large amount of complex, ambiguous, imprecise, w@ogenconsistent and
even missing information and knowledge in various constmctiomains can be
elicited, stored, processed and re-used by different KB&wveMer, it must be
acknowledged that KBS provide supports for, rather than atitcomaf, construction
tasks (Dutton, 1997). In addition, the reasonable setectikknowledge domain and

A.l. technologies for KBS application are crucial foe success of a KBS.

4.4 Feasibility of Using a KBS for H&S Competence #sessment

Compared to other areas in construction, a few stindes been focused on the H&S
related KBS development (Robertson and Fox, 2000). Rgckatvever, interest has
appeared to increase the use of KBS for industrial haaltlsafety purposes (Lingard
and Rowlinson, 2005). Robertson and Fox (2000) suggested fodjosuib-domains
suitable for KBS application:

» The provision of regulatory advice;

» Hazard analysis and avoidance;
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» Monitoring and diagnosis;

» Post-accident analysis and corporate knowledge; and

» Decision support.

The H&S management activities usually refer to regulatompliance checking, risk
identification and control, and incident information capt and analysis. The
advantages of KBS in knowledge acquisition, store, ketriean effectively deliver
domain-specific expertise in H&S activities, such as asklysis and control, and

regulation checking, to people who may not possessesxpestise.

As articulated in Chapter 3, the decision-making of H&®petence assessment is
subjective and qualitative, requiring relative knowledge angemance. The
drawbacks of current assessment schemes such as kheflamambiguous and
standardised judgment criteria and tedious paperwork, highhghrequirement of a
tool with a subjective evaluation indicator system doilitate assessors undertake
reasonable assessment. Furthermore, the separatidierds and assessors in the
existing schemes discourages:

» effective information and knowledge exchange;

» effective knowledge acquisition and accumulation; and

» efficient decision-making.

Since the client discharges the duty of making a reaser@sskessment under CDM
Regulations 2007, it is necessary to develop a client-eéshteechanism which can

be operated by professional schemes to support subjective arillatigqea
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regulation-compliance checking via available knowledge soumcégling text, cases
and human experts. In addition, the decision-making gaocan be recorded as

evidence in case of the occurrence of prosecution.

Although the KBS is suitable to support decision-making aguilation-compliance
checking, attention should be given to the possibilitysing KBS to improve the
H&S competence assessment and overcome the identifiecbatles in current
practice. It is, thereby necessary to investigate thactsiral and functional

appropriateness of KBS for H&S competence assessment.

4.4.1 Structural Feasibility

The takeoff of developing a KBS focuses on finding aaslat problem domain in

which the knowledge contains procedures, regulations orishiesrin the form of

condition-action statements, a taxonomic hierarchg, get of alternatives which need

to be searched through (Kingston, 2004). Negnevitsky (2002) igeintife following

typical problems technically feasible to be addressed by, Ky are:

» diagnosis: inferring malfunctions of an object frons itbehaviour and
recommending solutions,

» selection: recommending the best option from a figlossible alternatives,

» prediction: predicting the future behaviour of an objecinfiits behaviour in the

past,
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» classification: assigning an object to one of the definaskes,

» clustering: dividing a heterogeneous group of objects into ogemeous
subgroups,

» optimisation: improving the quality of solutions until aptimal one is found,
and

» control: governing the behaviour of an object to meet &pdaiequirements in
real time.

In addition, the KBS is suitable for problems referringgymbolic reasoning based on

concepts, objects or states rather than to calcoldi@sed on numerical data; or

geometric reasoning based on graphical data; or perceptualbaped on textures,

shapes, photographs or facial expressions (Awad, 1996; Kin@si04).

Construction H&S competence assessment is a regulzdiopliance
decision-making process, in which the duty-holders’ H&&petence assessment is
made through subjective condition-action evaluation base@ore Criteria’. Figure
4.2 illustrates the inference process of making the decfsioone H&S competence
criteria. Such a rule-based assessment is structurathbke for the application of
KBS (Awad, 1996; Negnevitsky, 2002; Friedman-Hill, 2003), thoughaqtnitative
and subjective nature of the domain problem would requiexible and

expert-interactive rule-match judgment.
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Figure 4.2 Condition-action inference in H&S competerssessment

4.4.2 Functional Feasibility

The condition-action reasoning process in the decisidanggprocess justifies the
structural appropriateness of KBS to support H&S competessessment. The
following review of three KBS applications in constrocti H&S management
attempts to justify that KBS is capable of satisfying finectional requirements of
H&S competence assessment. Furthermore, the liongidentified from the review

would be taken into account in the current implementation.

4.4.2.1 Feasibility for regulation-compliance checking

All  regulations are paper-based. In order to automate fnecess of
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regulation-compliance checking, KBS must transfer reieveegulations into
electronic knowledge base supporting the reasoning prodasdollowing two KBS

examples provide possible solutions to store regulationsawledge base.

» Example of the KBS for designers’ H&S risk identification and control

Davison (2003) developed a prototype KBS to designers, enablidgrtfy H&S
hazards, diagnose risks and use suitable risk contrbbofein the design. In order to
help designers to carry out their duties under CDM Reguist2004, the KBS
integrates textual H&S regulations, guidance and expeiiteea computer aided
design (CAD) tool, delivering relevant structured H&S infation to designers,
enabling them to identify hazardous building attributes withdesign and providing
appropriate suggestions for risk control. The textual H&8rmation acquired from
regulations, guidance and human experts is transferred etensible Markup
Language (XML) format and stored in a database in theexion with a CAD tool.
In addition, the relevant H&S hazards to a building priypsuch as a rooflight are
represented as a rule in which the textual hazardsoaneeted into parameters that
can be recognised by the CAD tool. The textual H&S infdionafrom the database
is also attached with the rule to enable designenty eaess with important H&S
information including the result if the rule fails andfarence to relevant H&S

publications.

The prototype KBS combines H&S regulation-compliance dheclwith the design
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process, effectively improving designers H&S awarenedsambating H&S risks in
the root. The textual H&S information stored in the Hat® can be connected with
the design properties by hyperlink, enabling the efficientrinédion and knowledge
retrieval. However, the build-up of an automatic rulesdshchecking system requires
a large amount of work to transform the textual H&Sbinfation into parameters
identified by the CAD tool. Although the prototype KBS hagiteeén automation of
regulations-compliance checking, effectiveness of rentrol and convenient
knowledge retrieval, the structured rules constrainsléx@bflity and adaptability of

the KBS as rules are fragile and buildings are diverse

» Example of the KBS for building H&S inspections

Gowri and Depanni (1998) developed an expert system enablingnguitdpectors
to carry out compliance checking by providing them with dind code text and
information regarding commonly encountered code violatidngeneric rule base is
developed after analysing former violation cases. Meaewthle on-line access to
code text and case study information is available fayssreferencing. The
integration of expert system, databases and hypertdxiitees have been proved to
be effective to help diagnose the code compliance atiegi buildings in Canada
(Gowri and Depanni, 1998). However, the expert system fgulagon compliance
checking is specific for the knowledge which can be remtesl by quantified
attributes because the production system in the consplenecking relies on the

numeric data including occupancy of building, height ofdind, occupant load of
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floor, area of floor, travel distance and number xikts. After computing those
intermediate values, the expert system can find relatives and activates
compliance-checking by providing a checklist of possibtdations. Although, the
expert system framework is suitable for knowledge congistof quantitative
attributes, using hypertext technologies to represext tegulations and cases

provides a practical solution to represent qualitative data.

The above two examples of KBS application in consibucH&S management
demonstrate the feasibility of KBS for regulation-comptie checking, highlighting
that database and hypertext technology are effectiseote and retrieve textual H&S
information in the KBS and implying that structured or dii@fle rules are not
suitable for the qualitative regulation-compliance clagksuch as H&S competence

assessment.

4.4.2.2 The Feasibility for Qualitative and Subjective Asssment

As identified in Chapter 3, the criteria for measuremehtH&S competence
assessment are qualitative and decision-making is sivjedt is necessary to
investigate the capability of applying KBS to facilitate qaailte and subjective

assessment.

» Example of the Web-based KBS for construction H&S monitoring

Cheung et al. (2004) developed a Web-based system (CSHMntitomconstruction
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H&S management, facilitating the contractor in detgctiotential risks and take
corrective action. CSHM uses five categories of parameicluding statistics;
monitoring and compliance; education, training and campaigpgeation and audit;
and complaints and prosecutions, to assess H&S perfoemarthe construction site.
For the measurement of qualitative parameters under miogitand compliance
category, CSHM enables the user to rate those pananseieh as safe work practices,
tools and machinery, personal protective equipment, fireegtioh, electrical safety,
housekeeping, hygiene and first aid facilities and bambaifosting, with a 10-point
Likert Scale (1- not achieved, 10- highly achieved). The pi@etr can automatically
measure and benchmark H&S performance according to theH&glscore. Since
CHSM is developed for a H&S manager or specialist, tla@eeno specific rating
standards for the qualitative measurement. A knowledge-dmagaining H&S rules,
guidelines and best practice was built in the systemrdéeide practical advice to
problems identified in the measurement. In addition, Y&eb-based interface
effectively facilitates data collection and dissertiora However, although CHSM
provides a practical solution for the qualitative assessntige rating scale without a
preset scoring standard is likely to generate bias anahsistency in the subjective

measurement.

The example of CHSM indicates the feasibility of lgpm the qualitative and
subjective assessment in the KBS and highlights thete#@ess of using a scoring

system to facilitate subjective assessment of quakt&ti&S parameters. Furthermore,
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the Web technologies can efficiently assist remateess, speedy data collection,

retrieval and documentation.

The above investigation of three KBS applications in H&&nhagement has revealed
that KBS is functionally appropriate to deal with H&S praide in relation to
regulation-compliance checking and subjective and qualitasgessment. However,
two limitations identified in those examples have hugjhted the difficulty and
complexity of developing a highly intelligent KBS to autdendhe subjective and
gualitative regulation-compliance checking. The twotktions are:

> It is difficult to develop a fully structured rule-basegstem to define all

possibilities in the regulation-compliance checking.
» It is difficult to completely eliminate the subjectiitof making qualitative

measurement for performance-based H&S criteria.

The H&S competence assessment under CDM Regulations 20@7 usique
knowledge problem domain involving subjective decision-making psocand
gualitative regulation-compliance checking. The non-sfistigclient) has the
responsibility of ensuring the reasonable judgment procéssa result of the
feasibility study, the structural and functional appropnass of KBS and
advancement of I.T. technologies could make the attefmgéveloping a novel KBS
for H&S competence assessment a reality. However, lithitation of structured

reasoning rules and the constraint of subjectivity ingihalitative assessment should
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be carefully considered in the KBS development.

4.5 Summary

This chapter explored the feasibility of using a KBS to suppl®&& competence
assessment. The working theory of KBS is structurapable of accomplishing three
important stages in the decision-making process. Thesiiyasf A.l. technologies
can accommodate different knowledge inference processbsieal with various
complex problems. The reviewing of different applicati@isKBS in construction
has revealed the selection of appropriate problem domath santable A.l.

technologies is crucial for the success of a KBS.

The analysis of the inference process in H&S competassessment reveals the
structural suitability of KBS to support decision-making ir&$ competence
assessment. The feasibility investigation of KBS apptios in H&S management
validates the appropriateness of KBS for regulationglmmce checking and
subjective decision-making process on qualitative judgmetdrieri The KBS could
satisfy the requirement of supporting the client to makasonable subjective
assessment of duty-holders’s H&S competence against guelit&@ore Criteria’
under CDM Regulations 2007. In addition, two limitations feubjective
assessment and structured reasoning rules have beentiggghlig take into account

for the KBS development.
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In order to systematically develop a KBS for H&S competeassessment, Chapter
five introduces the applied research methodology and the logenent of

decision-making framework and model for the KBS.
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Chapter 5 Research Methodology

5.1 Introduction

A review of the method of implementing construction H&Smpetence assessment
and an investigation of the feasibilty of applying KBS improve the
decision-making process in H&S competence assessment llasrtci been
established. The review of ‘Core Criteria’ for H&S congree under CDM
Regulations 2007 revealed the latent shortcomings of impleten. In particular, a
case study of existing formal schemes for H&S competaassessment identified the
knowledge representative characteristics embedded in treattemaking process of
H&S competence assessment, highlighting the importahaeweloping a tool to
facilitate the client to carry out subjective decisimoaking of H&S competence
assessment against qualitative ‘Core Criteria’. Thaeve of A.l. technologies and
working theory of KBS identified that KBS was strucllyracapable to help
non-specialists deal with knowledge-intensive problemse Tiference rule of
decision-making for H&S competence assessment and tastigation of three KBS
applications in construction H&S management acknowleddped structural and
functional appropriateness of KBS to solve H&S managemeatilems in relation to
regulation-compliance checking and subjective decisionigalBased on qualitative
criteria. In addition, the limitations of structured ir&Race rules and subjective

measurement of qualitative criteria identified in the itigasion should be taken into
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account in KBS development.

This chapter focuses on presenting a systematic rese@ttiodology through the
introduction of relevant research definitions, conceptd techniques, leading to a
proposed KBS framework and model for the developmentd&casion-support tool

for construction H&S competence assessment.

Section 5.2 presents the general research frameworledppline study.

Section 5.3 introduces the data and knowledge collectionepts and findings of

applying relevant research methodologies in the study.

Section 5.4 proposes a conceptual decision-making frarkefl@oH&S competence
assessment, highlighting the importance of developingtarsent indicator system

for subjective decision-making.

Section 5.5 describes the selection of knowledge repeggantmethod for H&S
competence assessment and proposes a KBS decision-suuoleit assisting the
client to select H&S competent duty-holders against ‘CGréeria’ of CDM

Regulations 2007.
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5.2 Research Framework

Research is defined b§oncise Oxford Dictionarnas ‘careful search or inquiry;
endeavour to discover new or collate old facts etc. Bnsfic study of a subject;
course of critical investigation’ (Naoum, 1998). Such a voysgsscovery should be
guided and controlled by structured research methodologyhwtaters to ‘the
principles and procedures of logical thought processes waiehapplied to a

scientific investigation’ (Fellows and Liu, 2003).

The process of conducting research should be designedmsygtally to satisfy the
requirements for solving a particular problem. Developifg solutions for specific
construction management problems usually follows a proed sequence (Poon,
2001; Oloke, 2003; Sutrisna, 2004; Heesom, 2004) starting from problem
identification, followed by IT. framework or model despiment, system
implementation and ending with system evaluation. Thege a four-stage research
framework (Figure 5.1) was adopted to guide the research dmmuét stage 1, a
literature review of relevant research including consivac H&S and KBS
technologies was carried out to provide an overviewuofent theories and methods
used for H&S competence assessment and investigateafibilfey of using KBS to
support the assessment. Simultaneously, a case stwkystihg formal schemes for
H&S competence was included in the review to explore tloaviedge representative
(inference) characteristics and operational problenisardecision-making process of
H&S competence assessment. According to the inferehamcteristics and latent
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shortcomings of ‘Core Criteria’ identified at stage ldexision-making framework
was developed at stage 2 to reveal the knowledge and infonmitow among
different participants and effective decision-support rmaagm in the
decision-making process. Following the framework, a KBSsaetsupport model
was built up, providing a practical I.T. solution to suppbet tlient in selecting H&S
competent duty-holders under CDM Regulations 2007. At stag@rdtatype online
decision-support tool was implemented after the developwietextual knowledge
base and database management system. The final stagedoon evaluating the
functional reliability and practical validity of thedl through analysing feedback

from a questionnaire survey among relevant practitioners.
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5.3 Data and Knowledge Collection for H&S competere

assessment

The building of a KBS can be viewed as life cycle tiegins with a domain problem
and ends in a computer-based solution (Awad, 1996). Followieg ptioblem
identification, relevant data and knowledge need to bleatetl and interpreted for
the further system development. According to the KBSitelogy, the data and
knowledge collection is called knowledge acquisition, whgha process by which
the expert’s thoughts and experience are captffdad, 1996). Generally speeking,
the selection of knowledge acquisition process and technagpeEnds on the type of
knowledge and the nature of reasoning process. Awad (1996) mesulad three
steps for knowledge acquisition in building a KBS:

» ldentify structure of the experts knowledge;

» Discover relative importance of decision criteria;

» Clarify information and elicit knowledge.

In order to facilitate the effective knowledge acquositidifferent techniques or tools
can be used to tap knowledge from experts, includingviet®, on-site observation,
protocol analysis, brainstorming, consensus decision makiveg,repertory grid,
nominal-group technique and the Delphi method (Awad, 1996; Negkgvi2002;

Giarratano andriley, 2009.

The knowledge acquisition process from human experts eahoth tedious and

complicated (Awad, 1996). A large amount of resource and sim@ld be spent on
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manual work to tap the knowledge from experts because enpstt knowledge is
cognitively complex and tacitly pragmatidi@d.). Furthermore, one of the major
difficulties in the development of KBS is called thHenowledge acquisition
bottleneck’ - how to extract knowledge from human etgptr apply to computers as
many human experts are unaware of what knowledge they hade the
problem-solving strategy they use, or are unable to irsebi (Negnevitsky, 2002).
Since the major task of knowledge acquisition is det@ngi how experts make
decisions for the domain problem, the interview of etgo@rho are experienced in
construction H&S competence assessment could be antieffeknowledge
acquisition method. However, although the current praabit existing assessment
schemes use professional assessors to conduct assesseneonfidential conditions
of those schemes, limitation of resources in theareth and the change of regulations
make it difficult to apply interview or other experts-teth techniques to acquire
relative knowledge. Therefore, in this research, revigwegulations to appropriately
interpret the judgment standards for assessment and cmgdaase study to analyse
the decision-making nature were applied to collect usetal aad knowledge for the
development of the knowledge representation framework mmadlel in the

decision-making process.

From the literature review, it has been identified t@nstruction H&S competence
assessment is an effective means of evaluating cdedid#éy-holder’'s H&S culture

and capabilities of dealing with H&S issues. The ‘Coriee@ia’ of H&S competence
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assessment under CDM Regulations 2007 provide a standardrsistickato assist
clients to discharge their obligations of ensuring all dutigdrs are H&S competent
before they are engaged into the project. Howeverlatieat shortcomings of ‘Core
Criteria’ imply the difficulties of effectively ancefficiently making reasonable
decisions in the assessment. The review and analy&B® technologies in theory
and applications within similar problem domains has justifteat the KBS is
structurally and functionally appropriate to be applied H&S competence

assessment.

As a result of case review of current practice in toesion H&S competence
assessment, the knowledge representative charactetsts of the decision-making
process been attributed as non-linear, qualitative and csivieje In addition, the
non-transparent measurement criteria and process aiosstithe reasonable
decision-making and effective knowledge-sharing in construdd&S competence

assessment.

In order to improve the practice of H&S competence sseent under CDM
Regulations 2007 and promote a positive H&S culture inrttlestry, a collaborative
decision-making framework is developed to demonstrate a ceptual

decision-making process for effective H&S competencesassent.
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5.4 A decision-making framework for H&S competence

assessment under CDM Regulations 2007

As mentioned in the preceding chapter, the ACoP of CBBjulations 2007
recommends the use of ‘Core Criteria’ in H&S competassessment. According to
the evaluation standard and evidence, the ‘Core Critamabe categorised into three
types:

» Procedure-related criteria: Documented procedure of angrag specific H&S
issue, such as H&S arrangement, should be provided asvithenee of a
systematic problem-solving process and well-developed H&8rexlt

» Example-related criteria: The past examples of dealitly M&S problems, such
as design hazard management, are required as the evidepietafal ability;
and

» Record-related criteria: Relevant data of importantudwnts, action plan, and
performance/qualification record should be in place tanatestrate the
consistency of ability in dealing with H&S issues, such temning and
information.

As shown in Figure 5.2, most of the criteria should lssessed in terms of

documented procedures together with supporting track-recordsaompées. Such a

regulations-compliance checking is a distributed proedsye multiple participants

are involved (Wang et al., 2004) and requires the exchangafaymation and

knowledge among regulations, client and candidate duty-holders
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Procedure-Related| Example-Related | Record-Related
Criteria Criteria Criteria
Arrangements Competent advice oﬂg:nﬁ:;ﬁg: ?: r

H&Ss

Competent advice

Hazard elimination
and risk

Training and
information

Training and
information

CDM co-ordinator's
duty

Workforce
involvement

Monitoring, audit
and review

Welfare provision

Workforce
involvement

Accident reporting
and enforcement
action

Sub-contracting/
consulting
procedures (if
applicable)

Hazard elimination
and risk control

CDM co-ordinator's
duty

Welfare provision

Risk assessment
leading to a safe
method of work

Co-operation with
others and
co-ordinating your
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Figure 5.2 Criteria type of H&S competence assessment
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According to the interoperation among those particippntsiding information and
knowledge, a decision-making support framework (shown in Figvéa3)developed
to illustrate the means of effective information andvikealge exchange and support
in the decision-making process. In addition, the fram&waomplies difficulties
impacting the achievement of reasonable judgment making:hwhithe important

legal requirement of CDM Regulations 2007.

Decision-Making Support Mechanism

S T Retrieve information & “«,
/ \\ Make decision P o N
' Clients | - P = .
/ / i N\
v { X N
SO - | Cases |
{ — I\\ ’;.l
Sy
,/ N /’/
I- l.'; '\I . " |I
' | Regulations |
| \.\ / |
L — _ _ "‘x.___h__ _f_,/"( e _-'__“H\_
- ~.  Feedinformation & e N
/ ) ™ Make self-assessment \
Candidate \ = -\ |. Experts j|
\ /
Duty-holders | N i o
b L N A B //
S — 0 o
< >

Figure 5.3 A decision-making framework for H&S competensessment

The client or consultants acting as client should imeqtwo forms of external
information and knowledge sources to support decision-ma&ing.is the regulation
codes or requirements for H&S competence; the othereigittumented evidence
from candidate duty-holders. As most of clients are gpéecialists in H&S
competence assessment, it could be difficult for them dpply the

regulation-compliance checking. The decision-support mesmarshould provide
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them with an exhaustive list of regulations and measunersendards or rules.
Furthermore, in order to assist clients in making reasien decision, the
decision-support mechanism should be able to accumulatesarsk the knowledge
from previous assessment cases and experts who can provideniesuggestions. In
the decision-making process, it is also important to aequandidate duty-holders’
documented procedures, examples and records based on teeC@eria’. It could
be efficient that the decision-support mechanism cap behdidate duty-holders
make self-assessment before the evidence passed to.chemisitaneously, the
information and knowledge derived from the decision-makiracess can be stored
by the mechanism, helping clients and duty-holders’ saffalag. The ideal
decision-support mechanism should have the following ioinst

» All evidence from the candidate duty-holders can bemlecally submitted;

» The submitted evidence can be automatically comparedwetsurement rules;
» The weakness or the compliance level can be intatiigaighlighted.

However, according to the case study findings in Chaptean8 feasibility
investigation in Chapter 4, it is difficult to develop antelhgent rule-based
regulation-compliance checking system to support the diugeand qualitative
decision-making. Therefore, the current research focosethe development of an
effective subjective assessment indicator to measuee ctimpliance between
regulation requirements and duty-holder’s documented evidénoéhermore, the
measurement indicator system can also be used to aadidate duty-holders for the

coordination with other selection considerations suclyuasity, time and cost. In
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addition, the information and knowledge exchange in tlgulagion-compliance
checking process should be recorded automatically aottaiecally to improve the

productivity and help knowledge acquisition and accumulation.

5.5 A KBS Decision-Support Model for H&S Competence

Assessment

According to the suggestion put forward in the decisioningakamework, the next
stage focuses on applying KBS technologies to appropriegphesent the domain
knowledge. The knowledge representation is an ontolbgieshod of analysing the
thought process of an expert and then emulating that ggace logical way which
can be programmed by computer (Davis et al., 1993; Awad, 1996,at) 2007). In
other words, knowledge representation is a transition foquired knowledge to a
set of rules, facts and schemes that can be encodamhiputer languages to support
electronic and automatic problem solutions. The strateda@s knowledge
representation include semantic nets, frames, rulesiafdogic, decision tables and

decision trees (awad, 1996; Giarratano @riey, 2005.

As presented in Chapter four, the H&S competence assessmder ‘Core Criteria’
can be represented by rules. However, the subjectivegaatitative knowledge
representative nature of the decision-making processemphiat it is unreasonable

and unpractical to develop all-around production rules cogexil possibilities in the
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assessment. Further, it would be difficult to debug anadhtanai the rule base in the
prototyping and further improvement process as regulatienshangeable. Therefore,
it could be more efficient and effective to construdés in the textual form to support
subjective and qualitative decision-making. The textual rutetuding judgment
standards, suggested evidence and rating criteria could as$isnt in implementing
duty-holders’ H&S competence assessment by themseliraalt&eously, since the
textural rules are independent from the logic reasontngiould be convenient to

maintain the rule base at any time.

However, decision-making based on the textual ruleke$ylto be impaired by the
subjectivity of the decision-maker. In order to reducestiigectivity and improve the
accuracy in the H&S competence assessment, it would dkilu® apply case
retrieval and online expert enquiry facilities to support appate decision-making.
Compared to the traditional rule-based systems, a caselbi@cision-support system
can represent problem-solving knowledge in a natural way specrlly be suitable
for the contextual and textural knowledge such as regual@mpliance checking.
Simultaneously, the case-based system can provide ableeland ever-growing
knowledge base to enable the efficient knowledge retr@vdre-use for the effective
decision-making (Bergmann et al., 2003). In addition tocHse retrieval facility, the
online expert enquiry facility could help the client acguirmely trouble-shooting
support from human experts of some umbrella organisatsma$, as APS. With the

efficient and pertinent help of relative experts, thentlcan effectively improve the
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reasonability in the assessment.

In order to realise the above mentioned decision-suppaxiities, A KBS
decision-support model was developed to facilitate thetditetake reasonable steps
in H&S competence assessment. As illustrated in Figdrettie KBS model contains
three decision-support mechanisms, namely:

» screen mechanism: to help clients eliminate the incaenpetandidates by
evaluating their evidence against the minimum satisfasiandards under CDM
Regulations 2007. Since each core criterion has equal iampert(HSC, 2007),
the failure of satisfying one core criteria will resmtthe candidate being labeled
as ‘Incompetent’ and can’t take part in the work bidding.

» rating mechanism: to facilitate the client in assigning satisfaction degree in
each criterion against the statement indicators. mbasurement indicators can
enable the client to make a quick qualitative assessmeet! hgmn subjective
impressions of evidence (Nevis et al., 1995).

» ranking and reporting mechanism: to provide the client witsorted list of
candidates according to their rating results. Simuttagly, the decision-making
process with all data and information can be storedeved, revised and printed
out.

In the screen and rating process, hypertext technolegespplied to develop the

textual knowledge base including minimum satisfaction stalsdand measurement

indicators, to demonstrate the relevant assessmecgqure and judgment standards.
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A case-based enquiry facility helps clients retrieMenkr similar assessment cases as
cross-reference. In addition, an online expert enquagliy enables effective

information and knowledge exchange between experts araliémt.
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1. Screen mechanism for minimum
qualifying evaluation

Not competent =
and need The cross-bar Minimum
improvement compliance |« satisfaction
checking rules

2. Rating mechanism for competence measurement

|
|

o Measurement indicators

- o Case-based inference process
The qualitative for the cross-referene of
evaluation former cases

A

o Web-based expert enquiry

-

3. Ranking and reporting mechanism

o Sorting all candidates in accordance with
their competence scores.

o Keeping the decision-making process as
evidence of reasonable judgement.

End

Figure 5.4 A KBS decision-support model for H&S competensesssnent (adapted

from: Yu et al., 2007)
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In order to develop such an online KBS, there are thrperitant steps which have to
be accomplished at the research stage 3 & 4, and evillistussed in the following
chapters:

» Step 1: Developing the textual knowledge base containingmam satisfaction
standards and measurement indicators to explicitly reprabe knowledge for
subjective assessment (Chapter six).

» Step 2: Using suitable Web development technologiesvela® an online KBS
realising the three decision-support mechanisms (Chapten)sev

» Step 3: Evaluating the reliability and user satisfactibthe KBS (Chapter eight).

5.6 Summary

In this chapter, a four-stage research framework leas Ipresented and discussed,
providing a systematical methodology of conducting the stiithe selection of
literature review and case study as the data and knowledigetion methods was

discussed and justified.

In accordance with the knowledge representative naturede@sion-making

framework was developed to propose the ideal decisiomrgakupport mechanism
and reveal the difficulties of making reasonable dewossifor H&S competence
assessment. Further, the description and analysiso@fl&dge representation in H&S

competence assessment led to the development of a KBSodesupport model to
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appropriately represent knowledge and satisfy functional mements in the
decision-making process. The application of textual kadgeé base, case base and
Web technologies provided a rational solution supportinglieat to take reasonable
steps to assess duty-holders’ H&S competence against @exia’ under CDM

Regulations.

According to the research framework, the next thregpters present the development

of textual knowledge base, the process of prototyping th8, Kid the means of

evaluating the KBS.
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Chapter 6: Development of A Textual Knowledge Bas#or

Construction Health and Safety Competence Assessnien

6.1 Introduction

The previous chapter has described the structure of a K8Siatesupport model to
assist the client in applying H&S competence assessnidwt. primary step of
developing a practical KBS is to build up an appropriate knowledge - the heart of
a KBS. Since it is difficult and inefficient to develop mecise computerised
rule-based reasoning system, the knowledge embodied inatiegs! can be
represented and stored as a textual form convenient foevedt inference and
maintenance in the decision-making process of H&S ctanpe assessment. As
illustrated in the decision-support model of the KBS {@Z&a5), the assessor should
firstly decide whether the candidate duty-holder ierothe cross-bar of H&S
competence criteria, and then make the selection byrirefeo the quality of those
criteria among competent candidates. The main decmaking benchmarks come
from the demonstration of core criteria in ACoP of MRegulations 2007. However,
the paper-based yardstick and guidance are not straightébemaugh, especially for
some inexperienced clients, to be applied in the online KB®ie attempt to help the
end-users of the KBS understand the core criteria, judgstandards and inference
mechanism, an in-depth discussion and explanation tofalesules embedded in the

CHSCA-KBS is considered necessary.
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In order to effectively represent the judgment knowledgéhe KBS, this chapter
explores the core criteria in details, demonstratimgcintents of textual knowledge
base by presenting the key elements of minimum sdisfiestandards of core criteria

and rating indicators for qualitative assessment.

Section 6.2 describes the assessment method of 15 ‘CoteriaCrfor H&S
competence. Following the discussion of developing the ptenagh minimum
satisfaction standard and using a Likert Scale for thatgtia rating indicator, each
core criterion is specified in terms of its judgmerdnsiard under ACoP of CDM

Regulations 2007.

Section 6.3 concludes the development of the textual kdgeldase, outlining the

measurement standards applied in the rating indicato@ooé Criteria’.

6.2 The textual knowledge base

As stated by Druckelybu cant manage what you cant measyHSE, 2001c), thus
effective assessment relies on practical measuremenbrding to the knowledge
representative characteristics embedded in the decisiomgngkocess of H&S
competence assessment (refers to Chapter 3 & 5), it sss@my that a textual

knowledge base be developed to demonstrate the minimisfasabn standards and
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statement rating indicators for subjective and qualitais@essment in terms of ‘Core
Criteria. As presented in Chapter 2 and Appendix 2, althabghACoP of CDM
Regulations 2007 has explained the core criteria by descriengdgment standards
and examples of the evidence that could be used to demorkgeaehievement of
requirements, it is not concise and practicable enougk tegresented in the textual
knowledge base to support decision-making process in the kE&8petence
assessment. In order to facilitate the effective magui-compliance checking and
subjective rating for the comparison of different candidathe knowledge base
consists of two parts. They are:
» Minimum satisfaction standard: indicates the minimuendard of each core
criterion to be achieved, and
» Statement rating indicator: defines a subjective assrgsscale to measure the

H&S performance in terms of core criteria.

The minimum satisfaction standard is derived from Appeddof ACoP for CDM
Regulations 2007 and modified by referring to relative judgrsemdards applied by
existing H&S competence assessment schemes. The rstarmiasists of the key
elements and relevant examples to prove the satiaethich are designated by the

ACoP for the competence assessment.

The rating indicator is developed by applying a Likert socaldch measures

individual agreement with a statement between being ahptsiely same to

113



Chapter 6: A Textual Knowledge Base

completely different opinion (Lehtinen et al., 1996).drkscaling is a psychometric
scaling method, measuring either positive or negative resgors statement (Likert,
1932; Dawes, 2008). A Likert scale is usually developed in af sgtlered categories,
implying equidistant response levels that help the meamme of attitudes,
preferences and subjective reactions (Bernard, 2005). Tkeet Lscale has been
widely used to help the subjective and qualitative assessmhguarformance in the
construction managerial field, such as safety performassessment (Lehtinen et al.,
1996), knowledge management evaluation (Kululanga and McC&f@€]), and
safety and health monitoring system (Cheung et al, 20048. tD the effectiveness
and practicality of Likert scale in qualitative and subyec measurement, following
the assessment of minimum satisfaction standardskeat scale with qualitative
statements is applied to assist the subjective measurentdn the

regulation-compliance level of evidence for ‘Core Crite

Since the minimum satisfaction standard has specttied fundamental elements
which must be included in the relevant documents and politied,ikert indicator is
designed to assess the extent of clarity, understargladmilil effectiveness of those
elements. The Likert indicator system usually appies-point arithmetic series to
represent the ordinal data (Bernard, 2005). However, comgjdinre practicality and
effectiveness of qualitative assessment for H&S competassessment, a three-point
geometric series Likert indicator (referring to Table &3} been developed to rate

the performance of candidates in each core criterion.

114



Chapter 6: A Textual Knowledge Base

Table 6.1 Likert statement indicator for health andtgafempetence assessment

Score Classification Explanation
1 Acceptable Evidence meets minimum standard but some
areas are not adequate
3 Good Evidence meets minimum standard and is
compliance substantial
9 Excellent Evidence meets minimum standard and some

areas exceed standard

The above table provides a general specification forLlikert rating indicator.
Different core criteria have respective rating staets which will be specified in the

following sections.

The following sections bring a detail explanation of s@kkknowledge base (refer to
Appendix 3) for H&S competence assessment by highlightieg kify elements
contained in the minimum satisfaction standards anddating the development of

rating indicator for each core criteria.

6.2.1 Health and safety policy and organisation for health angafety

According to section 2 of HSW Act 1974, if the organisagomploys more than five
people, it must have a written H&S policy. The key elameaf a clearly defined
H&S policy and organisation should include (Hughes and Feg@@5; Lingard and
Rowlinson, 2005; HSE, 2007):

» a copy of written H&S policy statement (specifying H&®naiand objectives)

dated and signed by the most senior person in the organijsand
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» H&S responsibilities for employees at all levels.

In order to carry out an effective qualitative asses$mtre rating indicator

concentrates on the clarity, comprehensibility and adlgy of the policy context.

The rating indicator for organisations more than peesons is designated as:

» Acceptable: The health and safety policy contains rsiatés of the organisation’s
commitment to H&S and is reviewed regularly.

» Good: The health and safety policy contains the orgaomsatstatement to H&S,
specifies the H&S principles in which the organisatiefidves and identifies the
general responsibilities of employees.

> Excellent: The health and safety policy containsdtganisation’s statement and
principles to H&S, and clearly sets out the responsgdsl for health and safety
management at all levels within the organisation intiorlato the nature and

scale of the work.

It is not necessary if the organisation employs kss five people to display a
written copy of H&S policy and organisation. Howevershould demonstrate the
appropriate policy and organisations for H&S. The demmatish could be carried out
through interview or other communication forms. Thengtindicator is slightly

changed to adapt to the means of the demonstration. Theifg is the rating

indicator for organisations less than five people:

» Acceptable: The demonstration of health and safety ypatmn explain the

organisation’s commitment to H&S.
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» Good: The demonstration of health and safety policy eaplain the
organisation’s commitment to H&S, H&S principles in whithe organisation
believes and general H&S responsibilities of employees.

» Excellent: The demonstration of health and safety pobey explain the
organisation’s commitment to H&S and clearly identifiebe t H&S

responsibilities of all employees in relation to tiaure and scale of the project.

As suggested by the ACoP, the HSE leaflet INDG259 (An dltction to Health and
Safety) is hyperlinked in the knowledge base to provide a gtedand reference of

the format and contents of company’s health and sptdigy.

6.2.2 Arrangements

Arrangements for H&S comprise details of the means iegppto realise the
company’s H&S policy. The following items normally includedthe arrangements
(Hughes and Ferrett, 2005):

» Employee health and safety code of practice

» Accident and illness reporting and investigation procedure

» Fire drill procedure

» Electrical equipment (maintenance and testing)

» First aid

» Machinery safety (including safe systems of work)
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» Permits to work procedures

» Health and Safety inspection and audit procedures

» Procedures for contractors and visitors

» Catering and food hygiene procedures

» Terms of reference and constitution of the safety cdtami

According to the guidance in ACoP, a construction orgaaisatith more than five
employees should display a written copy of arrangeésnien H&S, which includes:

» details of means used to arrange health and safety masaigem

» rules of discharging its duties under CDM 2007; and

» the way of communicating these arrangements to the ouaekf

The above three points are key elements designated mitlium satisfaction rule

for this criterion.

As the clarity and understandability of the arrangemmsntise measurement standard

(HSC, 2007), the rating indicator could be demonstrated as:

» Acceptable: The general arrangements which the orgamshas made for
putting its H&S policy into effect, discharging its dutiesdean CDM 2007 and
communicating to the workforce are in place.

» Good: The arrangements which the organisation has madeufing its H&S
policy into effect, discharging its duties under CDM 2007 emehmunicating to
the workforce are clearly specified.

» Excellent: The arrangements which the organisatiomrzae for putting its H&S
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policy into effect, discharging its duties under CDM 2007 emehmunicating to
the workforce are clearly specified. Besides the gerarahgements, there are
specific H&S rules, procedures and the provision of fadlito fit the nature and

scale of current project

Similar to the first criterion, a construction orgatisa with less than five employees

does not need to display a written copy of the arrangesnérhe candidate

duty-holder can meet the minimum satisfaction rule d#gmonstrating its

arrangements to realise the H&S policy and dischargéduties under CDM 2007 in
other forms, such as an oral presentation. The ratitigator should also focus on
assessing the clarity and understandability of the arrawferrontext, and the
correlation between the contents and current work éndémonstration, which is
presented as:

» Acceptable: The general arrangements which the orgamshas made for
putting its policy into effect, discharging its duties und@®dM 2007 and
communicating to the workforce can be demonstrated.

» Good: The arrangements which the organisation has maduitiing its policy
into effect, discharging its duties under CDM 2007 and comrating to the
workforce can be demonstrated in a clear and understianaianner.

> Excellent: The arrangements which the organisation hadenfor putting its
policy into effect, discharging its duties under CDM 2007 emehmunicating to

the workforce can be demonstrated in a clear and unddedile manner. There
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are also details and specific arrangements to fit thereatnd scale of current

project.

6.2.3 Competent advice — corporate and construction related

This criterion refers to the accessibility of H&S e or consultation. The

organisation should provide evidence including the following ettsn® satisfy the

minimum satisfaction rule:

» name of the source of advice, for example a safetypgrtrade federation, or
consultant who provides H&S information and advice.

» competency details of the source of advice. The advisor Ibeuable to provide

general H&S advice, and also advice relating to construkt&® issues.

Since the H&S advisors within the organisation have ecldehowledge of the

practical aspects of the work and are more accessiida those outside the
organisation, the in-house consultation is preferabiegérd and Rowlinson, 2005;
Carpenter 2006a; HSC 2007). In addition, the former examplesiofy the advice

provides a strong evidence of the effectiveness of theutiation resource. Thus, the
rating indicator of this criterion focuses on assesshmg readiness of acquiring
professional advice and the effectiveness in formestioeg which is:

» Acceptable: The organisation and employees have readssato competent

H&S advice from outside the organisation.

» Good: The organisation and employees have ready accessnfetent H&S
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advice from within the organisation.
Excellent: The organisation and employees have reazhsado competent H&S
advice from within the organisation. Evidence showing &lelzice was given and

action was taken in last 12 months.

6.2.4 Training and Information

H&S training of employees plays an important role ie thanagement system of

H&S and is a significant representation of organisatibl®&S culture. A systematical

training programme covering all levels in the organisatiad containing life-long

learning plan can effectively prevent accidents, impréi&S performance and

promote a positive H&S culture (Hughes and Ferrett, 2005¢refdre, the key

elements in the minimum satisfaction standard forahisrion should include (HSC,

2007):

>

training arrangements to provide employees with knowlaahgieskills to perform
their job safely and understand the necessary infoom#bi discharge their duties.
One or some of following examples can be seen as ewdensatisfy this
element:
< Headline training records
< Evidence of a H&S training culture including records, cedtes of
attendance and adequate H&S induction training for site-bagddosce.

< Sample ‘toolbox talks’
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» a programme for refresher training. An active ContinuiRgofessional

Development (CPD) programme can be seen as an evidernbefelement.

As advocated by Lingard and Rowlingson (2005), the effectsgemd a training
programme relies on the extent to which learning is pit practice. The rating
indicator of this criterion focuses on the extent @gpicality and effectiveness of the
training programme, which is:

» Acceptable: A general training programme is sent out fdewatls of employees
from Board to trainees.

» Good: A detailed training programme including induction trainin@;gpecific
training and supervisory and management training is adequsatetyout for all
levels of employees from Board to trainees.

> Excellent: A detailed training programme including inductioraining,
job-specific training and supervisory and management trainiagaguately sent
out for all levels of employees from Board to trame€here is solid evidence or
record showing the effectiveness of the training programsueh as the

improvement of H&S performance on site.

6.2.5 Individual qualifications and experience

As discussed in Chapter 3, this criterion is speoiathe individual H&S competence

assessment. The employees’ qualification and experiestould be assessed
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according to the following key elements of the minimwatis$action rule:

» Employees of the organisation who will engage in thgeptoshould have the

appropriate qualifications and experience for the assitasid.

» Employees who don't have appropriate qualifications aquemence should be

under controlled and competent supervision.

The examples of appropriate qualification and experiencelifterent duty-holders

listed in the ACoP of CDM Regulations 2007 include (HSC, 2007

» Contractor organisations:

<>

Details of number/percentage of people engaged in the pnojez have
passed a construction health an safety assessmentextmmnple the
ConstructionSkills touch screen test or similar sa®nsuch as the CCNSG
(Client Contractor National Safety Group) equivalent.

For site managers, details of any specific training such tlaes
ConstructionSkills ‘Site Management Safety Training Suflecertificate or
equivalent.

For professionals, details of qualifications and/or m®ifenal institution
membership.

For site workers, details of any relevant qualificati@mstraining such as
S/NVQ (National and Scottish Vocational Qualificatiposrtificates.
Evidence of a company-based training programme suitabledorahk to be

carried out.

» Designer organisations:
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< Details of number/percentage of people engaged in thegbroyho have
passed a construction H&S assessment, for examplearGotmenSkills touch
screen test or affiliated schemes, such as the CCN3@n{ Contractor
National Safety Group) equivalent.

< Details of any relevant qualifications and/or profesdiomastitution
membership and any other specific qualifications such as(I&ftute of
Civil Engineer) construction H&S register, NEBOSH (idatl Examination
Board in Occupational Safety and Health) Constructiantifate, APS
(Association for Project Safety) Design Register.

» CDM Co-ordinator:

< Details of number/percentage of people engaged in the pwjec have
passed a construction health an safety assessmentextmmnple the
ConstructionSkills touch screen test or affiliated esols, such as the
CCNSG equivalent.

< Evidence of health and safety knowledge such as NEBOShét@ation
Certificate.

< Details of professional institution membership and any rotéeecific
gualifications such as member of the CDM co-ordinatorsgister
administered by the APS or ICS that is formerly the (IAStitute of Planning
Supervisors), or the ICE construction health and saégfigter etc.

<~ Evidence of a clear commitment to training and the Camtgnh Professional

Development of staff.
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For a large or complex project, or one with high or unusisks, the CDM
Co-ordinator needs more competence. According to AppendixCDM ACOoP, the
competence assessment standard for the CDM Co-ordinagagieg in the large,
complex or high-risk project include:

» Appropriate task knowledge for the tasks to be undertaken,

» Sufficient H&S knowledge to perform the task safely, and

» Sufficient experience and ability to perform the task.

The examples of attainment of the above standards raneded in the textual

knowledge base (refer to Appendix 3).

People with appropriate qualification or experience shbalte adequate knowledge
or skill to deal with the assigned tasks safely and withisiks to health. Thus, the
percentage of employees at different levels with appatgorqualification or
experience is considered as the rating indicator feraihalitative assessment. The
rating indicator for this criterion is stated as:

» Acceptable: Specific corporate post holders (for exarBadard members and
health and safety advisor) and other key roles havagpeopriate qualification
and experience. Some of the other employees havepfitepaiate qualification
and experience and others are controlled or supervised dsg tbompetent
employees.

» Good: Specific corporate post holders (for example Boaedhbers and health

and safety advisor) and other key roles have the appropuatidication and
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experience. Most of the other employees have the apatemualification and
experience and others are controlled or supervised bye tloasnpetent
employees.

» Excellent: All employees have the appropriate qualificatind experience.

6.2.6 Monitoring, audit and review

Monitoring, audit and review constitutes a systematmacess to measure the
achievements of H&S policy and objectives; inspect theiefcy, effectiveness and
reliability of the H&S management system; and asdesatequacy of performance
of the H&S management system (Lingard and Rowlinson, 20@&iitoring, audit
and review are key activities in making sure that the osgéion’s H&S management
system is working properly and collecting practical ination for the further
improvement. According to the ACoP, an organisation whi@nts to meet the
minimum satisfaction rule of this criterion should/@a system that can:

» Monitor the procedures of H&S performance

» Audit the them at periodic intervals, and

» Review them on an ongoing basis.

For the convenience of assessing, the following example®e seen as the evidence
of satisfaction (HSC, 2007):

» Evidence of formal audit or discussions/reports to seniolagexs.

» Evidence of recent monitoring and management response.
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» Copies of site inspection reports.

Since this is a procedure-based criterion, the qualit@ssessment is based on the

extent of detail and practicality of the system. Tdigng indicator is demonstrated as:

» Acceptable: Documented evidence (at least one type ohlibee evidence for
minimum satisfaction checking) shows that general mani, audit and review
system has been in place.

» Good: Documented evidence (at least two type of the alemgence for
minimum satisfaction checking) shows that structured tadng, audit and
review system has been established.

» Excellent: Documented evidence (at least two type ofalbeve evidence for
minimum satisfaction checking) shows that structured tadng, audit and
review system has been established. Furthermore, evideows that the system
can identify limitations or drawbacks in the perfonoa of H&S management
and develop corrective methods to improve the effectieenet H&S

management.

6.2.7 Workforce involvement

Since the workforce has first-hand experience ofcotalitions and is often the first
to identify potential problems, involving the workforce in demn-making of risk

identification and control is crucial to prevent theideot in construction work (HSC,
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2007). Further, the cooperation of all employees is impbfta an organisation to
establish a successful H&S culture (Hughes and Ferrett, 28685he key feature of
Robens-style legislation, the workforce involvementaisconsultative process to
ensure worker participation in H&S decision-making (Lingand Rowlinson, 2005).

In addition, according to an important principle of india$ democracy, people have
right to be involved in making decisions that affect therarticularly when those
decisions can have an impact upon their health andys@fetustry Commission,

1995). Therefore, the organisation should have, and imptememrstablished means
of consulting with its workforce on H&S issues. Onesome of following examples
can be seen as evidence to meet the minimum standard 2a60:

» Evidence showing how consultation is carried out.

» Records of H&S committees

» Names of appointed safety representatives (trade uniother).

The effectiveness of work forces involvement dependsvbether recommendations

from the employees can be implemented and both manageamel employee

concerns are freely discussed (Hughes and Ferrett, 2005)efdrieerthe rating

indicator focuses on measuring the practicality of theams of workforce

involvement, which is stated as:

> Acceptable: There is a general workforce involvementtesysi.e. Safety
committee or safety representatives.

» Good: There is a structured workforce involvement systemevidence showing
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that the system is working in the organisation and Ipflleto improve H&S
performance and management.

» Excellent: There are routine procedures of ensuring tieatvorkforce is involved
in the H&S management, i.e. evidence showing the mamgaand review of

H&S publicity and communication throughout the organisation.

6.2.8 Accident reporting and enforcement action; follow-up

investigation

According to the RIDDOR (the Reporting of Injuries, Rises and Dangerous
Occurrences Regulations 1995), all employers, no mattelalges or small, should
report certain more serious accidents and incidentsedH®E or other enforcing
authority and to keep a recornthi¢l.). In addition to the compulsory external incident
reporting system, the organisation should establish annadt system to report and
investigate all incidents including ‘lost time’ injuries, ‘tast time’ injuries and near
miss. The reporting of an incident can help to evaluaesffectiveness of prevention
strategies and is an essential first step in futuredemti prevention (Lingard and
Rowlinson, 2005). In order to assess the system for incidepurting, the key
elements of minimum satisfaction for this criterioslude (HSC, 2007):
» The organisation should provide records of all RIDDOR (Beporting of
Injuries, Diseases and Dangerous Occurrences Regulationg 1€8&rtable

events for at least the last three years.
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» A system should be established to review all incidents amatdieg the action
taken as a result.

» The organisation should record any enforcement actikentaagainst the
organisation over the last five years, and the actibitlwthe organisation has
taken to remedy matters subjective to enforcement action

One or some of following examples can be seen as eadenmeet the minimum

standard:

» Evidence showing the way in which the organisation recnd investigate
accidents and incidents.

» Records of last two accidents/incidents and actiomték@revent recurrence.
Records of any enforcement action taken over the ilastyéars, and what action
was taken to put matters right.

» For larger companies, simple statistics showing incideates of major injuries,
over three-day injuries, reportable cases of ill health @gangerous occurrences
for the last three years. Records should include any imisidbat occurred whilst
the company traded under a different name, and any incittettsccur to direct

employees or labour-only sub-contractors.

The measurement of an organisation’s accident reportidgirarestigation system
could focus on the integrity of its incident track-recartl the effectiveness of the
investigation system for further accident prevention. Tékng indicator for the

gualitative assessment of this criterion is presented as
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» Acceptable: All RIDDOR reportable events in the reddémee years are in the
place. The records including last two accidents/incidants follow-up actions,
and any enforcement actions if occurred in last fivesyaee available.

» Good: Besides the evidence listed at acceptable level, adlcamented evidence
is provided to show that the accident investigatioriesgshas been established
and can work effectively.

» Excellent: Besides the evidence listed at acceptable, leveér documented
evidence showing that the accident investigation systamwork effectively and
the corrective or preventative recommendations rebditem the investigation
can be implemented and have positive impact on the ogjams H&S

performance.

6.2.9 Sub-contracting/consulting procedures (if applicable)

Sub-contracting/consulting is a prevalent and econommathod of acquiring
expertise, skills, labourers and plants in the modenstcuction process. In order to
maintain a controllable H&S management, the main estdr/consultant must take
the responsibility of H&S for the multiple-layer sulnt@cting/consulting, as it is
unreasonable and ineffective to subcontract H&S obligatiomsthose other
organisations (Lingard and Rowlionson, 2005). If there are
sub-contractors/consultants involved in the projecg, mhain contractor/consultant

should make sure the satisfaction of the following etgme
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» Arrangements for appointing competent sub-contractorsitiamts and ensuring
their arrangements for appointing competent sub-cootsicbnsultants,

» Arrangements for monitoring sub-contractor performance.

The assessment of the above minimum satisfactismdatd can be carried out by

checking the following examples (HSC, 2007):

» Evidence showing how the lead organisation ensures sutactms are
competent.

» Examples of sub-contractor assessments the lead aganibas carried out.

» Evidence showing how the lead organisation requires ainstandards of
competence sub-contractors.

» Evidence showing how the Ilead organisation monitors sotraior

performance.

For the measurement of this criterion, it would besoe@able and practicable to
evaluate how the organisation is performing sub-contigicomsulting. An
organisation with a structured sub-contracting/consultystesn would be better than
one using casual approaches in selecting H&S competentostitactors and
consultants and monitoring their H&S performance andhéurtappointment. The
rating indicator for sub-contracting/consulting procedusestated as:
» Acceptable: Some forms of pre-qualification H&S assessmsuch as
guestionnaire responses, meeting minutes or audit recoraspban applied to

select competent sub-contractors/consultants and mdh&o work and further
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appointment.

» Good: A general selection and monitoring system for differ layer’s
sub-contractors/consultants has been in the platepnaictical evidence (at least
three samples) showing that sub-contractors/conssilteah be appropriately
selected and effectively monitored.

» Excellent: A general selecting and monitoring system ddferent layer’s
sub-contractors/consultants has been in the plade substantial evidence (a
record of projects in recent three years) showing sbb-contractors/consultants

can be appropriately selected and effectively monitored.

6.2.10 Hazard elimination and risk control (designers only)

As pointed out by Wright, et al. (2003), the best opportuaityeliminating H&S
hazards is in the design process. The poor H&S recard b improved by
encouraging designers to give more consideration to H&$ens at the design stage
(Davison, 2003). According to the ACoP, the minimum &att®on rule of hazard
elimination and risk control should include the followkey elements (HSC, 2007):

» There are arrangements for meeting the duties under tieguld of CDM 2007.

» Those arrangements should be implemented.

In order to make an assessment, the following exancplede seen as the satisfying
evidence:

» Evidence showing how the organisation:

133



Chapter 6: A Textual Knowledge Base

<> ensure co-operation of design work within the design taachwith other
designers/contractors;
< ensure that hazards are eliminated and any remainingcosk®lled;
< ensure that any structure which will be used as a workpldcmeet relevant
requirements of the Workplace (Health, Safety and ake)f Regulations
1992.
» Examples showing how risk was reduced through design.

» Ashort summary of how changes to designs will be geda

Since the ACoP of CDM 2007 emphasizes that the assassifrihis criterion should

focus on practical measures which reduce particular askgg from the design, not

lengthy procedural documentation highlighting generic rishs, rating indicator is

developed to evaluate the practicality and effectiveredssmplementing hazard

elimination and risk control, which is demonstrated as:

» Acceptable: Evidence is provided to show the detail arrangsnten meet
designer’s duties, i.e. hazard assessment and risk tfomtns or report.

» Good: A documented hazard assessment processes and psactipéds (at least
three) are provided to show the arrangements to megnee'si duties.

» Excellent: A detailed record of projects in receneéhyears is provided to show

the structured method and arrangements to meet designeée’s. dut
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6.2.11 Risk assessment leading to a safe method of work (@antors

only)

Risk assessment is an essential part of the planningnteinentation stage of H&S

management system and an important duty of contractalsr WDM Regulations

2007. A systematic risk assessment procedure can effgctileitify and prioritize

different levels of risk and provide appropriate risk contr@thods. HSC (1997)

developed a five-step procedure to help organisations implamkssessment. The

five steps are:

1. look for the hazards

2. decide who might be harmed, and how

3. evaluate the risks and decide whether existing precautienadaquate or more
should be done

4. record the significant findings

5. review the assessment and revise it if necessary.

However, since the generic procedures can bring litleevto H&S, it is important to

ensure the risk assessment procedures are practical aotiveff Therefore, the key

elements of the minimum satisfaction rule for riskemsment should include (HSC,

2007):

» procedures in place for carrying out risk assessment

» procedures in place for developing and implementing safgtemsyg of
work/method statements. (The identification of H&Suess is expected to feature
prominently in the safe system in terms of the natéitkeowork.)
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The following examples can be seen as the evidenchdaninimum satisfaction:

» Evidence showing how the organisation will identify sigrafit H&S risks and
how they will be controlled.

» Sample risk assessments / safe systems of work bohethtements.

If the organisation employs less than 5 people and duidsane written arrangements,

it should be able to describe how it can implemehktagsessment.

Similar to the criterion for hazard elimination andkrsontrol, the rating indicator

focuses on measuring the practicality and effectivenésbe procedures, which is

demonstrated as:

» Acceptable: Evidence is provided to show the process of disikhgssessment in
practice.

» Good: A documented procedure and practical samples (atHees} are provided
to show the arrangements for the risk assessment atiico

» Excellent: A detailed record of projects in receneéhyears is provided to show

the structured method and arrangements for the risksassasand control.

6.2.12 Cooperating with others and coordinating your work withthat

of other contractors (Contractors Only)

Cooperation between parties and coordination of the vemek important to the

successful management of construction H&S (HSC, 200QulRgon 5 & 6 under
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CDM 2007 impose the duty of cooperation and coordination aryeperson

concerned in the project. In order to maintain effectind efficient cooperation and

co-ordination, contractors should keep good communication batak parties and

encourage the engagement of workers. The key elementmioium satisfaction for

this criterion are:

» The organisation should be able to illustrate how cotiperand coordination of
its work is achieved in practice; and

» How it involves the workforce in drawing up methods statgsisafe systems of
work.

The following examples can be seen as evidence to demnshe organisation

meeting the minimum satisfaction standard (HSC, 2007):

» Evidence could include sample risk assessments, procedraay@ments, and
project team meeting notes.

» Evidence of how the organisation coordinates its wotk wther trades.

As stated in the minimum satisfaction rule, the radtbf implementing cooperation

and coordination in practice is the focus of assessingctitexrion. The contractor

should show its capability and experience in cooperating camdinating with

workforce and other parties. The measurement of thisriont should concentrate on

the effectiveness and efficiency of the methods appliedcanperation and

co-ordination by contractors. The rating indicator is presgbas:

» Acceptable: Evidence is provided to show the process of coopgerand

coordinating with other parties and workforce in projects.
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» Good: Adocumented procedure and practical samples (atHees} are provided
to show the arrangements of cooperation and coordinatibnother parties and
workforce in projects.

» Excellent: A detailed record of projects in receneéhyears is provided to show
the structured procedures and arrangements for cooperatiaoardination with

other parties and workforce.

2.6.13 Welfare Provision (Contractors Only)

The welfare issues concern the standard of welfatbtitscon the construction site.
The arrangements for welfare include the provision oftagniconveniences and
washing facilities, drinking water, accommodation for lailog, facilities for changing
clothing and facilities for rest and eating meals (Hughed Ferrett, 2005). The
Schedule 2 of CDM Regulations 2007 provides particular requiresnmen welfare
facilities. The client, principal contractor and cawtor have the duty of ensuring the

compliance with the requirements of Schedule 2 througheutonstruction phase.

The key element of minimum satisfaction rule forfamed provision is straightforward,
requiring the appropriate welfare facilities be in plhedore the commencement of
work on site. One or some of following examples carséen as evidence to meet the
minimum standard (HSC, 2007):

» Health and safety policy commitment;
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» Contracts with welfare facility providers;

» Details of type of welfare facilities provided on presqurojects.

The qualitative measurement of contractor’s arrangemémtswelfare facilities

focuses on the technical capability and former experiesfcgroviding welfare

facilities in a proportion to the size of the worlder The rating indicator is stated as:

» Acceptable: Evidence is provided to show that the organishtierthe ability to
arrange the workforce facilities, but lacks experientéealing with the same
size of workforce before as in the current project.

» Good: Evidence is provided to show that the organisationtlasability to
arrange the workforce facilities and some experiencdeéat one project) of
dealing with the same size of workforce before aserctirrent project.

» Excellent: Evidence is provided to show that the organisdias the ability to
arrange the workforce facilities and sufficient expece (at least five projects) of

dealing with the same size of workforce before aserctirrent project.

2.6.14 Co-ordinator’s duties

Working as a CDM co-ordinator, the organisation has theslwf ensuring good
working relationships, clear communication and sharing ed¢vant information
among different parties (HSC, 2007). According to the AGb&,demonstration of
the ability of encouraging cooperation, co-ordination anchraanication between

designers should concentrate not only on the genericguoEebut also on the actual
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examples. Therefore, the key elements of the minimgatisfaction rule for

co-ordinator’s duties include:

» generic procedures of encouraging cooperation, co-ordinatiamd
communication between designers are in place.

» examples of implementing the procedures in practice.

Since the actual examples are more important thangémeric procedures, the

measurement of co-ordinator’s duties should focus on dfiectiveness and

practicality of encouraging cooperation, co-ordinatiod aommunication. The rating

indicator is stated as:

» Acceptable: Generic procedures are in place with at &aes practical sample
showing the effectiveness of implementing the procedures.

» Good: Generic procedures are in place with at lease tpractical samples
showing the effectiveness of implementing the procedures.

» Excellent: Generic procedures are in place with a deodrprojects in recent

three years showing the effectiveness of implemenhiegrocedures.

2.6.15 Work experience

Previous work experience is a useful evidence of an orgmm'saability to deal with
the key H&S hazards in the current application (Carpe@t@6a). The key element

of minimum satisfaction rule of work experience regaliitiee organisation to display
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details of relevant experience in the field of work ¥amuich it is applying. One or

some of following examples can be seen as evidence &b time minimum standard

(HSC, 2007):

» A sample record of recent projects / contracts shbeldkept with the phone
numbers / addresses of contracts who can verify thet was carried out with
due regard to health and safety.

» Evidence showing that the organisation should have &iifiability to deal with
key health and safety issues arising from the work ppdyang for.

» Where there are significant shortfalls in the orgaiusat previous experience, or
there are risks associated with the project which st i@t managed before, an

explanation of how these shortcomings will be overesimould be provided.

As the assessment refers to capability of dealing wélevant projects, the

measurement will focus on the amount of previous projaectssimilar field and the

performance in those projects. The rating indicator is

» Acceptable: The organisation shows previous experience leastt one similar
project with good recommendations from former cliewts,evidence of good
H&S performance. If there is any shortcoming in thatqujdetail explanation
of improvement methods should be provided.

» Good: The organisation shows previous experience in at thest similar
projects before with good recommendations from formientd, or evidence of

good H&S performance. If there is any shortcoming in thosgects, detail
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explanation of improvement methods should be provided.

> Excellent: The organisation shows previous experiencat ieast five similar
projects before with outstanding recommendations frammér clients, or
evidence of perfect H&S performance. If there is anyrtsbming in those

projects, detail explanation of improvement methodsilshbe provided.

6.3 Summary

This chapter presented the development of a textual kdgelebase for
decision-support in H&S competence assessment, explainitigea-point Likert
measurement standard for the indicator rating systet@arke Criteria’. Further, it
highlighted the key elements of minimum satisfactiomsubr each ‘Core Criteria’
and described the measurement standard of each ratingtamdinadetail. The
following table is a summary of measurement standardsiedpph the rating

indicators for ‘Core Criteria’:
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Table 6.2 Summary of measurement

‘Core Criteria’

standards applied in tihg madicators for

Core Criteria

Measurement standard

1. Health and safety policy arn
organisation for health and safety

idhe  clarity, comprehensibility an

adaptability of the policy context

2. Arrangements

the clarity and understandability of
arrangements

the

3. Competence advice — corporate

atide readiness of acquiring professio

nal
ner

construction-related advices and the effectiveness in forn
practice
4. Training and information the extent of practicality &

5. Individual
experience

qualifications  an

dthe percentage of employees at differ
level with appropriate qualification ¢
experience

6. Monitoring, audit and review

the extent of detail anctfrality of the
system

7. Workforce involvement

the practicality of the meahsvorkforce
involvement

8. Accident reporting, and enforceme
action; follow-up investigation

rihe integrity of incident track-record ar
the effectiveness of the investigati
system for further accident prevention

9. Sub-contracting/consulting proceduré

s the structureegiribcedures

10. Hazard elimination and risk control

the practicalignd effectiveness @
implementing hazard elimination and ri
control

q

v

11. Risk assessment leading to a
method of work

sdfee practicality and effectiveness of t
procedures

12. Cooperation with others af
coordinating your work with that of othg
contractors

ndhe effectiveness and efficiency of t
emethods applied in cooperation g
co-ordination by contractors

13. Welfare Provision

the technical capabilty and for
experience of providing welfare facilitie
in a proportion to the size of tf
workforce

14. Co-ordinator’s duties

the effectiveness and practicabt
encouraging cooperation, co-ordinati
and communication

15. Work experience (Stage 2 assessm

effectiveness of the training programme

and

D

ent
g

nd

sk

he

he
nd

ner
2S
e

on

ar
se

etit¢ amount of previous projects in simi
field and the performance in tho
projects

Based on the developed textual knowledge-base, the foo@iapter presents the

implementation of a prototype on-line KBS, discussing thecten of appropriate
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Web programming technology, and describing the developnoéntdatabase

management system and the Web-based interface.
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Chapter 7: Development of The KBS

7.1 Introduction

In Chapter 6, the textual knowledge base, including the mminsatisfaction
standards and qualitative measurement indicators, wasog@edelto assist the
reasonable decision-making process. In order to reaksprincipal research aim, an
online KBS for construction H&S competence assessmeseveloped, in which the
client can apply the decision-support model to select ld&8petent duty-holders by
reasonable steps. This chapter presents the implensentétihe online KBS, entitled

KBS for Construction H&S Competence Assessment (KBECA).

Section 7.2 outlines the structure of the database-dMeh system and briefly
analyses Web application technologies, highlighting thatsuitability of Java Server

Page (JSP) as the Web application technology for KBISCA.

Section 7.3 introduces the basic concepts and workingytioédSP technology.

Section 7.4 outlines the Data-Base Management Sydd8ME) and explains the
reason for selecting MySQL as the DBMS for KBS-CH&Allowing the discussion
of DBMS and MySQL, an Entity-Relationship (E-R) diagrarused to illustrate the

structure of the database for KBS-CHSCA. In addititwe, approach of connecting
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MySQL with JSP is briefly introduced.

Section 7.5 presents the application of Unified Model Lagg{d/ML) to analyse the
structure of KBS-CHSCA, describing the use case model ef ftinctional
requirements of KBS-CHSCA and the activity diagramshef interactions between

users and the system.

Section 7.6 describes the applied technologies in the KB8ementation and

introduces the main functionality and usability of KBS-CHSC

7.2 The Database-Driven Web System and Web Appligah

Technology

In an attempt to realise the KBS through a Web interfaan interactive
database-driven Web application is applied to suppodiexfti data exchange between
users and the KBS. The Web application uses HyperMastup Language (HTML)
to collect input data from the Web browser and submit tteethe Web server. For a
database-driven Web system, a programme runs on thes@fger to process the
input data, interacting with the database, and thus dyndynaahposing a reply to
the browser as HTML, or other forms of data that thewmser can render (Zahir,

2003).
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As illustrated in Figure 7.1, the typical dynamic Webteys contains three main
functions of service delivery: HTTP (HyperText Transfmotocol) interface, the
application (or business) logic and the database. fidm-énd layer, acting as the
interface of the Web system, receives the request fhenctlients (users), processes
the static content from its local file system, andreects with the application logic of

the middle layer (Conallen, 2003; Andreolini et al., 2005).
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Database-driven Web Syst"em
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Figure 7.1 Architecture of a Database-Driven Web sysseetafted from: Andreolini

et al., 2005)

As the heart of a Web system, the application lageudes on dealing with the logic
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operation and computing the information from the requeSiswltaneously, the
application layer interacts with the back-end laydriclv consists of a database server
storing and managing the persistent data and informatitdmedsystem. The result of
operations in the application layer and interactiotwben the application and

back-end layers generate the dynamic responses toubeetttback to the clients.

In order to process the logic operation and interaitt the database, it is necessary to
select appropriate Web application technologies which beistapable of processing
business logic on the application layer of a Web systerasently, PHP (Personal
Home Page: a Hypertext Preprocessor), ASP (Activeesdrages) and JSP (Java
Server Pages) are three widely-used Web applicationdtdies for the Web system
development (Robbins, 2006). PHP and ASP are both sedees@iipting languages
and quite popular for medium size dynamic websites. Ccedpar ASP and PHP, JSP
IS a server-side component-based programme providing ndesntages including:
platform independence, efficient processing, solid pevdmce, reliable security and
highly scalable (Mcgrath, 2002; Hall and Brown, 2004). In additas JSP can
separate logic from other content, page maintenance lesceimmple (refer to 7.3).
Considering this modularity and scalability of JSP, JS#3 welected as the Web

technology to develop the KBS.
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7.3 Outline of Java Server Pages

JSP, developed by Sun Mircosystems, is a technology basd® Java language and
enables the server-side development of dynamic Weterags JSP files usually
contain HTML or XML markup elements and a number of &&ents, and have
a .jsp file extension. JSP elements containing Javatketsi (small sequences of Java
code) are used to present the logic content of a Vegle.pAlternatively, the logic
content can reside in a server-based resource, sacheasBean component, that can
be accessed by a JSP tag to generate the dynamic coihnéepage (Mcgrath, 2002).
The independence of the logic operation in the Web p&gesnvenient for the

system maintenance.

The JSP pages have to be compiled by a JSP-enabled Webaad converted into
executable code (Java Servlet) to process the logic aperatd deliver the results to
the browser. As illustrated in Figure 7.2, a JSP requadtery a user who hits a Web
page ending with .jsp comes into the Web server fromoader. The Web server
recognizes the JSP file and transfers it to the Sefevigine (Container). The JSP file
is then converted into a .java servlet file, containiagaJsource code. Further, the
servlet file is compiled into a .class file. The set\lass is instantiated and executed
by the Container. If the JSP processing requires atoesslatabase, the JDBC (refer
to 7.4) is used to make the connection and handle the SQuciured Query
Language) request. Eventually, the servlet output is seit to the browser usually
in the form of HTML. In the JSP processing, if the esponding class file already
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exists, the Container automatically skips the previoapsstind re-use the existing

class file to save the operation time.

Web Browser

il JSP request
[

Web Server

JSP Files

h J

Servlet Engine
{Container)

Translate the ,jsp file
into .java source code
for a servlet class

v

Compile the servlet .java
source into a .class file

v

Instantiate the servlet

\J

Execute the serviet

JDEC e
- | » | Database

Figure 7.2 Architecture of Java Server Pages (adapted fromefT@002; Mathews et

al., 2003; Basham et al., 2004)

7.4 Database Management System

According to the KBS decision-support model for H&S corapee assessment, the

case retrieval facility is important to facilitateasmnable decision-making. In order to

collect the assessment case and record the deciskingnavidence and steps, a

database management system (DBMS) is required toastdrenanage the assessment

data and cases. The DBMS is a software system thatsesl to control the

organisation, storage, management and retrieval of datdatabase (Beynon-Davies,
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2004; Hoffer et al., 2008). A DBMS can accept requests froen application
programme and return the result of operating the requebtidge, thereby, is needed
to set up the connection between an application progeaamd a DBMS. The bridge
connecting a DBMS with a Java application is knownJB8C (Java Database
Connectivity) technology, which is an Application Pragmaing Interface (API)
providing access to a wide range of DBMSs from the {megramming language
(Mcgrath, 2002). As illustrated in Figure 7.3, the JDBC bandivided into three
functional parts. The JDBC API defines the Java iat&$ and classes that can be
used to connect with databases and send queries. The JD&EManager is a class
to define objects which can connect Java applicationsJOBC driver. The role of
the JDBC DriverManager is to provide a means of manadiedifferent types of
JDBC Drivers. A JDBC Driver is provided by a DBMS vendor gerform the
interface between Java application and the databgseoBking with the JDBC, a
Java programme can manipulate a database, including (Madtredw 2003):

» establish a connection to a database;

» send SQL statements; and

> return the results.

152



Chapter 7: Development of The KBS

JDBC Technology

JDBC API

JDBC
Driver Manager

JDBC Driver

Figure 7.3 Architecture of JDBC

Presently, a large amount of DBMS are available tp tiéferent users share data and
process resources. MySQL is the world’s most popular -eparce SQL database
because of its consistent fast performance, highbilitiaand ease of use (Cheung et
al., 2004). Considering MySQL provides fast data access,-ibuitatabase
management tools and a very flexible storage and retnegahanism (Bell, 2007),
MySQL was selected as the DBMS for the KBS develagmia addition, MySQL is

a relational DBMS applying tables to systematically nga@ndifferent types of data.
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The relational DBMS can efficiently represent datlatienships by common values
in related tables; such a feature enabling the effective dath information
management which is important for the case inquirylifpaf the KBS for H&S
competence assessment. Simultaneously, the interojigralbilrelational database
with SQL standard makes MySQL easily setup connectidh W6P. MySQL is in
widespread use on Web servers running JSP (Mcgrath, 2002). fidial IDBC
driver for MySQL is known as Connector/J, which is aepJava-based driver

supporting efficient performance with the database (Mattét al., 2003).

7.4.1 E-R Diagram of the Database

As the database is the centre of a DBMS, it is ingmirto establish a database
supporting the KBS. A database @ ‘organisd collection of logically related data
(Hoffer et al., 2008). A well designed database structurersprove the efficiency of
data manipulation and ensure the integrity and securitioodd data. The core stage
of database development is to elicit the initial detlata and process requirements
from users (Beynon-Davies, 2004). Such a conceptual modelingessraan be
illustrated by using Entity-Relationship (E-R) Diagram whisha semantic data
modeling tool applied to accomplish the goal of abstract§cmleing or portraying

data (Bagui and Earp, 2003).

An E-R diagram is built up of entities, attributes aathtionships between entities.
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An entity was described by Chen (1976) ashing which can be distinctly identified
Since the name of an entity represents a type o8 ofahing (Bagui and Earp, 2003),
eight entities are identified in terms of their fuootlities in the KBS. In addition,
each entity includes some attributes describing propertieharacteristics for the

entity.

As illustrated in Figure 7.4, the eight entities inclime users of the KBS (client and
expert); four types of duty-holder (designers, CDM co-otdingrincipal contractor,

and contractor); project and question. Between twoiesitione verb word is used to
describe their association. The client and expertiestontain the attributes of their
personal information, part of which including username aisdward are unique and
used to login to the KBS. The attributes included in the fgpes of duty-holders

represent each candidate’s personal information, rthheived project, the provided

evidence, qualitative rating and assessment comment ¢f ea® criteria, the

competence status, and the total score of the qualitev@ation. Each candidate
duty-holder should have a set of assessment recortlsef@roject he/she has bid for.
The assessment records could be used as the evideralengf teasonable steps in
the decision-making. The attributes of the project gntiescribe the general
information of a project and the username of the inwlekent. Since the question
entity should record the question related informatieanatitributes include the unique
client information (username), the project informatjoame, type, and procurement

type), the related duty-holder information (name and typegstion information
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(related core criterion, provided evidence, type, coatant answer from expert). In

addition, each entity contains an ID attribute thatks as a primary key to keep the

data separate. The ID attribute is also used to estaiblesirelationship between

relative tables to ensure the consistency and integfrifgta record.

Designer

Designer_ID (PK)

Project_Name

Designer_Name
Provided_Evidence of Cr1-Cri1
Minimum_Satisfaction of Cr1-Cr11
Quality_Assessment of Cr1-Cri1
Evaluation_Comments of Cr1-Cr11
(Quality Evaluation_Score

[Co-ordinator

[Co-ordinator_ID (PK)
Project_Name
[Co-ordinator_Name
Provided_Evidence of Cr1-Cr11
Minimum_Satisfaction of Cr1-Cri1
[Quality_Assessment of Cr1-Cr11
Evaluation_Comments of Cr1-Cr11
Quality_Evaluation_Score

Principal contractor

Principal_contractor_ID (PK)
Project_Name
Principal_contractor_Name
Provided_Evidence of Cr1-Cr13
Minimum_Satisfaction of Cr1-Cr13
Quality_Assessment of Cr1-Cr13
Evaluation_Comments of Cr1-Cr13
Quality_Evaluation_Score

Contractor

Contractor_ID (PK)
Project_Name

Contractor_Name
Provided_Evidence of Cr1-Cr13
Minimum_Satisfaction of Cr1-Cr13
Quality_Assessment of Cr1-Cr13
Evaluation_Comments of Cr1-Cr13
Quality_Evaluation_Score

1

Involves

Project

Project_ID (PK)
Project_Name
Project_Nature
Procurement_Nature
Project_Notification
Client_Username

1
Contains

Figure 7.4 E-R Diagram of the KBS

7.5 Structure Analysis of the KBS

‘ 8

[Question

Question_ID (PK)
Client_Username
Project_Name
Project_Type
Procurement_Type
Dutyholder_Name
Dutyholder_Type
Criteria_Type
Provided_Evidence
[Question_Type
(Question_Contents

[Answer_Contents

\ Client
L
Client_ID (PK)

Client_Username
Client_Name
Client_Password
Client_E-mail

Expert ID (PK)
Expert Username
Expert Password

In the process of implementing the KBS, the UML (UWsidfiModel Language) was

applied as a tool to assist the KBS development. Thé& i$Mhe software industry
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standard and a modeling language for visually expressing the lanaxfe
software-intensive systems (Conallen, 2003). A graphic inatas applied in the
UML to enable system builders to create blueprints tdagture their visions in a
standard, easy-to-understand way, and provide a mechanidfediively share and
communicate these designs with others (Schmuller, 2002).UML contains 13
types of diagrams to express the different views of sesysnodel. According to the
KBS decision-support model for the H&S competence assads the online KBS is
envisaged to facilitate the client to select appropriateg-kolders through three
decision-support mechanisms. In order words, the thresialegupport mechanisms

are the functional requirements for the KBS.

7.5.1 The Use Case Model of the KBS

In UML, use cases are models for capturing the functiceguirements of a system
(Fowler, 2004). Thus, a use case model was developed toailkidtre functional
structure of the KBS. As shown in Figure 7.3, clients argderts are two actors,
making up the stakeholders in the KBS. The oval notatidghe diagram indicates a
use case (a system requirement from a user’s pointegf) vihat the system can
provide. The relationship between use cases is expresseddmyoav-headed dashed
line. The <<extend>> notation indicates a type of depandeelationship between
two use cases. In the Figure 7.5, the uses case ProsssssAient extends the use

case Process Expert Enquiry and Process Case Enghisy.nleans that clients
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assessing duty-holders’ H&S competence might decide to cextialogue with the
KBS to include the activities described in the Process fEXpequiry and Process

Case Enquiry use cases.

e KBS-CHSCAI N

Browse Personal Details Process Questions Browse Personal Details

S

Clients Browse General
; Information of Projects

Browse Judgment Results Process Assessment Process Expert Enquiril
of Duty-holders in One Project ' i

>

T Z2pudxds

Process Case Enquiry

Figure 7.5 Use Case Diagram for the KBS

7.5.2 Activity Diagrams of the KBS

Although the use case diagram shows major activitighebusiness workflow and
the structural relationships between use cases, it doeshow workflow which
specifies the basic operational flows included in a @s® ¢Conallen, 2003). It is,
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therefore, necessary to develop activity diagrams ¢arlgl identify the concrete

activities and logical workflows for the realisatioh wse cases. Since the Browse

Personal Details use case is straightforward, includctgites of viewing and

modifying clients’ or experts’ username, password and H-awress, the activity

diagram is used to specify the following significant usges:

>

>

>

Browse General Information of Projects (refer to Fegur6);

Browse Judgment Results of Duty-holders in one projefér(to Figure 7.7);
Process Assessment (refer to Figure 7.8);

Process Expert Enquiry (refer to Figure 7.9);

Process Case Enquiry (refer to Figure 7.10); and

Process Questions (refer to Figure 7.11).

As illustrated in Figure 7.6, the Browse General Inforaratf Projects use case is

decomposed into several optional activities enabling tsliemview, modify and input

projects. Furthermore, the KBS can identify the involvedythatiders and provide

relevant explanations according to the project’s notibcatstatus and CDM

Regulations 2007. In addition, the KBS can guide new usdrs the Process

Assessment use case.
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Client

System

[Quit system] .~
:: N

Navigate to ——=| Build project list
project list @

[view notification status

Navigate to the explanation
with explanation]

of projects’ notification
status

Prompt invelved
duty-holders in the project

|

Process
assessment

Select a type of
duty-holder

% Process nent 7

[Input & new praject]
Select new project |———

Build project input
form

v

Submit project
input form
[Edit project informtion] . s
Edit a project

Build project
information form

Submit project

information form

[Delete a project] Delete button
pressed

Perform deletion
on database

Figure 7.6 Activity Diagram of the Browse General Inforimaiof Project Use Case

Figure 7.7 demonstrates the activities and their relatipashcluded in the use case

Browse Judgment Results of Duty-holders in One Projétents can view the

judgment results of all candidate duty-holders in termshe type of duty-holder.

Simultaneously, the KBS enables clients to view andiiydde assessment process,

add and assess a new candidate, delete a candidate,rarmlipthe judgment result

and assessment process.
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Client

System

/ Navigate to \

duty-holder's
\ judgmentlist /

Build judgment list <]

=

[View and modify
assessment process]

Edit the assessment
process of one

Process
| assessment

G.Iild ment

candidate duty-holder

process form

process]

Close print
window

list]

[Print assessment

[Delete a candidate] Delete button
— =
pressed

[Add a candidate] Add button

Print the assessment

process of one
candidate duty-holder

Build nent
process print form

Complete print

[ Perform deletion

\ on database |

Process
-'| assessment

Build assessment

pressed

[Print the judgment

Print button

=\ processform ]

pressed

Build judgment
list print form

Complete print

Figure 7.7 Activity Diagram of the Browse Judgment ResfliSuty-holders in One

Project Use Case

The Assessment Process is the main function of 88, Kenabling clients to apply

three decision-support tools to assess the candidate adldigrls H&S competence.

As shown in Figure 7.8, the client can access to knowledigieest pages (textual
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knowledge base), the case enquiry page and the expertyepage while evaluating
the candidate duty-holder's H&S competence against ‘Gwe Criteria’. The
knowledge-support pages consist of the minimum satisfacstamdards and
measurement indicators of all ‘Core Criteria’. Afgarbmitting the assessment form,
the client can continue assessing another candidatehdlagr or see the judgment

results automatically reporting by the KBS.
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| Client System
Navigate to Build
assessment form assessment form

Fillin
assessment form

[Need explanation
of assessment criteria
and judgment standard

Request
knowledge support
for assessment

Build
knowledge-suppor
t page

Process
case
enquiry
[Need to get reference i
of similar cases] Request case
_— i
enquiry
Process
expert
enquiry

[Need help of experts] Rediet sigisit i
— :
enquiry
Submit Process
e
assessment form assessment

[Add & candidate] Assess another

cadidate /

[Finish assessment] View judgment
results
Browse

Judgment
@ Resuits

Figure 7.8 Activity Diagram of the Process AssessmentQise

The KBS enables the client to search former casesf@r®nce for current assessment.

As illustrated in Figure 7.9, two steps are included in #ee enquiry process. The
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first step enables the client to search projects comfy to the search criteria.

Subsequently, the client can browse the assessmaiils adtsimilar projects.

Client System

Build case

\  enquiry page

Navigate to case
enquiry page

Enter and submit Eluilc! simjlar
search criteria \ project list

[No simmilar project]

[Has similar project]

Request assessment
details of one similar
project

Get assessment
details

[MNew search]

[End search]

Figure 7.9 Activity Diagram of the Case Enquiry Use Case

As shown in Figure 7.10, the Expert Enquiry use case iglsiand straightforward.

The KBS sends the question to the expert interface #iee client submits the

guestion form.
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Client System

i Build case
\  enquiry page )

Navigate to expert
enquiry page

Fill in and submit Send question to

question form expert

Figure 7.10 Activity Diagram of the Expert Enquiry Use Case

Figure 7.11 demonstrates the activities to process questiahs expert interface of
the KBS. The expert can view all questions submitted l@nts in the unsorted
guestion list. After the expert answers a questionK&® can forward the answer to

the client. Simultaneously, the answered question appetrs sorted question list.
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Expert

System

Navigate to

Build unsorted

unsorted
question list

\ question list

Mavigate toa

Build question

question

details

A

Fill in and submit

Send the answer

the answer

[Answer next
question]

\ to the client

i Build sorted

[Qiit system]

question list

Figure 7.11 Activity Diagram of the Process Questions Ckse

The above use case and activity diagrams facilitatéesygical analysis of the

structure of the KBS by identifying the main functional riegments and specifying

the interactions between actors and systems. Thatiast and workflows described

in the activity diagrams provide a blueprint for the furtbystem development.

7.6 Development of KBS

As introduced in 7.2, the key of deploying JSP Web applicai®the selection of the

Java servlet engine (container) that enables the Wersto run JSP programmes in
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response to user requests and return dynamic results teséhs browser. Apache
Tomcat is a popular and effective Java servlet contandrWeb server providing
both Java servlet and JSP technologies (Brittain and Da@®0D3). The development
of a JSP Web application can be realised on a star@a&lomputer with JSE (Java
Platform Standard Edition, which is a widely used platfdomprogramming in the
Java language) or JEE (Java Platform Enterprise Editibnich is a widely used
platform for server programming in the Java language) anccdioserver (Brittain
and Darwin, 2003; Sun Microsystems, 2008a; The Appache Seftik@undation,
2008). However, the standalone development machine was matamently
connected to the Internet, thus a commercial JSPsékler was employed to host the
on-line KBS. The JSP Web server provides a real-timesldpment environment
facilitating efficient prototyping and debugging, and an onlineSRi database
system supporting the database management and databasetioanmeth JSP

application via JDBC.

The KBS for construction H&S competence assessmerd wlabreviated as
‘KBS-CHSCA and developed under a domain name of ‘www.gaosbnkbs.co.uk’.
According to the functionalities illustrated by the waityi diagrams for the KBS, a
breakdown of the KBS architecture is developed and denavedtin Figure 7.12.
The breakdown diagram was modeled using the Web Applicatitension (WAE) to
UML, which can accurately express the entirety of fiystem in a model and

maintain its traceability and integrity (Conallen, 2003).
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Chapter 7: Development of The KBS

In the design of the KBS, most of the logic and fioral operations are developed in
the server pages executed by the server that interdbtsewer-side resources, such
as a database. However, other pages including client padeBBML forms also
contain JSP elements in order to effectively interaith the database and execute
logic operations. Further, in order to improve the ségwfiinformation stored in the
database and simplify code maintenance and developmedéyvaBean class is
developed, which compiles all database connection infawmaincluding the
username and password of a database and syntax into elalks/aA JavaBean is a
Java class that can be developed and assembled easdsedt® sophisticated
applications based on JavaBean specifications (Sun $§stems, 2008b). The Web
pages can utilise the JavaBeans with a useBean ad@arent to execute relevant

data exchange with the database.

The home page of the KBS shown in Figure 7.13, presemnisfarttroduction of the

system. The start button prompts the user to the systgmpage.
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Health and § mpetence Assessment - Windows Internet Explorer

{7 Kn
G@» [ g s orsructionkis coukf o B

BB e G- "

Fraud maonitoring ison

. _
"/IWSLVEFRHAM?TOQ ("ﬁ =

Figure 7.13 A snapshot of home page

In the login page (refer to Figure 7.14), a drop-down difers the user the

alternatives of user type. After inputting user name asdwpard, the user is directed
to the main interface of the system dependent on tketsd user type. For the new
client, the register button directs the user to thestejion page in which the user is
required to input personal information including company narsey;, name, password

and E-mail address.
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Figure 7.14 A snapshot of the login page

The main interface of the KBS is designed as a linkedriwWeb page (refer to Figure
7.15). The control panel on the left-hand side of the YWaie enables the user to
select the management task shown in the main winttowrder to design a user
friendly interface, the borderlines between differeimdows in the interface can be
easily changed by moving the cursor so that the main windowbe extend to the

full screen if the user wants to have a full vieviref management task.

As shown in Figure 7.15, the project management optidheircontrol panel enables
the client to view and manage an existing project. Thergkigormation of the

project including project name, project type, procuremgrg,tand notification status
is listed. The client can edit, delete and add a prdjgctlick the corresponding

buttons.
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Figure 7.15 A snapshot of project management page

In addition, the system can notify the client of wkand of duty-holders should be
appointed in the project in terms of the notificatidatss of the project, after the
client adds a project. For a notifiable project, thientl should appoint a CDM
co-ordinator, designer, principal contractor and contrdotpfan, design, manage and
monitor the construction work. However, for a non-figitie project, the client just
needs to appoint designer and contractor to undertakeotthe Higure 7.16 presents a
snapshot of the explanation of selecting the type of-Holgers for a notifiable

project.
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Figure 7.16 A snapshot of the explanation of selectingybe of duty-holders for a

notifiable project.

7.6.1 Assessment process

The assessment process is the key part of the KB8hirh two decision-support
mechanisms including the minimum satisfaction checking #wel qualitative
evaluation in the KBS decision-support model (refer tapgér 5) are implemented.
In addition, the textual knowledge base, case enquiry aperteenquiry facilitates
can be used in the assessment process to help thentdikaetreasonable decisions. As
presented in Figure 7.17, the KBS applies different HTMknFdnput techniques
enabling the client to complete the minimum satisfacihecking and qualitative
evaluation of each assessment criterion. The evidpnoeided by the candidate

duty-holders for each assessment criterion and comsnierthe assessment process
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can be recorded by the KBS as evidence of reasonableoteriaking.

Figure 7.17 A snapshot of the assessment form

Simultaneously, the hyperlinks shown as ‘book’ imagethénassessment form direct
the client to the pages providing knowledge support with regerdsssessment
criteria including minimum satisfaction standards and itpiade rating standards.

Figure 7.18 presents a snapshot of the knowledge support page.
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Figure 7.18 A snapshot of the knowledge support page

7.6.2 Case Enquiry and Expert Enquiry Facilities

In the assessment form, the client can also usecdake query and client query
hyperlinks to search former similar assessment casgspainforward assessment
questions to experts. As presented in Figure 7.19, the cgsiyefacility of the KBS
selects the project type, procurement type, notificagtatus and assessment criterion
title as the index features to retrieve the relatbrener assessment cases as reference
for the current assessment. In order to improve theiaffty of case retrieval, two
retrieval processes were developed. The first retrjgneadess uses the project-related
indexing features including project type, procurement type arificatibn status to
conduct a fast search in the database. The projectaiiog the same indexing

features are listed with the number of candidate dukyens in the assessment. If the
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client wants to view the assessment process regatiingssessment criterion in one
project, the KBS then uses the selected assessméstiocrititle as the indexing

feature to retrieve the relative assessment evidenderesults of those candidate

duty-holders for that assessment criterion.

Figure 7.19 A snapshot of case enquiry page

Since KBS-CHSCA is envisaged to be managed by some umbrghaisations, it
should enable in-house experts from those organisatigmevae timely knowledge
support to their members. In the assessment form, ti& p¢Bvides the client with a
question form which can be forwarded to the expert interédter completion. Figure

7.20 presents a snapshot of expert enquiry page.
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Figure 7.20 A snapshot of expert enquiry facility

In order to enable the effective and efficient commuidoaand knowledge exchange
between the expert and client, the KBS-CHSCA also gesvithe expert with an
interface to view and answer the questions from thetcliés presented in Figure
7.21, the layout of the expert interface is similar ® ¢hent interface. The answers
provided by the experts are immediately fed back to thataMao can use that as an

important reference in the assessment process.
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L - 7,

Figure 7.21 A snapshot of the expert interface

7.6.3 Assessment Result

The KBS can automatically and promptly provide the cheitih the assessment result
after the client finishes assessing one type of dutgenoln the result list, the system
can tell the client the competence status of eachidatiedby providing the number of
incompetent criteria. In addition, the candidate dutigdas are listed in descending
order of their qualitative assessment scores whichreresums of their qualitative

ratings of assessment criteria. The qualitative asss¥sscore reveals the level of
H&S management and performance for each of the caedidaty-holders and

provides the client with a reasonable step to seleantst suitable duty-holder. The
score will not appear if a candidate is not health afety competent or suspended in
the minimum satisfaction checking. Further, the resigt tan display other
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assessment statuses including whether there is anyioeritthat has not been
evaluated in the minimum satisfaction checking or gualéaassessment, the number
of questions that have been forwarded to the experts amithber of questions that
have been answered. Those assessment statuses prowidprahensive summary of
the assessment process to the client, which can be ssednarete evidence of

reasonable decision-making to satisfy the requireme@Dd Regulations 2007.

In the result list, the client can be directed te ffage containing the answers of
questions forwarded to the experts. In addition, the KB& enable the client to add
and delete candidates, modify the assessment form andhgiassessment form and

result list. Figure 7.22 presents a snapshot of the judigrasult list.

Lol e mteet

Figure 7.22 A snapshot of a judgment result list

KBS-CHSCA can be accessed futp://www.constructionkbs.co.uknternet Explorer
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is recommended as the browser of the website. Usarseggster as a new client or
login the system by using

» ‘david’ as username and

» ‘123456’ as the password

to enter the client interface. Users can also use

> ‘expert’ as username and

» ‘123456’ as the password

to enter the expert interface.

7.7 Summary

The process of developing an online KBS for constructiofSHcompetence
assessment under CDM Regulations 2007 has been presentehilin Tdee KBS
decision-support model for construction H&S competencesassnt has been
realised on the database driven Web system, enablingli¢in to take reasonable
steps in the selection of H&S competent duty-holdersrbehe commencement of a

project.

The KBS, named as KBS-CHSCA, was developed using JawerSeages (JSP)
technologies and a MySQL system. JSP is a populapanerful Web application
technology, providing significant advantages over othehau, including platform

independence, efficient processing, solid performance blelisecurity and highly
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scalable. In addition, the JSP technology is suitdbtethe further commercial
development of the KBS-CHSCA. MySQL is an open so&MS enabling the
stable interaction with JSP through a JDBC-driver naage@onnector/J. In order to
deploy KBS-CHSCA in the Internet environment, a JSPesemith a Web MySQL

system was hired for the system development.

Prior to implementing KBS-CHSCA, Unified Model Language (UMvas applied to
model the functional requirements of the KBS via UsseCModel and specify the
details of interactions between the user and the KBS Agtivity Diagrams. In
addition, an Entity-Relationship (E-R) diagram was degwedb to illustrate the
structure of the database in the KBS. Further, the Myghication Extension (WAE)

to UML was used to demonstrate the breakdown structl 8 8fCHSCA.

In KBS-CHSCA, two link-driven interfaces were developedacilitate the effective

and efficient information communication and knowledge arge between the client
and the expert. The application of HTML and JSP teduie$ enables the client to
easily conduct the assessment process, access casgpandenquiry facilities and
view the judgment results. However, the usability andditgl of KBS-CHSCA

should be evaluated by the relevant practitioners fraamiritlustry. The method of
conducting system evaluation and the evaluation resgiltliacussed in details in the

following Chapter.
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Chapter 8 Evaluation of The KBS

8.1 Introduction

The previous chapter described the process of developingSa f&Bconstruction
H&S competence assessment (KBS-CHSCA). The KBS wsigrkd to enable the
client to take reasonable steps in the decision-makingepsoof duty-holders’ H&S
competence assessment. Based on the proposed decisiort-supgel, the KBS
applied Java Server Pages (JSP) and MySQL to realissatesupport functions in a
Web-based environment. The textual knowledge base, caseyefagility and expert
enquiry facility facilitated the client to select th&&S competent duty-holders in
compliance with the CDM Regulations 2007. In order to eatalihe usefulness of
the KBS, this chapter presents the evaluation stratagyprocess adopted to test the

validity, reliability and usability of the KBS.

Section 8.2 describes the strategy of implementing thieati@n process, discussing
the verification criteria and process of evaluating ititernal properties of the KBS
and illustrating the validation framework of evaluatinige tusability and user
satisfaction of the KBS. Based on the validation ®ework, a questionnaire was

designed to enable the experts/practitioners in the indissevaluate the KBS.

Section 8.3 introduces the process of the evaluation goaaire survey and analyses
the survey results, highlighting the opinions of the awoiesibn professionals and
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including potential further improvements.

8.2 System Evaluation Strategy

After a computer based system is developed, it is neyesseest the effectiveness of
the system. Evaluation is an assessment process aindebg the overall value of a
software system (Borenstein, 1998; Heesom, 2004).The folcevaduation is to
ensure system reliability and user satisfaction. Indbetext of Decision-Support
System and KBS, system evaluation comprises Verifinaand Validation (V&V) to
assess system’s quality (Boeham, 1984; Meseguer and Pt886¢Borenstein, 1998;
Tsai et al., 1999). Verification is classified as a ‘@Hiox’ process that focuses on the
intrinsic properties of the system, testing the conmapless and accuracy of the system
in compliance with the user specifications while vdima is classified as a
‘black-box’ process that focuses on the system perforenam the realistic
environment, testing the adequacy and usability of therayisteompliance with user

satisfaction (Awad, 1996; Ng and Smith, 1998).

System Evaluation
of KBS

Verification: building Validation: building
the system right. the right system.

Figure 8.1 System evaluation of KBS (Adapted from Boehm, 1984)
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Although evaluation is considered as a significant proiced® life cycle of software
system development, the implementation of Al systewaduation is carried out on an
ad hoc and informal basis (O’'Keed¢ al, 1987; Ng and Smith, 1998). Therefore, the
evaluation of KBS-CHSCA including system verificatiomdavalidation focuses on
determining whether the KBS is appropriate for modeling teasonable

decision-making process in construction H&S competersEsament domain.

8.2.1 Verification Process

Due to the intrinsic nature of verification, the vea@tion process focuses on the
syntactic or mechanical aspects of the KBS, catchingeswlving common error in
rule redundancy or syntax. Awad (1996) classified the eatitn criteria into three
groups:

» Verification of structural anomalies: circulate rules andredundancy

1. Circulate rules A circulate rule can result in the contradictiormeaning or logic.
Since all production rules in the KBS-CHSCA were depetbby JSP, any syntax or
logic error can be detected by the JSP Container in thelagement process.
Additionally, the attention had been given in the systdevelopment and internal

testing to make sure the logic consistency among thedipkoduction rules.

2. RedundancyThe redundancy rules refer to the duplication of kndgdein the

rule-based system. Since the knowledge base of KBS-GH8@n't apply

184



Chapter 8: Evaluation of The KBS

production rules, the redundancy checking was not implemhantéhe verification

process.

» Verification of content: completeness, consistency and copgiess

1. Completenesd he verification of completeness focuses on evalgavhether the

developed system can deal with all possible situatiorfsimihe knowledge domain.
In order to ensure the completeness of the decisiomagasupport function in

KBS-CHSCA, the textual knowledge base contained theesas®ent standards,
evidence examples, qualitative measurement indicatarspecifications of relative
regulations, providing a comprehensive knowledge support. Tée aad expert
enquiry facilities also provided suitable and reasonable stgp@r the

decision-making.

2. ConsistencyThe verification of consistency focuses on checkirgetwer the
system can produce unanimous answers to all input data evitomtradiction and
without errors and anomalies. In developing KBS-CHSCA ifiternal test was
carried out by feeding different data into the systernheck the consistency of the
results. The generation of duty-holders’ judgment reswds the focus of the
consistency testing in order to ensure the consistbebyeen the judgment results

and input data in the assessment process.

3. CorrectnessThe verification of correctness focuses on measuhagaccuracy of
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the system performance by comparing the number of @oareswers against known
answers. The correctness testing of KBS-CHSCA wagedaout by comparing the
judgment results produced by the system and the manually campmselts after

different combinations of data were input into the assest process.

» \Verification of knowledge base and system functionality: confience and
reliability.
1. ConfidenceThe verification of confidence focuses on checkirglével of trust of
system integrity and reliability. The robustness of #mwledge base and the
technical reliability of the system are two main cdesations in the confidence
checking (Mounty, 2004). In the development of KBS-CHSCAe textual
knowledge-base was derived from the ACoP of CDM Reguist007, which was
the official guidance from HSE. The technical reliapitif development programmes,
JSP and MySQL had been verified by a number of users thiibeigitures (Mcgrath,

2002; Turner, 2002; Matthews et al., 2002; Sutrisna, 2004).

2. Reliability. The verification of reliability focuses on testihgw well the system
can perform its functions consistently, accurately amegrally. In the development
of KBS-CHSCA, different combinations of data were inpoito the assessment
process to compare the judgment results provided by thersysté by the manual
computation. Thus, the reliability of the KBS-CHSCAsnensured by iterating such a

comparison process.
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8.2.2 Validation Process

Following the verification of the internal propertieSKkBS-CHSCA, validation was
carried out to evaluate the usability and user satisfactidhe KBS. The usability is
derived from the older idea of user friendliness thagpapularly used to describe
whether or not a system is easy for the user to op@fatdkner, 2000). The focus of
user friendliness is on the system interface whilst fdbcus of usability is on the
system performance for the task, i.e. effectivenesd afficiency. The user
satisfaction attempts to test the user’s reactiotherbehaviour of the system against
the user’s specifications. Since the validation is ar-ceetered process, the
measurement is usually qualitative and subjective (Awad, 1968&)view (Poon,
2001; Satrisna, 2004), case study (Sutrisna, 2004) and questiomNwisead Smith,
1998; Heesom, 2004) are popularly applied as the validationite@s. In order to
encourage the participation of domain expert into thedasbn and reduce the
subjectiveness of the assessment, a questionnaire wagseatedor this validation

(refer to Appendix 4).

8.2.2.1 A validation framework

In the context of a KBS project, it is important to g@et guidelines and a strategy
that specifies the validation methods and their catéKeefe and Preece, 1996). In
order to effectively conduct the questionnaire evaluaaovalidation framework was
applied to setup the validation objective, criteria andasueement category,
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facilitating the questionnaire design. The validationmieavork was derived from
goal-question-metric (GQM) paradigm for software syse&raluation (Boloix and

Robillard, 1995).

Objective Criteria Measurement

Effectiveness |——m| 1 2 3 4 5

General layer Efficiency |——p» 1 2 3 4 5

Friendliness —— | 1 2| 3| 4] 5

Understandability |—— 1 2|1 3] 4] 5

Functional layer »| Usefulness |— | 1 | 2| 3| 4

Effectiveness |——p 1 2 3 4 5

Figure 8.2 Validation Framework (Adapted from Boloix and Rafidl 1995)

As illustrated in Figure 8.2, the main objective of validgtihe KBS-CHSCA was to
evaluate the system performance on the general layérfunctional layer. The
validation on the general layer focused on testingetfextiveness and efficiency of
the KBS supporting the decision-making, and the friendlioésbe KBS interface.
On the functional layer, four major functions of KB&ECA, including the
explanation facility of the textual knowledge bas¢hie assessment process, the case

enquiry facility, the expert enquiry facility and tfedgment report facility were
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evaluated against the user’s satisfaction. The undededtdiy of the explanation
facility, the usefulness of case and expert enquiryitia@ind the effectiveness of the

judgment report facility were respectively used as tladuation criteria.

Due to the subjectiveness of the validation process| ikert scale was used as the
measurement indicator for each evaluation criteri aan effectively provide the
ability to demonstrate an average opinion of the evalsgidailey, 1987; Heesom,
2004). Usually, an odd number of response points is used irikieet scaling
(Fellows and Liu, 2003). In order to establish a threshat effectively provides the
subjective assessment, five categories were employee ihikbrt scale to measure
the user’s satisfaction level of each validation dat¢Sutrisna, 2004). In the Likert
scale of 1 to 5, 1 is assigned for very low satisfactibis for low; 3 is for moderate;
4 is for high and 5 is for very high. The threshold waste be 3 (60%). Each
validation criteria should be scored over 3, which melaatsdnly minor modification
might be conducted based on the respondents’ suggestiorswisth (below 3), a
serious modification or re-design of the particuladoiar would be required against

the criteria.

8.2.2.2 Evaluation Questionnaire Design

According to the validation framework, a system evadmatjuestionnaire (refer to

Appendix 4) was designed to validate the usability and usetsfection of
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KBS-CHSCA. A presentation was provided at the beginning efdhestionnaire,
outlining the background of the study, describing the ainh@fquestionnaire survey

and introducing the method of accessing the website ofEBSCA.

Following the introduction, four sections were includedhm questionnaire. The first
section of the questionnaire aimed to obtain the baswnation of the evaluator,
including name of organisation, size of organisation (nurobb@employees), the job
title and the length of time in current work role ar€his information could define
the characteristics of evaluators and analyse the padtéeineficiary of the KBS in
the industry. Additionally, the section also requegterlinformation on whether the
evaluator had known or worked on the H&S competencesasses. In the subjective
validation, the evaluator’s background knowledge with reg@rdise problem domain
significantly influences the validity and reliabilityf dhe validation result. The
response from an evaluator with the domain knowledgeldvo@ more useful than

the response from an evaluator without the domain knowledge

The second section of the evaluation questionnaire sotgghiest the overall
performance of KBS-CHSCA. In order to achieve thedalon objective of the
general layer, the evaluator was requested to measusdféctiveness and efficiency
of the KBS decision-support capability after he/she usedptbtotype version. The
evaluator’s satisfaction of the KBS usability was afeeasured to assist in the

validation of system friendliness. In addition, theommfiation of whether the evaluator
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had used or seen any similar system was requested, alldve@rayaluator to make a
comparison between KBS-CHSCA and the similar sysfelne iused or saw before.
This information was important to evaluate the origigabf KBS-CHSCA and
identify the difference between KBS-CHSCA and othesting systems. Further, the
evaluator’s impression on the commercial prospectsB84KHSCA was requested to
test whether the KBS has the potentiality to becomaraztical-solution for the

industry.

After evaluating the general performance of KBS-CHSGRKe evaluator was
requested to assess four important decision-support functiche KBS in the third
section of the questionnaire. The following informatmes requested to facilitate the
system evaluation:

» the understandability of the explanations provided by the kume base: The
textual knowledge base is the key part of KBS-CHSCA, luding the
explanations of the minimum satisfaction standardsgumlitative measurement
indicators, and examples or evidence for the user’s sres@s. Since the user’s
comprehensibility of those explanations significantlyluahced the result of
decision-making, it was important to request the usewatuate the extent of
understanding of the explanations contained in the tekihoaviedge base.

» the usefulness of case and expert enquiry facilities: CHse and expert enquiry
facilities are two important decision-support tools of KBHSCA. The

information of the user’s impression of the usefulrashe two decision-support
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tools played an important role in the system validation

» the effectiveness of the final judgment report: Thelfijpdgment report is a
summary of the assessment process containing all deecisa&ing statuses and
records. Since the final judgment report was an importamction of
KBS-CHSCA, providing the evidence of reasonable decisiokinga it was

thereby, necessary to request the user to evaluatéeitsiefness.

The final part of the questionnaire aimed to collect infion on the user’s
additional thoughts, opinions, suggestion, criticism and maeendations to help

future improvements of KBS-CHSCA.

In order to encourage the user to express any commer @vatuation process, most

guestions in the questionnaire had open-ended options.

8.3 Analysis of Evaluation Result

The nature of KBS-CHSCA places the client at theereof decision-making in H&S
competence assessment. According to the CDM Regulations th@0dlient includes
local authorities, school governors, insurance companigéspesject originators on
Private Finance Initiative (PFI) projects (HSC, 2007)ptactice, those organisations
usually employ H&S consultants to deal with the H&Suss. Therefore, a purposive

sampling method, in which the pre-defined groups were sdlestéhe survey target
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because of the unique positions of the sample elemeassemployed in the system
evaluation survey (Schutt, 2006; Silverman, 2004). The manplsatargets of the
evaluation questionnaire survey included the H&S conssltamd others with
knowledge and experience in H&S management. The questienmas conducted

through a commercial on-line questionnaire platfonm\.free-online-surveys.co.yk

and sent to 106 members of Association of Project Sa&88tynembers of Safety
Groups UK, 15 members of Major Contractor Group and 8 katnority’s property
service departments in West Midlands. In addition, aruatian invitation with the
guestionnaire link was announced in a Yahoo group of construotieearchers
(Co-operative Network of Construction Researcher) tdecblfeedbacks from

academic practitioners who were working in the relevasgarch field.

Within one month survey period, 20 effective responseg wegeived by the on-line
system. Appendix 5 presents the evaluation results ofgtlestionnaire survey.

Followings are the summary of the system evaluatiautres

8.3.1 Background of Respondents

As illustrated by Figure 8.3, the majority of respondengsveorking in the industry
and have H&S knowledge and 9 respondents are experts itrumbion H&S

management in term of their job titles.
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Occupation of respondents B H&S co-ordinator

B H&S consultant

0O H&S assessor

2,10% 2,10% )
O Quantity Surveyor

4, 20% o .
° B Client in-house architec

O H&S manager

1, 5% B Civil engineer
2,10%

2, 10%

2, 10% O Research assistant

B Project manager

Figure 8.3 The occupations of respondents

Seen from Figure 8.4, 70% of respondents have been workihg industry over 5
years. In addition, 18 (90%) respondents have known or workétB& competence

assessment.

Respondent's working length

O1~5

4,20% 6. 30% Years

B 6~10
Years

O over 10
10, 50% Years

Figure 8.4 The respondent’s working length

Regarding the background of respondents, most of respondemtexperienced
practitioners/experts in construction H&S management bave the background
knowledge of H&S competence assessment. Thereforeespendents can be seen

as the domain experts whose knowledge and intuitionflaetiee for the comparison
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of the system’s performance against that of human esxper

8.3.2 General Validation

As mentioned in 8.2.2.2, the general validation focusedvatuating the efficiency
and effectiveness of the decision-making process dfBf and its usability. Results
on the first general validation question revealed timy bad 3 (15%) respondents
used or seen any other system for construction H&S cempetassessment. 2
respondents left comments on the difference of gystem with KBS-CHSCA. The
support for self-assessment and reduction of paper work ezgrsidered as the main

difference between KBS-CHSCA and other H&S competassessment system.

Table 8.1 summarises the evaluators’ satisfaction thhthree general validation
criteria. As shown in Table 8.1, 19 out of 20 respondexpsessed above moderate
satisfaction with the effectiveness of KBS-CHSCAm@ng them, 11 respondents
thought the effectiveness of KBS-CHSCA was high. Fbe tefficiency of

KBS-CHSCA, the respondents’ satisfaction was betwewmmderate and high. 10
respondents were highly satisfied with the efficiencytled KBS decision-making

process. Compared to the KBS effectiveness and effigi¢ime satisfactory rate of the
KBS usability was a little bit of lower. 11 respondewsre moderately satisfied by
the usability and interaction unit of KBS-CHSCA; and &pendents expressed

highly satisfaction with it.
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Table 8.1 The general validation result of KBS-CHSCA

Rate 2 3 4 5
Validation Item
The effectiveness of KBS-CHSCA |n
supporting the decision-making for H&S - 1 8 10 1
competence assessment
Average score 3.55
The efficiency (time and efforts spending
on decision-making) of using i 10 9 1
KBS-CHSCA compared with the current
method
Average score 3.55
the wusability and interaction unit of
KBS-CHSCA ] oo .
Average score 3.4

Note: Score 1: very low; Score 2: low; Score 3: moder@t®re 4: high; Score 5:
very high.

As the average scores for the three general functbR8S-CHSCA were above 3,
the performance of the KBS decision-making process asdusability were
considerably satisfied by the evaluators. Over 50% of etmakivere highly satisfied
by the decision-making process and 40% of them expresseddtigfaction with the
system usability. The validation results of the KBSegahfunction were encouraging
as they demonstrated that the current prototype of KBS-CH&DAeffectively and
efficiently support the experienced practitioners to ndéesions of selecting H&S
competent duty-holders; and the interface of KBS-CHS@A eomparatively easy to
learn and use. In addition, 80% of evaluators considere8-&BSCA to be a

potential practical-solution for the industry.

196



Chapter 8: Evaluation of The KBS

8.3.3 Functional Validation

The third part of the questionnaire survey focused on imaisig the evaluator’s
satisfaction with the KBS explanation facility, easnquiry facility, expert enquiry
facility and the final judgment report. As shown in TaBl2, 8 respondents expressed
moderate satisfaction with the explanation facibtfy KBS-CHSCA while 11 were
highly satisfied by it. Two evaluators suggested increasiagedamples or cases in
the explanation facility to improve the understandgbdif the minimum satisfaction
standards and the measurement indicators. Regardingasieeirmquiry facility, 14
respondents were moderately satisfied with its usefsiindsgle 6 considered it to be
highly useful. The result on the usefulness of the expeuiry facility presented that
10 respondents were moderately satisfied by the expelityfeemnd 9 respondents
expressed high satisfaction with it. One respondent opinadthe expert facility
would be useless without the real support from some wiofes organisations. For
the judgment list facilty of KBS-CHSCA, 8 responderggpressed moderate
satisfaction with it while 12 respondents considered & hgyhly useful facility. One
respondent regarded it as a good summary of decision-mag&sgt.r Another

respondent praised the usefulness of it for audit and recopihgee
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Table 8.2 The functional validation result of KBS-CHSCA

Rate
2 3 4 5
Validation Item
The understandability of the explanatipn
facility (textual rules) for the minimum 1 8 9 2
satisfaction standards and measurement
indicator system
Average score 3.6
The usefulness of the case inquiry facility
. : - 14 5 1
for decision-making
Average score 3.35
The usefulness of the expert inquiry
i o . 1 10 7 2
facility for decision-making
Average score 3.5
The effectiveness of the duty-holder
judgment list as evidence of reasonable - - 8 11 1
decision-making
Average score 3.65

Note: Score 1: very low; Score 2: low; Score 3:

very high.

moder@tere 4. high; Score 5:

Table 8.2 revealed that the four facilities scored higihan B, and thus demonstrated

their effectiveness in KBS-CHSCA. The lowest soves for the case inquiry facility

because of the lack of practical cases for the deemmking. Similarly, the lack of

real support from professional organisations impaired teetafeness of the expert

inquiry facility. The explanation facility could be meeffective with the increasing of

cases and examples in the textual knowledge baseud@ment result list was borne

out to be a useful facility to summarise the decisi@iing process and keep relative

records.
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Following the functional validation, some respondentstlefir general opinions on
KBS-CHSCA. Four respondents thought the KBS was a udefl for H&S

competence assessment and would have commercial prospewsrespondent
considered that KBS-CHSCA bridged the gap between the Gidldumental
requirements on H&S competence assessment and thecgrdotplementation.
However, one respondent suggested further improvementears#bility of the KBS,

such as the adjustment of control button position.

8.5 Summary

Verification and Validation (V&V) are two associategthniques used to evaluate the
KBS. In order to evaluate the performance of KBS-CHS@Arification and
validation were respectively applied to testify thereoimess of the KBS and assess
its effectiveness, efficiency and usability. The vertima was conducted through
internal examination of the KBS structural anomalmstent, knowledge base and
system functionality. The validation process of KBBSIA was conducted using a
guestionnaire survey to encourage more practitioners teipate and reduce the
subjectiveness of the validation result. Based on a-go=dtion-metric (GQM)
paradigm, a validation framework was developed includingwuaholation layers and
six criteria. According to the validation framewoik,validation questionnaire was

designed and sent to pre-defined practitioner’s groups.
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The results of validation questionnaire survey demonsittate KBS-CHSCA was an
appropriate system to support decision-making for constru¢ti@S competence
assessment. The majority of respondents expressed nedefagh satisfaction with
the general performance and four decision-support fasilitidhe KBS. Some advice
was also put forward for the improvement of the KBSbilita and the increase of
cases and examples in the text knowledge base. In axdgmme respondents
suggested that expert inquiry facility would be uselesbawit the participation of

professional groups.

In general, the respondents’ acceptance confirmed th&-BBSCA is a useful

decision-support system to improve the performance ettedy H&S competent

duty-holders under CDM Regulations 2007.
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Chapter 9 Conclusions and Recommendations

9.1 Introduction

The improvement of construction H&S is a systematiogpess involving the
different duty-holders and multiple disciplines. The n€wuction (Design and
Management) (CDM) Regulations specified procedures to imptev@lanning and
management of construction H&S by assigning duties asdorsibilities to all
duty-holders in the management of risk. According to thiM@gulations 2007, the
H&S competence assessment is an important pro-ac@ ¢ty for the client to
ensure that all duty-holders have adequate knowledge andexqeerith regards to
H&S management and performance before they are appantedgaged into the
project. In order to help the client fulfill the duty obmpetence assessment, this
research was conducted, principally to develop a KnowledgeeB&ystem (KBS)

assisting the client to take reasonable steps to assgdsodlgrs’ H&S competence.

The first chapter established the research aims and wbgcproviding a guidance
and structure of the research process. Following a tlilerareview of H&S
performance and the legal system of construction H&SUK the details of
construction H&S competence assessment including the bascepts, legislation
development and the ‘Core Criteria’ for H&S competeassessment was introduced.

Furthermore, case studies of existing formal schemes f&6 Hompetence
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assessment were undertaken to identify the knowledge egpaéise characteristics
and reveal practical drawbacks in the decision-making psoakesl&S competence
assessment. Additionally, a feasibility study was dumbed to demonstrate the
structural and functional appropriateness to apply KBS H&S competence
assessment by reviewing A.l. technologies, the workinocples of KBS and three
examples of using KBS for construction H&S managen@ased on the findings of
the literature review and the case studies, a KBS deewipport model was
developed to highlight the suitable A.l. and IL.T. techg@s for reasonable
decision-making of H&S competence assessment, whilstpatsoding requirements
of developing an online KBS. According to the decision-suppwtel, a textual
knowledge base including the minimum satisfaction standam$ qualitative
measurement indicators was developed to construct theddeywf the KBS. Using
the textual knowledge base, a KBS was developed to eethles decision-support
mechanisms required in the decision-support model. The W8S then evaluated

through verification and validation processes.

In order to summarise the research findings, this chajgeusses the achievement of
research objectives in details. Following the outliferesearch contribution, the
limitations of the research are discussed, leadintheéorecommendations for future

research in the area of construction H&S competersssasient.
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9.2 Review of Research Aim and Obijectives

The main aim of this research is to develop a KBS tditite clients to take
reasonable steps in assessing duty-holders’ H&S competssessment under the
CDM Regulations 2007. In achieving the research aim, thengds®bjectives have
been accomplished through different phases of the réselarcorder to provide a
comprehensive conclusion to this research, it is impbrta briefly describe the

process of achieving the research objectives

9.2.1 Review of the Research Scope in Construction H&S

Management

The first research objective focused on extensivelyevewg the literature in the
scope of UK’s construction H&S performance, the framgwof H&S legal system
and H&S culture model in order to develop generic knowledgmos$truction H&S
management, highlighting the importance of ensuring aipesti&S culture for the
good H&S performance. In order to accomplish this reseabjective, the following
literature was reviewed:

» Construction H&S performance in UK: This part of thevieev provided an
outline of the current situation of H&S performancethe UK's construction
industry. The review of statistics in occupational injund all-health revealed
that the UK construction H&S performance had improvetegent decades but

still had considerable drawbacks which needed to be overbgrthe industry.
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» H&S legislation: This part of the review provided a genamabduction of the
legislation affecting the H&S performance in UK. TH&S legal system was
described to demonstrate the structure, hierarchy and fosctid H&S
legislation influencing the construction industry.

» H&S culture: This part of the review provided an outline lué toncepts and
theory of H&S culture, introducing the model of measursadety culture and
exploring the importance and means of developing a posit&® culture. The
review of H&S culture indicated that the competenceessment required by
CDM Regulations 2007 could play an important role of enguaipositive H&S

culture and improving the H&S performance in the constraghdustry.

9.2.2 Analysis of the Knowledge Representative Nature Embeatdj in

the Decision-making Process of H&S Competence Assessine

Following the first objective, this research objectivacused on reviewing the
literature related to the H&S competence assessmenti@r to reveal the knowledge
representative nature in its decision-making process. cbimeept of construction
H&S competence and relative legislations were extensiesiewed to highlight the
importance of implementing H&S competence assessniemther, the ‘Core
Criteria’ for H&S competence assessment designated hey ACoP of CDM
Regulations 2007 were introduced and analysed to reveathaCore Criteria’

could effectively measure duty-holders’ H&S culture, managensystem of H&S
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and former H&S performance to ensure the selectiocoaipetent duty-holders for
the current project. In addition, the latent shorteaysiof implementing the ‘Core

Criteria’ were identified for further discussion.

Apart from the literature review, a case study was coeduct investigate the current
practice of H&S competence assessment. 19 existing foHB®&8 competence
assessment schemes were reviewed and categorised iatagromps, i.e. the
self-assessment guidance and the expert-assessment pregrdimen case study
identified the drawbacks of current practice in H&S competeassessment and the
knowledge representative characteristics embedded in tr&attemaking process of

H&S competence assessment.

9.2.2 Exploration of the Application of KBS for Decision-makng

Support for Construction H&S Competence Assessment

This research objective aimed to explore the feasibdit developing a KBS to
support decision-making for construction H&S competencesassent. An extensive
review was carried out to discuss the relationship betwbe decision-making
process and KBS and describe the working theory of KBSsegsuiently, A.l
technologies for different reasoning processes apphigtia KBS were outlined by
highlighting both advantages and disadvantages. The cuapgfitation of KBS in

construction was also reviewed to identify the barriersl®feloping the KBS for
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construction activities.

Following the introduction and discussion of A.l. teclogis and KBS, three
examples of applying KBS in construction H&S managemeete reviewed to
investigate the structural and functional appropriatene868ffor H&S competence
assessment. As a result of the investigation, the W8$Sconsidered a suitable tool to
facilitate the qualitative and subjective decision-malgngcess of H&S competence
assessment. Furthermore, the constraint of bias awdhsistency in the subjective
assessment and limitation of structured rules shouldov®scome in the KBS

development.

9.2.4 Development of A Decision-Support Model for H&S
Competence Assessment by Applying Appropriate I.T. and A

Technologies

This research objective was to use appropriate I.T. ahde&hnologies to develop a
decision-support model for H&S competence assessmentording to the
characteristics of regulation-compliance checking problean decision-making
framework was developed to illustrate a distributed proadssmformation and
knowledge exchange among regulations, clients and candidagehalders. The
decision-making framework specified the requirements fa decision-support

model.
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Further, a KBS decision-support model was developed to hepclient take
reasonable steps in H&S competence assessment. Agcaminhe knowledge
representative characteristics in the decision-magingess and the decision-making
framework, three decision-support mechanisms were proposealving the
rule-based inference process, case-based inference pamck¥g¥eb technologies to
develop the decision-support model based on the ‘Coreri@rivé H&S competence

assessment under CDM Regulations 2007.

9.2.5 Design and Development of a Textual Knowledge Base to
Appropriately Represent Knowledge in The Decision-makindrocess

of H&S Competence Assessment

This research objective focused on developing a textual lkdge base for the

subjective and qualitative decision-making process in H&Spebemce assessment.
According to the decision-support model, the key parthef KBS for construction

H&S competence assessment was to develop a practicélamsm to support the
client in evaluating the candidate duty-holders’ H&S cetapce in terms of the
‘Core Criteria’. Since it is unreasonable and impradtio develop production rules
for regulation-compliance checking, a textual knowledge lbaduding the minimum

satisfaction standards and qualitative measurement indscaterived from the

Appendix 4 and 5 of the ACoP for CDM Regulations 2007 wasloped to fulfill

the requirement of reasonable decision-making against@iv Regulations 2007.
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The textual knowledge base explained the ‘Core Critémiadetail, specifying the
judgment standards, and suggested judgment examples and evidemueitle a
guidance for the subjective and qualitative decision-makmdi&S competence

assessment.

9.2.6 Prototyping of Online KBS to Support Decision-makingor H&S

Competence Assessment under CDM Regulations 2007

This research objective aimed to incorporate the tekiu@alvledge base and the three
decision-support mechanisms in an online KBS to facilitide client to make

reasonable decisions in the selection of H&S compeheaty-holders.

Following the introduction of a database driven Web systed analysis of existing
Web technologies, Java Sever Pages (JSP) technology8QL were selected as
the appropriate technologies for the Web applicatairibe KBS. The Unified Model
Language (UML) and Entity-Relationship (ER) diagram wered use analyse the
functional requirements of the KBS, describe the adgons between the KBS and

the end-users, and illustrate the structure of the detaba

Based on the use case model and the activity diagramsynbme KBS for
construction H&S competence assessment (KBS-CHSCA) developed on the

website www.constructionkbs.co.ubky renting a commercial JSP server. The KBS
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applied two user interfaces enabling the information andwladge exchange
between clients and in-house experts from an umbredianssation. The client can
assess different duty-holders’ H&S competence by usiagdxtual knowledge base,
case enquiry facility and expert enquiry facility. Thedgment result can be
automatically generated by the KBS to provide an evidentereasonable
decision-making. In addition, the decision-making process be stored in the

database as reference for future projects.

9.2.7 Evaluation of the KBS for Construction Health and Safet

Competence Assessment

The last research objective was to evaluate the dwerak of the developed KBS by
verifying the completeness and accuracy of the systainvafidating the users’

satisfaction and usability of the system.

The verification was implemented using six internal exysiexamination criteria in
the process of coding and debugging the KBS. Following thgcation, a validation

framework was designed to guide the evaluation of usabilityuser satisfaction of
the KBS. Two evaluation layers containing six testinjeda were established to

enable the experts/practitioners to assess the KBS ai&ircategory Likert scale.
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Based on the validation framework, an evaluation questiomnwas developed
consisting of four sections to collect the evaluatiotad&garding the evaluator’s
basic information, the general performance of the KB®d the functional
performance of the KBS. The evaluation questionnaire weageloped by a

commercial on-line questionnaire systenwwiv.free-online-surveys.co.yk and

disseminated to experts/practitioners in the industry.

9.3 Innovation in Research

Throughout the completion of the research objectif@$; main innovations have
been made in research and should be highlighted as eaiatnilbo current knowledge
in the field of construction H&S management and Ippl&ation.

» An empirical research of the existing formal scherfeas H&S competence
assessment: The development of a KBS requires the @gieorepresentation of
the domain knowledge. The investigation of the decisiokimygprocess applied
by the existing formal schemes for H&S competence asss&E® provided an
empirical means of analysing the knowledge representaheeacteristics for
H&S competence assessment. As a result of the tiade af 19 existing formal
schemes for H&S competence assessment, knowledge reaptesen
characteristics were identified (refer to ChapteA8ditionally, the drawbacks of
implementing H&S competence assessment were recognsethea main

problems that should be resolved in the developmenedf{BS&.
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» Development of a decision-making framework and decisigogport model for
H&S competence assessment: According to the case studings, a
decision-making framework demonstrated the knowledge andrnatan flow in
the decision-making process of H&S competence assesshmghlighting the
essence of making reasonable H&S competence assesanuat the CDM
Regulations 2007. Based on the decision-making framework, isiadesupport
model was developed to help the effective and efficienisteemaking using
appropriate artificial intelligence (A.l.) and informati technology (I.T.)

solutions (refer to Chapter 5).

» Interpretation of ‘Core Criteria’ under CDM Regulatso2007: The duty-holders’
H&S competence assessment is a new responsibilittheoclient imposed by
CDM Regulations 2007. Although the ACoP of the CDM Regulati@d07
introduces the ‘Core Critiera’, the latent shortcominfishe ‘Core Criteria’ and
the drawbacks of implementing the H&S competence assgss(refer to
Chapter 3) significantly influence the effectiveness arattmrality of applying
the ‘Core Critiera’. In order to assist the clientetasily use the ‘Core Criteria’ in
practice, this research generated a textual knowledge tefse o Chapter 6)
interpreting the ‘Core Criteria’ with the minimum séaction standards and the
gualitative measurement indicators. The textual knowledge twvas contained in
the KBS to ensure the client to take reasonable stefi®iselection of H&S

competent duty-holders under CDM Regulations 2007.
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» A comprehensive research of applying KBS for constructi&®s Hompetence

assessment: Looking back at the nature of this particetswarch, the research
focused on applying I.T. to deal with a problem in relatmmrdnstruction H&S
management. The application of KBS for construction H&S&mpetence
assessment provides a solution for the subjective and ajivalitassessment of
regulations-compliance checking problem. In addition, eé®arch enriched the

example of automating the decision-making process indhstruction field.

9.4 Recommendations for Future Research

This research has provided a prototype online KBS to improvedtsion-making

process of construction H&S competence assessment GiiMrRegulations 2007.

However, in the process of conducting the researcheraevssues have been

identified, which could potentially enhance the reliahilitintelligence and

applicability of the KBS in practice.

>

Issue of subjectivity: The CDM Regulations 2007 have onlytmeceffective for
about two years. It is, therefore relatively diffictd collect the data regarding the
practice of H&S competence assessment from the indudte development of
the textual knowledge base including the minimum standandsgaalitative
measurement indicators was based on interpretatitimedfCore Criteria’ in the
ACoP of the CDM Regulations 2007. Although the evaluationstiu@naire

contained the assessment of the textual knowledge iasenot enough to
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conduct an objective evaluation of the effectivenesshefdeveloped textual
knowledge base mainly due to the time and resource cmtstra

» Issue of intelligence: KBS-CHSCA is an online KBS suppgrtithe
decision-making process of H&S competence assessmenivevdn the
decision-making process is still semi-automatic, requiring ihvolvement of
human beings. This issue results from the lack of sBesiregarding the practice
of H&S competence assessment as the CDM Regulations 2@Dtha H&S
competence assessment are still new to the industaddmion, it is difficult to
access the domain experts from the industry due to ther@s®urce and security
reasons.

» Issue of applicability: Since KBS-CHSCA requires the klsolge support of
human experts from some umbrella organisations, the KB®fitable to be run

by an umbrella organisation and used by the members ofgheaisation.

Based on the identified issues of the research, thebposseas for future research

can focus on:

» Improving the knowledge acquisition technique: Further investigatan be
conducted to acquire the useful heuristics or rule of thuarh &xperts doing the
H&S competence assessment in the industry. The focugp giscussion or
interview with relevant experts from some umbrellgamisations, such as HSE,
ICE, APS, can facilitate to acquire practical knowledgel alecrease the

subjectivity of the textual knowledge base.
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Enriching the textual knowledge base: With the use of CDuR&ions in the
industry, further exploration can be conducted to collesstful best practice
regarding the implementation of ‘Core Criteria’ fo&8 competence assessment.
The best practice can enrich the textual knowledge lask improve the
effectiveness of subjective and qualitative assessmeoess.

Promoting the intelligence of the KBS: Further improeamcan be undertaken
to promote the intelligence of decision-making proces$hénKBS. The further
acquisition of the heuristics regarding the assessmenegs can help to identify
some usually applied rules of thumb which can furtherdbeeloped into
reasoning production rules to promote the intelligencehefdecision-making
process in KBS-CHSCA.

Developing a candidate duty-holder’s interface: The oarri€BS-CHSCA
requires clients to collect data from candidate-duty-hejdecreasing the work
load of clients in the decision-making process. It woulektheient to develop a
duty-holder’s interface to support H&S competence datdleatmn and
self-assessment. As duty-holders are familiar withir théS process, the
interface can enhance the efficiency of data cottecand help duty-holder’s
continuous improvement of H&S management under CDM Regn&f007.
Applying semantic Web technology: The semantic Web t@olgy can be used
to improve the ability of the KBS in searching the mastilar cases and expert
comments for the current project.

Enhancing the usability of the KBS: The further modiimat can be
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implemented to improve the usability of KBS-CHSCA by edling and
analysing feedback from more industry practitioners. Furthvestigation can
also focus on developing the training function of the KBSirhprove the
awareness of industry practitioners and graduates inaeltiH&S competence.
» Connecting with other duty-holders’ selection criterRpart from the H&S
competence, the selection of duty-holders should take otheiderations into
account, such as the cost, quality and time. Furtherroksean investigate the
feasibility of integrating KBS-CHSCA with other sefien criteria to develop a

collective decision-support system for duty-holder sedecti

9.5 Summary

This chapter has made a general conclusion of the reségrateviewing the
achievements of the research objectives. The discuasisithen extended to describe
the innovation of the research, acknowledge the limitat of the research and

present recommendations for future research.

In a nutshell, this research has developed a KBS to helglient take reasonable
steps to assess duty-holders’ H&S competence assessnaent@iDM Regulations
2007. The textual knowledge base contained in the KBS efdgtiranslates the
‘Core Criteria’ into a practical means of supporting thasonable decision-making

process. Furthermore, the case and expert enquiry iEciipplied by the KBS
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effectively enhance the decision-making process and impifeezanformation and

knowledge acquisition and exchange.

Although the KBS still requires the human involvemamtthe decision-making
process, it enhances the quality and efficiency of aeesupport for
regulation-compliance checking problem. In addition, us¢hefKBS is an active
learning of H&S knowledge, which can effectively improve H&®nagement in
duty-holder’s organisation and encourage a positive H&Bum@lin construction
industry. With the further improvement, the KBS would baeomore intelligent and

practical in the decision-making for construction H&$np@tence assessment.
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Appendix 1: An Outline of Health and Safety Regulatios

Influencing Construction Activities

Ferrett, 2005)

(Adapted from Hughes and

No. | Regulations

Relevant Activities

1. | The Work at Height Regulations 2005

» roof working, scaffold and ladde

using, etc.

=

2. | Confined Spaces Regulations 1997

working in any chamber, tank, vat,

silo, pit, trench, pipe, sewer, flu

well or similar enclosed space

3. | Provision and Use of Work Equipme

Regulations (PUWER) 1998

rdny work involving work equipmen
(machinery, appliance, apparatus, t

or installation)

—

ole]

4. | The Manual Handling Operation
(HMO) Regulations 1992

sany transporting or  supporting

(Iiting, putting down, pushing

pulling, carrying or moving) of loads

5. | Liftng Operations and  Lifting
Equipment Regulations (LOLER) 199

jany work involving equipment fo

difting or lowering loads, the lifting

=

working equipments include cranes,

folk lift trucks, lifts, hoists, mobile
elevating work platforms, vehicl
inspection platform hoists and liftin
accessories such as chains, slin

eyebolts etc.

6. | Electricity at Work Regulations 1989

any work involving electrical syster
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or equipment
7. | Fire Precautions (Special Premisesyetting up temporary accommodation
Regulations 1976 units such as offices, workshops |or
storage facilities
8. | Fire Precautions (Workplace)Dealing with general fire precautions
Regulations 1997 including: means of detection and
giving warning in case of fire, the
provision of means of escape, means
of fighting fire, and the training qf
staff in fire safety.
9. | Control of Substances Hazardous |tany work involving hazardous
Health Regulations (COSHH) 2002 | substances (solvents, paints,
adhesives, cleaners and dust) |in
workplaces of all types
10. | Dangerous Substances and Explosidealing with hazardous substances
Atmospheres Regulations (DSEARKke petrol, LPG, paints, cleaners,
2002 solvents, flammable gases and
explosive mixture in air (dusts)
11. | Chemical (Hazard Information andReceiving chemicals from suppliers
Packaging for Supply) Regulations
2002
12. | Control of Asbestos at Workany work could be exposure o
Regulations 2002 asbestos
13. | Asbestos (Licensing) Regulations 199&pplying for license of working with
asbestos insulation, asbestos coating
or asbestos insulation board
14. | lonising Radiation Regulations 1999 | any activities involving use df
ionising radiation equipment (e.g.
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X-ray weld crack detector)

15. | Personal Protective Equipment at Warany work requiring the use of PPE
Regulations 1992

16. | Construction (Head Protection)building operations and works of
Regulations 1989 engineering construction

17. | The Control of Noise at Waorkany work affected by noise
Regulations 2005

18. | The Reporting of injuries, Diseases aneporting process when specific
Dangerous Occurrences Regulatigreccidents occurring on constructipon
1995 sites

19. | Health and Safety (Safety Signs amdrrectly using safety signs and
Signals) Regulations 1996 signals at any work place

20. | Health and Safety (Display Screense of display screen equipment
Equipment) Regulations 1992

21. | Health and Safety (First Aid)providing first aid facilities

Regulations 1981
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Appendices

Appendix 3 Textual Knowledge Base (Copy from corresponding viee

pages on http://www.constructionkbs.co.uk)

Criterion 1: Health and Safety policy and organisaion for health

and safety

« HSE free leaflet INDG259 providing guidance on writing companycies

for health and safety

Adobe®
!;?I %! Reade

« Minimum satisfaction standard for organisation more thanpersons

« Minimum satisfaction standard for organisation less fhanpersons

+ The qualitative measurement indicator for orgainsatiorertitan five persons

+ The qualitative measuremnet indicator for orgainsationtless five persons

Minimum satisfaction standard for organisation more than five

persons

The organisation has to display a copy of written H&8cy dated and signed by the
most senior person in the organisation. The H&S polioyukl include a policy
statement (specifying H&S aims and objectives) and ordamsaf H&S (the duties

and responsibilities of employees in different level).
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Minimum satisfaction standard for organisation less than five

persons

The organisation can demonstrate the H&S policy andivelarganisation. (The

demonstration could be carried out through interview orratbeymunication forms.)

The qualitative measurement indicator for orgainsation moe than

five persons

Acceptable The health and safety policy contains statementsthef

organisation’s commitment to H&S and is reviewed regularly.

Good: The health and safety policy contains the organisatistatement to
H&S, specifies the H&S principles in which the organisatimelieves and
identifies the general responsibilities of employees.

Excellent The health and safety policy contains the organisatistatement
and principles to H&S, and clearly sets out the respditis for health and
safety management at all levels within the organisatioelation to the nature

and scale of the work.

The qualitative measurement indicator for orgainsation les than five

persons

Acceptable The demonstration of health and safety policy cardagxghe
organisation’s commitment to H&S.

Good: The demonstration of health and safety policy canlagxpthe
organisation’s commitment to H&S, H&S principles in whitie organisation
believes and general H&S responsibilities of employees.
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+ Excellent The demonstration of health and safety policy caplagx the
organisation’s commitment to H&S and clearly identifieke t H&S
responsibilities of all employees in relation to theture and scale of the

project.

Criterion 2: Arrangements

« HSE free leaflet INDG259 providing quidance on making arrameagsnfor

the management of health and safety

Adobe®
!;?I %! Reade

« Minimum satisfaction standard for organisation more thanpersons

« Minimum satisfaction standard for organisation less fhanpersons

+ The qualitative measurement indicator for orgainsatiorertitan five persons

« The qualitative measurement indicator for orgainsatiohtlesn five persons

Minimum satisfaction standard for organisation more than five

persons

A written document should be provided by the organisatioillustrate details of
means used to arrange H&S management, rules of disapatgiduties under CDM

2007 and the way of communicating these arrangements Wwothkérce.
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Minimum satisfaction standard for organisation less than five

persons

The organisation can demonstrate arrangements to résllsealth and safety policy,
discharge their duties under CDM 2007. (The demonstratiakl dee carried out by

oral presentation.)

The qualitative measurement indicator for orgainsation moe than

five persons

« Acceptable The general arrangements which the organisation has foade
putting its H&S policy into effect, discharging its dutiesder CDM 2007 and
communicating to the workforce are in place.

« Good: The arrangements which the organisation has made fangugt H&S
policy into effect, discharging its duties under CDM 2007 andraunicating
to the workforce are clearly specified.

+ Excellent The arrangements which the organisation has made fongiis
H&S policy into effect, discharging its duties under CDR0O07 and
communicating to the workforce are clearly specified. ides the general
arrangements, there are specific H&S rules, proceduneghe provision of

facilities to fit the nature and scale of current prbjec
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The qualitative measurement indicator for orgainsation les than five

persons

« Acceptable The general arrangements which the organisation has fmade
putting its policy into effect, discharging its duties endCDM 2007 and
communicating to the workforce can be demonstrated.

+ Good: The arrangements which the organisation has made foinguts
policy into effect, discharging its duties under CDM 2007 adraunicating
to the workforce can be demonstrated in a clear and uaddedile manner.

+ Excellent The arrangements which the organisation has made fongiis
policy into effect, discharging its duties under CDM 2007 adraunicating
to the workforce can be demonstrated in a clear andrstatdeable manner.
There are also details and specific arrangements tioefihature and scale of

current project.

Criterion 3: Competent advice — corporate and

construction-related

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should provide name and competency deft#lils source of advice,

for example a safety group, trade federation, or caastulivho provides health and
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safety information and advice. The advisor must be able deider general H&S

advice, and also advice relating to construction H&S issues

The qualitative measurement indicator

+ Acceptable The organisation and employees have ready accessnuetent
H&S advice from outside the organisation.

« Good: The organisation and employees have ready accessnpetent H&S
advice from within the organisation.

+ Excellent The organisation and employees have ready accessnipetent
H&S advice from within the organisation. Evidence showing Huvice was

given and action was taken in last 12 months.

Criterion 4: Training information

+ Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should have training arrangements to pradeloyees with
knowledge and skills to perform their job safely and usidéd the necessary to
discharge their duties. One or some of following exampén be seen as evidence to

satisfy this element:

+ Headline training records
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Evidence of a H&S training culture including records, &edies of
attendance and adequate H&S induction training for site-bagddosce.
Sample'toolbox talks'

Other equivalent and substantial evidence.

The organisation also should have a programme for hefresaining. An active

Continuing Professional Development (CPD) programmebeaseen as an evidence

for this element.

The qualitative measurement indicator

Acceptable A general training programme is sent out for all levets
employees from Board to trainees.

Good: A detall training programme including induction training,-ggecific
training and supervisory and management training is adequatglpsefor
all levels of employees from Board to trainees.

Excellent A detail training programme including induction training,
job-specific training and supervisory and management traisirglequately
sent out for all levels of employees from Board rainees. There is solid
evidence or record showing the effectiveness of thaitigaiprogramme, such

as the improvement of H&S performance on site.
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Criterion 5 Individual qualification and experience

« Minimum satisfaction standard

« The qualitative measurement indicator

Minimum satisfaction standard

Employees of the organisation who will engage in thejept should have the
appropriate qualifications and experience for the assitastd, unless they are under
controlled and competent supervision. One or some awolg examples can be

seen as evidence to meet the minimum standard:

For contractors

« Details of number/percentage of people engaged in the prajec have
passed a construction health an safety assessmengxdoiple the CITB
(Construction Industry Training Board) Construction SKitlsich screen test
or similar schemes, such as the CCNSG (Client ComatrdNational Safety
Group) equivalent.

« For site managers, details of any specific training saghhe Construction
Skills CITB ‘Site Management Safety Training Schemertificate or
equivalent.

« For professionals, details of qualifications and/or pm®ifenal institution
membership.

« For site workers, details of any relevant qualificatiamstraining such as

S/NVQ (National and Scottish Vocational Qualificationsjtificates.
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Evidence of a company-based training programme suitabl&édorvork to be
carried out

Other equivalent and substantial evidence.

For designers

Details of number/percentage of people engaged in the prajec have
passed a construction health an safety assessmengéxdorple the CITB
(Construction Industry Training Board) Construction Skitlsich screen test
or affiliated schemes, such as the CCNSG (Client @otdr National Safety
Group) equivalent.

Details of any relevant qualifications and/or profesdiomastitution
membership and any other specific qualifications such as IQ#itte of
Civil Engineer) construction H&S register, NEBOSH (idaal Examination
Board in Occupational Safety and Health) Constructiomtif@ate, APS
(Association for Project Safety) Design Register.

Other equivalent and substantial evidence.

For CDM co-ordinators

Details of number/percentage of people engaged in thecpraio have
passed a construction H&S assessment, for exampl€life (Construction
Industry Training Board) Construction Skills touch screest tr affiliated
schemes, such as the CCNSG (Client Contractor NdtiBafety Group)
equivalent.

Evidence of H&S knowledge such as NEBOSH ConstructiotifCate.
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Details of professional institution membership and any rotggecific

qualifications such as member of the CDM co-ordinatorsyister

administered by the APS or ICS that is formerly th® (Fhstitute of Planning
Supervisors), or the ICE construction health and saégfigter etc.

Evidence of a clear commitment to training and the Caoimgh Professional
Development of staff.

Other equivalent and substantial evidence.

For a large or more complex project, or one wiibh or unusual risksa CDM

co-ordinator should satisfy the following requirements

Task knowledge appropriate for the tasks to be undertakey.bé technical
or managerial. The examples of attainment include:
= Professionally Qualified to Chartered level (Chartemembership of
a recognised construction related institution)
= Membership of a relevant construction institution, fosreple CIBSE;
ICE; IEE; IMechE; IstructE; RIBA; CIAT
H&S knowledge sufficient to perform the task safely, itgntifying hazard
and evaluating the risk in order to protect self and otleserd,to appreciate
general background. Validated CPD in this field (For curpenfiessionals this
needs to include at least 3 days of appropriate trainingnatitiel last 2 years,
including a general ‘health and safety’ course with a coasbn bias and/or a
specialist ‘co-ordinator’ course.), and typical additibqualification eg:
= NEBOSH Construction Certificate
= Member of H&S Register administered by the ICE (Openng a

member of a construction related institution)
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= Fellowship of Association for Project Safety

=  Membership of Institution of Planning Supervisors
Experience and ability sufficient to perform the task, lgdimg where
appropriate an appreciation of constructability), to recmnpersonal
limitations, task related faults and errors and to iderggpropriate actions.
For example, Evidence of significant work on similarojpcts with

comparable hazards, complexity and procurement route.

The qualitative measurement indicator

Acceptable Specific corporate post holders (for example Boagthivers and
health and safety advisor) and other key roles have p@opriate

gualification and experience. Some of other employes® the appropriate
qualification and experience and others are controllesupervised by those
competent employees.

Good: Specific corporate post holders (for example Boardnbes and

health and safety advisor) and other key roles have p@opriate

qualification and experience. Most of other employees e appropriate
qualification and experience and others are controllesupervised by those
competent employees.

Excellent All employees have the appropriate qualification and eapee.
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Criterion 6: Monitoring, audit and review

« Minimum satisfaction standard

« The qualitative measurement indicator

Minimum satisfaction standard

TThe organisation should have a system that can motheomprocedures of H&S
performance, audit them at periodic intervals and vexteem on an ongoing basis.
One or some of following examples can be seen as eddenmeet the minimum

standard:

« Evidence of formal audit or discussions/reports to senioagers.
« Evidence of recent monitoring and management response.
« Copies of site inspection reports.

« Other equivalent and substantial evidence.

The qualitative measurement indicator

« Acceptable Documented evidence (at least one type of the abadence for
minimum satisfaction checking) shows that general mangoraudit and
review system has been in place.

+ Good: Documented evidence (at least two type of the abowderoe for
minimum satisfaction checking) shows that structuredhitoring, audit and
review system has been established.

« Excellent Documented evidence (at least two type of the abowveeree for
minimum satisfaction checking) shows that structuredhitoring, audit and
review system has been established. Furthermore, eviddmowes that the
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system can identify limitations or drawbacks in thefqremance of H&S
management and develop corrective methods to improveffietiveness of

H&S management.

Criterion 7: Workforce involvement

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should have, and implement, an established means odiltogs
with its workforce on H&S matters. One or some ofdi@ing examples can be seen

as evidence to meet the minimum standard:

« Evidence showing how consultation is carried out.
+ Records of health and safety committees
« Names of appointed safety representatives (trade uniother).

« Other equivalent and substantial evidence.

* For those employing less than five persons, they shoeildble to describe how

they consult with their employees to achieve thesattation required.

The qualitative measurement indicator

« Acceptable There is a general workforce involvement system Safety

committee or safety representatives.
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« Good: There is a structured workforce involvement system, éxadence
showing that the system is working in the organisaaod is helpful to
improve H&S performance and management.

« Excellent There are routine procedures of ensuring that the waskfcs
involved in the H&S management, i.e. evidence showingribeitoring and

review of H&S publicity and communication throughout thgasrisation.

Criterion 8: Accident reporting and enforcement acton;

following-up investigation

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

« The organisation should provide records of all RIDDOR @®&porting of
Injuries, Diseases and Dangerous Occurrences Regulations rEp@®)able
events for at least the last three years.

« A system should be established to review all incidentseswrding the action
taken as a result.

« The organisation should record any enforcement actiom takginst the
organisation over the last five years, and the actioiciwthe organisation has

taken to remedy matters subjective to enforcement action

One or some of following examples can be seen as edd®enmeet the minimum

standard:
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Evidence showing the way in which the organisation reemdl investigate
accidents and incidents.

Records of last two accidents/incidents and actiomték@revent recurrence.
Records of any enforcement action taken over the ilestykars, and what

action was taken to put matters right (please ctit8k Enforcement Action

Home and HSE Public Reqister of Conviction® retrieve information on

enforcement taken by HSE over the last five years).

For larger companies, simple statistics showing inciderates of major
injuries, over three-day injuries, reportable casesldfedlth and dangerous
occurrences for the last three years. Records shocildde any incidents that
occurred whilst the company traded under a different nanteaay incidents
that occur to direct employees or labour-only sub-cotudra.

Other equivalent and substantial evidence.

The qualitative measurement indicator

Acceptable All RIDDOR reportable events in the recent threeryeaie in the
place. The records including last two accidents/incidantisfollow-up actions,
and any enforcement actions if occurred in last fivesyaee available.

Good: Besides the evidence listed at acceptable level, othemnwmnted
evidence is provided to show that the accident investigatistem has been
established and can work effectively.

Excellent Besides the evidence listed at acceptable level, ottmmaented
evidence showing that the accident investigation syseemaork effectively

and the corrective or preventative recommendations tegsurom the

279



Appendices

investigation can be implemented and have positive impact the

organisation’s H&S performance.

Criteria 9: Sub-contracting/consulting procedures {f applicable)

Minimum satisfaction standard

The gualitative measurement indicator

Minimum satisfaction standard

The organisation should have arrangements in placappointing and monitoring

competent sub-contractors to ensure that they can safely and without risk to

health. One or some of following examples can be sseavaence to meet the

minimum standard:

Evidence showing how the lead organisation ensure subactmis are
competent.

Examples of sub-contractor assessments the lead atjaniave carried
out.

Evidence showing how the lead organisation require ginglandards of
competence sub-contractors.

Evidence showing how the lead organisation monitor sub-acior
performance.

Other equivalent and substantial evidence.
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The rating standard on the quality of evidence

Acceptable Some forms of pre-qualification H&S assessment sush a
guestionnaire responses, meeting minutes or audit records, éaveapplied

to select competent sub-contractors/consultants andtendheir work and
further appointment.

Good: A general selection and monitoring system for differéayer’s
sub-contractors/consultants has been in the plade péctical evidence (at
least three samples) showing that sub-contractosittamts can be
appropriately selected and effectively monitored.

Excellent A general selecting and monitoring system for differiayer’s
sub-contractors/consultants has been in the platteswbstantial evidence (a
record of projects in recent three years) showing t tha
sub-contractors/consultants can be appropriately teeleand effectively

monitored.
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Criterion 10: Hazard elimination and risk control (designers

only)

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should have appropriate arrangements ¢b designer’s duties

under regulation 11 of CDM2007. One or some of following exampan be seen as

evidence to meet the minimum standard:

« Evidence showing how you:
= ensure co-operation of design work within the design taachwith
other designers/contractors;
= ensure that hazards are eliminated and any remainingcosk®lled;
= ensure that any structure which will be used as a workpldceneet
relevant requirements of the Workplace (Health, Sadety Welfare)
Regulations 1992.
« Examples showing how risk was reduced through design.
« A short summary of how changes to designs will be managed.

« Other equivalent and substantial evidence.

(Note: the emphasis here should be on practical mesasuneh reduce particular
risks arising from the design, not on lengthy procedural doctatien highlighting

generic risks.)
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The qualitative measurement indicator

« Acceptable Evidence is provided to show the detail arrangements tdé mee
designer’s duties, i.e. hazard assessment and risk cfamtns or report.

+ Good: A documented hazard assessment processes and prautipdds are
provided to show the arrangements to meet designer’s duties.

+ Excellent A detailed record of projects in recent three yearprovided to

show the structured method and arrangements to meet elesiduties.

Criterion 11: Risk assessment leading to a safe nietd of work

(contractors only)

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should have procedures in place for ngrgutrisk assessments

and for developing and implementing safe systems of witr identification of
health issues is expected to feature prominently inyke$) / method statements.
One or some of following examples can be seen as eddenmeet the minimum

standard:

« Evidence showing how the organisation will identify sigaint H&S risks
and how they will be controlled.

« Sample risk assessments / safe systems of work pchetatements.

283



Appendices

« If the organisation employ less than 5 persons and do ae# lvritten
arrangements, it should be able to describe how it daeacthe above.

« Other equivalent and substantial evidence.

The qualitative measurement indicator

« Acceptable Evidence is provided to show the process of doing risk
assessment in practice.

+ Good: A documented procedure and practical samples (at lbeest)tare
provided to show the arrangements for the risk assessmemontrol.

« Excellent A detailed record of projects in recent three yearprovided to
show the structured method and arrangements for theass&ssment and

control.

Criterion 12: Cooperating with others and coordinaing your

work with that of other contractors (contractors)

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should illustrate the means of coapgrand coordinating with
other parties in practice and the procedures of involving warkfin drawing up
method statements / safe systems of work. One or ebfolowing examples can be

seen as evidence to meet the minimum standard:
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« Evidence could include for sample risk assessments, protadtaagements,
project team meeting notes.
« Evidence of how the organisation coordinates its work wther trades.

« Other equivalent and substantial evidence.

The qualitative measurement indicator

« Acceptable Evidence is provided to show the process of cooperating and
coordinating with other parties and workforce in projects.

+ Good: A documented procedures and practical samples (at tleast) are
provided to show the arrangements of cooperation and cooodivath other
parties and workforce in projects.

+ Excellent A detailed record of projects in recent three yearprovided to
show the structured procedures and arrangements for ctopelnd

coordination with other parties and workforce.

Criterion 13: Welfare provision (contractors)

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should be able to demonstrate howllitemsure that appropriate
welfare facilities will be in place before peoplerstaork on site. One or some of

following examples can be seen as evidence to meatithimum standard:
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- Evidence could include
= Health and safety policy commitment;
= Contracts with welfare facility providers;
= Details of type of welfare facilities provided on presqurojects.

« Other equivalent and substantial evidence.

The qualitative measurement indicator

« Acceptable Evidence is provided to show that the organisation feaalbiity
to arrange the workforce facilities, but lacks expergenf dealing with the
same size of workforce before as in the current projec

« Good: Evidence is provided to show that the organisation hasalflity to
arrange the workforce facilities and some experieatde@st one project) of
dealing with the same size of workforce before aserctirrent project.

« Excellent Evidence is provided to show that the organisation haalitiey to
arrange the workforce facilities and sufficient expece (at least five projects)

of dealing with the same size of workforce before akéncurrent project.

Criterion 14: CDM co-ordinator’s duties:

« Minimum satisfaction standard

+ The qualitative measurement indicator
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Minimum satisfaction standard

The organisation should demonstrate how it will go aboab@maging cooperation,
coordination and communication between designers. Gemercedures and practical

samples are two key elements of the minimum satisfastandard.

The qualitative measurement indicator

« Acceptable Generic procedures are in place with at least ongigahsample
showing the effectiveness of implementing the procedures.

« Good: Generic procedures are in place with at least tpraetical samples
showing the effectiveness of implementing the procedures.

+ Excellent Generic procedures are in place with a record of pgsjacrecent

three years showing the effectiveness of implemenhkagrocedures.

Work experience

« Minimum satisfaction standard

+ The qualitative measurement indicator

Minimum satisfaction standard

The organisation should provide details of relevant expegienthe field of work for
which it is applying. One or some of following examples barseen as evidence to

meet the minimum standard:
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« A simple record of recent projects / contracts shoulddyg with the phone
numbers / addresses of contracts who can verify that was carried out
with due regard to health and safety.

« Evidence showing that the organisation should have @riti@bility to deal
with key health and safety issues arising from the wdskapplying for.

« Where there are significant shortfalls in the orgditia& previous experience,
or there are risks associated with the project whitlas not managed before,
an explanation of how these shortcomings will berocwme should be
provided.

« Other equivalent and substantial evidence.

The rating standard on the quality of evidence

« Acceptable The organisation shows previous experience in at least
similar project with good recommendations from formkgnts, or evidence
of good H&S performance. If there is any shortcoming at groject, detail
explanation of improvement methods should be provided.

+ Good: The organisation shows previous experience in at leest gimilar
projects before with good recommendations from forntients, or evidence
of good H&S performance. If there is any shortcoming aséhprojects, detail
explanation of improvement methods should be provided..

« Excellent The organisation shows previous experience in at fassimilar
projects before with outstanding recommendations fformer clients, or
evidence of perfect H&S performance. If there is anyrtsbaing in those

projects, detail explanation of improvement methodsilshbe provided.
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Appendix 4 System Evaluation Questionnaire

Dear Sir/Madam

| am a Ph.D. research student at the School of Engmgeand the Built Environment,

University of Wolverhampton.

My research topic is ‘A Knowledge-Based System for @oction Health and Safety
Competence Assessment’. The aim of this project is velde a Knowledge-Based
System (KBS) to facilitate clients to take reasonabdgps of assessing duty-holders’

health and safety competence under the CDM Regula20Ma.

The prototype KBS for Construction Health and Safety Coemmet Assessment,
named as KBS-CHSCA, has been developed, which can bessacc on

http://www.constructionkbs.co.UlPlease use Internet Explorer to access the website)

Presently, | am evaluating the developed KBS-CHSCA. ulevappreciate it if you
could spend a little time reviewing the system and fillinghm following evaluation

guestionnaire to help further improvements to be made.

You can register as a new client or log in by using:
» ‘david’ as username and

» ‘123456’ as password

to enter the client interface. You also can use:

> ‘expert’ as username and

» ‘123456’ as password
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to enter the expert interface.

The work being undertaken will investigate if the KBS-CHSEbuld become a
useful platform to facilitate efficient and effectiggdgment for H&S competence
assessment. Any advice or constructive criticism woulchigély appreciated and
valuable for the research. Please feel free to contadf there are any questions. The
information provided by respondemtdl be held securely in the office and only accessible
to the direct research team of this stufiile respondents and their companies will not be

identified in any research publications.

Thank you for your attention and kind assistance.

Yours faithfully

Hao Yu Ph.D. Research Student

School of Engineering and the Built Environment

University of Wolverhampton, WV1 1SB, UK

E-mail: H.Yu@wlv.ac.uk

Section 1: Basic Information

1. Name of organisation:

2. Size of organisation (number of employee):

3. What is your job title?
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4. Length of time in current work role area (includingypous jobs in the same area):

5. Have you ever known or worked on H&S competence assess

Yes [] No []

Section 2: General Validation

1. Have you ever used or seen any other system forrgotish health and safety
competence assessment?

Yes [] No [ ]

If your answer is yes, please comment on the differdx@t@een other system and

KBS-CHSCA.

2. How effective do you think KBS-CHSCA in supporting your diesi-making for
H&S competence assessment? Please rate the effestsvef KBS-CHSCA (1= not
at all effective 5 = very effective)

1,20,30,41, 91

Any other comment?

3. How would you categorise the efficiency (time and réffospending on
decision-making) of using KBS-CHSCA compared with your aurreethod? Please
rate the satisfaction for the efficiency of using KBESCA (1 = very dissatisfied to
5 = very satisfied)

1[,201,301,401,50C]
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Any other comment?

4. What do you think the usability and interaction unit of KBBSCA? Please rate
the satisfaction for the friendliness (ease of ust)KBS-CHSCA (1 = very
dissatisfied to 5 = very satisfied)

1[0,200,30,40], 5

Any other comment?

5. Would you consider KBS-CHSCA to be a potential pracgchdkion and may have

commercial prospects?

Yes [] No []

Section 3: Functional validation

1. What is your impression of the explanation facitgxtual rules) for the minimum
satisfaction standards and measurement indicator systéease rate on the extent of
understanding of those explanations (1 = not at all undersfoe= understood
completely)

1, 20,30,40, 50

Any other comment or suggestion for improvement?

2. What is your impression of the usefulness of thee cgsery facility for

decision-making? (1= not at all useful 5 = very useful)
1, 20,30,40, 50

Any other comment or suggestion for improvement?
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3. What is your impression of the usefulness of the réxpeery facility for

decision-making? (1= not at all useful 5 = very useful)
10, 20,30,40, 50

Any other comment or suggestion for improvement?

4. What is your impression of the effectiveness of duatigdr judgment lists as

evidence of reasonable decision-making? (1= not atfatitefe 5 = very effective)
1, 20,300,400, 50

Any other comment or suggestion for improvement?

Section 4: General opinion

Please provide any additional thoughts, opinions, suggestiaitjcism,

recommendations to help future improvements of KBS-CHSCA.
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