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Recent skill shortages in the UK Construction Industry have undoubtedly lead to a 
loss of tacit knowledge and experience. In addition, clients’ need for greater value and 
better construction services results in companies striving for competitive advantage 
by becoming more efficient in the way they manage their knowledge systems and 
resources. Although Case-based reasoning (CBR) originated in artificial intelligence 
research, it has transcended barriers between technology and methodology to become 
applicable in many industrial and research fields. Research and applications have 
shown CBR can emulate human reasoning and decision making processes and as such 
a wide variety of construction tasks have been used in case studies. Furthermore, CBR 
applications may cover many areas of a project life cycle, but the extent of coverage 
was generally unknown.  By mapping an innovative three-stage classification method 
to the accepted model of a project life cycle, past CBR research can be grouped and 
inspected. This ‘think’, ‘plan, and ‘do’ classification method has shown imbalance of 
CBR research applications within the construction industry with little aid to those 
involved in the ‘doing’ phases. The ‘think’, ‘plan’, ‘do’ classification method has 
identified potential areas where the further application of CBR may prove useful 
within infrastructure management, and in particular within an educational role for 
safety and risk management. 
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INTRODUCTION 
Watson (1999) identified Case Based Reasoning (CBR) as a methodology arising 
from research into cognitive science. By studying how people remember information 
or experiences and use these past examples to solve similar problems, early research 
hoped to emulate human reasoning in the field of artificial intelligence (AI).  CBR is 
not alone in the field; rule-based systems, neural networks and genetic algorithms all 
strive to replicate human thought processes and / or learning methodologies.   

The construction setting incorporates many engineering sectors, and as such CBR 
application have been used in mechanical (Gao, Zeid and Bardasz 1998, Xu, Li and 
Yu 2003) electronic (Vong, Leung and Wong 2002) and chemical engineering 
processes (Surma and Braunschweig 1996).  These engineering sectors are facilitated 
greatly by the presence of suitable infrastructure, as provided mainly by civil 
engineering.  Thus infrastructure management plays an important role within 
construction, maintenance and operational activities associated with our quality of life.   
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The layout of this paper begins with a brief introduction to the importance of 
infrastructure within the UK construction industry, followed by a review of the 
relevant literature of case-based reasoning (CBR) applications in infrastructure 
management.  This review formulates and drives the proposed 3-stage classification 
model (the ‘Think’, ‘Plan’, ‘Do’ model) used to map current CBR research, methods 
and applications to the management life-cycle for a given project.  Lastly, concluding 
remarks and recommendations for further study are given. 

THE CONSTRUCTION INDUSTRY 
The Construction Industry plays an important role by employing around 2 million 
worker (or 7% of the total working population) and accounts for 10% of the UK Gross 
Domestic Product (Department of Trade and Industry website, www.dti.gov.uk). 
Furthermore, this particular industry plays a major role improving the quality of 
people’s lives by providing infrastructure.  

Infrastructure management is a subsidiary of the construction industry and can be 
viewed as a versatile multi-tool, improving the condition of everyday lives by 
facilitating public services, systems and facilities necessary for economic activity.  
These can include power and water supplies, telecommunications, schools, public 
transportation including roads, bridges and rail lines. 

However, the expanding global market and consumer desires to buy cheap and 
dependable products have lead to streamlining within the industry.  As high turnover 
does not equate to high profit, companies seek to reduce costs for competitive 
advantage by improving working efficiencies, reducing wastage and pursuing both 
internal and external collaborative networks.  Furthermore, skill shortages reported by 
the UK government (Egan 1998) will undoubtedly dilute companies tacit knowledge. 

WHAT IS CBR  
Compared to other expert based methodologies such as rule based systems and neural 
networks, the case oriented and analogy based techniques of CBR  can learn from past 
solution and are able to deal with qualitative data (Yau and Yang 1998a).  In addition, 
CBR is not limited to research fields with AI expert knowledge, nor is it linked with 
any particular technology (Watson 1999) and as such, researchers are free to use any 
technology, or combination thereof, that can facilitate a CBR.  The CBR cycle in 
Figure 1 shows the established journey of a ‘case’ (or a stored solution to a past 
problem) from being retrieved from the case base or library, to being re-used or 
revised depending on the current problem, and finally being stored for use in the next 
cycle. 

Retrieve

Retain 

Revise

Re-useCase Base

 
Figure 1: CBR Cycle 
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Consistency in describing case attributes is needed to make case retrieval meaningful 
but exact matching of a problem / solution set is not required due to the concept of a 
similarity threshold value. This similarity value is based on comparison between 
attributes inherent to the current problem, and those exhibited in the stored cases.  
Attribute values can be user defined arbitrarily values, based on experiences or 
estimated by empirical functions.  Alternatively similarity techniques can be used e.g.: 

• Nearest neighbour techniques, where total similarity of a given case to a new 
case is based on the sums of weighted similarity values for each case attribute. 

• Induction techniques, where algorithms can be used to build decision trees 
based on clustering of similar cases together and identifying patterns from case 
histories. 

• Fuzzy Techniques, where linguistic terms such as ‘good’, ‘fair’ or ‘poor’ are 
used instead of quantitative values or scales.  The description and limits of these 
qualitative terms can be more easily altered than quantitative step changes. 

However the similarity between the current problem and the stored cases is calculated, 
the method must not obstruct nor bias the process in which a user can accept or 
decline recommended cases from the library.  Consistency is assigning values to 
reused or revised cases on their journey through the CBR cycle is crucial to ensure a 
consistent definition of attributes.  With these caveats, the validity of the retrieval 
mechanism must be periodically assessed; ensuring CBR applications in everyday use 
do not spiral into a decaying ‘rubbish in / rubbish out’ paradigm. 

Once the development stage is complete there is little guarantee that the system will 
be able to cope with situations unanticipated by the initial experts.  The technologies 
involved may bias the system or behave in a way that hampers natural evolutionary 
change within the domain knowledge.  In any case, there is little doubt that 
maintenance upgrades and retrofits of these systems can prove costly and will 
eventually lead to conversion of a legacy system into new and improved future 
technologies. 

Due to the technological age in which we live, researchers have an abundant choice of 
applications with which to facilitate CBR methodology, from simple databases to web 
applications.  Information technology and the internet have been cited as major drivers 
for changes in all aspects of business processes and activities (Sung-Sik, Taeksoo and 
Ingoo 2004).  In the wake of these, the use of CBR has expanded beyond the realm of 
Artificial Intelligence to be applicable in many other research field and real-life 
businesses.  The wide scope of CBR has enabled applications ranging from medical 
diagnosis and management (Hsu and Ho 2004, Chang 2005)  to litigation outcomes 
(Sung-Sik, Taeksoo and Ingoo 2004), education (Smith, Gelbart and Graham 1992) 
and marketing (Chiu 2002) . 

THE MANAGEMENT LIFE-CYCLE OF CONSTRUCTION 
PROJECTS 

The construction industry has been described by (Yau and Yang 1998a) as being 
experience oriented, and that the correct application of this expertise is crucial to 
solving problems.   Hence, there is little surprise that CBR methodology has been used 
to solve various construction problems.  
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Figure 2 shows  the management phases within a project life-cycle, highlighting a 
simplified ‘think’, ‘plan’ and ‘do’ model.  Due to difficulties in identifying and 
planning for every eventuality, iteration of the first two phases of ‘think’ and ‘plan’ is 
expected to occur within the internal structure of the ‘do’ phases.  Phase 3, the 
construction stage, relates to building a completely new asset whilst phases 4 and 5 
relate more to the operational stages and where the asset undergoes renovation or 
change of use.  Decommission and demolition in phase 6 can be seen as the reverse of 
the construction stage where the original environment is re-instated. Also, domain 
specific tasks may be a recurring feature in the ‘Do’ phases due to the very nature of 
the work, such as procurement and tender valuations of sub-contracts and assessing 
the performance, cost and quality of work. 

In this section we map CBR application pertinent tasks and activities within the ‘plan’ 
and ‘do’ phases in the lifecycle. 
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Figure 2: Life-cycle of a Construction Project 

 

THINKING AND PLANNING PHASES 
Starting at the early stages of a infrastructure project, the customer or client will have 
identified a ‘need’.  Whether this need is a new housing development, road 
maintenance or bridge strengthening becomes irrelevant to the process of finding the 
best type of contract and choosing a competent construction firm; in other words 
procurement.  A decision system for procurement selection is particularly suited to 
CBR because ‘intuition and experiential knowledge feature highly’ (Luu, Thomas Ng 
and Chen 2003). Luu’s prototype ‘Case-based Procurement Advisory System’ (CPAS) 
uses case attributes of different procurement strategies and contract types to mimic 
decision processes exhibited by experts.  Similar research focusing on the 
procurement stages of construction include ‘QuickBids’ (Bao, Liu and Zhang 2004), 
‘CASEBID’ (Chua and Li 2001), the contractor pre-qualifier tool EQUAL (Ng 2001) 
and MADM  the multiple attribute decision-making for offshore structures (Sii and 
Wang 2003). 

Following on this theme, it is intuitive that well planned, managed and controlled 
construction project are more likely to be finished within the agreed time scale, budget 
and specifications when compared to lackadaisical projects. As such, this area of 
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research is rich in CBR applications to enhance the planning, scheduling and 
estimating processes.  CBR approach was used  to estimate construction duration and 
cost based on project characteristics in their construction planning tool CBR-CURE 
(Yau and Yang 1998a),  the domain of the  CBRefurb system was the refurbishment 
of houses (Marir and Watson 1995), pre-engineered steel buildings (Lotfy and 
Mohamed 2002) and lastly a bridge construction planning and scheduling tool 
CBRidge (Tah, Carr and Howes 1999) have all used CBR methods. 

CBR applications can function in more than one aspect of the project life cycle.  By 
functioning in both a case-based estimating and design role, the NIRMANI tool 
(Perera and Watson 1998) generates schematic designs for light industrial warehouses 
based on past designs and client requirements and gives cost estimations for any 
structural or architectural changes.   

‘Design’ is also an important part of the planning process, sometimes requiring 
inventive solutions to the restrictions imposed by the realities of the working 
environment; thus ‘design’ is also a prolific area for CBR research.  Bridge design 
using CBR method features highly  and includes the system CASETOOL (Kumar and 
Krishnamoorthy 1995) and various other CBR bridge design research and applications 
(Reich and Fenves 1995, Moore and Lehane 1999, Andrade, Bento and Virtuoso 
2003).  Other applications include the Design of a water supply dispatching system 
(Zhang and Wang 2004) and the analysis  and selection of transport planning  schemes 
(Khattak and Kanafani 1996). 

CBR in  the ‘design’ role extends beyond  an infrastructure setting to the CASTLES 
selection system for retaining walls presented (Yau and Yang 1998b), ship design  
(Kowalski et al. 2001, Kowalski et al. 2005) off shore well design (Mendes, Morooka 
and Guilherme 2003) and a proposed system to help design engineers and material 
engineers in the submarine cable laying industry (Mejasson et al. 2001). 

Following on from design, the advancement of engineering tools and materials has 
also been a CBR research topic, including CBR as a tool for materials selection 
(Amen and Vomacka 2001) and integrating design within computer aided drawing or 
CAD packages as the next evolutionary stage (Pu and Reschberger 1991, Sun and 
Chen 1996). 

DOING CONSTRUCTION, OPERATION AND MAINTENANCE 
PHASES 

The ‘thinking’ and ‘planning phases’ discussed earlier mainly focus on providing a 
holistic yet limited view of the entire project.  The estimations and predictions from 
these initial stages are constrained by the fact that it is difficult and financially 
impractical to predict every eventually in detail.  Thus, due to the dynamic nature of 
construction, operational and maintenance type activities the iteration of planning, 
estimating and scheduling within the ‘doing’ aspect of the project life cycle is 
customary. 

Construction phase activities within infrastructure management are diverse and 
domain specific. CBR applications, systems and tool have been applied to solve 
specific operational activities, including: 

• ‘CasePlan’ for boiler assembly in power plants, (Dzeng and Tommelein 2004) 
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• Research in estimating productivity of masonry wall construction (Karshenas 
and Tse 2002) 

• Estimating productivity of cyclic construction operations (Graham and Smith 
2004) 

• Improving concrete placement simulation with a case-based reasoning input 
(Graham, Smith and Crapper 2004) 

• Construction of PC-based expert system for cold forging process design 
(Katayama, Akamatsu and Tanaka 2004). 

In comparison, there are comparatively few examples of CBR applications relating 
specifically to operational and maintenance activities within infrastructure 
management. Examples portrayed CBR in a maintenance role include research to 
ensure the safe performance of steel bridges over their remaining lifetime (Waheed 
and Adeli 2005) and similar research in bridges management and deterioration 
embrace inspection tasks such as testing, structural re-analysis and re-evaluation of 
bridges (Morcous, Rivard and Hanna 2000, Morcous, Rivard and Hanna 2002a, 
2002b).  CBR research in a maintenance role can also be seen in fault diagnosis for 
commercial aircraft (Haiqiao et al. 2004)  and jet engines (Xu, Li and Yu 2003) 
respectively). 

CBR research and applications in ‘operational’ tasks have been mainly geared towards 
the domain of process engineering, such as resource management application for 
warehouse operation (Chow et al. 2006) and a process/ control support systems for a 
bleached chemi-thermo-mechanical pulp (Xia and Rao 1999) and on electric furnace 
for slag de-coppering by (Moczulski and Szulim 2004).  

FURTHER CBR APPLICATIONS  
Enveloping many of the ‘doing’ phases are business and performance related CBR 
applications.  Examples include predicting the success of information systems 
outsourcing (Hsu, Chiu and Hsu 2004) and assessment of contractors’ scheduling 
(Dzeng and Lee 2004).  Similarly, research into financial and litigation aspects of the 
construction industry  has lead to CBR being used to support construction negotiation 
(Li 1996), predicting  the outcome of construction litigation (Arditi and Tokdemir 
1999, Tokdemir 1999) and aiding auditors assessing risk within manufacturing 
industry accounting processes (Sung-Sik, Taeksoo and Ingoo 2004) 

Notwithstanding the diversity of CBR research, the application of decision support 
methods, tools and systems in safety and risk management appears to be one of the 
fastest growing topics. Some examples of CBR applications within safety and risk 
management include construction safety planning (Chua and Goh 2002), the 
HAZOPExpert analysis system (Vaidhyanathan and Venkatasubramanian 1996), risk 
management and deployment (Gouriveau and Noyes 2004), and incident reporting in 
safety-critical systems (Johnson 2002) 

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER 
STUDY 

In this paper we have briefly described the domain of construction management and 
presented the management life-cycle as a  simple ‘think’, ‘plan’ and ‘do’ model.  
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Using this model, we have mapped several CBR research methods, systems and tools 
directly to the project lifecycle.   

Using this methodology demonstrates that CBR research is strongly focussed on 
facilitating ‘thinking’ and ‘planning’ phases.  This can be compared with relatively 
little research on the ‘doing’ phase, despite this phase dominating the 3-stage life 
cycle as presented in Figure 2.  It could be argued that many CBR research for ‘doing’ 
phases are the application of the previous phases within a specific task-oriented 
setting.  The exception appears to be safety and risk management where applications 
in CBR research have the propensity to span several different aspects of infrastructure 
management as well as other engineering industries. 

CBR applications have been used to present a holistic view of given project (whether 
this be in a planning, scheduling, estimating, predicting) so as inform management 
either of current or past trends for consideration.  It appears that many researchers 
overlook these ‘human’ elements of their systems, perhaps only extending to the 
merge of CBR with ‘fuzzy’ techniques.   

Surprisingly, no examples were found of CBR being used as collaborative educational 
aids, despite the genre of safety and risk management presents itself as on obvious and 
ideal partner.  Further research will be required to establish how CBR has been used 
as an education tool in other research areas as this may prove a new and exciting 
prospect culminating in new and original applications of CBR research. 
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