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In this master thesis, the literature about construction poor quality cost as the major
theme of this master thesis in construction are reviewed presented into two separate
papers. The first paper- Poor Quality Cost in Construction: A Literature Review- is
about summarizing and analyzing the most significant findings of contemporary studies
on the topic of poor quality costs in construction. The method in this paper is based on
a systematic literature review. It is tried to gather papers published between 1980 and
2013 in peer-review journals. It is tried to identify the predominant researchers in the
construction poor quality cost domain and the related research clusters. Basically,
determining what is considered as poor quality cost levels is an area of debate in
construction. Three major aspects were identified which are inconsistent in reviewed
studies, including: aims of studies, definition and methods of data collection. This
categorization provides the opportunity for the readers and users to make distinctions
between reported findings of previous studies. Then, it is also possible to point out
promising future research directions. This review shows that these factors along with
some other factors in construction poor quality costs literatures and the different
reported results has contributed to blur the boundaries and create confusion about the
poor quality costs. Therefore, the users should be well-aware of using them and for what
purpose wants to use the reported findings. Indeed what this literature review illustrates
is that one must be careful when comparing and referencing the findings of previous
studies as they may not be entirely comparable with one another. Moreover, lack of
uniformity about these factors literatures indicates that this research area is still far from
maturity and needs more attention from researchers and practitioners.

In the second paper — Poor quality cost in Building Information Modeling (BIM) and
Lean Construction (LC) literature: A review of evidences - in addition to reviewing
papers about construction poor quality cost, fifty (50) literatures about BIM and LC
from seven databases are also reviewed. Implementing both BIM and LC aims directly
to influence the level of poor quality cost in construction projects. In other words, one
of the common objects of both BIM and LC is to reduce poor quality activities such as
rework and hence decrease the amount of cost spent to rectify these types of poor
quality related activities. However, their full effectiveness is not yet proved. Many
organizations, managers and investors have taken a “wait-and-see attitude” about BIM
and LC, waiting for evidences to validate declared promises. Therefore, in the second
paper, the literature about poor quality cost, BIM and LC are reviewed to provide
guidance for both construction academia and managers on how poor quality cost are
used in BIM and LC literature. The results indicate that there is a lack of attention from
researchers to follow up the promises in favor of BIM and LC in regards to poor quality
cost reduction.
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In the construction, due to the characteristics of this industry and several other factors,
cost of poor quality has emerged to be a key issue. Poor quality breeds several
undesirable effects throughout the entire construction project supply chain. When poor
quality activities made during the construction processes and are discovered,
necessitating costly rework and if undetected, may lead to geotechnical and/or structural
failures which can have terrible consequences including delay, cost overruns, severe
injuries and even fatalities. In addition, poor quality issues can negatively influence the
profitability, performance and reputation of involved organizations and ruins their social
outlook.

Hence, construction managers and practitioners have attempted to tackle this issue by
adapting concepts from other engineering disciplines. So, approaches ranging from
Total Quality Management (TQM) to Building Information Modeling (BIM) and Lean
Construction (LC) have been considered as the alternative ways to reduce their impacts
on construction projects.

Build on TQM concepts, there are numerous attempts in construction related literature
to capture and measure the cost of poor quality. Different investigations reported
different findings. But, there is no comprehensive review of previous studies, which
describes, summarizes, evaluates and clarifies their findings. Therefore, one of the
primary aims of this master thesis is to review the findings of the previous studies
concerning poor quality cost in construction.

In addition, poor quality is one of the common concerns of both BIM and LC. Different
promises may be found in favor of implementing BIM and LC to reduce cost of poor
quality in construction projects. However, there is not a comprehensive review of the
evidences for following up these promises.

Therefore, this master thesis is structured in two separate papers. In the first paper, the
author presents a review of the published literature about poor quality cost in
construction. In the second paper, in addition to the literature about construction poor
quality cost, relevant literature about both BIM and LC are also reviewed to develop an
overview of how poor quality cost is used in BIM and LC literature.

To sum up the current state of the researches on the related topics especially the topic of
poor quality cost in construction, it was started by means of a search for papers in seven
databases using relevant keywords to the topics, and then sorting the obtained papers
into different categories in order to address the followings:

« the main researchers working in this field

e major findings
« significant gaps and differences among the reviewed literature
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Paper 1.

Poor Quality Cost in Construction:

A Literature Review

Behzad Abbasnejad

Department of Building Economics and Management, Chalmers University of
Technology,

SE-412 96, Gothenburg, Sweden



Over the last three decades, a number of studies on the topic of poor quality cost in
construction have published in the form of peer-review journals and conferences, but
comprehensive overviews of this body of research are not available. For the detailed
review of construction poor quality cost research presented in this paper, it is tried to
gather papers published between 1980 and 2013 in peer-review journals, though in
some cases some other research publications are supplementary used. The emphasis put
on the identification of the predominant investigations about construction poor quality
cost domain and the related research clusters. The papers are classified according to
major aspects, which cause in reporting different outcomes and create confusion. This
categorization provides a better understanding in regards to the differences about the
aspects considered by previous researches on construction poor quality costs and to
analyze them in a more meaningful way and point out promising future research
directions. This extensive literature review illustrates that there are several factors,
which contribute to the different findings in previous studies. Of that reasons, one
should be careful when using and referencing the reported findings from previous
studies.

Key words: Poor quality Cost, Quality Cost, Rework Cost, Failure cost, Construction
Industry



The construction industry is mainly project based and a range of complexities are
inherent in the construction projects. Quality management principles and tools are
critical requirements in construction management practice to accommodate adequately
the variability in production, relative to the diverse interests of multiple stakeholders
involved in construction projects, and lack of it may result in frequent changes, errors
and omissions (Love et al., 1999a). Hence, the lack of quality focus throughout the
construction supply-chain may result in poor quality activities, which is considered as
non-value adding activities (Josephson et al., 2002) and leads to time and cost overruns
in projects. As a result, poor quality can negatively affect the performance and
productivity aspects of construction projects (Alwi et al., 2002; Josephson et al. 2002).

However, the implementation of Total Quality Management (TQM) which is defined as
“a set of concepts which can be extended to the whole organization, which permits
producing products and/or services which satisfy customer demands at the
lowest cost possible, and trying to make all the staff within the company feel satisfied
with their work” (Amat 1992 cited in Selles et al., 2008) has been employed by many
construction organizations as an initiative to solve their quality problems (Kanji and
Wong, 1998). TQM philosophy throughout all projects can help an organization to
improve its productivity, performance, and both customer and employee satisfactions by
eliminating and/or reducing poor quality (Construction Industry Institute, 1989). In
order to achieve this goal, it is essential to diminish costs related to not doing things
correctly the first time. And this is only possible if these costs are identified and
evaluated or put in other words, if quality costs are measured and analyzed (Selles et al.,
2008; Love, 2002a).

Measuring and analyzing the cost of quality provide the opportunity to remove and
overcome factors cause poor quality (Low and Yeo, 1998) hence provides the potential
for significant improvements in terms of productivity and performance. Therefore, it
should be considered as an important issue for managers (Schiffauerova and Thomson,
2006). If companies fail to quantify their quality costs, they cannot indicate the cost
effectiveness of their quality systems (Love and Sohal, 2003). According to Love et al.
(1999b), the cost of quality is one type of measurement, which can provide the user with
information about failures in order to learn from the past project to improve the future
projects.

Several researchers have been investigated the poor quality costs in construction and
civil engineering projects. Even if such poor quality costs are intensely investigated and
quantified in the current literature, the differences among them are seldom considered.
Different understandings and different information circulate in the debate concerning
what is the poor quality cost for construction projects. Sometimes, there is a great
confusion, even among researchers about cost of poor quality in construction. The
reported findings of the previous investigations are often compared and contrasted to
others (see e.g. Oyewobi et al., 2011) without any attention that they may not be
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comparable. Several factors affect such large confusion in comparing and interpreting
reported results. For instance, there is a lack of uniformity in the way in which data have
been collected because of the various interpretations as what constitute poor quality
(Love, 2002b). Difficulties in gathering poor quality cost stem not only from lack of
agreement on data collection methods but also from different considerations of scopes,
definitions, proposed terms and some other factors in the literature.

In fact, the explanation for the confusion is that information comes from the
investigations in which the definitions, perspectives, scopes and methods are different,
sometimes in significant ways. The concepts also cause confusion, as studies of defects,
deviations, non-conformance and deficiencies in quality are compared as though these
concepts were in some cases synonymous. Despite the many warnings against making
comparisons, there is no escaping the desire for data for comparison purposes, which
leads to several misunderstandings. Therefore, it is imperative to summarize and
analyze the issues regarding construction poor quality costs in order to create a clearer
debate and provide a better understanding of the subject. In this paper by reviewing and
analyzing the differences and similarities among the current literature about poor quality
cost in construction, the aims are, firstly, to increase the awareness among construction
researchers and practitioners about the findings of previous studies and secondly,
providing a better understanding of issues regarding this topic. Following the overall
objective of the paper, some key questions are identified to be of particular interest:

(1) What various terms are presented in the literature?
(2) How do rework and/or related terms defined?

(3) What methods have been used to conduct the studies?
(4) What is the scope of the studies?

(5) Why do the authors conduct the studies?

The structure of the paper is as follows: in section one, the methodology for this
literature review is presented. In section two, theoretical backgrounds and concepts
related to poor quality cost are explained. In section three, previous studies on poor
quality cost in construction are outlined. In section four, the results of the literature are
reviewed and categorized into three major groups which include: aims, definitions and
methods of data collection. And finally, discussion and concluding remarks are drawn.



This paper is based on a literature review of literature about the subject of construction
poor quality cost. To find relevant papers, two methods were used. First, electronic
databases were searched following by manual searches of reference lists from selected
papers. Initially, internet-based searches were conducted in seven databases including:
Scopus, ProQuest Dissertations and Theses, American Society of Civil Engineers
(ASCE), Taylor and Francis Online, Emerald Library, Science Direct, Google Scholar
for finding related papers between 1980 and 2013. The keywords were consisted of the
followings or a combination of them: poor quality, poor quality cost, rework cost,
failure cost, defect cost, cost of deviations, construction, civil engineering. Then, the
abstracts of the obtained papers were reviewed for being relevant. Accordingly, manual
searches were used in the reference lists of retrieved papers to expand the search and
find more relevant papers.

Finally, all papers were critically reviewed and analyzed in order to find out the bases
for evaluation and comparison. This resulted in finding three major bases, which have
the greatest influence in reporting different findings among the studies. These include,
but are not limited to the followings:

e Aims of studies
e Definitions and terms
e Methods of data collection

In this review, 200 publications in total are analyzed for the purpose of providing
information concerning poor quality cost. Among the searched publications, about 90
peer-reviewed sources discussing poor quality cost and quality cost for construction and
the literature about quality cost in general which can supplement the discussion were
found.

These publications include relevant papers in peer-review journals, and conferences.
Other articles such as exclusive reports in news magazines, newsletters, and editorials
are left out as the author feel that they deal with general information in a limited
manner. It is tried to have a scientific view, though some relevant reports have been
reviewed in order to have a comprehensive insight to the importance of poor quality
cost in construction and common challenges and confusions that may exist among the
researchers and practitioner. Most of the literatures are construction and civil
engineering related, though it is tried to search for articles discussing quality cost and
poor quality cost in general to provide a deeper insight into the subject.



In this section, in order to make a clear understanding of the related subjects and terms,
and formulate a foundation for further arguments, an overview of related theoretical
backgrounds is presented.

4.1 The concept of quality costs
The economic benefits of quality improvement have long been underlined by quality

management experts and researchers (Freiesleben, 2005b). Improving quality through
reducing poor quality activities brings several advantages such as: increased
productivity (Freiesleben, 2005a; Castelvecchi, 2003) improved morale (Castelvecchi,
2003) and increased adaptability in the process of change. According to Freiesleben
(2005b), quality improvements increase the chance of significant profits to be gained by
providing better production quality, which translates into higher expected utility for the
customer. The quality cost in TQM is one of the most key tools for the improvement of
a quality management system (Dahlgaard et al., 1992). Converting the quality problems
into financial terms and expressing them in terms of quality cost provides a more
meaningful tool for managers to gain knowledge about the level of quality in their
organizations (Superville et al., 2003).

The concept of cost of quality is first introduced by Juran as the “Cost of Poor Quality”
in his “Quality Control Hand book” in 1951. Subsequently, Feigenbaum (1951) has
derived the classification called the Prevention, Appraisal, and Failure (PAF) model. In
this model, quality costs are divided into prevention, appraisal and failure costs. Crosby
(1979) further redefined the cost of quality as the sum of “Price of Conformance and
Price of Non-Conformance”. A number of papers published on quality related costs in
construction refer to these traditional classifications at least at some level (Davis et al.,
1989; Abdul-Rahman, 1993; Low and Yeo, 1998; Love and Li, 2000; Barber et al.,
2000; Hall and Tomkins, 2001; Aoieong et al., 2002; Josephson et al., 2002; Kazaz et
al., 2005; Rosenfeld, 2009).

Several models have been presented for cost of quality. However, the most significant
models can be classified into the following groups (Schiffauerova and Thomson, 2006):

1. Opportunity or intangible cost models: (Prevention costs + Appraisal costs +
Failure costs + Opportunity costs) / (Cost of conformance + Cost of non-
conformance + Opportunity costs) / (Tangibles + Intangibles):

Intangible costs are costs that can be just estimated. Examples of these include: delays
and work stoppage due to defectives and profits not earned due to lost customers as well
as reduction in revenue because of non-conformance (Schiffauerova and Thomson,
2006). Any amount of reductions in the tangible external failure costs will directly
reflect in the reduction of intangible failure costs (Juran and Gryna, 1988).

2. Process cost models: Cost of conformance + Cost of non-conformance:



In this model, the emphasis is on processes rather than products or services. And
process cost is calculated as total cost of conformance and non-conformance for a
specific process (Schiffauerova and Thomson, 2006).

3. ABC models: Value added + non-value added:

Exact costs for various cost elements are obtained by identifying resources of costs to
eliminate non-value adding activities (Schiffauerova and Thomson, 2006).

4. Crosby’s model: Cost of conformance + Cost of non-conformance:

This model is similar to the P-A-F model (Schiffauerova and Thomson, 2006). Quality
here means “conformance to requirements” and the cost of quality is defined as the sum
of price of conformance and price of non-conformance (Crosby, 1979).

5. P-A-F models: Prevention costs + Appraisal costs + Failure costs (internal and
external) (Fig. 1):

This model is the widely accepted quality cost categorization (Schiffauerova and
Thomson, 2006) which is introduced by Feigenbaum (1956).

Figure 1: Cost of Quality according to PAF Categorization

Costs of Quality

Appraisal Preventive

Failure Costs Costs Costs

Internal External
Failure Failure
Costs Costs

e The cost of poor (or cost of non-conformance) quality includes:
o Internal and external costs resulting from failing to meet requirements.
e The cost of good (or cost of conformance) quality includes:
o Costs for investing in the prevention of non-conformance to
requirements.



o Costs for appraising a product or service for conformance to
requirements.

Cost of Poor Quality: Internal Failure Costs

Internal failure costs are costs that are caused by products or services not conforming to
requirements or customer/user needs and are found before delivery of products and
services to external customers. Otherwise, they would have led to the customer not
being satisfied. Deficiencies are caused both by errors in products and inefficiencies in
processes. Examples include the costs for: rework, delays, re-designing, disposal of
defective products, shortages, failure, analysis, re-testing, downgrading, downtime due
to quality problems, lack of flexibility and adaptability and net cost of scrap.

Cost of Poor Quality: External Failure Costs

External failure costs are costs that are caused by deficiencies found after delivery of
products and services to external customers, which lead to customer dissatisfaction.
Examples include the costs for: complaints, repairing goods and redoing services,
warranties, customers’ bad will, losses due to sales reductions and environmental costs.

Cost of Good Quality: Prevention Costs

Prevention costs are costs of all activities that are designed to prevent poor quality from
arising in products or services. Examples include the costs for: quality planning,
supplier evaluation, new product review, error proofing, capability evaluations, quality
improvement team meetings, quality improvement projects, quality education and
training.

Cost of Good Quality: Appraisal Costs

Appraisal costs are costs that occur because of the need to control products and services
to ensure a high quality level in all stages, conformance to quality standards and
performance requirements. Examples include the costs for: checking and testing
purchased goods and services, measurement equipment; process control monitoring;
inspection and tests; test equipment expense; product quality audits and field testing.

The total quality costs are then the sum of these costs. They represent the difference
between the actual cost of a product or service and the reduced cost given no defective
products. An increase in costs on prevention and appraisal leads to a decrease in failure
costs (Fig. 2).

By the passage of time, cost of quality was later replaced by the term cost of poor
quality (COPQ) (Malmi et al., 2004) which is defined as the sum of those costs that
would vanish if there were no quality problems (Juran, 1989).
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Figure 2: Cost versus Quality Level according to the PAF Model (adapted from Kazaz
et al., 2005)

Both internal and external failure costs can be either visible or hidden. Visible failure
cost is the cost of errors and their consequences that we have with the current
knowledge and methods can capture and record. The causes of poor quality, sometimes,
are not as obvious as they might seem (Atkinson, 1999). Many of the poor quality costs
are hidden and very difficult to capture and measure. Hidden failure costs are costs for
the errors and consequences of faults, which we have neither the knowledge nor the
metrics to capture. By developing knowledge and methods more hidden failure cost can
be visible. This also increases the opportunities to reduce failure cost. These hidden
costs are very important due to the fact that the buying decisions by the customers are
very much reliant on these costs of loss of customer good will, lost reputation, customer
dissatisfaction and lost opportunities. One of the key elements of the efficiency of the
investigations is therefore to highlight so many hidden failure cost as possible
(Krishnan, 2006).

4.2 The importance of using and measuring poor quality cost
Some of organizations and managers especially in construction, unfortunately, do not

have information about the true cost of their own quality. However, uses of quality cost
bring significant benefits. Harrington (1999), for instance, enumerated the uses of
knowing quality cost as: (1) getting management attention; (2) changing the way the
employee thinks about errors; (3) providing better return on the problem solving efforts;
and (4) providing a means to measure the true impact of corrective action and changes
made to improve the process.



But, before quality cost can be used, it must be measured. However, the quality cost
cannot be captured or identified by means of the current accounting reports and auditing
system (Barbara et al., 2008; Low and Yeo, 1998) and it should be captured by means
of specific methods and systems. Reviewing current literature illuminates that basically
sequential steps in measuring poor quality cost are as follows:

1. Identify all activities that exist only because of poor quality.

2. ldentify where in the construction projects the cost of each activity is experienced.
These costs may appear in one area or in multiple areas.

3. Determine the method will be used to capture and calculate the cost of poor quality.
4. Collect the data and estimate the costs.

According to Yang (2008), the most important aspects in measuring quality cost are as
follows:

e “To establish appropriate categorization of various quality costs, and ensure that
every item of quality costs is captured,

e To collect and analyze the relevant data thoroughly, and thus to quantify all
quality-cost items accurately;

e To identify areas of poor performance on the basis of the above data analysis;
and

e To allocate responsibilities for the overall cost”

In the construction related literature, several researchers (e.g. Davis et al., 1989: Low
and Yeo, 1998; Abdul-Rahman, 1993; and Love and Li, 2000) have stressed the
importance of measuring the costs of poor quality as a part of quality cost. For instance,
Love and Li (2000) made the point that it is essential to identify the costs and causes of
construction rework in order to evaluate how quality has been managed and to discover
problems within the construction process and try to improve the performance of
projects.
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In this section, summaries of the most significant studies are outlined to provide a
general overview of what have been done in this research area.

Several investigations can be found in the recent literature about poor quality cost for
building and construction projects. In the study by Burati and Farrington (1987), a
quality performance management system (QPMS) was developed to track the cost of
quality. Historical data for nine construction projects of varying type and size were
analyzed. 88-1463 deviations recorded per project. Quality deviations found to be as
high as 12.4% of the contract value.

Building Research Establishment (BRE) (1982) found that substantial cost benefits can
be gained by implementing a quality management system. It is further found that 15%
savings on total construction costs could be gained by eliminating rework, and by
spending more time and money on prevention.

Hansen (1985) in a study calculated failure cost for three projects; all apartment
buildings executed turnkey projects. He studied the available documentation, and
supplemented by interviews with staff. For those two chosen projects calculated failure
cost calculated to about 11% of the production cost. For the third project, a normal one,
the corresponding value was 5.5% of the production. He pointed out that the result of
the applied method is likely to be underestimates of the true level.

Ball (1987) reports that a British contracting company managed to reduce total failure
cost for a construction project from 4.1% of the tender amount to 0.6% for another
project. They studied the faults occurred for the first project and took defect prevention
on the basis of the trends to reveal the errors.

From 1986 to 1990 and then 1990 to 1996 Josephson and Hammarlund (Josephson,
1990, 1994; Josephson and Hammarlund, 1996) conducted a numbers of studies to
capture the costs and causes of defects. A study performed on seven building project by
cooperation of Chalmers University of Technology and a group of construction
companies in Sweden during 1994 -1996. Reported costs of defects varied between
2.3% and 9.4% of the contract value of each project. Another 21 site visits were
conducted within 3 weeks. The costs of failures reported to be 6% of the production
cost.

Hammarlund et al. (19904, b) in the first investigation during 1986-1989, conducted a
study throughout the construction of a community service. Project was followed
throughout its course, by an appointed observer over a two-year period and 1460 quality
failures recorded on site. Internal failure costs reported about 6 % of production cost.
Josephson and Hammarlund (1999) reported the costs of rework on different types of
building projects which were varied from 2% to 6% of their contract values.

11



Josephson et al. (2002) (in their second investigation during 1994-1996) studied seven
construction projects managed by seven different companies in Sweden. They recorded
2,879 errors or defects and the costs of rework were 4.4% of the construction values for
the observation period.

Cnuddle (1991) measured the failure costs in construction by investigating the amount
of non-conformances that happened on-site. Cnuddle (1991) reported non-conformance
cost varied between 10% and 20% of the total project cost.

Abdul-Rahman (1993) developed a quality cost matrix to track the cost of non-
conformance during construction. To test his model, he reported non-conformance costs
during a highway project to be as high as 5% (1995) and during a construction of a
water treatment 6% (1996) of the contract value. He gathered 72 non-conformances of
which 59 non-conformances were used for analysis in 1995 and 62 non-conformances
in 1996 by visiting 18 sites during 22 weeks.

Nylen (1996) found that by implementing poor quality management practices in a
railway project, quality failure cost was as high as 10% of the contract value. He further
reported that 10% of the experienced quality failures accounted for 90% of their total
cost.

Willis and Willis (1996) used a case study to test the quality performance management
system (QPMS) system on a heavy industrial project. They reported that the total
quality cost of quality (TQC), the cost of prevention and appraisal plus the cost of
failure and deviation correction was 12% of total labour expenditures for design and
construction. This was consisted of 8.7% prevention and appraisal and 3.3% deviation
correction.

Low and Yeo (1998) proposed a construction quality cost quantifying system (CQCQS)
for capturing the construction quality costs. Coding system was used in this model to
categorize various items. However, this system was not tested further.

Love and Li (2000), in their study of rework costs for a residential and industrial
building in Australia, calculated that the cost of rework to be as high as 3.15% and
2.40% of the contract value respectively. Data were gathered from the date construction
commenced on site until the completion of defect liability period.

In another study performed by Love (2002b), direct and indirect rework costs from 161
Australian construction projects were obtained. Mean direct and indirect rework costs
were reported to be as high as 6.4 and 5.6% of the original contract value, respectively.

Barber et al. (2000) developed a method to capture quality failures costs in two major
road projects in UK. For gathering data, two schemes were selected and failure costs
calculated based on the weekly budget. Schemes 1 took nine weeks and failure costs
originated from 188 incidents reported 16% of the weekly budget. Scheme 2 took just
four weeks and failure costs originated from 50 incidents found as high as 23% of
weekly budget.
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Aoieong et al. (2002) introduced an alternative approach based on the process costs
model (PCM) to record and trace quality costs of construction projects. The main
purpose of this model was to measure quality costs of particular processes rather than
the quality costs of total project (Tang et al., 2004). To test their model, they conducted
two case studies including a 38-story building project and one civil engineering project
in Hong Kong (Tang et al., 2004). Researchers captured quality costs in concreting
process for these two projects. For the 38-building project the costs of non-conformance
decreased from 0.48% of the total process costs in the 21% floor (1% cycle) to 0.43% at
the end of project in the 38™ floor (18 cycle). For the civil engineering project, costs of
non-conformance declined from 3.55% (1% cycle) of the total process costs to 0.03%
(30" cycle).

Hall and Tomkins (2001) presented a methodology for evaluating the “complete” cost
of quality for construction project. Subsequently, the methods were used in a building
project in the UK. Quality failure costs reported 5.84% of the contract sum whereas
costs of prevention, appraisal and other activities were reported 12.68% of the contract
sum.

Kazaz et al. (2005) presented a model for determining the optimal level of total quality
cost and collected data for costs of quality in a mass-housing project as a case study in
Turkey. The optimum cost of total quality was reported as high as 16.75% of the total
cost to client.

Simpeh et al. (2012) reported the mean of direct and indirect costs of rework 2.93% and
2.20% of the contract value respectively by sending 399 questionnaires via email of
which a total of 78 firms participated in their investigation.
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In this section the results of reviewed studies are covered according to the three major
bases. The results are also synthesized in Table 1.

6.1 The Aims of Reviewed Studies
One of the important differences among poor quality cost studies in construction is the

different aims of them. Numerous and diverse aims could be found in the reviewed
studies. However, they might be categorized as the following broad groups:

1. Those studies that aims to introduce and develop the methods and
systems for capturing and controlling of quality costs:

Several studies attempted to introduce a system and method for measuring and
capturing the costs of poor quality. This theme is the most popular one among the
literature about the topic. Examples of those studies that fit this category are:

e Construction Industry Institute (CII) (1989): “To identify methods and programs
of quality management currently being utilized in the construction industry”.

e Davis et al. (1989): “A quality performance tracking system (QPTS) has been
developed to provide for the quantitative analysis of certain quality related
aspects of projects by systematically collecting and classifying costs of quality”.

e Abdul-Rahman (1993): “Illustrate by a case study how failure costs can be
captured and used in a civil engineering contract” which led to the introduction
of quality cost matrix.

e Aoieong et al. (2002): “How a simple methodology can be used to capture
quality costs in construction projects”.

e Low and Yeo (1998): “Proposed a quality cost quantifying system for site
operations known as the construction quality costs quantifying system or
CQCQS for the building industry”.

e Kazaz et al. (2005): “This paper examines construction quality costs in Turkey.
A model is presented for determining the optimum level of total quality cost.
This uses a case study in which the costs of quality in a mass-housing project
were collected and evaluated”.

e Hall and Tomkins, (2001): “This paper presents a methodology for assessing the
complete COQ for construction projects and reports on the findings of a building
project in the UK on which the methodology was piloted”.

“This study by interpreting the COQ methodology in far broader terms attempts
to apply the complete methodology to a construction project”.
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e Barber et al. (2000): “This study aimed to conduct a COQ analysis in Civil
engineering developed a method to measure costs of quality failures. (It was
based largely upon work-shadowing”.

It is worth mentioning that in some of these studies researchers later on by using case
studies tried to collect data to test their models and indicated the applicability of their
models (Abdul-Rahman, 1995; Abdul-Rahman et al., 1996; Tang et al., 2004). Example
of such studies is the study by Abdul-Rahman (1995) who provides a case study on a
highway project to support testing his quality cost matrix model. The main point here is
not so much of the accurate estimates, but to help the users of the models and systems to
get familiar with how to make use of the quality cost systems. And it might be justify
why the numbers of recorded non-conformances in this study are very low in
comparison to other studies. There is no doubt that some projects are well-run and
successful projects, but few errors do not occur in any project.

2. Quantifying poor quality cost and identifying their associated
causes:

The second group of literature aims at measuring the poor quality causes and costs.
They tried to present rather the accurate size of poor quality costs and the origins of
their causes as much as possible. So, they tried to choose definitions and methods of
data collection, which help them to collect their related data. In this group of literatures,
the main focus of the researchers is on how they can employ better tools and
measurement’s methods so provide and present a more precise estimate of poor quality
cost.

e Construction Industry Institute (CII) (1989): “To identify quality problems in
construction along with their associated costs”.

e Josephson et al. (2002): “To measure the costs of rework in construction
projects”.

“Identify, analyze and discuss the causes, magnitudes and costs of rework
experienced in seven Swedish construction projects”.

e Love and Li (2000): “The research presented in this paper quantifies the causes,
magnitude and costs of rework experienced in two construction projects that
were procured using different contractual arrangements”.

e Barber et al. (2000): “The research objective was to provide some overall
quantification of the scale of cost involved for the element of work examined”.

3. Those who aim to increase the awareness and consciousness about
the poor quality cost issues:

In the third group, the main aim is mentioned as to raise the awareness of the managers
and other practitioners about the size and level of poor quality costs in the construction
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projects. In these studies, the researchers tried to stimulate the debates. They also try to
provide some recommendations for improving the situation. They may not even present
a concrete definition of the poor quality cost the same as other studies and the way they
gathered data. It can be argued that the key role of such studies is to raise awareness and
consciousness concerning the size and importance of poor quality costs which can be
very helpful in the process of managing change. The examples of some of the aims that
fall in this category include:

e Abdul-Rahman (1993): “Generate an awareness of the design and construction
caused failures”.

e Josephson and Hammarlund (1999): “The purpose of the study presented here is
to stimulate improvements by indicating where preventive measures are more
effective as well as how to perform them”; and

“The aim is, through increasing the knowledge of defect causes to find
motivation for improvement of the building process”.

e Barber et al. (2000): “Raise quality consciousness in the process of managing
change”.

4. Those studies that aim at presenting definitions of quality related
terminology:

It was surprising that when looking at the aims of the literature, there was only one
paper in which the aim was mentioned to present the definitions of related terms. This
includes the following:

e Construction Industry Institute (CII) (1989): “To derive and present standardized
definitions of quality related terminology in construction”.

6.2 Definitions Related to Poor Quality Cost in Reviewed Studies
A common problem when measuring the cost of poor quality is the disagreement about

which costs and costs elements should be regarded as poor quality costs (Soérqvist,
1997). Literatures on poor quality costs in construction have set their theoretical basis
on quality management concept. As a result, many of the terms used for referring to
poor quality are defined from a quality management perspective.

According to Machowski and Dale (1998), there is no general consensus on a single
definition of poor quality cost, which indicates that there are many likely ways for
proposing different definitions as well as the interchangeable usage of them. More
specifically Loushine et al. (2006) cited in Hoonakker et al. (2010) found that
researchers in construction quality used the following definitions for quality
performance: ‘meeting expectations of the customer’ (Chase, 1998; Kanji & Wong,
1998; McKim & Kiani, 1995; Torbica & Stroh, 1999), ‘reduced rework or defects’
(Atkinson, 1998; Love et al., 1999; McKim & Kiani, 1995; Pheng & Wee, 2001,
Sypsomos, 1997), ‘repeat business’ (Sommerville, 1994; Sypsomos, 1997),
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‘conformance to ISO 9000 criteria’ (Bubshait & Al-Atiq, 1999; Sun, 1999), and
‘completion on-time and within budget’ (Courtice & Herrero, 1991; Gransberg et al.,
1999; Jaafari, 1996; Kiwus & Williams, 2001; Love et al., 1999; McKim & Kiani,
1995; Ripley, 1996; Sypsomos, 1997; Wong & Fung, 1999).

As a result, poor quality cost can also be interpreted and characterized differently.
Noticeably, in construction related literature, poor quality cost is expressed by various
terms and interpretations and there is not an agreement about them. Examples of such
terms, which are in some cases interchangeably used with each other are: “rework”
(Love and Li, 2000) (Josephson et al., 2002) “quality failures” (Barber et al., 2000),
“defects” (Josephson and Hammarlund, 1999), “non-conformance” (Abdul-Rahman,
1993) and “quality deviations” (Burati et al. 1992).

However, these terms are not often synonymous. For example, failure is defined as “a
departure from good practice, which may or may not be corrected before the building is
handed over”, while defect is “a shortfall in performance which manifests itself once the
building is operational” (Atkinson, 1987). More specifically, defects are considered as
“the physical manifestations of an error or omission” (Knocke, 1992). Mills et al. (2009)
defined defects as “tangible incidence that can be corrected”.

Basically when a failure occurs, rework is needed which means that a piece of work
may take twice amount of time, labor and material. So, rework may stem from different
sources. It might be originated, for example, from inefficient information flow in design
(Love et al., 1999a). In other words, rework occurs due to inadequate communication of
information such as design intent or specific detailing, and work being allowed to
proceed without the required information. As a result, collisions of work elements
identified in the field after installation result in rework, such as removal and
reinstallation of pipes and conduits, incurring delays and extra costs.

Several researchers (Reason, 1990; Blockley, 1992; Petroski, 1985, cited in Atkinson,
1999) made a distinction between two types of errors, which are “active” and “latent”.
Latent errors are considered as managerial failures, which dispose a system to failure
and active errors are triggering events, which are the direct origin of the failure such as
a simple lapse by an individual operative. According to Shingo (1986), cited in
Escalante (1999), defects are the outcome of errors. Humans are prone to commit errors,
and it is perhaps impossible to eliminate them completely. Nonetheless, it is possible to
prevent them from being transformed into defects (Escalante, 1999). Variation is
defined as differences between things, even if produced under presumably the same
conditions (Shewhart 1931, cited in Escalante 1999).

Mitra (1993) defines "nonconformity" as a quality characteristic that does not meet its
specified requirement. A "nonconforming unit" is one that has one or more
nonconformities such that the unit is unable to meet the intended standards and is unable
to function as required. Some may argue that the modem term for "defect” is "non-
conformity,” and a term for “defective” is "nonconforming item." However, Banks
(1989) makes a distinction between non-conformity and defect by establishing that
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nonconforming is related to not meeting specifications and that defect is related to not
being useful, instead of not meeting requirements.

Some of the scholars put emphasis on the importance of making the distinction between
the proposed terms and definitions and the following effects it breeds for the subsequent
measurements. Specifically, Mills et al., (2009) figured out that “the lack of
differentiation between the terms used to describe defects can lead to inaccurate and
incomplete measurements, cost determination and possibly inappropriate strategies for
reducing their occurrence.” Plunkett and Dale (1987) emphasized on providing a
rigorous definition when the aim is to deal with costing exercise such as quantifies the
quality cost. According to Low and Yeo (1998), it is not efficient to include all quality
cost activities into the quality cost studies as all of those activities may not influence the
overall cost of quality (Low and Yeo, 1998). Hence, in poor-quality-cost investigations
researchers must decide to determine quality-costs related elements so they can identify
whether a particular cost is quality-related (Dale and Plunkett, 1987).

Presenting different definitions and terms together with the lack of agreement about the
quality related definitions of quality and the broad nature of the definitions of quality
resulted in including different categorizations and cost elements in the studies which
give rise to the confusions and problems related to definition. For instance, it is possible
that a product meet a “specified requirement”, but not “satisfy the customer”. It is
probable for something to be “free from defects”, but not be “fit for purpose”. A service
may be of “superior performance”, but not “conforming to the specification” (Hardie

and Walsh, 1994).

In the construction related investigations about poor quality cost, in one study
performed by Burati and Farrington (1987), the term deviation was used rather than
failure or defect. They did so to illustrate that a product or result that does not fully
conform to all specification requirements does not necessarily constitute a failure. They
argue that deviation can include products or results that do not conform to all
specification requirements, but that are not failures in the sense that they require rework,
repair or replacement. In their study, the term deviation is referred to a wide variety of
other related terms. For example, they discuss that if a product, process or service did
not meet established requirements then it was considered as deviation. Deviation was
considered as an imperfection which is an accepted deviation, defect which is always
rejected and requires corrective action, or non-conformance that may be rejected,
requiring corrective action, or may be accepted.

They also categorized deviations as changes, errors or omissions. Subsequently, a
change is defined as “a directed action altering the currently established requirements”.
Error was considered as “any items or activity in a system that is performed incorrectly
resulting in a deviation” and omission was explained as “any part of a system, including
design, construction and fabrication, which has been left out”. However, they do not
consider the effect of failure on time-related and also the cost that needs to speed up
work to compensate the lost time and the cost of delays related to them in their
definitions.
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Josephson (1994) used the term defect instead of rework and defined it as “the non-
fulfillment of intended usage requirements” and subsequently defines the defect cost as
“the value of resource consumption for rework as a consequence of a defect”. The
resources are considered as work time, materials and equipment time. This means that a
“defect is a non-desired condition in the product or process”, which results in an
incorrect action. Josephson (1994) argues that even though the usage requirements are
given by regulations, building standards, contract documentation and other project
documentation, some of the requirements are difficult, if not impossible, to specify. As
a result, in order to distinguish whether a particular requirement is fulfilled, it is
necessary to rely on the project participants’ report. It is noteworthy that he did not
consider “the changes, which are made because of new or changed clients’ needs” as
defects. Thus, the costs incurred due to the client changes excluded in the defect costs in
his study. Furthermore, he limited the definition to the cost needed to correct defects
and ignored the defects that are not corrected. However, some may argue that the
uncorrected defects may have the consequent cost later.

Barber et al. (2000) use the term quality failure as “a subsection for measuring non-
conformance costs” (Love and Edwards, 2005) for referring to poor quality conditions
and classified it as:

e Internal failures: cost incurred due to scrapping or reworking defective product
or compensation for delays in delivery; and

e External failures: cost incurred after the delivery of a product to the customer-
costs of repairs, returns, dealing with complaints and compensation.

However, they made no distinction between internal and external failures which
discovered by the client.

Moreover, in Barber et al. (2000) “only direct costs of rework for the failures observed
were estimated: site overheads and work undertaken for the site from head office have
not been included in estimates for rework of quality failures”. Also, “an estimated cost
of delay was included within the cost of a failure where it was on the critical path”.
Otherwise, it is excluded from the calculations.

Love and Li (2000) used the term rework. Love et al. (1999b) defined rework as "the
unnecessary effort of re-doing a process or activity that was incorrectly implemented the
first time". This means that the additional cost due to re-doing or re-designing an
activity or process was considered as a rework. They considered costs of rework as total
costs “derived from problems occurring before and after a product or service is
delivered”. In the same study, Love et al. (1999b) figure out that “the rework costs were
determined by calculating the client initiated variations (additional cost to the client)
with variations that were not client initiated and defective work”. Love and Edwards
(2005) further argue that terms such as errors, omissions, changes including change
orders, failure, damage, defects, variations and non-variations throughout the
procurement process are all attributes to rework, and the costs of them could be
included in rework cost. They also considered repairs as one of the items that contribute

19



to rework and define it as “the process of restoring a non-conforming characteristic to
an acceptable condition even though the item may still not conform to the original
requirement”. Seemingly, including a wide variety of terms as rework is because of the
broader definition that they adopted for their study in comparison with some other
studies. Moreover, Love and Li (2000) argue that the loss of time because of waiting
and redoing work is a non-productive time; however, they did not consider it in rework
cost calculation.

Abdul-Rahman (1993, 1995, and 1996) used the term non-conformance. In Abdul-
Rahman (1993), failure cost is stated as the price of non-conformance which consists of
internal failure, external failure, and intangible quality costs. It is also mentioned that
“non-conformance costs include those incurred for rework, repair, loss of client’s
goodwill, liquidated damages and litigation” (Abdul-Rahman, 1993) and failure cost is
“the cost incurred to rectify a departure, which may be in the form of an imperfection,
non-conformance or defect, to meet established requirements” (Abdul-Rahman, 1995).
In the first attempt to collect data in (1995), 12 classifications of non-conformance
including: “geotechnical, design related, planning, information and communication,
materials, construction related, plant and equipment, difficult to work area, personnel,
subcontractor and supplier, supervision and inspection and other problems” were
presented in a matrix model. Nevertheless, material wastage and head office overheads
were excluded from his calculations. For each classification of problems, the following
items were declared:

e Specific problem

e Activity affected and when discovered

e Causes of problem

e Extra duration needed to correct problem: the extra time needed to remedy the
problem i.e. actual duration minus estimated duration.

e Additional cost of activity: the additional costs (costs of labor, material and
plant) incurred by the activity to rectify the problem using normal rates of
production.

e Amount of additional time-related on cost: the additional time-related cost
incurred because of extra time needed to complete the activity or additional costs
required to speed up work as a result of the problem.

e Any other additional cost: any other additional remedial costs not associated
with the two previous items but adding to the activity cost indirectly.

e Prevention/appraisal costs for this activity: the expected cost or cost incurred to
prevent the problem.

e Quality cost: the total quality cost for the activity.

Hall and Tomkins (2001) by criticizing the previous studies as being partial, instead of
measuring only the failure costs, presented a broader picture of quality cost. In their
investigation, the prevention and appraisal activities were also considered in addition to
the failure activities. Initially, it is stated that “what should be measured is any
disruption to the construction of finished product, however that may manifest” which
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seems that only the visible costs were considered. Further, at the time of collecting
failure costs, it was decided to define failure as “any incident that impeded the process
of construction of the building” and quality failure as “an activity that failed to proceed
as planned or, in other words, an activity that was inefficient”. The cost of delays only
was considered where it affected the construction critical path. And external quality
failures were included in a sense that they have been transferred to the customer.

Aoieong et al. (2002) developed a Process Cost Model (PCM) to capture the costs of
quality for specific processes. The quality costs in PCM are termed “process costs”.
Process costs then were divided into two groups: the costs of conformance (COC) and
the costs of non-conformance (CONC) (Aoieong et al., 2002). Later, in Tang et al.
(2004) to test the model for a concrete process, the following definitions were
elucidated:

e Cost of conformance: “is the intrinsic costs involved for providing the finished
concrete product as required in good order”.

e Cost of non-conformance: “is the costs of wasted time, materials and resources
and any costs associated with the rectification of the unsatisfactory concrete
product”.

The process cost is then the total costs of cost of conformance and cost of non-
conformance (Aoieong et al., 2002). In Tang et al., 2004, the costs of non-conformance
then were calculated for three different parts. These include: formwork placing,
reinforcement placing and concrete placing. For formwork placing, the costs of non-
conformance were calculated based on the estimated time and labour required for fixing
each non-conformance occurrence. For reinforcement placing, “the number of
occurrence of each type defects was recorded and the time and cost required for the
remedial work were then estimated based on current labour rate”. And for concrete
placing, based on the severity of the defects, the time and cost required to complete the
remedial actions were estimated in accordance with the current labour and material
rates. In this study, the term “defect” is used for collecting and calculating the non-
conformance cost. But, no definition of this term is presented.

Overall, it is evident from the reviewed literature that many of the definitions are broad
and may encompass several elements. However, in some cases the researchers avoid
arguing and presenting the related terms and definitions in detail. The reason might be
the associated difficulties with providing unambiguous and acceptable definition.

Moreover, the terms used in the studies are sometimes different from study to study
which explain the different points and aspects. It becomes more confusing when in
some of the studies two different terms are used for reporting the same findings.

There is not also a consistency regarding the poor quality cost elements included in the
investigations. While in one investigation, for example, change order was included; in
another it might be excluded from the calculations. Nevertheless, it is not always clear
in some of the literature that whether an element such as change orders and waiting time
are considered as poor quality cost or not.
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Hence, the application of different definitions and terms for quality and poor quality
cost is another reason why the reporting of poor quality costs is confusing. Some
scholars (Holland, 2000; Hall and Tomkins, 2001) claim that they use a total
perspective, while it could be argued that they still use a narrow definition (Josephson
and Saukkoriipi, 2003). In fact, due to the presence of numerous definitions and
interpretations of quality and poor quality cost concepts, the researchers may use a
narrow definition and limit their study to some cost elements. Accordingly, each
definition will lead to the consideration of a measurement, or metric. Moreover, they
limited their measurements to visible costs of poor quality, however, many of the costs
of poor quality are hidden and difficult to identify.

The definition should be clear and discuss about the aspects, which are considered as a
poor quality cost in detail so that one can realize what types of costs are considered as
poor quality cost. The researchers should pay attention to the fact that a clear and
consistent definition of the key terms included in their investigations is a crucial
prerequisite to their studies (Sorgvist, 1997). Without this clarity and consistency,
interpretations of research results become problematic. The “definitional inconsistency”
across the reviewed studies makes it difficult to claim a generalized statement regarding
poor quality cost in construction.

All in all, different definitions were presented concerning:

(@) If just the failure costs were considered or all prevention, appraisal and failure costs
or even researchers follow some particular processes.

(b) Measured cost elements, i.e. different cost elements were included in reviewed
studies.

(c) Considered definitions and terms.
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6.3 Methods of data collection of Reviewed Studies
The importance and effectiveness of data collection is fundamental to the overall quality

of research. The validity and the quality of data are of high importance which
sometimes not given sufficient attention. The quality of data is in a direct relationship
with the quality of the research. If data was gathered based on the poor methods and
manners this will lead to poor quality research (Carter and Fortune, 2004). Basically the
following factors may influence the choice of method for an investigation: (1) the
source and the resources available; (2) the time required for answering questions and
conducting the study; (3) the expected response rate; (4) the expected biases; (5) the
type of variable; (6) the accuracy required; (7) the collection point; and (8) the skill of
the data collector.

Reviewing the current literature shows that different methodologies for data collection
have been used by different researchers. For example, in the study carried out by
Josephson and Hammarlund (1999), during six-month period:

“one observer is placed at each site. The observer has no other task than to
register, follow-up and describe defects occurring. By making rounds on site, the
observer has daily contact with all the personnel, the building contractor’s as well
as the subcontractor’s personnel. When necessary, the observer contacts the client,
designers, material manufacturers, etc. He takes part in meetings and reads all
documentation. Each observer has been educated in the method and introduced at
the site. During the study the observer and the researchers have continuous
contact. At special meetings, the observers compare notes”.

The data collection consisted of three main parts:

e Defect descriptions. “Each defect is described on a special form. Approximately
20 questions are coded. They are supplemented with detailed descriptions of
causes, erroneous action, manifest defect, consequences and corrective
measures. The defect cost is estimated. Sketches, drawings and photographs are
appended. A total of 2879 defects were registered. Some of them consisted of
several similar defects”.

e Project description. “To enable the analysis, each building project is fully
described. Among other things, the project organization and the site organization
changes during the process, systems for leading, planning methods, policies
regarding choice of sub-contractors, etc., activities included and their
interdependence, are described. Schedules, drawings, site meeting records and
diary are appended. Costs and times for the whole project and for separate
physical elements, activities and materials are stated”.

e Interviews. “In each project, the research group interviews 10-15 key persons.
Each interview is approximately 1 h. The interviews are tape-recorded and
transcribed in full afterwards. During the interviews, the characteristics of the
building project are mainly discussed”.
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Similar to the method used by Josephson and Hammarlund (1999) is employed by
Barber et al. (2000), which they called it “work-shadowing”. They shadowed key
personnel such as engineers, foreman and other key operatives for a period of time. In
this way, they used a form to record the main elements of each problem, the time delay
it caused, the detailed resources used to rectify it and their cost categories. Later, they
also supplemented the work-shadowing with regular reviews of quality problems with
designers on site. After calculating the cost of each identified failure, these expressed in
terms of weekly costs for each size of failure. Later, “the estimated cost per week over
all sizes of failure was expressed as a percentage of the weekly budgeted cost of the
specific areas work studied”. However, it is not evident in this study that from what
sources they extracted and calculated the costs of failures.

Abdul-Rahman (1995) used a different method. Instead of following the project
personnel, they gathered data “based on discussions and interviews with key personnel
and recorded information”. Background information for the contract is obtained from
the discussions with the main contractor’s quality assurance manager, quality systems
engineer, site agent and project manager. Data on non-conformance events were
collected mainly from the defect notices used by the main contractor as part of its
quality systems recording procedure while others were from interviews and discussions
with staff who participated in this investigation. The latter relied on records from
variation orders and other site instructions. The defect notice details each item of work
on site that does not conform to the specifications or plan of work.

Abdul-Rahman et al., (1996) used a similar method as their previous method but with
some differences. Researchers made “18 site visits during a 22-week period towards the
end of construction”. They gathered data during each visit from “interviews and
discussions with site engineers”. The costs related to each non-conformance event were
estimated by “the company’s quantity surveyor based on resource and material usage as
obtained during the interviews”. Estimates were based on information for each non-
conformance event and included the quantities of material used for rework, labor and
plant, and site management time.

Love et al. (1999b) gathered data from “the date from which construction commenced
on site until the completion of the defects liability period”. Several methods used to
collect data as follows:

e Interview: project’s client, site management team, consultants, subcontractors
and suppliers were interviewed (unstructured and semi-structured). “Interviews
were used primarily to determine those variables that influenced the occurrence
of rework. The interviews were conducted on a one-to-one basis and were open
so as to stimulate conversation and breakdown any barriers that may have
existed between the interviewer and interviewee. Interviews were used to gain 1)
an understanding of the constructs that the interviewee uses as a basis for
forming opinions and beliefs about a particular rework event; (2) an
understanding of the step-by-step logic of why and how a rework event
occurred; and (3) the confidence of the interviewee”.
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e Site visits: researchers visited studied projects three times a week throughout
their duration. They explained that “two block visits of four days to each project
were conducted. These block visits were undertaken during times of increased
site activity”.

e Direct observations, and documentary sources: “provided by the contractor,
consultants, subcontractor and suppliers were used also to derive data.
Numerous other sources such as variation lists, site instructions, day work
sheets, extension of time claims and non-conformances were used also to
identify rework events and determine any effect on project performance in terms
of time and cost”.

In Tang et al., (2004) “the site engineer was responsible for providing the CONC data”.
For reinforcement placing process “a form containing a checklist of all the common
defects was then designed to facilitate the site staff in the data collection process. The
number of occurrence of each type of defects was recorded and the time and cost
required for the remedial work were then estimated based on current labour rate”.
However, due to lack of enough human resources to capture the non-conformances
“only those discovered during the final inspection by the resident engineer on each
floor” were captured. For the concrete placing process, “based on the judgment of the
resident engineer, concrete honeycombs that required remedial works would be marked
and photographed”.

The major method of data collection in both Love and Edwards (2004) and Simpeh et
al. (2012) was based on a questionnaire survey, but with some differences. Love and
Edwards (2004) explain that:

“Rather than developing a questionnaire survey that sought to elicit general
opinions about rework, respondents were asked to select a recently completed
project most familiar to them and answer questions about the perceived causes of
rework, associated costs, and the project management practices implemented”.

And in Simpeh et al. (2012) the method of data collection was explained as:

“The data for this study was collected through a questionnaire survey from
construction professionals including architects, contractors, consulting engineers,
quantity surveyor and project managers...the questionnaire was designed to
determine, inter alia, perceptions of respondents regarding the project
characteristics, organizational management practices, causes of rework, impact of
rework, measurement of rework cost and rework containment strategy”.

This overview shows that there are a wide range of data collection methods and

approaches used by researchers. Methods and approaches used by researchers are
different in terms of the following points:
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() If they have occurred in parallel with the construction projects or they have been
made for the completed projects.

(b) Whether it has conducted oral interviews and/or written questionnaires, made direct
observations, analyzed historical project documentation or studied failures gathered
from failure’s documentation.

(c) Whether it has made occasional visits to the construction site or made continuous
monitoring (Full-time observation).

(d) If the data collection was carried out by individuals operating in projects or by
outside observers.

This review shows that researchers utilized the following methods of data collection or
a combination of them as major methods of their studies:

a. Direct observations:

I. Full-time monitoring
ii. Occasional visits to the site

Oral interviews

Written Questionnaires

Examination of historical project documentation
Examination of gathered failure in a failures” documentation

® a0 o

Participant observation is considered as one of the best-known methods of data
collection (Bryman, 2008). This method is expensive and needs more time in
comparison with other methods especially when it comes to use of the training observer.
Provision of training to observers by offering practice sessions not only help the
observers on how to collect data in the right way but also ensure that all observers are
rating their observations in the same way, thus ensuring that the data are reliable. In
addition, utilizing a full-time direct observation helped them to observe poor quality
related costs in their natural setting, thereby providing a richer set of data. When an
observer visits construction site is likely to better understand the nature of the failure
and associated costs after directly observing the construction activities, workers and
processes in comparison with relying solely on documents or key informant interviews.
Furthermore, it may reveal such failures and failure costs many informants may be
unaware of or unable to describe adequately.

Regarding the direct observation method that some of the researchers made occasional
visits to the site, the quality of data might not be as high as a full presence on the site
because by fully presenting on site firstly, a more comprehensive and clearer picture
emerges of the research setting by recording more data (Geertz, 1973; Burgess, 1984).
Secondly, in full-time observation, the observers becomes a participant in the project or
culture or context being observed which help them to record the more accurate data as
they can follow the natural behaviors of the project participant.

In those studies examining the project documentation as the method for data collection,
the researchers are not able to control the quality of data being collected and must rely
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on the information provided in the document(s) to assess quality and usability of the
source(s). In addition, in those studies that the data are collected for completed
projects/processes, they should rely on the memory of the project participants. Because
of the above-mentioned reasons, it should not be used as the major method of data
collection for poor quality cost, despite the fact that it is typically less expensive than
collecting the data by other methods such as direct observation.

Some of the studies have relied primarily on after-the event interviews with key
participants involved in the project to collect data. The major drawback, in this case, is
that the interviewees may forget important activities that led to poor quality which in
turn affect the quality of their data.

Further drawback of those groups of studies that they mainly rely on the interviewing
and using questionnaire for the data collection is that the participants who take part in
the interview and questionnaire may not be willing to answer the questions. They might
not wish to reveal the information or they might think that they will not benefit from
responding perhaps even be penalized by giving their real opinion. Therefore, the
quality of data is probably not as high as with alternative methods of data collection
such as direct observation. Instead, it seems more logical if they use these methods for
gaining insight and context into the issues.

In short, there is not any consistency regarding methods of data collection. Some studies
made random observation and others make more systematic and resource demanding
investigations. Some studies are questionnaire investigations that rely on the attitudes of
different individuals, while other studies use more factual methods for data collection,
e.g. direct observations of what really takes place. Consequently, the qualities of data
obtained are different based on the methods used by researchers.
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The findings of different investigations about poor quality cost in construction are often
compared with each other in discussions of scientific studies, though they have different
focuses, approaches, definitions, cost elements, measurement methods and scopes. The
result is a great confusion about poor quality cost among construction researchers and
practitioners.

By considering studies about poor quality cost in construction, some major issues can
be highlighted. One of the interesting points among the literature is that in those studies
which aim at measuring and capturing poor quality cost and determining the size of
poor quality cost, the numbers of recorded failures are much more than other groups.
Moreover, they also employ more powerful methods of data collection in comparison to
the others.

Another surprising point is that just a few numbers of literatures quantify the cost of
poor quality in a comprehensive and reliable manner. The rests are about getting
management attention, testing a quality cost model and provide guidance on the
utilization of that model and follow up.

While all scholars within the building and construction industry agree that the costs are
too high, there are disagreements on which cost elements and what methods and
definitions should be used. The accuracy of the measurements is not always as it was
expected, which has resulted in misleading comparisons. Moreover, there is often much
disagreement when it comes to deciding which cost elements should be regarded as
being associated with poor quality. Different terms and definitions are presented in the
literature sometimes even for referring to the same situation they used different terms
(Love and Edwards, 2005). However, these terms are “emotive terms” Macarulla et al.
(2013) and researchers must be careful when practicing them; otherwise, the results
create confusion and misunderstanding for the readers and users. Obviously, this
inconsistency about the terms and definitions makes it difficult to find a rigorous
definition of quality related terms and in particular poor quality cost in construction.

Besides, several different methods have been used and every method is usually adjusted
according to their purposes and aims, which results in various conclusions. In fact,
different methods and grouping are used and the various costs and elements are defined
in different ways in accordance to their objectives. For example, some papers present a
detailed account of the methodology of poor quality cost collection, though some of the
authors give only a brief outline sufficient to explain their results. Also, a variety of
elements are included or deemed unimportant and left out the calculations.

In addition to these points, the selected bases for poor quality cost calculation vary as
well, which causes an inconsistency in poor quality cost figures and makes it even more
difficult to compare the results of studies. One of the most widely used is the calculation
of poor quality cost as a percentage of total cost of the project; however, other bases
such as weekly or daily cost of the project or labor cost or contract value are used as
well.

33



Adding to these differences, there are still wide variations in published researchers,
because different researches are conducted in various countries and every country has
its own “regulations, culture, contractual arrangement as well as levels and
interpretations of quality” (Love et al, 1999b) so different elements are included.

Moreover, it is also evident from the literature that the studies are different concerning
the scopes, i.e.:

a) Which type of the project the study is conducted on i.e. whether they conduct they
study for building projects, infrastructure projects, heavy industrial projects or road and
highway project, etc.

b) Which stages of the projects they choose to study the poor quality cost i.e. design,
construction and/or maintenance or the whole life cycle or specific processes.

Another point is that some of the studies collected data mainly from the noticed by the
main contractor. However, in most developed construction markets, such as the UK
(Barber et al., 2000 and Abdul-Rahman, 1993), US (Burati and Farington, 1987) and
Australia (Love and Li, 2000), where the cited studies were conducted, main contractors
perform very little physical work themselves. In these areas, the main contractor,
however, tend to manage and co-ordinate the input of a wide range and number of
subcontractors and suppliers (Harvey and Ashworth, 1993).

Despite the fact that these studies have had different aims, methods and definitions, all
indicate the high level of waste in terms of poor quality cost in the construction
processes. However, in order to make the comparison between the findings, it is
essential that the classification and bases of poor quality cost data are relevant and
consistent with other so that comparisons may be made between their findings. But in
case of poor quality cost for construction, the results are proliferation of uniquely
defined cost elements, which preclude comparison of data from different sources. It is
also impossible to make any conclusion as to which study is superior and it must be
concluded that any method in the studies has a chance to succeed if it suits the purpose
of that. However, based on the purpose to use the result the references to the studies
should be done more carefully.

Overall, to a certain extent the wide array of factors regarding construction poor quality
costs literatures and their different reported results has contributed to blur the
boundaries and create confusion about the poor quality costs. The users should be well-
aware of using them and for what purpose wants to use the reported findings. Certainly
what this literature review illustrates is that one must be careful when comparing and
referencing the findings of previous studies as they may not be entirely comparable with
one another. Moreover, lack of uniformity in current literatures indicates that this
research area is still far from maturity and needs more attention from researchers and
practitioners. It should be noted that the results of the reports can be compared and
contrast to each other and use for benchmarking action if the same definitions, methods,
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aims and other situations are met, otherwise, the only alternative would be to evaluate
every reports so that at least it can be understood and utilize for the right purpose.

Clarity of description and standardization of definitions as well as utilizing powerful
methods for data collection are critical to the assurance of data quality and to the
avoidance of interpretative errors when using data. So, the present author suggest that
may be one alternative to solve the above-mentioned problems is to standardize the
measurements systems, at least for the some levels, which obviously entails
standardized and unambiguous classification of quality related costs’ definitions.
Although it is likely that this takes time for users to adjust to standardized methods and
definitions, but the outcome is to the better of the entire construction industry.

By introducing a standard set of definitions and methods of data collection, it is also
possible to benchmark the different poor quality cost measurements and comparing the
findings with other industries and also other construction projects for evaluating the
performance.

7.1 Future Research
This review shows that this research area is still needs more attention from both

construction professionals and academia to enhance current knowledge and tackle the
problems. Future research must start with explicit and unambiguous definitions of poor
quality cost and standardized methods of data collection. While there is no consensus in
the literature with regards to definitions, researchers need to clearly present their key
terms and definitions and their key terms of poor quality cost and apply these definitions
when collecting data. Researchers should also take into account that the quality of their
data has a direct relationship with the methods they use. Of that reason, future studies
must be based on more reliable and systematic methods of data collection particularly if
the purpose is to accurately calculate the cost associated with poor quality.

35



Abdul-Rahman, H., 1993. Capturing the cost of quality failures in civil engineering. International
Journal of Quality and Reliability Management. Vol. 10, No. 3, pp. 20-32.

Abdul-Rahman, H., 1995. The cost of non-conformance during a highway project: a case study.
Construction Management and Economics. Vol. 13, No. 1, pp. 23-32.

Abdul-Rahman, H., Thompson, P.A. and Whyte, I.L., 1996. Capturing the cost of non-
conformance on construction sites: An application of the quality cost matrix. International
Journal of Quality & Reliability Management. Vol. 13, Iss. 1, pp. 48-60.

Alwi, S., Hampson, K. and Mohamed, S., 2002. Non Value-Adding Activities: A Comparative
Study of Indonesian and Australian Construction Projects. Proceeding of the 10th Annual
Conference on Lean Construction, IGLC, Gramado, Brazil.

Amat, 0., 1992. Costes de calidad y de no calidad , Gestion 2000, Barcelona, Spain.

Aoieong, R. T., Tang, S. L. and Ahmed, S. M., 2002. A Process Approach in Measuring Quality
Costs of Construction Projects: Model Development. Journal of construction Management and
Economics. Vol. 20, No.2, pp. 179-192.

Atkinson, G., 1987. A century of defects. Building, pp. 54-55.

Atkinson, A.R., 1999. The role of human error in construction defects. Structural Survey. Vol. 17,
No. 2, pp. 231-6.

Augustsson, R., Hammarlund, Y., Jacobsson, S. and Josephson, P.-E. 1989. Kvalitet i byggandet
— kvalitetsfelkostnader (Quality in Building Construction — Quality Failure Costs, in Swedish),
Report 21, Department of Building Economics and Construction Management, Chalmers
University of Technology, Gothenburg.

Ball, P.L., 1987. The Economics and Assurance of Quality in Construction. Conference Paper,
Quality: A Shared Commitment, EOQC, London, October.

Barber, P., Graves, A., Hall, M., Sheath, D. and Tomkins, C., 2000. Quality failure costs in civil
engineering projects. International Journal of Quality and Reliability Management. Vol. 17, No.
4/5, pp. 479-92.

Banks, J., 1989. Principles of Quality Control. John Wiley & Sons, New York.

Barbard, C. C., de Souza, E. E. and Catunda, R., 2008. MODELING THE COST OF POOR QUALITY.
Proceeding of the 2008 Winter Simulation Conference. Mason, S. J., Hill, R. R., Mdnch, L., Rose,
0., Jefferson, T. and Fowler, J. W. eds.

Blockley, D.l., 1992. Engineering Safety. McGraw-Hill, Maidenhead.

Bryman, A., 2008. Social Science Research Methods. 3™ edition. Oxford University Press, pp.
254-272.

36



Building Research Establishment (BRE), 1982. Quality in Traditional Housing. An Investigation
into Faults and their Avoidance. London: HMSO. Vol. 1.

Burati, J.L., Farrington, J.J. and Ledbetter, W.B., 1992. Causes of Quality Deviations in Design
and Construction. Journal of Construction Engineering and Management. Vol. 118, No. 1, pp.
34-49.

Burgess, R. G., 1984. In the Field. An introduction to field research. London: George Allen &
Unwin.

Burati, J. and Farrington, J., 1987. Cost of Quality Deviations in Design and Construction. Report
to the Construction Industry Institute (Cll), University of Texas at Austin, Austin, TX.

Carter, K. and Fortune, C. J., 2004. Issues with Data Collection Methods in Construction
Management Research. Proceeding of the Twentieth Annual Conference of ARCOM
(Association of Researchers in Construction Management), Heriot-Watt University. pp. 939-
946.

Castelvecchi, J.P.E., 2003. Business and Management: Improving Profits By Reducing Rework.
ASHRAE Journal. Vol. 45, No. 11, pp. 62-64.

Cll (Construction Industry Institute), 1989. Costs of Quality Deviations in Design and
Construction. Quality Management Task Force Publication 10-1, Construction Industry
Institute.

Crosby, P. B., 1979. Quality is free: The art of making quality certain. London: McGraw-Hill.

Cnuddle, M., 1991. Lack of quality in construction — economic losses. Proceedings of the
European Symposium on Management, Quality and Economics in Housing and other Building
Sectors, Lisbon 30 September-4 October, pp. 508-515.

Davis, K., Ledbetter, W.B. and Burati, J.L., 1989. Measuring Design and Construction Quality
Costs. Journal of Construction Engineering and Management. Vol. 115, No. 3, pp. 385-400.

Dahlgaard, J.J., Kristensen, K. and Kanji, G.K.,, 1992. Quality costs and total quality
management. Total Quality Management. Vol. 3, No. 3, pp. 211-221.

Davis, K., 1987. Measuring Design and Construction Quality Costs: Source Document 30.
Construction Industry Institute (Cll).

Escalante, E.J., 1999. Quality and productivity improvement: a study of variation and defects in
manufacturing. Quality Engineering. Vol. 11, No. 3, pp. 427-442.

Feigenbaum, A. V., 1951. Quality Control: Principles, Practice and Administration. New York:
McGraw-Hill.

Freiesleben, J., 2005a. The opportunity costs of poor quality. The Quality Assurance Journal.
Vol. 9, No. 1, pp. 3-10.

Freiesleben, J., 2005b. The economic effects of quality improvement. Total Quality
Management & Business Excellence. Vol. 16, No. 7, pp. 915-22.

37


http://pureapps2.hw.ac.uk/portal/en/publications/issues-with-data-collection-methods-in-construction-management-research(db3c8eee-119b-4170-9871-3d0023660627).html
http://pureapps2.hw.ac.uk/portal/en/publications/issues-with-data-collection-methods-in-construction-management-research(db3c8eee-119b-4170-9871-3d0023660627).html

Geertz, C., 1973. The Interpretation of Cultures. London: Hutchinson.

Hall, M. and Tomkins, C., 2001. A cost of quality analysis of a building project: towards a
complete methodology for design and build. Construction Management and Economics. Vol.
19, No. 7, pp. 727-740.

Hammarlund, Y., Jacobsson, S., and Josephson, P.E., 1990a. Quality failure costs in building
construction. Proc., CIB W55/W65 Joint Symposium, International Council for Building
Research Studies and Documentation, Sydney, Australia, pp. 77-89.

Hammarlund, Y., Jacobsson, S., and Josephson, P.E., 1990b. Quality observer—a new role at
the construction site?. Proc., CIB W55/W65 Joint Symposium, International Council for Building
Research Studies and Documentation, Sydney, Australia, pp. 90-102.

Hansen, R., 1985. Kuvalitetssikring og kvalitetskostnader, Hovedoppgave, Institute for
anleggsdrift, Norges Tekniske Hogskole, Trondheim, Norway. (In Norwegian).

Hardie, N. and Walsh, P., 1994. Towards a better understanding of quality, International
Journal of Quality & Reliability Management. Vol. 11, No. 4, pp. 53-63.

Harrington, J., 1999. Performance improvement: a total poor-quality cost system. The TQM
Magazine. Vol. 11, Iss. 4, pp. 221-230.

Harvey, R.C. and Ashworth, A., 1993. The Construction Industry of Great Britain. Newnes,
Oxford.

Holland, N.L., 2000. A Construction Quality Cost Tracking System. Proceeding of International
Conference CIB TG36. In Implementation of Construction Quality and related Systems, Lisbon.
pp 265-280.

Hoonakker, P., Pascale C., and Loushine, T., 2010. Barriers and benefits of quality management
in the construction industry: An empirical study. Total Quality Management. Vol. 21, No. 9, pp.
953-969.

Josephson, P.E., 1990. Kvalitet i byggandet—En diskussion om kostnader for interna
kvalitetsfel. (Quality in building construction—A discussion on costs of internal quality failures).
Report 25, Department of Building Economics and Construction Management, Chalmers
University of Technology, Gothenburg, Sweden. (In Swedish).

Josephson, P. E. and Hammarlund, Y., 1999. The causes and costs of defects in construction. A
study of seven building projects. Automation in Construction. Vol. 8, No. 6, pp. 681-642.

Josephson, P.E., Larsson, B. and Li, H., 2002. lllustrative benchmarking rework and rework costs
in Swedish construction industry. Journal of Management in Engineering. Vol. 18, No. 2, pp. 76-
83.

Josephson, P.E. and Hammarlund, Y., 1996. The costs of defects in construction. The
organisation and management of construction: Shaping theory and practice, D. D. Langford
and A. Retik, eds. Vol. 2, 519-528.

38



Josephson, P. E. and Saukkoriipi, L., 2003. Non Value-Adding Activities in Building Projects: a
Preliminary Categorization. Proceeding of 11th Annual Conference on Lean Construction, IGLC,
Virginia, USA.

Josephson, P. E., 1994. Causes of defects in building: a study of causes and consequences of
defects, and impediments of learning in building projects. Report 40, Department of Building
Economics and Management, Chalmers University of Technology, Gothenburg, Sweden. (In
Swedish).

Juran, J.M., and Gryna, F.M., 1951. Juran’s Quality Control Handbook. McGraw-Hill, New York.
Juran, J. M., Gryna, F.M., 1988. Juran's Quality Control Handbook. McGraw-Hill, New York.

Juran, J. M., 1989. Juran on Leadership for Quality: An Executive Handbook. The Free Press,
New York.

Kanji, G. K. and Wong, A., 1998. Total quality culture in the construction industry. Total Quality
Management. Vol. 9, No. 4/5, pp. 133-140.

Kazaz, A., Birgonul, M.T. and Ulubeyli, S., 2005. Cost-based analysis of quality in developing
countries: A case study of building projects. Building and Environment. Vol. 40, No.
10, pp. 1356-1365.

Knocke, J., 1992. Post construction liability and insurance. E & FN Spon, London.

Loushine, T.W., Hoonakker, P.L.T., Carayon, P., and Smith, M.J., 2006. Quality and safety
management in construction industry. Total Quality Management and Business Excellence. Vol.
17, No. 9, pp. 1771-1212.

Low, S. P. and Yeo, K. C., 1998. A construction quality costs quantifying system for the building
industry. International Journal of Quality and Reliability Management. Vol. 15, No. 3, pp. 329-
49,

Love, P. E. D.,, Mandal, P. and Li, H., 1999a. Determining the casual structure of rework
influences in construction. Construction Management and Economics. Vol. 17, No. 4, pp. 505-
517.

Love, P.E.D., Smith, J., and Li, H., 1999b. The Propagation of Rework Benchmark Metrics for
Construction. International Journal of Quality and Reliability Management. Vol. 16, No. 7, pp.
638-658.

Love, P. E. D. and Li, H., 2000. Quantifying the causes and costs of rework in construction.
Construction Management and Economics. Vol. 18, No. 4, pp. 479-490.

Love, P.E.D., 2002a. Auditing the indirect consequences of rework in construction: Case based
approach. Managing Auditing Journal. Vol. 17, No. 3, pp. 138-146.

Love, P.E.D., 2002b. Influence of project type and procurement methods on rework costs in
building construction projects. Journal of Construction and Engineering Management. Vol. 128,
No. 1, pp. 18-29.

39



Love, P.E.D. and Sohal, A. S., 2003. Capturing rework costs in projects. Managerial Auditing
Journal. Vol. 18, Iss. 4, pp. 329-339.

Love, P.E.D. and Edwards, D.J., 2004. Determinants of rework in building construction projects.
Engineering, Construction and Architectural Management. Vol. 11, Iss. 4, pp. 259-274.

Love, P.E.D. and Edwards, D., 2005. Calculating total rework costs in Australian construction
projects. Civil Engineering and Environmental Systems. Vol. 22, No. 1, pp. 11-27.

Machowski, F. and Dale, B.G., 1998. Quality costing: an examination of knowledge, attitudes
and perceptions. Quality Management Journal. Vol. 5, No. 3, pp. 84-95.

Macarulla, M., Forcada, N., Casals, M., Gangolells, M., Fuertes, A. and Roca,
X., 2013. Standardizing Housing Defects: Classification, Validation, and Benefits. J. Constr. Eng.
Manage. Vol. 139, No. 8, pp. 968-976.

Malmi, T., Jarvinen, P. and Lillrank., 2004. A Collaborative Approach for Managing Project Cost
of Poor Quality. European Accounting Review. Vol. 13, No. 2, pp. 293-317.

Mills, A., Love, P.E.D. and Williams, P., 2009. Defect costs in residential construction. Journal of
Construction Engineering and Management, Vol. 135, No. 1, pp. 12-16.

Mitra, A., 1993. Fundamentals of Quality Control and Improvement. MacMillan, New York.

Nylen, K.O., 1996. Cost of Failure in a Major Civil Engineering Project, Licentiate Thesis,
Division of Construction Management and Economics, Department of Real Estate and
Construction Management, Royal Institute of Technology, Stockholm, Sweden.

Oyewobi, L.O., Ibironke, O.T., Ganiyu, B.O. and Ola-awo, A. W., 2011. Evaluating rework cost —
A study of selected building projects in Niger State, Nigeria. Journal of Geography and Regional
Planning. [online academic journal]. Vol. 4, No. 3, pp. 147-151.

Petroski, H., 1985. To Engineer Is Human: The Role of Failure in Successful Design. Macmillan,
New York, NY.

Plunkett, J. J. and Dale, B. G., 1987. A review of the literature on quality related costs.
International Journal of Quality and Reliability Management. Vol. 4, No. 1, pp. 40-52.

Reason, J., 1990. Human Error. Cambridge University Press, Cambridge.

Rosenfeld, Y., 2009. Cost of quality versus cost of non-quality in construction: the crucial
balance, Construction Management and Economics. Vol. 27. No. 2, pp. 107-117.

Schiffauerova, A. and Thomson, V., 2006. A review of research on cost of quality models and
best practices. International Journal of Quality and Reliability Management. Vol. 23, No. 6, pp.
647-669.

Selles, M.E.S., Rubio, J.A.C. and Mullor, J.R., 2008. Development of a quantification proposal for
hidden quality costs: Applied to the construction sector. Journal of Construction Engineering
and Management-Asce. Vol. 134, No.10, pp. 749-757.

40



Shewhart, W., 1931. Economic Control of Quality of Manufactured Product. New York: Van
Nostrand.

Simpeh, E.K., Ndihokubwayo, R., and Love, P.E.D., 2012. Evaluating the direct and indirect costs
of rework. Association of South African Quantity Surveyors. Durban. Jun.
Available at: http://works.bepress.com/ruben ndihokubwayo/24. [Accessed August, 2013].

Shingo, S., 1986. Zero Quality Control: Source Inspection and the Poka-Yoke System.
Productivity Press, Portland, OR.

Sorquist, L., 1997. EFFECTIVE METHODS for measuring the cost of poor quality. Measuring
Business Excellence. Vol. 1, Iss. 2, pp.50-53.

Superville, C. R, Jones, S. F. and Boyd, J. L., 2003. Quality Costing: Modelling with Suggestions
for Managers. International Journal of Management. Vol. 20, pp. 346-352.

Tang, S.L., Aocieong, R.T. and Ahmed, A.M., 2004. The use of process cost model (PCM) for
measuring quality costs of construction projects: model testing. Constr. Mgmt. and Econ. Vol.
22, No. 3, pp. 263-275.

Willis, T.H. and Willis. W.D., 1996. A quality performance management system for industrial
construction engineering projects. International Journal of Quality & Reliability Management.
Vol. 13, Iss. 9, pp. 38-48.

Yang, C.C., 2008. Improving the definition and quantification of quality costs. Total Quality
Management & Business Excellence. Vol. 19, No. 3, pp. 17-191.

8.1 Further Reading
American National Standards Institute., 1987. American Society for Quality Control Standard

A3.

Dror, S., 2010. A Methodology for Realignment of Quality Cost Elements. Journal of Modelling
in Management. Vol. 5, No. 2, pp. 142-157.

Finke Michael, R., 1998. A Better Way to Estimate and Mitigate Disruption. Journal of
Construction Engineering and Management. Vol. 124, No. 6, pp. 480-497.

Fisher, D., Miertschin, S. and Pollock Jr, D.R., 1995. Benchmarking in construction industry.
Journal of Management in Engineering. Vol. 11, No. 1, pp. 50-7.

Friedrich, D.R., Daly, J.P. and Dick, W.G., 1987. Revisions, repairs, and rework on large projects.
Journal of Construction Engineering and Management. Vol. 113, No. 3, pp. 488-500.

Georgiou, J., Love, P. E. D. and Smith, J., 1999. A comparison of defects in houses constructed
by owners and registered builders in the Australian State of Victoria. Manage. Int. Rev. Vol. 17,
No. 3, pp. 160-170.

Gunhan, S., Arditi, D. and Doyle, J., 2007. Avoiding change orders in public school construction.
Journal of Professional Issues in Engineering Education & Practice. Vol. 133, No. 1, pp. 67-73.

41


http://works.bepress.com/ruben_ndihokubwayo/24

Hammarlund, Y. and Josephson, P. E., 1991. Sources of quality failures in building. Proceedings
of the European Symposium on Management, Quality and Economics in Housing and Other
Building Sectors, Lisbon, Portugal. pp. 671-679.

Hegazy, T., Said, M. and Kassab, M., 2011. Incorporating rework into construction schedule
analysis. Automation in Construction. Vol. 20, No. 8, pp. 1051-1059.

Lopez, R. and Love, P., 2012. Design Error Costs in Construction Projects. J. Constr. Eng.
Manage. Vol. 138, No. 5, pp. 585-593.

Love, P.E.D., Edwards, D. J. and Smith, J., 2006. Contract documentation and the incidence of
rework in projects. Architectural Engineering and Design Management. Vol. 1, pp. 247-259.

Love, P.E.D. and Smith, J.,, 2003. Bench-marking, Bench-action and Benchlearning: Rework
Mitigation in Projects. Journal of Management in Engineering, ASCE. Vol. 19, No. 4, pp. 147-
159.

Love, P.E.D., Mandal, P., Smith, J. and Li, H., 2000. Modelling the dynamics of design error
induced rework in construction. Construction Management and Economics. Vol. 18, No. 5, pp.
575-86.

Love, P.E.D. and Wyatt, A.D., 1997. Communication and Rework: Case Studies of Construction
Projects, CSIRO, DBCE DOC 97/38 (B), Australia.

Love, P.E.D,, Irani, Z. and Edwards, D., 2003. Learning to reduce rework in projects: analysis of
firms learning and quality practices. Project Management Journal. Vol. 34, No. 3, pp. 13-25.

Love, P.E.D., Irani, Z., 2003. A project management quality cost information system for the
construction industry. Information & Management Vol. 40. No. 7, pp. 649-661.

Love, P.E.D., Li, H. and Mandal, P., 1999. Rework: a symptom of a dysfunctional supply chain.
European Journal of Purchasing and Supply Management. Vol. 5, No. 1, pp. 1-11.

Love, P.E.D. and Edwards, D.J., 2004b. Forensic project management: the underlying causes of
rework in construction projects. Civil Engineering and Environmental Systems. Vol. 21, No. 3,
pp. 207-28.

Love, P.E.D., Wyatt, A.D. and Mohamed, S., 1997. Understanding rework in construction.
International Conference on Construction Process Re-engineering, Griffith University, Gold
Coast, 14-15 July.

Newton, L.A. and Christian, J., 2006. Impact of quality on building costs. Journal of
Infrastructure Systems, Vol. 12, No. 4, pp. 199-206.

Oyewobi, L.O. and Ogunsemi, D.R., 2010. Factors influencing reworks occurrence in
construction: a study of selected building projects in Nigeria. Journal of Building Performance.
Vol. 1, No. 1, pp. 1-20.

Porter, L.J. and Rayner, P., 1992. Quality costing for total quality management. International
Journal of Production Economics. Vol. 27, pp. 69-81.

42


http://www.informatik.uni-trier.de/~ley/db/journals/iam/iam40.html#LoveI03
http://journalarticle.ukm.my/2513/
http://journalarticle.ukm.my/2513/

Sandoval-Chavez, D. and Beruvides, M., 1998. Using opportunity costs to determine the cost of
quality: a case study in a continuous-process industry. The Engineering Economist. Vol. 43, No.
2, pp. 107-124.

Sommerville, J., 1994. Multivariate barriers to total quality management within the
construction industry. Total Quality Management. Vol.5, No.5, pp. 289-298.

Sommerville, J., 2007. Defects and rework in new build: an analysis of the phenomenon and
drivers. Structural Survey. Vol. 25, Iss. 5, pp. 391-407.

43



Paper 2:

Poor Quality Costs in BIM and Lean Literature:
A Review of Evidences

Behzad Abbasnejad

Department of Civil and Environmental Engineering, Division of Construction
Management, SE-412 96, Gothenburg, Sweden

44



The concepts of Building Information Modeling (BIM) and Lean Construction (LC)
have gained widespread attention in recent years among construction professionals and
researchers. As a result, numerous books, articles and reports have been published
about both BIM and LC. Several promises have been presented concerning their
potentials in reducing the problems associated with poor quality cost as a common
aspect between them. This paper reviews the findings of previous researches on BIM
and LC linked with reducing poor quality cost. The aim was to carry out a review of
literature and to extract previous findings from the most relevant literature. The review
was to focus largely on journal literature, whilst also supplementary search for relevant
books and conference literature has been conducted. In this paper, 90 articles on BIM
and LC were retrieved. Fifty (50) studies met the criteria for relevance and were
assessed to provide an overview. The findings show that despite the presence of
numerous promises in favor of BIM and LC to reduce the poor quality cost, a few or
none has followed up and confirmed by evidences.

Keywords: Poor Quality Cost, BIM, Lean Construction, Evidences

45



Over the past several years, it has been well documented that the construction industry
produces tremendous amount of wastes as a result of poor quality activities. This is of
high significance since construction industry in most of the countries is one of the
important industries in terms of high contribution to their economy. There are several
ways construction firms are trying to reduce this amount of wastes. Building
Information Modeling (BIM) and Lean Construction (LC) are the two most significant
alternatives.

That is, BIM and LC have gained widespread attention in recent years among
construction professionals and researchers. Even though BIM and LC are two different
initiatives (Sacks et al., 2010), both have the potential to increase the level of quality,
hence decrease the costs of poor quality. Several “promises” about both BIM and LC
have been presented by researchers and professionals concerning their potentials in
reducing the problems associated with poor quality cost.

Such promises and sources provide a coherent and seemingly convincing argument in
favor of implementing BIM and LC in the construction projects. Nevertheless, their
effectiveness is not completely proven (Jung and Joo, 2011; Matthews et al., 2000).
Hence, many organizations have taken a “wait-and-see attitude” about BIM and LC,
looking for evidences to validate their benefits and return on investment. For the users
who are to adopt BIM and LC need to be encouraged by means of empirical and first-
hand evidences about their realistic potential in reducing problems. Investors also need
to justify their investment of time and budget in BIM (Coates et al., 2010) and LC by
observing the evidences of their benefits.

Therefore, the primary purpose of writing this paper is to review the evidences of poor
quality costs in BIM and LC literature and develop of an overview on how poor quality
cost is used in BIM and LC literature.

In line with the main purpose of the paper, the following research questions will be
explored:

1. How are poor quality costs used in BIM and Lean literature?

2. What are the implications and evidences of poor quality costs in BIM and lean
literature?

The paper is structured in four major parts. First, the methodology for this literature
review is presented. Second, theoretical backgrounds and concepts about three major
themes including poor quality cost, BIM and LC are presented. Third, evidences of poor
quality cost reduction in BIM and LC literature are reviewed. And finally, discussion
and concluding remarks are drawn.
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Relevant papers were initially gathered from multiple databases and literature
collections of published, peer-reviewed research papers and reports. Keyword
bibliographic searches were conducted in electronic databases including Emerald,
American Society of Civil Engineers (ASCE), Science Direct, ProQuest, Taylor and
Francis and Google Scholar. The search was started with some of major keywords
related to the topic including combinations of ‘Poor quality cost/cost of poor quality’,
‘failure cost’, ‘quality cost’, ‘rework cost’, ‘defect cost’, ‘non-conformance cost’,
‘BIM’, ‘Lean Construction’ and ‘construction industry’. By reviewing gathered papers
in the literature, a few new keywords were obtained later and the search was expanded.
Finally, search results were augmented through back-referencing potentially relevant
citations in the identified papers. The result includes 90 literatures and covers more than
10 journals and conference proceedings.

Inclusion and Exclusion Criteria:

The identified studies were filtered and categorized by firstly reviewing the abstracts;
subsequently the studies were narrowed down according to the following criteria:

=

The English reported literature, which published no earlier than 1980.
The thesis focused on the poor quality cost, BIM and Lean construction
literatures concerning the construction industry.
3. Given the purpose of the thesis the papers reporting poor quality cost in the
construction and civil engineering projects are included for the main discussion.
4. To explain the concept of poor quality and poor quality cost, some of the most
relevant citations in peer-review journal papers related to poor quality cost were
supplementary reviewed.
5. Newspaper’s articles, editorials, commentaries, letters to the editor and news
items were excluded.
By applying these points, the number of reviewed papers was reduced to fifty (50). In
the next step, full papers were reviewed and grouped into three major categories. One
group included the literature related to BIM and another group consisted of literature
concerning LC and the next group was devoted to the literature about poor quality cost
in construction. Finally, the promises in favor of both BIM and LC were categorized
and the discussions related to poor quality cost in those literatures were extracted.

N
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This review focuses on three major themes: Poor Quality Cost, Lean Construction (LC)
and Building Information Modeling (BIM). So, in this section a brief overview of these
terms is presented.

4.1 Introduction to quality related terms
In this section, in order to present a better view of the discussed concepts, the major

quality-related term are briefly presented.

4.1.1 Quality management
The concept of quality has several different meanings ranging from, for example,

“freedom from product deficiencies” (Juran, 1985) to “conformance to requirements”
(Crosby, 1979). Each definition is, in turn, very broad and might include several
different concepts and elements. Hence, it can be consider as a vague concept.
Moreover, some believe that good quality means a perfect product without defects, and
some believe that it is products delivered in time. This means that quality is abstract and
subjective. These variations create confusion and pose problems for those who aim to
deal with it. Since definitions of good quality differ, definitions of poor quality, and
poor quality costs, differ as well. However, they can be considered as a valuable
indicator for performance (Abdul-Rahman, 1997).

The role of quality management has to provide an environment that facilitates the
effective deployment of related tools, procedures and techniques (Harris and McCaffer,
2001) which, in turn, lead to operational success for an organization.

One of the major benefits of quality management, which is often quoted in the literature,
is to “maintain the quality of construction works at the required standard so as to obtain
customers’ satisfaction that would bring long term competitiveness and business
survival for the companies” (Tan and Abdul-Rahman, 2005). Excellence in quality
management is a requisite for construction organizations, who seek to remain
competitive and successful. The challenges presented by competitive construction
markets and large projects that are dynamic and complex necessitate the adoption and
application of quality management approaches.

4.1.2  Quality Cost
To benefit from the total quality management application, it must be measureable. One

of the tools that give us an opportunity to measure quality is the quality cost (Juran
1988; Crosby, 1984). Quality cost can be grouped into different categories. One of the
widely-use categories which is known as PAF has two major parts. The first part
includes the cost of quality management which consists of prevention and appraisal
costs and the second part is failure cost also known as poor quality cost which consists
of internal failure, external failure and intangible quality costs.

Abdul-Rahman (1993) has defined quality cost as: “all costs associated in managing

project quality and costs derived from non-conformance incurred once a project
progresses”. Management of quality issues refers to prevention and appraisal costs and
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non-conformance cost also known as poor quality cost refers to those costs incurred due
to rework, repair, loss of client’s goodwill, liquated damages and litigation (Abdul-
Rahman, 1993). According to Low and Yeo (1998) quality cost is the factor that
differentiates between the costly way and the beneficial way of gaining quality.

Using and measuring quality cost can bring several advantages (Abdul-Rahman, 1997;
Freiesleben, 2005). For example, it is seen as a useful indicator of performance (Abdul-
Rahman, 1997). Collection and use of quality costs are useful tools to support
management and are accompanied by improvement of quality.

Nonetheless, “there is no absolute rule in quality costing” (Abdul-Rahman, 1993), each
construction organization may decide to develop and adopt its own classification of
quality cost due to limitations in existing systems and for practical reasons. Hence, there
are likely different ways for measuring and capturing quality cost.

4.1.3  Cost of Poor Quality (COPQ)
The cost of poor quality reflects a portion of the total quality costs. Calculating the cost

of poor quality allows an organization to determine the extent to which organizational
resources are used for activities that exist only as the result of deficiencies that occur in
its processes. According to Abdul-Rahman (1993) measuring and identifying poor
quality cost and their related causes reveal the failure areas and allow them to prevent
their repetition for similar future work.

Poor quality cost measurement also can be a useful tool in decision-making support for
an organization’s improvement efforts (Plunkett and Dale, 1987). Having such
information also allows an organization to determine the potential savings to be gained
by implementing improvement tools such as BIM and LC. Looking at poor quality costs
is one way of understanding the level of quality, i.e. finding out how much is spent / lost
due to lack of good quality.

Some instances of poor quality, e.g. scrap, rework, and delayed payments, are fairly
easily found and their effects (costs) are known and measured (Abdul-Rahman, 1993).
However, most of the poor quality costs are difficult to identify and calculate because
many are ‘hidden’, i.e. not reported in the regular accounting system, or even known.
One example of a hidden poor quality cost is the cost for having inefficient routines.

4.1.4 Uses of Cost of Poor Quality measurements

Measuring Poor Quality Cost (PQC) is a good starting point for the improvement work.
It enables managers to measure quality improvement through identifying and
highlighting various situations that will cost them in the wastage of time, unnecessary
service charges and materials usage (Krishnan, 2006). Information gained through
measuring PQC provides a corporate basis for deciding on the significance of
alternative improvement actions (Sandholm, 2005).

PQC measurement also creates the possibility of benchmarking as a point of reference
for managers and helps them to compare their outcomes with best practices and search
for improvement actions. If measures are undertaken, benchmarking can be taken into
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consideration for poor quality cost reduction which in turn provides further benefits
such as performance improvement and customer satisfaction (Andersen and Moen,
1999). This benchmark also can provide useful comparative data and would be helpful
especially for those organizations undertaking several large projects applying BIM or
LC.

In short, the advantages of its measurement can be summarized as the followings:

e Performance measurement and Continual improvement (Dale and Plunkett,
1991)

e Higher standards

e Improved systems and procedures

e Improved motivation (Dale and Plunkett, 1987)

e Lower costs and bottom line savings

e Provide management with the information about the “potential impact of poor
quality on financial performance” (Morse et al., 1987)

e ldentifying poor quality related activities that are more beneficial in reducing
quality costs (Morse et al., 1987)

e Taking remedial actions to prevent recurrence (Dale and Plunkett, 1991)

e Prioritizing quality improvement activities (Morse et al., 1987)

e Comparison with other parts of the business or with other businesses (Dale and
Plunkett, 1987)

4.1.5 Cost of Poor Quality in Construction
Poor quality costs in construction and civil engineering projects can be serious due to

the variety of risk factors (Abdul-Rahman, 1993). A numbers of attempts have been
performed to capture and measure poor quality cost in construction. For example, in a
study done by Burati and Farrington (1987) a quality performance management system
(QPMS) was developed to track the cost of quality for nine construction projects of
varying type and size. For all nine projects, quality deviations found to be as high as
12.4% of the contract value. Josephson et al. (2002) studied seven construction projects
managed by seven different companies in Sweden. They recorded 2,879 errors or
defects and the costs of rework were 4.4% of the construction values for the observation
period.

Poor quality cost in construction-related literature is also characterized with different
terms such as: “quality deviations” (Burati et al. 1992), “non-conformance” (Abdul-
Rahman, 1993), “defects” (Josephson and Hammarlund, 1999), “quality failures”
(Barber et al., 2000), and “rework” (Love and Li, 2000; Josephson et al., 2002). These
terms mean differently in some references, though in some cases the different terms
refer to the same situation. And there is no agreement among the researchers about the
terms and their definitions and methods of data collection; however, all of them
declared the high costs of poor quality.
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4.1.6  Causes of Poor Quality in construction and civil engineering projects
Several attempts have been made to identify the causes of poor quality in construction.

Even though researchers have applied different methods and definitions, all indicate the
problems associated with traditional way of undertaking projects such as the problem in
communicating design intents from owner to design team. For example, Abdul-Rahman
(1993) indicates three different groups as the sources of poor quality in civil engineering
projects which include:

e Project appraisal: refers to failure in understanding the project needs and
requirements

e Design: refers to the problems related to design process such as: the incomplete
information, changes in design, design mistakes, client’s influence, and
communication problems.

e Construction: refers to the problems related to construction process such as:
labor, material, poor planning, client’s influence and project uncertainty.

Love et al. (1997) categorize the causes of rework into three major groups. These
include the followings:

e People: communication, skills, goal divergence, resources, coordination,
inexperienced personnel, integration, collaborative problem solving, decision
making.

e Design: procurement, customer needs, design brief, drawings, specifications,
information platforms, checking procedures.

e Construction: program, non-implementation of quality assurance, weather,
damage by others, fabrication, Set-out changes/ errors, site conditions,
information bottlenecks.

In another study undertaken by Love and Li (2000) “changes initiated by the client and
end user” as well as “errors and omissions in contract documents” have been found as
the major causes of rework.

According to Burati et al. (1992), 79% of total deviation costs were related to design
procedure and 17% associated with construction course. The Building Research
Establishment (BRE, 1982) also found that 50% of errors initiated in design stage and
40% in the construction stage.

In order to save cost, time and the other resources to further use them in other areas, the
above-mentioned causes of poor quality should be identified and diminished.

4.2  Building Information Modeling (BIM):
There is a growing body of researches about BIM as an emerging topic and several

definitions have been presented (Succar, 2009; Van Nederveen et al., 2009; Demchak et
al., 2008; Eastman et al., 2008). According to National Building Information Modeling
Standard Committee (Cited in Leite et al., 2011) BIM is “a digital representation of
physical and functional characteristics of a facility. As such it serves as a shared
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knowledge resource for information about a facility forming a reliable basis for
decisions during its lifecycle from inception onward”.

A primary problem in the conventional way of managing construction projects is that
architects and engineers are often using the traditional design and documentation tools,
which do not automatically prevent certain types of errors and omissions from existing
in the documents (Bryde et al., 2013). Contractors and the design team are also being
pushed to deliver faster. These elements combined result in a lot of request for
information (RFIs) and change orders in the field. RFIs are too huge for the designers to
keep up with, and construction documents for today’s buildings are very complicated
and only show a single aspect of the project. The result is that information is not
flowing properly between members of the team. As a result, things fall through the
cracks and someone gets blamed for not doing his/her job.

However, a BIM project differs from traditional fragmented practices of numerous
individual sheets of drawings with lines, arcs, and texts in multiple documents (Bryde et
al., 2013). Instead, it builds digitally as a database in BIM software. Instead of having to
look in separate drawings, schedules and specifications for the information on a
particular element, all the information is built into an intelligent object in a BIM model.
Once placed in a BIM model, it would automatically represent its plan, elevation,
section, details, schedules, 3D rendering, quantity take off, budget, maintenance plan,
etc. As the design changes, the object can adopt itself to adjust to the new design. This
opens up enormous potential for exchange of information between project team
members and provides a more collaborative and cooperatives environment in
comparison with the traditional paper-based manner (Bryde et al., 2013).

BIM starts early in the schematic design phase, during this stage, the owner’s intent and
requirements are collected and documented. The information is typically formalized in
the owner’s project requirements document. The information gathered here is used to
initiate developing the building model. This model is typically three dimensional and is
carried according to construction contract (bid) documents. The model must include all
disciplines, such as: structural, architectural, plumbing, electrical, and fire suppression
systems and so forth. This building model typically does not constitute complete
coordination of all disciplines, but provides significantly improved construction
documents over the traditional delivery method (Eastman et al., 2011).

The next phase of BIM comprises three-dimensional construction coordination. This is
typically performed by the trade contractors, with the construction manager or a BIM
consultant facilitating the BIM process. Each building system trade contractor either
leverages “in-house” three dimensional modeling software and personnel or hires an
outside BIM consultant to create 3D model of their associated systems. As the systems
are developed, each contractor submits a progress update to the BIM facilitator. The
systems are merged a common model for coordination. Clash detection software is used
to highlight the coordination problem areas. The trade contractors’ work through the
conflicts until the model is “clash free.” The building systems models are then deployed
to the fabrication shops so the construction process can begin (Eastman et al., 2011).
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The final phase of BIM enhances the information in the model so that it can be used
through the life cycle of building. A finalized BIM model provides an accurate source
of information about the as-built spaces and systems. It also serves as a useful tool for
maintenance of the building. The information added to the model during the final phase
can include any of the following: equipment submittals, testing, adjusting, balancing
reports, maintenance manuals, control diagrams, equipment part ordering information,
valve schedules, equipment bar coding, preventative maintenance schedules, equipment
startup procedures, and owner training videos. Although this phase of the BIM process
Is often neglected, it is the most important phase, since it takes through the life cycle of
the building. The key to the success of this phase is leveraging cutting edge technology
and equipping the owner with the necessary training to fully utilize the building
information that is in the model (Eastman et al., 2011).

4.2.1 History and basic features of BIM:
Building Information Modeling (BIM) firstly introduced in the mid-1980s. In 1986

Graphisoft introduced their first “Virtual Building Solution” known as ArchiCAD
(Kmethy, 2008). This innovative software allowed architects to create a virtual, three
dimensional (3D) representation of their project rather than the standard two
dimensional (2D) objects created in challenging computer aided design (CAD)
programs of the time. This was important because architects and engineers were then
able to store large amounts of data sets ‘within’ the building model. These data sets
include the building geometry and spatial data as well as the properties and quantities of
the components used in the design. However, BIM recently has gained striking
popularity within the Architectural, Engineering and Construction (AEC) industries
(Eastman et al., 2008).

In comparison, designers using standard CAD applications required countless
specification sheets in order to convey all the required information pertaining to the
project. The creation of a digitally constructed virtual building model, along with its
associated data, is known as Building Information Modeling. Building Information
Modeling (BIM) can be defined as the creation and use of coordinated, consistent,
computable information about a building project in design — parametric information
used for design decision making, production of high-quality construction documents,
prediction of building performance, cost estimating and construction planning (Eastman
et al., 2008).

Since the BIM software architecture is based on parametric modeling the geometric
consistency and integrity of the building model is maintained in spite of any changes or
modifications that may have been made in it. Understanding the concept of these
parametric objects is key to understanding what a building information model is and
how it differs from traditional 2D design. A parametric object consists of a series of
geometric definitions and their associated data and rules. In addition, these geometric
definitions are integrated non-redundantly and do not allow for inconsistencies between
the model and its associated data set. This means that any changes made directly in the
model will result in an equal change in the data set associated with the model (Eastman
et al., 2008).
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4.2.2 Challenges of BIM

BIM has been identified and mentioned by several professionals and academia as a tool
for decreasing wastes such as rework in building design and construction (Azhar, 2011;
Eastman et al., 2008). However, its effectiveness is not completely proven (Jung and
Joo, 2011). There are a number of challenges regarding BIM and its adoption and
implementation in construction industry. Different authors propose different challenges
and obstacles such as:

Ambiguous nature of BIM

BIM means different things to different people (Aranda-Mena et al., 2008). Evidently
different organizations and people create their own definitions of BIM, based on the
specific way they work with BIM. Thus, it is evident that there are differences in the
way BIM is perceived by both different individuals and organizations within the
construction industry. As a result, it might be difficult to come up with a common
definition of BIM for the entire construction industry. In other words, there is confusion
concerning what BIM is, and what BIM is not. This can lead to misunderstandings
concerning expectations from different stakeholders involved in construction projects
where BIM is utilized (Abbasnejad and lzadi moud, 2013).

It is evident that not only our perceptions from BIM defer greatly from one person to
another, but also our expected outcomes of using BIM defers due to many reasons;
having different definitions or unfamiliarity with all BIM’s potential uses may be a
result of having different expectations (Abbasnejad and Izadi moud, 2013).

Expertise

As it is mentioned earlier, the concept of BIM is new to some people, and the
construction companies found it difficult to implement it. BIM was considered to be a
complex and delicate system. People in the construction industry lacked expertise and
knowledge to fully put into practice this new concept. Therefore, they must have
training prior to starting work with BIM (Olatunji, 2011; Arayici et al., 2011).

Resistance to Change

The culture of implementation determines the effectiveness of a new concept. For
incorporating BIM, an open-minded culture is required. In the construction industry,
where project managers spend most of the time on-site, they have the liberty to work in
their way. In the case of BIM, however, these project managers need to adhere to strict
guidelines and processes. Therefore, there is resistance to change (Azhar, 2011; Arayici
etal., 2011).

Management of Information

Another challenge that construction organizations and managers face is to manage
resource and information, after the complete implementation of BIM and network-based
integration. Construction organizations that are implementing BIM have to ensure that
the suppliers and subcontractors follow suit. This involvement and implementation of
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BIM by suppliers and subcontractors will lead to management of more information. So,
mapping and management of resources should be done in accordance with these
changes (Azhar, 2011).

Perceived Costs

In addition to the above-mentioned points, what proves to be a roadblock in BIM
adoption is the price of the software and hardware applications, training and services as
well as incompatibility with other software (Olatunji, 2011).

New processes and change

As the last but not the least factors, the managers and organizations decide to implement
BIM has to change the work processes (Hardin, 2009; Arayici et al., 2011). The
company, in entirety, has to be aligned to their value chain. For making necessary
changes in the process, cost will be incurred. In the meantime, there is a need for an
effective change management model consists of re-orientation of management
strategies, training, staff motivation, utilization of suitable technologies and forming
marketable products (Olatunji, 2011).

More often, one or a combination of these issues inhibits the building industry from
more productive, efficient uses of technology in the form of building information
modeling.

4.2.3  Benefits of BIM
There are numerous benefits of BIM during all four phases of construction projects

(Pre-construction, design, construction, post-construction).

In the pre-construction stage by using BIM, building owners can estimate, before the
start of actual construction of the building, whether the proposed building design is
financially feasible. If a particular design is in excess of the owner’s budget, the owner
can easily propose for a new design that can be built within a given cost and time
budget.

During the design phase, BIM visualizes the design and offers accurate extraction of 2D
drawings at any stage of the process. This will improve the integration between various
involved members in the design phase, and increase the sharing and reusability of
design information. Hence, decreasing the numbers of change orders made by owner in
comparison with the traditional ways of undertaking construction projects. Design
visualization also allows for better cost estimates and budget control (Azhar, 2011).

In addition, BIM provides the ability to incorporate the thoughts and ideas of the greater
supply chain. It provides the potential for a virtual information model to be handed from
design team to contractor and subcontractors and then to the owner, each adding their
own additional specific information and tracking of changes to the single model. By the
designers issuing the model at an early stage, the supply chain can look to further
analyze the design presented and input their own ideas on build ability or product
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selection (Eastman et al., 2011). This method of interaction was previously difficult for
engineer as designs were generally set, whereas through BIM the design is open for all
parties to review and discuss (Azhar, 2011).

This results in dramatic reduction in losses of information and decreases errors made by
both design team members and construction team by offering the use of conflict
detection. The clash detection item actually informs team members about parts of the
building in conflict or clashing through detailed computer visualization of each part in
relation to the whole building (Azhar, 2011).

BIM produces construction documents that comprise information about structure,
quantities, materials and other data that can be used in both the construction and
management of a building. It can be used to visualize the building and development site
with realistic, real-time design settings to show how it will look like at any point in
time. Once the model is taken to the construction phase of the project, the contractor
commences working on site with a set of drawings he understands, a program
determining the methodology of the construction and a schedule of the materials he
requires to construct the works. In fact, it gives contractor a real perspective view of
construction items on a hand-held computer which affects rework reduction (Aranda-
Mena et al., 2008) in comparison with a hard-copy plan in the traditional ways.

Another key competitive advantage of BIM is its ability to promote greater transparency
and collaboration between suppliers and thereby reduce waste through all levels of the
supply chain (Eastman et al., 2008). BIM will also provide the ability for contractors to
abstract material quantities from the model. This enables the contractor to accurately
measure and quantify the elements of the structure efficiently and with a greater degree
of detail than previously available. The provision of detailed quantity schedules for
materials enables contractors to remove risk from their pricing models and ensure that
clients are being provided with quotations that are based on precise data and data that
should be consistent across all the parties tendering for a contract.

Although BIM may solves or diminishes some of the problems such as the extent of
change orders made by the owners, its adoption has been less than expected (Azhar et
al., 2008). It is likely that it causes some other issues which breads costly effects.

4.3 Lean Construction:
Lean Construction (LC) embodies a philosophy of production management that is often

contrasted to mass production and craft production (Koskela, 1992; Ballard and Howell,
1998; Howell and Ballard, 1998). Lean construction is a design and execution
methodology to minimize all types of waste applicable in construction and generate the
maximum value in the construction processes. According to Eriksson (2010) LC have
six core elements including: waste reduction, process focus in production planning and
control, end user focus, continuous improvements, cooperative relationships, system
perspective. Waste in this respect is defined as (Womack and Jones, 1996):

“Any activity which absorbs resources but creates no value”
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Waste is basically classified as: (Womack and Jones, 1996; Liker, 2004):
1. Defects;
2. Overproduction;
3. Excess inventories;
4. QOver processing;
5. Excess motion;
6. Redundant transportation; and
7. Waiting

This classification also has been widely accepted in construction (Mossman, 2009) and
described as:

« Defects/Reworks. Scrap or re-doing works that adds costs with no increase in value.
For instance, rework of drawings and paper work, mistaken installation, relocating of
extra materials after installation, the re-scheduling of meetings when required people.
This can be due to out of sequence work, unclear or late information, late decision
making, inaccurate drawings and poor quality materials.

« Overproduction. The building or producing more than what is needed or producing too
early which could lead to one or more of the other wastes. This can be seen in reports
and presentations containing more information than needed or produce too frequently
and use wrong details. This happens because of overdesign due to undefined
requirements from the end user, just-in-case logic that leads to design more than needed
or fabricating material too early.

* Transportation. The moving material from one place to another. This waste can be
seen in excessive and multiple moves of materials. It can happen due to lack of process
flow, poor site layout, lack of planning and early deliveries adding to the congestion to
the site.

 Waiting. The delay or idle time before a person is able to start the next activity. This is
seen by the waiting for approvals, waiting for the late timesheets, waiting for
instructions or materials. This may occur due to late decision making, inadequate
coordination and the delays creating because of drawings.

* Over processing. The performing more operations or using excessive specifications
yielding no additional value. This can be seen in redundant reporting, several handling
of timesheets, lack of clarity with paper work, excess of coordination required between
suppliers. This may happens due to lack of communication, mistrust resulting in more
inspections than quality checks.

» Motion. The extra body movements and searches that do not produce any additional
value to the job. This can be seen by the excessive searching for information, the
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walking from meeting to meeting and poor work area layouts resulting in disastrous
injuries and safety issues. This occurs due to poorly design processes, lack of standard
work methods, no pre-planning and poor work area organization.

* Inventory. The work stocked up too far in advance when needed or in big batches
waiting for use. This may trigger other wastes such as unnecessary transports or defects
from mishandling or corruption. This can be seen by document such as waiting
approval. This happens due to mistrust and lack of resource planning and may result in
other wastes such as having to move materials around or replacement of dirty materials.

Lean Construction planning and control techniques reduce all above-mentioned types of
waste by improving workflow reliability. The starting point is improving the reliability
of tasks at the participant team level. This is in contrast to current management
approaches that rely on project level plans to manage contracts instead of managing
work, and contract commodity-based control systems that do not measure planning
systems performance (Howell and Koskela, 2000).

Lean Construction starts by stabilizing the workflow through reliable planning, which
shields the labor from that uncertainty management cannot control. Bringing in certainty
into the flow of work improves performance of the immediate production. Predictable
flow at any point in the supply and assembly chain then makes it possible to reduce
inflow variation upstream and redesign operations downstream (Howell and Ballard,
1998).

In the conventional way of performing construction projects, several problems are
caused due to the problem related to the flows among value-creating work steps (Salem
et al., 2006). However, under LC, the "flow" based approach aims to accomplish Just-
In-Time (JIT), by removing the variation caused by work scheduling (Howell and
Koskela, 2000) and thereby provide a rationale or target and priorities for
implementation, using a variety of techniques. The effort to achieve JIT disclosures
many quality problems that are hidden by buffer stocks (Bertelsen, 2004); by forcing
smooth flow of only value-adding steps, these problems become visible and must be
dealt with explicitly.

Therefore, LC extends from the objectives of a lean production system - maximize
value and minimize waste. As a result:

o The facility and its delivery process are designed together to better reveal and
support customer purposes.

e Work is structured throughout the process to maximize value and to reduce
waste at the project delivery level (Howell and Ballard, 1998).

« Efforts to manage and improve performance are aimed at improving total project
performance.

e The performance of the planning and control systems is measured and improved.
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o The reliable release of work between specialists in design, supply and assembly
assures delivery of value to the customer and reduction of waste.

According to Salem et al. (2006), LC concentrates on defect prevention. It is also
emphasized by several researchers that lean thinking plays an important role in quality
aspects by generating defect-free products in the shortest possible time with the least
amount of resources (Womack et al. 1990; Koskela 1992; Ballard and Howell 1997).

Despite the discussed benefits of LC, the application of lean in construction is still
rather limited and incomplete (Matthews et al., 2000) as it is “still in its early adopters
phase” (Miller et al., 2009). A numbers of challenges regarding its wide adoption can be
found in the current literature. For example, Sarhan and Fox (2013) identified three
major obstacles of successful implementation of LC as: (1) lack of enough awareness
and understanding about lean, (2) absence of top management commitment; and (3)
cultural issues. What these arguments indicate is that there should be more attentions
and investigations regarding “lean” widely adaptation and implementation in
construction.
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In this section, it is tried to review the literature giving the promises about poor quality
related costs in BIM and Lean literature.

5.1 Poor Quality Costs in BIM literatures
There are large amounts of literature on BIM as an emerging research topic. Different

promises in favor of BIM are discovered in this review. Some of them are so broad and
include several promises such as the followings:

“Many projects have now successfully implemented BIM, demonstrating
significant benefits: increased design quality, improved field productivity, cost
predictability, reduced conflicts and changes, less rework, increased
prefabrication, and reduced construction cost and duration. This results in a faster
and more cost-effective project delivery process, and higher quality buildings that
perform at reduced costs” (Hardin 2009; Eastman et al. 2008 cited in Building
information modeling (BIM) ‘best practice’ project report, 2011).

“Owners perceived the greatest savings in terms of time and money as a result of
clash detection, rework avoidance, lower overall project costs, better project
outcomes, improved process outcomes and better-performing buildings”
(McGraw-Hill Construction 2009, p. 34).

Some other promises are even narrower and focus on one or two benefits. Bryde et al.,
(2013) specifically promises about the extent BIM will decrease the rework cost
associated with computer and software issues which was part of traditional way of
undertaking construction projects:

“...some of these extra costs, such as CAD rework, training or computer
upgrades, are costs that can be reduced or eliminated by implementing BIM from
the beginning of projects”.

Sebastian (2011) promises about the potential of clash detection of BIM in reducing
cost of re-design:

“Reducing redesign/remake costs through clash detection during the design
process”.

Dehlin and Olofsson (2008) and Eastman et al. (2008; p. 422) cited in Sacks et al.,
(2010) not only promise about the potential of BIM in reducing re-design but also
promise about its impact on the construction field:

“Building modeling imposes a rigor on designers in that flaws or incompletely
detailed parts are easily observed or caught in clash checking or other automated
checking. This improves design quality, preventing designers from “making do”
(Koskela, 2004) and reducing rework in the field as a result of incomplete
design”.
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Eastman et al., (2008; p. 317) promises about reducing rework cost as a component of
total construction cost reduction:

“BIM reduces the direct engineering cost in three ways:

e Through the increased use of automated design and analysis software

e Almost fully automated production of drawings and material takeoffs

e Reduced rework due to enhanced quality control and design coordination”.

Azhar (2011) went one step further. He used four case studies to discuss the benefits of
BIM. According to Azhar the cost benefits of BIM implementation, which attributed to
elimination of clashes was about $200,000 in Aquarium Hilton Garden Inn in Atlanta.
In the design development stage 55 clashes were identified which resulted in a cost
avoidance of $124,500. In the construction development stage 590 numbers of clashes
were detected based on the estimates for making design changes or field modifications,
which had not been detected earlier. The overall cost saving of this stage for the whole
project was estimated about $801,565. However, it is not mentioned what types of cost
elements are included in this cost and how the cost information are collected and
subsequently calculated. Put in other words, Azhar, (2011) did not provide information
about their cost collection, methods, definitions and aims as well as bases of
comparison. It might be because the aim of these types of numbers and figures is to
attract the attention of users about the cost benefits of BIM instead of providing further
detail information on how these numbers are achieved. So, they cannot be considered as
benchmarking metrics or bases for making comparison with other data gained from
previous studies.

Suermann and Issa (2007) by using a survey instrument asked National BIM Standard
(NBIMS) committee members’ perceptions about BIM impacts on the six construction
Key Performance Indicators (KPIs). The highest ranking KPIs were quality control and
rework.

In American Institute of Architects (AIA Web Site 2005, cited in Aranda-Mena et al.
2008), one promise about the benefits of BIM in comparison with the conventional
paper based documentations is found:

“BIM is much more than 3D rendering or transferring electronic versions of paper
documents. By implementing BIM risk is reduced, design intent is maintained,
quality control is streamlined, communication is clearer, and higher analytic tools
are more accessible”.

McGraw-Hill Construction (2009; p. 22) cited in Giel and Issa, (2013) promises about
the benefit of BIM on the amount of return on investment (ROI) through reducing
conflicts:
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“The multiple benefits of BIM potentially affect its estimated ROI and it was
determined that 68% of users recognize that reducing conflicts produces the
highest rewards on a project”.

It is surprising that most of the researchers have promised about the design and cost
benefits of BIM among the other benefits.

5.2  Poor Quality Costs in Lean literatures
It is found that several papers indicate the importance of lean construction in increasing

quality or also reducing poor quality costs (Aziz and Hafez, 2013; Al-Aomar, 2012).
The “promises” such as:

“Improving quality in the construction context contributes to the lean focus on
speed delivery and cost effectiveness by reducing reruns, delays, and re-works in
the completed tasks...” (Al-Aomar, 2012)

is found in the current literature.

Wills (2009) cited in Nahmensland Ikuma (2012) promise about the benefit of lean to
reduce all types of waste including poor quality cost such as cost for rework:

“Traditional lean theories purport lean to be a method for improving the economic
bottom line through improved efficiency and reduction of all types of waste,
whether the waste is from excess materials, labor, time, or other sources”.

The same promise is also given by Koskela (1999):

“The basic improvement rationale in lean production is to compress the cycle time
by eliminating non-value-adding time. The cycle time refers to the time required
for a particular piece of material to traverse the flow...Cycle time compression
forces the reduction of inspection, move and wait time. In other terms, the basic
thrust is to eliminate waste from flow processes. Thus, such practices as
elimination of inventories, reduction of rework, short distances between work
stations, etc. are promoted. In fact, this is the rationale of JIT production”.

Al-Aomar (2012) promises about its benefits for construction companies:

“The work of construction companies largely contributes to the quality and safety
of public and society at large through residential and commercial buildings,
transportation, and infrastructure projects. Lean construction practices and Six
Sigma rating positively impact these important aspects and often result in
reducing waste and costs, improving safety, and saving energy resources in
construction projects”.

Fearne and Fowler, (2006) went much deeper and promise about the positive influence
of lean on poor quality problems where it is mentioned that:

“The rationale behind “going lean” centers on waste removal both inside and
between companies. Waste removal is fundamental to a lean value stream. The
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reason for this is that improved productivity leads to leaner operations, which help
to expose further waste and quality problems in the system. The systematic attack
on waste is also a systematic assault on the factors underlying poor quality and
fundamental management problems”.

Even though such promises have been presented in the reviewed literature, none of them
are currently followed up and validated by first-hand evidences.
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There are a growing number of researches about BIM and LC in recent years. The
literatures discuss and address different trends and issues concerning these two tools.
Today, many construction organizations, managers and investors have a “wait-to-see”
attitude about the benefits of these tools. One of the ways, which can prove the benefits
of these tools, is measuring quality cost or poor quality cost.

However, this review highlights several significant gaps in knowledge about the
evidences concerning promises in favor of implementing BIM and LC. Just one study
among reviewed papers about BIM presented some overall evidences. None of the
studies followed up the benefits of LC.

In terms of BIM studies, just one study went one step further and provides some overall
figures and numbers. But, the results are not so much satisfactorily and leave the readers
in the dark about the employed definitional and methodological aspects. These points
indicate poverty of attention and consciousness about following up poor quality costs
among the researchers studying BIM and LC literature. It also reflects the immaturity of
these research areas, which needs further investigations.

Paying attention to poor quality cost in BIM and LC related projects can bring a lot of
benefits. Firstly, construction managers and investors will be encouraged to invest on
these tools. Secondly, it provides the possibility of benchmarking, measuring the
performance, revealing the weakness areas, etc. which provide a baseline for further
improvement actions and trying to enhance the level of BIM and LC performance. In
other words, measuring poor quality costs such as costs incurred due to rework helps
construction professionals and managers to have a better insight about the size of poor
quality cost after BIM and LC implementation so they can eliminate or at least reduce
further causes of poor quality. Hence rectify some of the BIM and LC obstacles for
widest implementation of them. Also, its measurement can be considered as a type of
waste measurement which is useful to support process management and provide the
opportunity for operational costs modeling and create meaningful information for the
employees (Aziz and Hafez, 2013). However, some of the other challenges regarding
BIM and LC still may remain hidden and need other types of management tools and
approaches.

Researchers should be well aware of the fact that providing more detail information
about the methods of data collection, terms and definitions, makes it possible for the
users and other practitioners to have a better insight about reported results and assess if
the results are reliable. Moreover, it enables them to make a reasonable comparison
between the results of different investigations and use for benchmarking actions.

Future research
In order to prove the benefits of BIM and LC in favor of poor quality costs reduction,

the present author suggests further studies and case studies can be conducted to measure
the cost associated with poor quality activities in construction projects implementing
BIM and LC. This helps construction managers and owners to feel confident about
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quality improvement and cost trends through BIM and LC implementation. Moreover, it
enables them for identifying and highlighting further likely areas of concern which need
further attention.
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