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Abstract: The incessant reportage of cost overruns and abandoned projects in contemporary
literature have accentuated the need for a re-examination of the nature of the cost management
strategies deployed to these projects. This study explores the potential of kaizen costing strategy to
engender effective cost management within construction project delivery systems in developing
countries. Data collected during this study were analysed using the analytic hierarchy process
(AHP) and systems thinking approaches to determine the criticality of the factors influencing the
effective implementation of kaizen costing. Seven (7) archetypes leading to final causal loop
diagram identified the incorporation of the plan—-do-check-act approach to project and cost
planning, the budgeting system of the construction companies, overhead cost reduction during
construction and the overall procurement process. Executing these archetypes will potentially
reduce high overhead costs, project cost and time overruns, as well as enhance construction industry
sector growth policies and construction organisation corporate governance.

Keywords: analytical hierarchy process; causal loop; construction companies; lean construction;
kaizen costing; systems thinking

1. Introduction

Koskela [1] suggest a shift in the construction paradigm from the traditional approach with an
emphasis on eliminating waste and associated non-value adding activities. The philosophy brought
about the concept of lean philosophy in construction. Lean construction emerged in the mid-90s and
its applications have since been explored by various researchers [2-7]. Additionally, since the mid-
90s, the construction industry has been trying to adopt new concepts such as target-value design,
target costing, and whole life costing as a panacea for the prevailing challenges of time and cost
overrun [8,9]. The concept of lean construction is aimed at reducing material, resources, time and cost
constraints [10-12]. Lean construction has been criticised for its application drawbacks in terms of
production demands, standardisation of construction procurement and execution processes, the cost
of training of employees, requirement for cohesive teamwork, supplier constraints, decrease in
construction employee morale when changes occur and the requirements for managerial changes
[11-14]. Nonetheless, the benefits of lean concepts include just-in-time, responsiveness to change;
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effective relationship within the value stream, quality management, the last planner system, waste
reduction, concurrent engineering, business process re-engineering, value-based system and
teamwork, kaizen and kaizen costing [15,16]. The benefits of lean construction concepts in terms of
being responsive to change and reducing waste in all forms during construction far outweigh the
aforementioned drawbacks.

The concepts of lean construction, such as kaizen and kaizen costing in the construction
industry, still require detailed theoretical conceptualisation for promoting their inherent benefits for
construction industry application. There is a need for documentation of applications of lean
construction concepts in the construction industry. The construction industry in many developing
countries is still traditional and the prevailing problems of traditional construction approaches
identified by Koskela [1] are far from suggested mitigation measures. Hence, there is a need to explore
new alternatives. Kaizen costing has been suggested as a viable alternative for mitigating the
construction production challenges such as cost overrun [17-19]. This study will consider the
important factors and plausible influence of kaizen costing implementation in the construction
industry, organisation and project in Nigeria.

In developed and developing nations, the performance of construction organisations has been
measured through various metrics, standards and perspectives [20-23]. According to Sonson,
Kulatunga and Pathirage [15], various authors have measured the performance of construction
organisations from the perspective of finance, the customer, internal business processes, learning and
growth, project performance perspective, supplier perspective, environment and the community. In
many construction organisations, construction projects are the main drivers for continuity and
performance measurement. Ozorhon et al. [24] and Keung and Shen [25] opined that since the
construction industry is project-based, many construction organisations require successful project
completions as measures for project performance. Hence, the concept of post-project reviews has
been stated as a driver for continuous improvement in construction organisations trying to
implement kaizen costing [26,27]. Sonson, Kulatunga and Pathirage [15] noted that the financial
perspective is based on enhancing the financial value of the organisations to meet the expectations of
the shareholders. Thus, successful construction projects and profitability of construction companies
are indicators for growth.

When the financial perspective of construction organisations in developing countries is
considered thoroughly, the prevalence in the incidence of cost overruns, fluctuations of prices,
unstable inflation rates, the challenge of new project management innovation and unpredictable
government regulations are observed [28-31]. An investigation conducted by Olawale and Sun [32]
into the factors inhibiting cost and time performance of construction projects in the UK revealed that
the top five inhibiting factors emanate from internal elements of construction organisations
participating in a project. These include design changes, inaccurate estimation of project duration,
the complexity of work, risk and uncertainty, and non-performance of the project manager.

In recent times, kaizen costing has not just become a technique for cost control in the
manufacturing sector but also for construction projects. Vivan et al. [33] and Robert and Granja [34]
presented case studies of how kaizen costing has been used in the construction industry. Kaizen
costing was adopted as an approach in construction cost management, but the lasting impact of the
processes was not modelled into the project organisation. Omotayo, Kulatunga and Bjeirmi [26] and
Omotayo et al. [27] also studied the implementation of kaizen and associated critical success factors
without considering its implementation in construction cost management. Furthermore, the cause
and effect of adopting kaizen costing in an organisation need to be studied. Hence, the studies by the
abovementioned authors need to be modelled into a system of creating a construction organisation
with continuous improvement. This study intends to fill this major gap in research by creating
archetypes for incorporating kaizen costing in the Nigerian construction industry.

2. Kaizen Costing Implementation in Organisations and Projects

Kaizen costing is another word for continuous improvement in cost management [35,36]. For
effective implementation of kaizen costing in construction organisations, the organisational structure
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must align with the principles of kaizen which is the Japanese word for continuous improvement
[35]. Rahmanian [35] stated that one-way communication results in more complicated problems
within the organisation from top to bottom. There is a need for a bilateral relationship between the
lower layers and the senior management of the organisation. To further buttress the observation of
Rahani and Al-Ashraf [36], Sugimoto [37] highlighted an effective organisation structure to enhance
the morale of the employees in addition to their capability. The authors further stated that kaizen is
not motivated by investment in mechanical equipment or kaizen technologies, rather kaizen is driven
by investment in the managers, supervisors and front-line workers. The capacity building for these
staff via kaizen accomplishments enable the tackling of evolved kaizen subjects advancing from
simpler kaizen at the initial stage. Kaizen’s leading characteristics emphasizes workers’ empirical
knowledge and logical thinking rather than the proceeds of the process in which these workers are
involved with. Capacity building, besides, a sense of participation in developing interest in kaizen
technologies will enhance the effective application of kaizen costing in construction companies.

From the perspective of kaizen costing for the Nigerian construction industry, Omotayo and
Kulatunga [20] discussed the need for kaizen costing in the Nigerian construction industry as a
backdrop for implementing continuous improvement in construction cost management.
Additionally, Omotayo and Kulatunga [19] opined that kaizen costing is a cost management
technique stemming from the kaizen philosophy/concept for construction cost management. A case
study conducted by Vivan et al. [33] adopted an action research approach in investigating the impact
kaizen costing implementation has on project success, relying on a case study of 76 building projects
in Brazil. The outcome proved that standardisation of construction procurement and execution
processes is not always required for kaizen costing implementation. The standards required for
kaizen costing implementation is similar to those deployed within the manufacturing environment
where the processes followed in producing a product involves a set framework, time frame of
activities, machines, and the plan—-do-check-act principles in place. Imai [38] argued that
standardisation is required for the elimination of physical and non-physical waste when the plan-
do—check-act is in place.

The main government policies and regulatory policies in Nigeria are derived from the Federal
Ministry of Works and Housing. Other regulatory bodies such as the Nigerian Institute of Quantity
Surveyors (NIQS), the Nigerian Institute of Architects (NIA) and the council for registered builders
of Nigeria (CORBON) influence every construction organisation in Nigeria. Government policies on
importation taxes, procurement methods, local content investments, figures of expatriates or foreign
contractors sometimes affect the cost estimates in the traditional costing whereas regulatory
compliance remains one of the catalysts identified as enabling the adoption and sustainability of
kaizen costing [39]. For kaizen to be implemented, there tends to be a need for approval from these
construction regulatory bodies. Although the challenges that may emanate from that is the proper
reinterpretation of kaizen application which signifies the proper modification to the country of the
transfer due to incompatibility between the culture of the host country and the Japanese culture [40].
Decision-making skills of the contractor, construction project manager, or the quantity surveyor
involved in kaizen costing can influence the overall process of waste minimisation.

Kowsari [41] advocated the need to deviate from traditional methods of costing wherein an
examination of methods and activities improvement is not achievable. Traditional costing in an
organisation negates effective communication and presentation of information concerning cost. This
contributes to the wrong allocation of cost whereas with kaizen costing, effective communication
within the organisation is encouraged thereby permitting the adequate flow of information. Kaizen
costing has been partially adopted by some construction companies in developing countries such as
Brazil and Chile [33,42]. Therefore, it is possible to adopt kaizen costing, a subject of kaizen, in
Nigeria. Kaizen costing management has been known to stimulate effectiveness with staff
gratification [42]. Kaizen costing also promotes motivation within an organisational structure. Kaizen
emphasises on waste and more importantly cost reduction. In ensuring the satisfactory delivery of
projects to clients, kaizen is embedded with factors which encompass the improvement of
relationships among the project’s stakeholders and productivity enhancement.
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The importance of standardisation brings about the essence of kaizen costing. Suarez-Barraza,
Ramis-Pujol and Kerbache [43], Tetteh [44], Sudrez-Barraza and Miguel-Davila [45] and Omotayo
and Kulatunga [19] identified the utility of kaizen costing in engendering cost minimisation, value
creation, profitability and, client satisfaction. Although further studies are required to evaluate the
influence of kaizen costing on project cost overrun, researchers like Robert and Granja [34] and
Omotayo and Kulatunga [19] have postulated that kaizen costing has the potential to mitigate the
impact of cost overrun in minor and mega projects. In facilitating organisational enhancements,
Ramezani and Razmeh [46] noted that Japanese companies measured kaizen profits improvements
by calculating the difference in cost set by senior managers and the estimated profit set by lower
managers.

The actual cost is included in kaizen cost for cost reduction and maintenance, the overall aim of
kaizen costing is to reduce and maintain the established cost within the accounting year [46]. Overall,
the main aim of kaizen costing is to enable a reduction in the incidence of all non-value added
activities under established activity schedules and budgets. Cooper and Slagmulder [47] view kaizen
costing as a powerful tool for inter-organisational cost management as it provides a modus operandi
for temporary multi-organisations in construction projects to operate a feed-forward cost reduction
model. Cooper and Slagmulder [47] also noted that the types of kaizen costing programs can be
period-, item- and overhead-specific. Hence, it presents a cogent need to focus on the time frame, the
content of the project and extra expenses which may result in cost overruns. Therefore, the strategies
for implementing kaizen costing must encircle around some factors which must be evaluated for their
level of importance in creating a reasonable model in the organisational planning and execution of
contracts.

The presence of kaizen costing implementation strategies within construction organisations will
further influence the deployment of kaizen costing. Authors who have identified various strategies
needed for the application of kaizen costing in organisations include Puvanasvaran et al. [48]; Shang
and Pheng [49]; Berger [50]; Magnier-Watanabe [51]; Chukwubuikem et al. [52]; Arya and Jain [53].
Some of these criteria needed for effective kaizen costing are highlighted below:

) Organisational structure: Kaizen costing thrives in a less bureaucratic management structure
and where there is more teamwork and communication management. This ensures the flow of
information within the company and promotes adversarial relationships between the employees
and the employer. For Kaizen costing to be considered effective within the organisation, there is
a need for a collective, ad-hoc and innovative system. All these are supported by Magnier-
Watanabe [51]'s remark-"kaizen required a horizontal organisation structure and opportunistic
knowledge acquisition.” Opportunistic knowledge acquisition pertains to the idea that
organisations aiming to implement kaizen costing must create a learning organisation. A
knowledge management database must be created for knowledge capture from post-project
reviews.

Procurement and contract documentation: The value of the project may be affected by the class
of the procurement process being adopted as traditional procurement will differ from the design
and build procurement system. Consequently, the contractor may possess additional resources
within reach to effect (implement) the kaizen costing during project execution. More so, the
stakeholders” involvement in the project is essential during project execution. Kaizen activities
may also be influenced by the estimated accuracy and “clarity of exclusions.”

Relationship Management: There is a need for managing the relationship between the
stakeholders, especially in situations where claims are raised by the contractor or sub-contractor.
The relationship between the client and the contractor’s cost manager determines the available
resources to implement kaizen costing during construction.

Standardisation of Construction procedures: For Kaizen costing to be applied, it is essential to
upgrade the construction processes to a more regulated one [50]. Modus operandi of most of the
construction companies depends on the organisation policy, nature of the projects and the
regulatory bodies.
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Financial Risk Management: Since the project managers and the cost managers are saddled with
the responsibility of monitoring the financial risk which may emanate as a result of inflation,
variations, price fluctuation, building design changes, theft, kickbacks and fraudulent practices,
subcontractors and suppliers cost, claims, payment delays. All these factors, in addition to
preliminary items, may affect the construction project’s financial position and subsequently
affects the accomplishment of kaizen costing.

Decision making: The project cost manager’s decision during kaizen execution and follow up
may impact the general outcome of kaizen costing. Litigation may ensue and affect the general
performance of the kaizen costing if the “contractor or the management function in cost
management is not involved in reaching some lasting decision concerning claims”; construction
firms need to view “problems as opportunities” as stated by Shang and Pheng [50]

Regulatory bodies and the government: Several construction industries globally are impacted
by the “construction regulatory bodies,” politics and government policies. Without the approval
of the kaizen costing as a method of post-contract cost monitoring by the regulatory bodies, they
may not be utilised. Nevertheless, some of these bodies, due to their flexibility, are not concerned
about innovation as such within construction companies.

Teamwork and communication: Kaizen team are involved in the kaizen costing processes in
addition to the project or cost manager. This team essentially needs to function along with every
stakeholder on the project including the clients, building materials suppliers and the sub-
contractors. Communication is imperative in strategic management, construction planning and
execution of the kaizen costing. As a result, consistent site meeting and post-project review
meetings are essential. Communication may be easier among the stakeholder in most cases
where Building Information Modelling (BIM) is being applied during the pre-tender stages.

It is important to note that these aforementioned criteria for kaizen costing are from different
developing countries in South America and Asia. There are no specific criteria for kaizen costing
implementation in the Nigerian construction industry. For successful kaizen costing on construction
projects, the above-mentioned strategies are the main prerequisites as acknowledged by different
studies. Further to this, kaizen costing and the financial perspective of evaluating the performance of
construction companies must align; this alignment is a major gap in research and practice requiring
a structured model.

2.1. Aim and Scope of the Study

This study aims to evaluate the criticality of the aforementioned factors in Section 2 for a
systemic implementation of kaizen costing as a planning and execution tool for cost control on
construction projects by construction organisations in a developing country such as Nigeria.

Previous studies have only considered the implementation of kaizen costing from the theoretical
angles of projects, construction companies and the industry [33,49-53]. This study will create and
validate the initial causal loop diagram. Associated archetypes from causal relationships between
construction professionals, project, construction company and the construction industry will be
developed as part of the process improvement framework. This study will not empirically assess the
extent to which the archetypes operate in a construction organisation but will provide a capability
maturity model for possible implementation.

3. Research Methodology

The survey strategy was adopted for data collection because it provided an opportunity to reach
out to a wider population with a narrow scope of questions [54]. The research instrument targeted
Construction Project Managers and Quantity Surveyors in Nigeria. The purposive sampling
approach was adopted because of the scope of the study which addresses financial and project
process changes. The purposive sampling was important in selecting the respondents with the
median years of experience of 15 years. The median years of experience of 15 years were selected to
accommodate early career, mid-career and established Construction Project Managers and Quantity
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Surveyors. The respondents are mostly mid-level management positions who have the background
of construction process planning and cost control.

The respondents who were mainly Quantity Surveyors and Construction Project Managers were
contacted based on the purposive sampling approach. The nature of the respondents’ construction
organisations is small- and medium-scale, who engage in building construction and have the
government as the main client. The questions asked in the research instrument sought to extract the
perspectives of the respondents using the 5-point Likert scale format. The questionnaire was
designed to evaluate the perception of the respondents on the criticality or otherwise of the eight (8)
broad factors which had been mentioned in the literature review. The 5-point Likert scale has the
highest (5) as extremely important and the lowest as not-important. Please refer to Table Al in the
Appendix A for the structure of the Likert Scale.

A comparison of traditional cost management tools and the relatively new kaizen costing were
presented to the respondents for feedback. The feedback from the respondents provided a 54%
response rate whereby one hundred and thirty-five (135) questionnaire were returned for analysis
out of the targeted two hundred and fifty (250) samples. Seventy-seven (77) Quantity Surveyors and
fifty-eight (58) Construction Project Managers formed the 54% response rate. The analytical hierarchy
process (AHP) was used for the statistical data analysis. The AHP was used in deciding the most
applicable criteria to be fed into the causal loop diagram. The utilization of a systems thinking
approach afterwards culminated in the development of causal loop diagrams for exploring the
patterns observed in the data. These causal loop diagrams were further validated through three (3)
expert opinions as elicited through follow-up interviews. The constraints in validating the initial
model led to the limitations in the number of experts for this study. Further details on the limitations
of data collection and validation in this study have been discussed in Section 8.

3.1. Analytical Hierarchy Process (AHP)

Analytical hierarchy process allows the decision-makers within an organisation to make better
decisions when confronted with various alternatives [38]. This technique also ensures that the best
alternatives are selected rationally. This theory utilized pair-wise comparisons of individual
judgement to prioritize the alternatives which have been scaled. Saaty’s absolute scale of 1-9 provides
a major reference point of perceiving the degree of importance of criteria from the perspective of the
respondent [55]. However, due to a large number of respondents in the investigation, the weighted
factors of the 5-point Likert scale figures were being used. The scale will be from 1 to 5 having the
options of kaizen costing. The interpretation of 1 to 5 scale for kaizen costing is based on agreement
and importance, respectively.

3.2. AHP Analysis: Important Kaizen Costing Criteria

The various levels of the analytical hierarchy process start from the decision to choose the best
method for project cost control. The second level has the main alternatives which are kaizen costing,
while the third level has the critical success factors which determine the level of importance for each
alternative. The AHP process will be used to determine the most important criteria for implementing
kaizen costing in Nigeria.

From Figure 1, the second level of this AHP diagram highlights various critical success factors
which are categorized into eight (8) different criteria, namely organisational structure (ORGSTR),
contract documentation and procurement (CONDPRO), construction process (CONPROS),
government and regulatory influence (GOVREGI), financial risk management and litigation
(FRMLITI), communication and teamwork (COMTEM), decision making (DECMAK) and lastly
relationship management (RELMAN).
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— Organisational structure

Procurement and contract
documentation

— Relationship Management

| _|Standardization of Construction
procedures

— Financial Risk Management

— Decision making

Kaizen costing

Regulatory bodies and the
government

— Teamwork and communication

Figure 1. The structure of the analytical hierarchy process (AHP) tree for kaizen costing
implementation.

Achu, Thomas and Reghunath [56] expressed the equation for the pairwise comparison which
reduces the conceptual complexity of the problem by considering two components simultaneously
concerning the elements in the immediate high-level hierarchy by developing a comparison matrix,
which is expressed as follows:

1 a5, a4q

A: { a21 1 a2n } (1)
p1 Gz 1

where

weight of attribute i
" weight of attribute j

aij )

Hence, the eigenvalues are products of divisions between the weights. The importance of each
criterion’s eigenvalues was normalised by comparing each of them with the overall eigenvalues of
the pairwise comparison matrices.

4. Data Analysis

The criteria for this study are weighted from the scores on the Likert scale and the various scores
assigned. This first section analyses the criteria kaizen costing with the weightings. The weightings
for the different groups are calculated based on the mean of the scales. This is used to calculate the
pair-wise comparison of reciprocal matrices.
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4.1. AHP for Kaizen Costing

In Table 1 below, the weighted factors are evaluated based on the feedback in the scale. These
scores will be used for the pair-wise comparison of kaizen costing criteria for implementation. These
values are a ratio of the columns against the rows.
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Table 1. Pair-wise comparison and reciprocal matrices of the critical success factors (CSF) criteria.

Factors ORGSTR CONDPRO CONPROS GOVREGI FRIMLITI COMTEM DECMAK RELMAN

ORGSTR 1 1.0114599 1.014062 1.00772705 1.06248 1.0817051  1.0173481  1.038673
CONDPRO  0.98867 1 1.002573 0.99630947  1.050442 1.0694493  1.0058215  1.026904
CONPROS  0.986133 0.9974341 1 0.993753 1.047746 1.0667052  1.0032406  1.024269
GOVREGI  0.992332 1.0037042 1.006286 1 1.054333 1.0734108  1.0095473  1.030708

FRIMLITI  0.941194 0.9519804 0.954429 0.94846708 1 1.0180948  0.9575224  0.977593

COMTEM  0.924466 0.9350607 0.937466 0.9316098 0.982227 1 0.9405041  0.960218

DECMAK  0.982948 0.9942122 0.99677 0.99054301  1.044362 1.0632595 1 1.020961

RELMAN  0.962767 0.9738005 0.976306 0.97020663  1.022921 1.0414303  0.9794695 1

COLSUM  7.778511 7.8676519 7.887892 7.83861605 8.26451 8.4140549 79134535  8.079326

As stated earlier for the kaizen costing pair-wise comparison, the kaizen costing factors identified followed the same process of producing the
eigenvectors and standardised matrix for each factor as shown in Table 2.

Table 2. Standardized matrix for kaizen costing.

Factors ORGSTR CONDPRO CONPROS GOVREGI FRIMLITI COMTEM DECMAK RELMAN WEIGHT WEIGHT%

ORGSTR 0.1285 0.12855 0.1285 0.128559 0.1285 0.12856 0.12855 0.12856 0.1285 12.85593
CONDPRO 0.1271 0.1271 0.1271 0.127102 0.1271 0.1271 0.1271 0.1271 0.1271 12.71027
CONPROS 0.1267 0.12677 0.12677 0.126776 0.1267 0.12678 0.12678 0.1268 0.1267 12.67766
GOVREGI 0.1275 0.12757 0.1275 0.127573 0.1275 0.12757 0.12757 0.1275 0.1275 12.75735
FRIMLITI 0.1209 0.12099 0.1209 0.12099 0.1209 0.12099 0.12099 0.1209 0.1209 12.09993
COMTEM 0.1188 0.11884 0.1188 0.118848 0.1189 0.11885 0.11884 0.1188 0.1188 11.88488
DECMAK 0.1263 0.12636 0.1263 0.126367 0.1263 0.12637 0.12636 0.1263 0.1263 12.63671
RELMAN 0.1237 0.12377 0.1237 0.123772 0.1237 0.12377 0.12377 0.1237 0.1237 12.37727

SUM 1 1 1 1 1 1 1 1 1 100
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4.2. Saaty’s Consistency Ratio

The consistency of the evaluated criteria is verified on the consistency matrix. The formula for
consistency is given as:

CI = (Lambda max - n)/ (n—1) 3)
CR = CI/RI 4)

where CI is the consistency ratio; Lambda max is calculated from the pairwise comparison; n is the
number of factors consistency ratio (CR) > 10% [38]. If the ratio is less than 10% or 0.1, then the
consistency ratio (CR) is acceptable.

The lambda max for the pairwise comparison of kaizen costing criteria has been calculated to be
8.02051591. The consistency index is hereby calculated as:

CI = (8.0205 - 8)/(8 — 1) = 0.0205/7 = 0.0029

The random index for 8 criteria from Saaty’s [55] is given as 1.41. Hence, the consistency ratio
(CR) is calculated as:

CR =0.0029/1.41 = 0.0021

The CR of 0.0021 must be less than 0.10, which proves that the analysis is consistent, and the
process of decision making is valid.

The findings from the AHP analysis revealed that organisational structure is of paramount
importance to the implementation of either traditional or kaizen costing strategies. From Table 3,
communication and teamwork are ranked lowest by the respondents. The first four (4) factors,
organisational structure, regulatory bodies and the government, procurement and contract
documentation, standardisation of construction procedures and the final factor, communication and
teamwork, contribute 62% of the criteria within the system, thereby proving five (5) out of the eight
factors (8) for the development of the causal loop diagram and archetypes. Communication and
teamwork have been considered very important in the construction process by many academics. This
is because attributes such as organisational structure cannot be separated from communication and
teamwork [49,51,52]. Hence, it will be part of the causal loop diagram. This point will be discussed in
subsequent sections. The decision of the respondents to rank communication and teamwork, low,
reveals issues with the perception of communication and teamwork in construction organisations in
the Nigerian construction industry. The selection of five (5) of eight (8) criteria was conducted to
reduce the context of causal loop diagram to a manageable proportion and for presentation purposes.

Table 3. Ranking for the criteria for kaizen costing.

S/N Factors Abbreviations WEIGHT DIFF RANK
1 Organisational structure ORGSTR 0.128559 - 1ST
2 Regulatory bodies and the government GOVRECGI 0.127574  0.000985 2ND
3 Procurement and contract documentation CONDPRO 0.127103  0.000471  3RD
4 Standardisation of construction CONPROS 0126777  0.000326  ATH

procedures
5 Decision making DECMAK 0.126367  0.00041 5TH
6 Relationship Management RELMAN 0.123773  0.002594 6TH
7 Financial risk management FRIMLITI 0.120999 0.002774 7TH
8 Communication and teamwork COMTEM 0.118849  0.00215 8TH

5. Systems Thinking

Systems thinking has been described as an analytical tool for expressing complex independent
decision-making issues, whereby causal loop diagrams are used to create relationships between
influential attributes [27,57,58]. Systems thinking is the first stage in the development of a dynamic
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system [59,60]. In this study, systems thinking will only be used as a feasibility approach to
understanding the archetypes required for systems dynamics. Systems thinking archetypes are
subsections of the causal loop diagram revealing cogent structures of attributes [45].

The initiative of systems thinking seeks to reveal attributes and phenomena outside the sphere of
qualitative and quantitative analysis [59,60]. In systems thinking, exogenous and endogenous
variables interact to reveal what will likely happen in instances where a positive change may lead to
an increase or a decrease in an attribute. The endogenous and exogenous variables, as extracted from
the literature review in Section 2 are presented below.

Figure 2 reveals that the only exogenous variable for the causal loop diagram is the regulatory
body and the government. All other variables are endogenous. The above-listed variables will be
expanded in the causal loop diagram. Thus, a causal loop system will indicate a reinforcing loop or a
balancing loop in a counter-clockwise or clockwise direction. Teamwork and communication as
communication management will be included in the causal loop diagram because of the flow of
causal loops.

Exogenous variables

(1)Regulatory bodies and
the government

Endogenous variables

(2) Organisational
structure; (3)
Procurement and
contract documentation;
(4)Standardization of
Construction procedures;
(5)Teamwork and
communication
(Comunication
management)

Figure 2. Exogenous and endogenous variables.

In Figure 3, within the causal loop diagrams, the arrows indicating the directions can either have
a positive (+) or negative sign (-). These signs reveal the impact one attribute may have on another.
For instance, an increase in the cost of production will raise prices. Therefore, the cost of production
attribute will have a positive sign right at the end of the arrow. Many authors have suggested that
the first attribute in a causal loop diagram must always start with a (+) sign.

Figure 3. Reinforcing and balancing loops.

5.1. Implementing Kaizen Costing through Systems Thinking Causal Loop Diagram

The content of Figure 2, which contains the exogenous and endogenous variables, was used to
create the initial causal loop diagram in Figure 4. From the content of Figure 4, more attributes were
discovered during the process of creating the causal loop diagram. For instance, strategic
management and intermittent training were mapped into the combination of communication
management and organisational structure.
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The purpose of creating the causal loop diagram is to identify unidentifiable attributes. For a
successful investigation into the adoption and implementation of kaizen costing in the Nigerian
construction industry, there is a need to provide a system thinking model through the cause-and-
effect approach [27]. The positive organisational structure creates effective strategic management.
Intermittent training is required for communication management. Government and regulatory
bodies have been broken down into the major construction industry regulatory bodies such as the
council or registered builders of Nigeria (CORBON); the Nigerian Institute of Architects (NIA); and
the Nigerian Institute of Quantity Surveyors (NIQS). The regulatory bodies positively influence the
organisational structure. A positive procurement process creates a loop of tendering, contract
documentation and site planning and management leading to the plan-do—check-act principles for
kaizen costing.

<Government

policies>

Government <Intermitent
policies training>
+
= . 5
Organisational
structure 0 b
¥, <Plan-do-ch Reguloatory bodics
@ eck-act> /
- Communication Council of Registered = +
g management Builders of Nigeria 23
Wiy l:ﬁ::m *‘ (CORBON) Nigerian Institute of
s <Organisational Architects (NIA)
IX\X ture
Lnlcmmcm |ra|mng + +

. The Nigerian Institute of

meo r Ovcrhcnd cost_ - ity Surveyors Inclusive designs
(NIQS) ‘
= L
Pmcurcmcm + \
stralcglcs Plan-do-check-act Construction cost 5
L \ ‘mymmt policics

Open to |nnr.wal|ons

Flcxlblc ad-} hoc + +  Kaizen costing + <Procurement
system R g strategies>
Tcndunng
+  approaches
Site planning and
management

Contract
+ documentation

Figure 4. Causal loop diagram for kaizen costing implementation in Nigeria.

The initial causal loop diagram in Figure 4 contains reinforcing loops which are building from
positive interactions between the attributes. The reinforcing loops (R) were not numbered because
the final discussions of the loops will be conducted after the validation process. Figure 4 is an original
causal loop diagram which will be validated with expert interviews.

5.2. Validation of the Models: Expert Opinions

Due to the cross-sectional nature of this study, three (3) respondents who have worked in the
Nigerian construction industry for a mean range of 26 years as Construction Project Managers (2
respondents) and a Quantity Surveyor (1 respondent) were contracted to evaluate the initial causal
loop diagram. The comments raised by the three experts were used to review the causal loop diagram
and the associated changes have been stated in Table 4. The questions asked for the validation
problems around the application, content, flow, structure and additional attributes for the causal loop
diagram. The process of analysing the content of the experts’ responses follows the protocol of
content analysis whereby:

(1) There is a transcription of the responses

(2) The clear objectives of the questions were compared to the responses provided by the three (3)
experts

(3) The categorisation of the responses is compiled in Table 4

(4) Structured commonalities were reviewed in the table. However, the responses are dissimilar
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In Table 4, the “CODE “ represents Quantity Surveying (QS) expert (EXP) was identified as
EXP1-QS, and the Construction Project Managers (CPM) are identified as EXP2-CPM1 and EX3P-
CPM2. The changes proposed by the respondents involved in the validation have been highlighted
in red within the validate causal loop diagram (Figure 5). The new attributes identified during the
causal loop diagram are the “integration with the organisation’s budgeting system”, “work
breakdown structure”, and “cost-benefit assessment”. The changes also highlight new numbered
balancing and reinforcing loops. The experts opined that the initial causal loop diagram did not have
a negative attribute and a balancing loop must be included. The government construction strategy
replaced government policy. The regulatory bodies attribute was removed, and a loop has been
created for the main regulatory bodies such as CORBON, NIQS and NIA. The attributes in red are
the new attributes which emerged from the validation process. Two (2) balancing loops emerge and
five (5) reinforcing loops were constructed.

Table 4. Expert opinions, comments and changes effected in the causal loop diagram.

CODE Points Raised by Experts Theme Changes Made
Two balancing loops have
Structure  been added to the new causal
loop diagram

EXP1-  There should be more balancing loops in
Qs the model.

EXP1-  The government regulations should feed

Fl This ch h ff
QS into a loop of CORBON, NIA and NIQS. ow is change has been affected

. . .. Standardised construction
The standardisation of the construction Addition

EXP1- . process now intersects the
process is necessary for the causal loop al .
QS diaeram attribute procurement and tendering
& methods.
EXD2 Overhead cost should feedback into the A balancing loop was created
CPM1 plan—do—-check-act to create a balancing Flow for the plan-do—check-act
loop. principle.
There is a need to emphasise on the
EXP2- kaizen costing loop. There are some A new loop for kaizen costing

Fl
CPM1 processes required for kaizen costing, ow has been created.

create a loop for them.

Ministry of Work
EXP3- Change “government policies” to . inistry of Works and
" . . Flow housing was added to the loop
CPM2 government construction strategy
EXP3- NIQS should be hnkefi to overhead cost Flow This has been linked.
CPM2 reduction
EXD3- The reinforcing loops do not have M1n01j The reinforcing and balancing
numbers. You need to number the correctio
CPM2 . ) loops have been numbered.
reinforcing loops. n
Minor .
EXP3- Check the spelling of intermittent correctio . The C.O rrec:c/ spelling O,f
CPM2 N intermittent” was applied.
. , The balancing loop B2 now
EXD3- The construction company’s budget can has the integration with the

be integrated into the causal loop diagram Flow

CPM2 for effective adoption of kaizen costing.

organisation’s budgeting
system.
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Figure 5. Validated causal loop diagram.

The kaizen costing loop in Figure 6 emanates from a balancing loop structure whereby the
integration of kaizen costing in the budgeting system of an organisation is positively influenced by
the organisation’s willingness to allow innovations, which may lead to work breakdown structure
improvements and a reduction in construction waste. The standardised process is crucial for waste
reduction and an evaluation of the cost and benefits of activities will further reduce physical and non-
physical construction waste. Flexibility and openness to innovation in an organisation are two major
attributes that construction companies in developing countries require for an integration of kaizen
costing in the budgeting system. The interaction of this structure will be discussed further under
balancing loop B2.

Construction cost management policies

Construction waste (physical and non-physical) Kaizen costing

Integration with organisation's budgeting system

Plan-do-check-act

Flexible ad-hoc system ——— Open to innovations

Figure 6. Important kaizen costing implementation use tree.

6. Discussion of Kaizen Costing Archetypes

The archetypes are both reinforcing and balancing loops which can be pieced together to form
the causal loop diagram. From Figure 5, seven (7) archetypes were extracted. These archetypes are
five (5) reinforcing loops (R1-R5) and two (2) balancing loops (B1 and B2). Reinforcing loop 1 (R1)
has two exogenous variables influencing the archetype. These exogenous variables are government
construction strategy and the plan—do—check-act principle. Year government budget for
infrastructure development in Nigeria dictates the direction an organisational structure and the
Nigerian construction industry will gravitate towards. A favourable government construction policy
can enhance the management strategy. Omotayo et al. [27] argued that improving the strategic
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management of a construction company may promote the essence of innovation through training
and thus, improve the communication in an organisation.

Furthermore, the plan-do—check-act principle, otherwise known as the “Deming Wheel”, is the
basis of kaizen costing [27,34,47]. For a detailed implementation of kaizen costing, kaizen costing
personnel must plan by identifying and analysing the problem which may occur; before the problems
manifest, the potential solutions are tested on a small scale and measured (do); the results are studied
for effectiveness (check), and the solutions can then be implemented (act). The plan-do—check-act
principle is cyclical and provides a proactive solution to problems before they occur. In reinforcing
loop R1, the plan—-do—check-act is integrated into the organisational structure of a construction
company in Nigeria as a proactive measure for productivity enhancement in planning, budgeting
and management as illustrated in Figure 7.

<Government
construction strategy> _

Organisational
structure

(o]
<Plan-do-ch

R1 \\ eck-act>
+ Communication

management
- o
Strategic +

management /f
G\‘7\>Imermittem trainingo’

Figure 7. Archetype 1, R1, kaizen within a construction organisation.

Figure 8 illustrates archetype 2 the reinforcing loop 2 (R2). The structure of R2 starts with
teamwork which positively influences an increase in a flexible ad-hoc system. The flexible ad-hoc
system creates more openness to innovations in a construction company. The flexibility and openness
of a construction organisation is a key attribute for the furtherance of teamwork. Teamwork, flexible
ad-hoc system and openness to innovation can facilitate the emergence of a learning organisation.
Intermittent training influences R2 from strategic management in R1. A learning organisation
provides a structure of continuous learning for its employees and management [20,22]. Thus, for
kaizen costing to emerge in an organisation, openness to learning from previous mistakes through
post-project reviews must be identified.

4
Teamwork S

<,

2y
Flexible ad-hoc
system

Open to innovationso

+

(o]

Figure 8. Archetype 2, R2, teamwork and innovations.

Archetype 3 in Figure 9 illustrates reinforcing loop 3 (R3) with procurement strategy influencing
the standardisation of the construction process positively. Standardisation has been argued to be a
major driver for kaizen costing implementation in Section 2 of this article. Standardisation of the
construction process was also mentioned by one of the reviewers during the validation process of the
causal loop diagram. Standardisation of the construction process starts with procurement, contractor
selection and contract documentation. Consequently, the planning phase of construction must have
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defined standards before the execution phase of the project. Standardisation is required to stabilise
the structure of any construction organisation for continuous improvement. An increase in
standardisation can provide a positive tendering arrangement, and an excellent tendering
arrangement can lead to better contract documentation. When there is favourable contract
documentation for all interested parties, the site planning and management activities will yield
positive results. A feedback mechanism through post-project reviews will further improvements in
the procurement process.

Procurement +

strategies
Standardised
construction process . .
g o @ Site planning and
management
o
+ Contract /
: . documentation
Tendering o
approaches = +

<Intermittent tramning-~

Figure 9. Archetype 3, R3, the procurement process.

Figure 10 illustrates reinforcing loop 4 (R4) with the plan-do—check-act positively leading to the
adopting of kaizen costing in the construction process. The kaizen costing process with an embedded
plan—do-check-act reduced waste to enhance productivity in the construction site. Thus, leading to
better site planning and management for the continuance of the plan-do—check-act principle. Kaizen
costing thrives with increasing application of the plan—do—check-act principle for the elimination of
non-value adding activities.

Kaizen costing

Plan-do-check-act _'_,_/_./{

4=
)

Site planning and <~
management

+
=Intermittent training=

Figure 10. Archetype 4, R4, kaizen costing and site planning.

Unlike many developed countries where a new concept or technology can easily become a trend
in the construction industry, many developing construction economies, such as Nigeria’s, are mainly
influenced by the government. In this instance, the Federal executive council headed by the
politicians have a massive influence on the national Ministry of Works and Housing [61]. Thus,
policies about payments, public and private procurement approaches, as well as innovation such as
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kaizen costing derive their implementation strengths from regulatory bodies such as the NIQS and
CORBON, who are under the Federal Ministry of Works and Housing.

Figure 11, provides the archetype, reinforcing loop R5. Archetype 5 was redesigned after the
validation of the causal loop diagram to include more exogenous variables. The annual government
construction strategy may positively influence the Federal Ministry of Works and Housing in Nigeria.
The positive influence of intermittent training in the Federal Ministry of Works and Housing can spur
positive changes in the regulatory bodies such as CORBON, NIQS and NIA. Archetype 5 can be
regarded as an exogenous archetype because they all exist outside the sphere of the construction
organisation. Archetype 5 is highly influential in the validation causal loop diagram of Figure 5
because any negativity in the archetype will lead to a negative reinforcing loop in R1 to R4.

<Intermittent o
trainine> + overnment
< O\O\L_ . + construction strategy
Ministry of works 2
and housing 04\\
+ CRQS) Nigerian Institute of
Council of Registered Architects (NIA) o
Builders of Nigeria +
(CORBON) o

The Nigerian Institute of
Quantity Surveyors

(NIQS) .

Figure 11. Archetype 5, R5, government regulations in the construction industry.

Archetype 6, in Figure 12, illustrates a balancing loop Bl whereby overhead cost during
construction is reduced continually with the aid of kaizen costing. Just archetype 4, has the kaizen
costing propelled by the plan—do-check-act, a continual elimination of non-value adding activities
in overhead cost will practically lead to cost reduction and maintenance. By applying kaizen costing
in overhead cost management, construction variations can be minimised. Since the plan—do-check—
act approach to kaizen costing does not end even after the project completion, post-project reviews
provide a practical approach to future project cost control and management if archetype 6 is applied.

Overhead cost

Bl
Kaizen costing

+
Plan-do-check-act _____/Y

Figure 12. Archetype 6, B1, overhead cost reduction.

Archetype 7 in Figure 13 is a continuation of archetype 6. Archetype 7 contains the balancing
loop B2 where kaizen costing is fully implemented in the budgeting system of a construction
organisation to increase the development of the work breakdown structure and elimination of
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construction waste. Construction waste in this archetype may be physical material waste or non-
physical waste. Omotayo et al. [61] developed the causal loop diagram for the elimination of non-
physical waste. Omotayo et al. [61] opined that high overhead cost associated with drawing reviews,
mobilisation and equipment set up, payments, preliminary items of works, general planning
activities, and construction variations all contribute to non-physical waste in construction projects.

The exogenous attributes required for this archetype to function effectively are openness to
innovations and standardised construction process. These attributes emerge from archetypes 2 and
3. Openness to innovations and standardisation of the construction process have been discussed as
attributes for construction planning phase improvement with kaizen costing. The need for kaizen
costing during the planning stages of a project reflects the sustenance of kaizen costing in a
construction establishment.

+
Kaizen costing:\o

Construction waste
(physical and
non-physical)

B2
Cost/benefit
assessment
+ (o]

Integration with ~ Work breakdown
organisation's budgeting  structur®

system \Oy( 9.
<Open to / ¥

. . =+ .
innovations> 5 <Standardised

construction process>

Figure 13. Archetype 7, B2, kaizen costing in construction organisations.

The practical implications of the causal loop diagram in Figure 4 and all the archetypes will be
discussed below.

7. Practical Implications of the Archetypes

The problem of cost and time overruns hinder construction companies in developing and
developed economies that require a non-linear solution. Adeleke et al. [62] affirmed that political
factor is the main external attribute that influences construction risk in Nigerian. Considering the
benefits of archetype 5, where the external factors of government construction strategy enhance the
regulatory bodies, an encouraging move from the political office holders will provide an opportunity
to motivate competition in the construction industry and facilitate innovation in small- and medium-
scale construction companies. Regulatory bodies such as CORBON, NIA, and NIQS have a role to
play in promoting the adopting of kaizen costing. The aforementioned regulatory bodies can
incorporate kaizen costing techniques in associated University courses and conferences. Ojelabi et al.
[63] also identify lack of construction business strategy as a barrier to client satisfaction. Client
relationship management is enhanced where kaizen costing has been adopted [18,23,48]. The import
of archetypes 6 and 7 in the construction process is successful project delivery and client satisfaction.

In most case studies where kaizen costing has been adopted, the profit margin has been
considerably higher, and the motivation of all stakeholders seemed higher. As opposed to traditional
costing where there is an immense combination of challenges within construction organisations and
projects, kaizen costing is an innovative cost controlling technique many construction companies
need to adopt for profit margin enhancement through the plan-do-check-act principle. Archetypes
1 and 2 exemplified kaizen costing from the perspective of innovation in management strategy.
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Openness to innovation and standardisation of the construction process will require constant training
and the modification of construction companies’ policies to encourage research and new ideas. The
cost of innovation in small- or medium-scale construction companies in a developing economy such
as Nigeria needs to be a barrier for the implementation of kaizen. Notwithstanding, the proactiveness
of kaizen costing is rather cultural and less financial. Thus, the concept of kaizen philosophy which
implies “change for better”.

In Figure 14, the kaizen costing archetypes from Figures 7-12 were grouped into four categories
for practicality and implementation purposes. The first group is policies from construction regulatory
bodies, the second is construction company corporate governance, the third is construction project
planning and finally, construction cost management.

Policies from Plan-Do
construction 1 Construction cost
regulatory The government must encourage management 4
bodies identification of problems in construction "
policies and implement solutions in Dvsikiadan
—— e CORBON, NIA and NIQS. These policies
i = must encourage continuous improvement @
/ (ash \.:,___,. in construction cost management and Kaizen costing
ot Shpns &/ ....;..',u... . Higher education curriculum. Construction Plan-do-check-act ____/f
R cost reduction of overhead cost must
el identify material and immaterial waste from .
the work breakdown structure "-(-x‘“'..;.::.
G
) e
.o
TS A
Construction Co:f(t)?;glon 3
compasy 2 planning
corporate
governance e .
-———.. 5 //m—s'- u‘"‘-\\
_______ ’::' S e pas o Sute plureuny end
—.—': -/ . { R
S— Check-Act e s
. Check and act phases of kaizen costing must Kaloss cosing
Tearwork A —_ include the policies, construction companies, Pmdoctekas 7 /
planning and cost management. The check 4 o)
@ phase can measure the outcome of | W,
Open 1o inmorvasions, improvements through the cost-value ratio — ,;:),.... e
. Ve (CVR); earned value analysis (EVA) and other :
e measures, The outcome of the check phase must

Figure 14. Framework illustrating the plan-do—check-act implications.

Government policies influence Federal construction parastatals, construction regulatory bodies
and private construction companies [39,64]. For overarching kaizen costing implementation in the
Nigerian construction industry, policies from regulatory bodies such as the NIQS affect the practice
of construction companies. For instance, the standard methods of measurement in Nigeria are
determined by key stakeholders in the NIQS. In implementing kaizen costing approaches in policies
emanating from construction regulatory bodies, such as the Federal Ministry of Works and Housing,
NIQS and CORBON, the Deming’s circle involving the plan-do-check was used to detail the process
required for kaizen costing adoption. Archetype R5 provides a structure for intermittent training of
key stakeholders in the Federal Ministry of Works and Housing; NIQS, CORBON and NIA. The next
phase of “do” should involve pilot projects on the new concept of kaizen costing in a small-scale
construction project. This will be followed by the “check” phase where the results are analysed and
further full-scale implementation will be adopted.

Archetypes R1 and R2 were adopted for construction company corporate governance. Strategic
management of construction companies must consider intermittent kaizen costing training of their
construction employees as an important investment for their development. Kaizen costing in an
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organisation may be perceived as an opportunity to reduce immaterial and material waste. This
corporate governance with kaizen costing may lead to improving the construction planning process.

In the construction project planning, R3 and R4 must consider the concept of mitigating waste
in terms of the cost of procurement, tendering and site management through standardisation of the
process. The concept of lean construction is applicable in implementing the plan-do-check-act in
construction planning. Post-project reviews are very crucial in promoting the concept of kaizen
costing during the construction phase. Hence, kaizen costing experts may be required to supervise
planning approaches requiring additional standardisation.

The plan—-do-check principle of identifying challenges in construction cost planning for
implementation purposes may consider, procurement, tendering, contract documentation and site
management plans involving the supply chain. Standardisation of key processes using the Deming’s
circle can afford construction cost planners in organisations the opportunity to enhance their cost
management practices.

Figure 15 identified the plan-do—check-act process within the concepts of policymaking,
corporate governance in a construction company, construction planning and activities. The “do”
phase of the process will require incorporation of kaizen costing in the small-scale project along the
lines of the four (4) categories requiring implementation. The check phase will evaluate the outcome
of the small-scale project for final implementation in the “act” phase.
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Figure 15. Function diagram for implementing plan-do—check-act process.

Target costing has been considered by Robert and Granja [34] to be a crucial approach in
incremental cost reduction. The main driver of incremental cost reduction is big mark-up and
overhead cost. Overhead costs are important in the construction process and cannot be eliminated.
However, the contractor’s profit tends to rise when high overheads cost is kept at the barest
minimum. The application of the Deming’s circle in the construction phase must be taken from the
perspective of the work breakdown structure. Consideration of a framework for kaizen costing by
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Vivan et al. [33] in Figure 15 elicits a case of a housing construction from the excavations, raft
foundation, masonry in the foundation, floor screed, ground floor and slabs.

The execution strategy, high production lead times, unclear definition of production rate,
inadequate monitoring, changes in the pace of production, delays arising from unnecessary site
monitoring, errors in construction schedule and supply chain of the subcontractor, are primary
problem areas identified in the case of a building construction project [33]. This case project in Brazil
also presents a replica of problems in building construction projects in Nigeria. The resultant effect
of identified problems emanating from kaizen costing may lead to cost overrun. In addressing the
identified problems in the aforementioned case, lean thinking in construction may be adopted. The
kaizen costing is a lean thinking concept and tools such as the spaghetti diagram and Kanban may
be used to reduce schedule and resource allocation challenges.

8. Limitations and Generalisation of This Study

This study has only considered a theoretical assessment of the application of kaizen costing in
the construction industry. Although the assertions in this study may seem to generalise the solutions
to cost overrun emanating from schedule and cost planning, it is important to note that further studies
into the application of kaizen costing on a live project will establish the strengths of the concept for
the cost management. Further to this, the outcome of the review of focal literature— AHP analysis of
factor and systems thinking—is not finite and is from developing countries and subject to further
studies. The validation of the causal loop diagram by three (3) experts, provided constrained
outcomes which may be expanded in a systems dynamic’s reality check or further validation with
longitudinal case studies involving construction projects in varying geographical locations. Due to
the emerging nature of kaizen costing in the Nigerian construction industry and around the world,
it was difficult to find experts in the built environment with adequate practice and knowledge in this
continuous improvement in construction cost management.

9. Conclusions and Potential for Further Research

This study aimed to develop a causal loop diagram for the adoption of kaizen costing in the
Nigerian construction industry. The archetypes 1 to 7 provide a structured model of where kaizen
costing can be adopted in government and regulatory agencies, privately-owned construction
companies and in a construction project. Construction productivity is a key element for successful
implementation of a system that boosts the effective running and smooth operation of construction
projects. From the analytical hierarchical process, the organisation structure emerged top on the list
for kaizen costing. This indicates that small- and medium-scale construction firms need to look
inward to find the effective organisational structure for enhanced productivity. This requires a
paradigm shift from equipment-centred organisations to personnel-centred organisations. This will
also enhance managerial aspects and vibrant knowledge acquisition. The logical thinking and
capability building of the personnel via kaizen will boost the efficiency of construction companies,
reduce cost and time overruns and place them at the competitive edge with the large-scale firms.

The order of importance in construction companies, in line with kaizen costing requirement, is
an effective organisation structure which is critical for effective implementation of kaizen costing.
Government regulation, which is second in importance, is essential since kaizen is still new. There is
a need for government approval for the deployment of kaizen which will ensure it penetration into
wide construction and also communicate and instigate its approval. On the other hand, contract
documentation and procurement from the contractor’s perspective determines the strategy that will
be adopted by the contractor to be involved in the kaizen activities on any project.

Kaizen implementation in the SMSCFs will no doubt improve the standardisation of
construction process depending on policies and regulation. Effective decision-making during Kaizen
activities in the organisation when implemented will allow every problem or risk to be viewed, not
only as problems, but as opportunities as well. Implementation of the kaizen system of costing in
construction companies will augment relationship among the stakeholders and reduce the intensity
of claims by the contractor be it, main contractor or subcontractor. The financial risk and litigation
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are issues erupting from inadequate financial preparation which may pose a negative impact on the
kaizen activities. This may be the reason for the low ranking. Communication and teamwork will be
more effective with the kaizen team and BIM will further enhance the effectiveness. The findings and
implications of this study reveal that the inclusion of kaizen costing practices in government and
regulatory policies for the Nigerian construction industry can spur other lean construction concepts
in the construction industry. Further empirical studies are required to assess the impact kaizen
costing has on corporate governance of construction companies, project delivery and project cost
performance.

In terms of future research, the dynamics of the system of kaizen costing implementation can be
created from the archetypes. The system dynamics will provide more depth to the causal loop
diagram by creating stock-flow diagrams for organisational performance and cost reduction in
construction projects. The systems dynamics of kaizen costing will practically validate the stock-flow
diagrams with data extracted for a construction project. Furthermore, this research has provided a
basis for studies into new techniques for cost control in a construction project. Therefore, action
research into cost reduction and maintenance using kaizen costing suffices as a backdrop for
alleviating the plethora of challenges facing construction companies and projects.
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Appendix A

Please tick to indicate the degree of importance of the critical success factors (CSF) required for
the possible implementation of kaizen costing in indigenous construction companies in Nigeria.

Kaizen Costing

1= Not Important
2=Important

3= Moderately Important
4= Highly Important

5= Extremely Important

Table A1. Likert scale questionnaire

Critical Success Factors 5 4 3 2 1
Organisational structure
Contract documentation and procurement

Construction process and technical know-how
Government and regulatory influence
Financial risk management and litigation
Communication and teamwork
Decision making
Relationship management
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