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Abstract: Lean and Six Sigma have been recognized as innovative strategies that can be used to
transform a firm’s management practices to a newer level. However, there is little guidance, or
evidence indicating whether Lean or Six Sigma enhance the construction process significantly.
This research fills this gap by investigating major obstacles, benefits and opportunities of Lean
and Six Sigma as published in journal papers. A structured literature research (SLR) was
performed to identify and compare lean and Six Sigma case studies and analyzed their findings
and conclusions. This SLR resulted in a matrix that identifies the obstacles, benefits and
opportunities of using Six Sigma and lean practices to assist industry practitioners adopt and
implement these strategies.
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Introduction

Research indicates that Six Sigma is a process used extensively in the manufacturing, health,
pharmaceutical, heavy engineering, computing, information technologies and other process and
product intensive industries. Lean theories and practices came up mostly from the automotive
manufacturing industry but is currently being adopted by the vertical and horizontal construction
industry. There is a third aspect, lean six sigma, a less intensive six sigma version that is also
being considered for adoption by the construction industry. This paper identifies the main
research work in these three areas and proposed a comparative method that visualizes the
similarities and differences between the three. This paper also serve as a decision support system
to companies interested in adopting one or more of these theories into their practice.

Six Sigma

Six Sigma is a theory technique and best practices aimed to assist project design and executions
deliver accelerated business results in the form of less time, less waste and less cost. Six Sigma is
a disciplined data driven approach methodology for elimination of defects in any process. By
data driven is the practice to measure everything in order to logically find an otherwise hidden
wasteful practice. The main principle of lean project management is delivering more
value through the discovery and elimination of embedded material or process waste.

An essential element to assuring six-sigma success is in ensuring that its practices are used
beyond production. For example not only design and construction but also land development,
marketing, sales, estimating, design, purchasing, construction, warranty and service to finance
and administration - all need to be introduced to the Six Sigma concepts, theories and practices.
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Lean Six Sigma

Lean Six Sigma (LSS) is a business improvement methodology (Pamfilie et al. 2012) that
integrates two distinctive management philosophies: Lean and Six-sigma (Pepper and Spedding
2010) complementing each other to improve Project Management processes by reducing non-
productive time and other wastes. The LSS integration is achieved by combining their respective
methods and principles (George 2003). The key to this combination is called DMAIC (define,
measure, analyze, improve, control) cycle, a continuous improvement framework (Cheng and
Chang 2012). DMAIC aims to reduce production defects and process variability, along with
process simplification, standardization and waste reduction (Zhang et al. 2011), see Fig. 1.
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Fig. 1 Golean Six Sigma Process
Until 1900, civil engineering projects were generally managed by creative architects, engineers,
and master builders themselves. It was in the 1950s that design and construction companies
started to systematically apply project management tools and techniques to complex engineering
projects. As a discipline, project management developed from several fields of application
including civil construction, engineering and heavy defense activity (Kwak 2005).
Cyclical economic crises raise the constant demand for profitable solutions that allow company
organizations to gain competitive advantage. However, since 1950, project failures continued at
an alarming rate, despite growing understanding of determinants of success in project
management, increasing maturity, and a stream of successful projects. Statistics of challenged
and failed projects testify that these failures are much more common (Anbari 2003), as compared
to the widely reported success rate of projects that used Six Sigma approach to design and
construction. For this reason, more and more companies searched and demanded new
management methodologies that allow them to improve their products and/or service
characteristics, perfect their processes, decrease costs, improve the capital's profitability and
costumers’ satisfaction. For example the automotive industry in the USA took notice of the lean
practices of Toyota that resulted in a product of much higher quality and standards that
eventually diminished USA market dominance.
Many construction projects suffer delays from variability stemming from single or multiple
causes. An associated principle with waste removal is variability reduction (Bertselen and
Koskela 2002). In the construction industry, sources of variability include late delivery of
material and equipment, design errors, change orders, equipment breakdowns, tool malfunctions,
improper crew utilization, labor strikes, environmental effects, poorly designed production
system, accidents, and physical demands of work (Abdelhamid and Everett 2002).

ADD pareto figure.

This have been attempted through Lean management and Six Sigma integrated approaches in
their managerial and production processes in which, Lean focus mainly on the waste elimination,
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using simple and visual techniques whenever possible and Six Sigma on the control and
processes variability reduction, using statistical tools for this purpose (Tenera and Pinto 2003).
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REVIEW OF LITERATURE:

Benefits and savings of implementing the project-driven Six Sigma method have been widely
reported. Organizations’ benefits, improvements, and savings have been achieved by
implementing the Six Sigma method in the manufacturing sector, based on extensive
investigation of literature on Six Sigma (Weiner 2004, De Feo and Bar-El 2002, Anthony and
Banuelas 2002, Buss and Ivey 2001, and McClusky 2000).
The obstacles to Lean Enterprise identified by Henderson and Larco (2000) are stated as follows:
e Lack of strategic understanding of Lean Enterprise in the top management.
Lack of specific Lean Enterprise skills, knowledge
Culture, ego, and organizational inertness
Reluctance to empower people by management
Fear of change, loss of organizational power
“Not invented here” syndrome
Internal systems and hurdles, specifically

 Inflexible accounting methods

« Severely disjointed plant operations
These obstacles encompass both deployment barriers and implementation challenges. Henderson
and Larco’s (2000) first obstacle, “Top management lack strategic understanding of Lean
Enterprise” commonly occurs during both the deployment and implementation phase but should
be addressed during deployment. Reluctance to empower, fear of change, and loss of power are
also deployment barriers. The internal systems and hurdles listed above are good examples of
implementation challenges.
More specifically, deployment barriers identified by Snee (2003) include: uncommitted
leadership, top talent not selected to lead efforts, and lack of infrastructure support.



Uncommitted leadership and top talent not selected to lead efforts would be considered as

deployment barriers and researchers would categorize “lack of infrastructure” as an

implementation challenge.

Liker and Choi (1998) defined implementation challenges of continuous improvement programs

as:

e Employee’s resistance towards change

e Line managers’ difficulty in managing production and continuous improvement efforts

e Production gets in the way of the top manager’s vision of launching continuous improvement
projects

e Lack of management to spread continuous improvement throughout the organization

e Lack of management to allow worker participation

e Lack of integration of continuous improvement teams with normal workers

e Internal political tension

e Lack of management support for continuous improvement efforts

e Trying to sell and implement continuous improvement changes without management support

The use of either Lean or Six Sigma can cause firms to put incorrect priority on certain

improvement initiatives, while LSS can solve such a problem because: “The activities that cause

the customer’s critical-to-quality issues and create the longest time delays in any process offer

the greatest opportunity for improvement in cost, quality, capital, and lead time” (George 2002).

Hence, a synergy should be obtained which results in better overall performances rather than

individual approaches to process improvement (Brett & Queen, 2005). Lean Six Sigma (LSS)

emerges from the integration of the lean manufacturing production system with the efficient Six

Sigma improvement methodology. Snee (2010) defines LSS as a business strategy and at the

same time a methodology that increases process performance, resulting in greater client

satisfaction and results. In a theoretical conceptual study, Arnheiter and Maleyeff (2005) found

that LSS leads to an incremental increase in the level of quality of the products and reliability of

processes and thus supports the implementation of lean practices like TPM and others.
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FINDINGS:

SLR was conducted to formulate a matrix. It was found that the published literature work
on Lean and Six Sigma talk about similar challenges that are faced while implementing
these techniques. Although the challenges are similar, significant benefits were cited by
using Lean and Six Sigma techniques individually. It was also found by the literature
search that Lean papers mention using Six Sigma approach as an innovative strategy.
Additionally, Six Sigma papers also mention about improvement in the practice by
incorporating Lean principles. This SLR may serve as the decision support model for
selection of most optimum strategy utilizing the matrix produced comparing Lean and Six
Sigma, for construction process improvement.

CONCLUSION

Implementing the Lean techniques have helped significantly reduce wastes in the
construction process. Also, as a business approach Six Sigma has proved its beneficial use
by notably minimizing the variability and improving sigma level in the construction
process. Both paradigms face similar challenges which can be overcome jointly. The two
models are prominent catalysts of change as stand-alone methods, but have a potential to
become a very significant and powerful tool if combined together. This will have a greater
advantage on the construction process improvement by achieving combined benefits by
utilizing principles from both the strategies.

In conclusion, if Six Sigma is implemented without Lean, the system would lack tools and
structure to drive the process towards high value and waste reduction. Conversely, if Lean
is adopted without Six Sigma, the process will need a strategy to steer it towards high cost
savings and variability reduction. Hence, a closely integrated and unified methodology
should be adopted reinforcing Lean principles and Six Sigma strategy for the process
improvement.

REFERENCES:

Allen, T. T. (2006). Introduction to engineering statistics and six sigma: statistical
quality control and design of experiments and systems. Springer Science & Business
Media.

Alsmadi, M., & Khan, Z. (2010, March). Lean sigma: the new wave of business
excellence, literature review and a framework. In Engineering Systems Management and Its
Applications (ICESMA), 2010 Second International Conference on (pp. 1-8). IEEE.

Anbari, F. T. (2003). Earned value project management method and extensions.
Project management journal, 34(4), 12-23.

Antony, J., Escamilla, J. L., & Caine, P. (2003). Lean Sigma [production and supply
chain management]. Manufacturing Engineer, 82(2), 40-42.

Antony, J., Foutris, F., Banuelas, R., & Thomas, A. (2004). Using six sigma.
Manufacturing Engineer, 83(1), 10-12.

Antony, J., & Banuelas, R. (2002). Critical success factors for the successful
implementation of Six Sigma projects in organizations. The TQM magazine, 14(2), 92-99.



Antony, J. (2011). Six Sigma vs Lean: Some perspectives from leading academics
and practitioners. International Journal of Productivity and Performance Management,
60(2), 185-190.

Antony, J. (2006). Six Sigma: a strategy for supporting innovation in pursuit of
business excellence—invited paper. International Journal of Technology Management, 37(1-
2), 8-12.

Arnheiter, E. D., & Maleyeff, J. (2005). The integration of lean management and
Six Sigma. The TQM magazine, 17(1), 5-18.

Assarlind, M., Gremyr, I., & Backman, K. (2013). Multi-faceted views on a Lean
Six Sigma application. International Journal of Quality & Reliability Management, 30(4),
387-402.

Atmaca, E., & Girenes, S. S. (2013). Lean Six Sigma methodology and application.
Quality & quantity, 47(4), 2107-2127.

Basu, R. (2001). Six sigma to FIT Sigma—The new wave of operational excellence.
I1E solutions, 28-33.

Basu, R. (2009). Implementing Six Sigma and Lean. Routledge.

Basu, R. (2004). Six-Sigma to operational excellence: role of tools and techniques.
International Journal of Six Sigma and Competitive Advantage, 1(1), 44-64.

Basu, R., & Wright, J. N. (Eds.). (2012). Quality beyond six sigma. Routledge.

Bendell, T. (2006). A review and comparison of six sigma and the lean
organisations. The TQM magazine, 18(3), 255-262.

Bertelsen, S., & Koskela, L. (2002). Managing the three aspects of production in
construction. IGLC-10, Gramado, Brazil.

Brett, C., & Queen, P. (2005). Streamlining enterprise records management with
Lean Six Sigma. Information Management, 39(6), 58.

Byrne, G., Lubowe, D., & Blitz, A. (2007). Using a Lean Six Sigma approach to
drive innovation. Strategy & Leadership, 35(2), 5-10.

Catherwood, P. (2002). What's different about Six Sigma?. Manufacturing
Engineer, 81(4), 186-189.

Chakravorty, S. S. (2009). Six Sigma programs: An implementation model.
International journal of production economics, 119(1), 1-16.

Chang, J. F. (2016). Business process management systems: strategy and
implementation. CRC Press.

Chen, J. C., Li, Y., & Shady, B. D. (2010). From value stream mapping toward a
lean/sigma continuous improvement process: an industrial case study. International Journal
of Production Research, 48(4), 1069-1086.

Cheng, C. Y., & Chang, P. Y. (2012). Implementation of the Lean Six Sigma
framework in non-profit organisations: A case study. Total Quality Management &
Business Excellence, 23(3-4), 431-447.

Cicmil, S., Williams, T., Thomas, J., & Hodgson, D. (2006). Rethinking project
management: researching the actuality of projects. International Journal of Project
Management, 24(8), 675-686.

Ferrin, D. M., Miller, M. J., & Muthler, D. (2005, December). Lean sigma and
simulation, so what's the correlation?: V2. In Proceedings of the 37th conference on Winter
simulation (pp. 2011-2015). Winter Simulation Conference.



Forbes, L. H., & Ahmed, S. M. (2010). Modern construction: lean project delivery
and integrated practices. CRC Press.

Fullerton, R. R., & Wempe, W. F. (2009). Lean manufacturing, non-financial
performance measures, and financial performance. International Journal of Operations &
Production Management, 29(3), 214-240.

Furterer, S., & Elshennawy, A. K. (2005). Implementation of TQM and lean Six
Sigma tools in local government: a framework and a case study. Total Quality Management
& Business Excellence, 16(10), 1179-1191.

Furterer, S. L. (Ed.). (2016). Lean Six Sigma in service: applications and case
studies. CRC Press.

Gamal Aboelmaged, M. (2010). Six Sigma quality: a structured review and
implications for future research. International Journal of Quality & Reliability
Management, 27(3), 268-317.

George, M. (2002). Lean six sigma: combining six sigma quality with Lean
production speed, combining six sigma quality with Lean production speed.

George, M. L., & George, M. (2003). Lean six sigma for service (p. 273). New
York, NY: McGraw-Hill.

George, M. L., Rowlands, D., & Kastle, B. (2007). Was ist Lean Six Sigma?.
Springer-Verlag.

George, M. O. (2010). The lean six sigma guide to doing more with less: cut costs,
reduce waste, and lower your overhead. John Wiley & Sons.

Glasgow, J. M., Scott-Caziewell, J. R., & Kaboli, P. J. (2010). Guiding inpatient
quality improvement: a systematic review of Lean and Six Sigma. The Joint Commission
Journal on Quality and Patient Safety, 36(12), 533-540.

Goetsch, D. L., & Davis, S. B. (2014). Quality management for organizational
excellence. pearson.

Hilton, R. J., & Sohal, A. (2012). A conceptual model for the successful deployment
of Lean Six Sigma. International Journal of Quality & Reliability Management, 29(1), 54-
70.

Hines, P., Rich, N., Bicheno, J., Brunt, D., Taylor, D., Butterworth, C., & Sullivan,
J. (1998). Value stream management. The International Journal of Logistics Management,
9(1), 25-42.

Holden, R. J. (2011). Lean thinking in emergency departments: a critical review.
Annals of emergency medicine, 57(3), 265-278.

Hu, G., Wang, L., Fetch, S., & Bidanda, B. (2008). A multi-objective model for
project portfolio selection to implement lean and Six Sigma concepts. International journal
of production research, 46(23), 6611-6625.

Johnstone, C., Pairaudeau, G., & Pettersson, J. A. (2011). Creativity, innovation and
lean sigma: a controversial combination?. Drug discovery today, 16(1), 50-57.

Karthi, S., Devadasan, S. R., & Murugesh, R. (2011). Lean Six Sigma through ISO
9001 standard-based quality management system: an investigation for research.
International Journal of Productivity and Quality Management, 8(2), 180-204.

Klefsjo, B., Bergquist, B., & Edgeman, R. L. (2006). Six Sigma and Total Quality
Management: different day, same soup?. International Journal of Six Sigma and
Competitive Advantage, 2(2), 162-178.



Knowles, G., Whicker, L., Femat, J. H., & Canales, F. D. C. (2005). A conceptual
model for the application of Six Sigma methodologies to supply chain improvement.
International Journal of Logistics: Research and Applications, 8(1), 51-65.

Kumar, M., Antony, J., Madu, C. N., Montgomery, D. C., & Park, S. H. (2008).
Common myths of Six Sigma demystified. International Journal of Quality & Reliability

Kumar, M., Antony, J., & Tiwari, M. K. (2011). Six Sigma implementation
framework for SMEs—a roadmap to manage and sustain the change. International Journal
of Production Research, 49(18), 5449-5467.

Kwak, Y. H., & Anbari, F. T. (2006). Benefits, obstacles, and future of six sigma
approach. Technovation, 26(5), 708-715.

Laureani, A., & Antony, J. (2012). Critical success factors for the effective
implementation of Lean Sigma: Results from an empirical study and agenda for future
research. International Journal of Lean Six Sigma, 3(4), 274-283.

Lee-Mortimer, A. (2006). Six Sigma: a vital improvement approach when applied to
the right problems, in the right environment. Assembly Automation, 26(1), 10-17.

Linderman, K., Schroeder, R. G., Zaheer, S., & Choo, A. S. (2003). Six Sigma: a
goal-theoretic perspective. Journal of Operations management, 21(2), 193-203.

Linderman, K., Schroeder, R. G., & Choo, A. S. (2006). Six Sigma: The role of
goals in improvement teams. Journal of Operations Management, 24(6), 779-790.

Manville, G., Greatbanks, R., Krishnasamy, R., & Parker, D. W. (2012). Critical
success factors for Lean Six Sigma programmes: a view from middle management.
International Journal of Quality & Reliability Management, 29(1), 7-20.

MS Campos, L. (2013). Lean manufacturing and Six Sigma based on Brazilian
model “PNQ” An integrated management tool. International journal of lean six sigma,
4(4), 355-369.

Néslund, D. (2008). Lean, six sigma and lean sigma: fads or real process
improvement methods?. Business Process Management Journal, 14(3), 269-287.

Palmberg, K. (2010). Experiences of implementing process management: a
multiple-case study. Business Process Management Journal, 16(1), 93-113.

Pamfilie, R., Petcu, A. J., & Draghici, M. (2012). The importance of leadership in
driving a strategic Lean Six Sigma management. Procedia-Social and Behavioral Sciences,
58, 187-196.

Pay, R. (2008). Everybody’s jumping on the lean bandwagon, but many are being
taken for a ride. Industry Week, 5.

Pepper, M. P. J., & Spedding, T. A. (2010). The evolution of lean Six Sigma.
International Journal of Quality & Reliability Management, 27(2), 138-155.

Popa, A., Ramos, R., Cover, A. B., & Popa, C. G. (2005, January). Integration of
Artificial Intelligence and Lean Sigma for Large Field Production Optimization:
Application to Kern River Field. In SPE Annual Technical Conference and Exhibition.
Society of Petroleum Engineers.

Rodrigues, A. G., & Williams, T. M. (1998). System dynamics in project
management: assessing the impacts of client behaviour on project performance. Journal of
the Operational Research Society, 49(1), 2-15.

Salah, S., Rahim, A., & Carretero, J. A. (2010). The integration of Six Sigma and
lean management. International Journal of Lean Six Sigma, 1(3), 249-274.

10



Salem, O., Solomon, J., Genaidy, A., & Minkarah, 1. (2006). Lean construction:
From theory to implementation. Journal of management in engineering, 22(4), 168-175.

Schroeder, R. G., Linderman, K., Liedtke, C., & Choo, A. S. (2008). Six Sigma:
Definition and underlying theory. Journal of operations Management, 26(4), 536-554.

Serrano Lasa, 1., Castro, R. D., & Laburu, C. O. (2009). Extent of the use of Lean
concepts proposed for a value stream mapping application. Production Planning &
Control, 20(1), 82-98.

Seth*, D., & Gupta, V. (2005). Application of value stream mapping for lean
operations and cycle time reduction: an Indian case study. Production Planning & Control,
16(1), 44-509.

Shah, R., Chandrasekaran, A., & Linderman, K. (2008). In pursuit of
implementation patterns: the context of Lean and Six Sigma. International Journal of
Production Research, 46(23), 6679-6699.

Shah, R., & Ward, P. T. (2007). Defining and developing measures of lean
production. Journal of operations management, 25(4), 785-805.

Smith, B. (2003). Lean and Six Sigma-a one-two punch. Quality progress, 36(4),
37-41.

Snee, R. D., & Hoerl, R. W. (2003). Leading Six Sigma: a step-by-step guide based
on experience with GE and other Six Sigma companies. Ft Press.

Taghizadegan, S. (2010). Essentials of lean six sigma. Butterworth-Heinemann.

Tenera, A., & Pinto, L. C. (2014). A Lean Six Sigma (LSS) project management
improvement model. Procedia-Social and Behavioral Sciences, 119, 912-920.

Thomas, A., Barton, R., & Chuke-Okafor, C. (2008). Applying lean six sigmain a
small engineering company-a model for change. Journal of Manufacturing Technology
Management, 20(1), 113-129.

Tjahjono, B., Ball, P., Vitanov, V. |., Scorzafave, C., Nogueira, J., Calleja, J., ... &
Srivastava, S. (2010). Six Sigma: a literature review. International Journal of Lean Six
Sigma, 1(3), 216-233.

Wedgwood, I. D. (2006). Lean sigma: A practitioner's guide. Prentice Hall PTR.

Williams, T. (2005). Assessing and moving on from the dominant project
management discourse in the light of project overruns. IEEE Transactions on engineering
management, 52(4), 497-508.

Williams, T. M. (1999). The need for new paradigms for complex projects.
International journal of project management, 17(5), 269-273.

Williams, T. (2003). The contribution of mathematical modelling to the practice of
project management. IMA Journal of Management Mathematics, 14(1), 3-30.

Williams, T. (2007). Post-project reviews to gain effective lessons learned. Project
Management Institute.

Zu, X., Fredendall, L. D., & Douglas, T. J. (2008). The evolving theory of quality
management: the role of Six Sigma. Journal of operations Management, 26(5), 630-650.

11



