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The Shortcomings of Existing Root Cause Analysis
Tools
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Abstract-The effective use of the Six Sigma problem-solving
methodology is strongly influenced by the efficacy of the Root
Cause Analysis tools, the tools used for performing the
Analyze-phase of Six Sigma’s DMAIC. This paper elucidates
how the shortcomings of the existing tools have characterized
Six Sigma as being reductionist. It first gives an overview of the
vital importance of Root Cause Analysis to the Analyze-phase,
and then examines several of the existing Root Cause Analysis
tools. It will then go on to the results of an in-depth study into
the efficacy of these tools. The fundamental problems are
recognized as the basis for improving the tools of Root Cause
Analysis, escaping from reductionism.

Index Terms- holistic approach, reductionism, root cause
analysis, systems thinking

I. STATE OF THE ART OF ROOT CAUSE ANALYSIS CONCEPTS
OF THE ROOT CAUSE

To solve a problem, factors causing the problem must be
first recognized and understood. According to Handley [1],
the root cause poses the most basic reason for an undesirable
condition or problem. The root cause is the reason for a non-
conformance. It is the underlying cause, or causes of the
problem that persist inherently in the system, not just the
apparent causes. It is the contributing factor that, if
removed, will eliminate the non-conformance or the
undesirable event and prevent the recurrence of the problem.
Identifying the root cause is the key to preventing similar
recurrences. If the real potential root causes can not be
identified, then analysis of the root cause will only be able
to address the symptoms leaving the problem to exist. The
ability to identify and eliminate the inherent root cause of
the problem, i.e. the ‘common-cause’, will be of the utmost
importance in problem-solving [2].

Root Cause Analysis (RCA) is a process of analysis to
define the problem, understand the causal mechanism
underlying transition from desirable to undesirable
condition, and to identify the root cause of problem in order
to keep the problem from recurring by using a structured
procedure [3]. The aim is to determine how to keep the
problem from ever occurring again by designing prevention
that recognizes and eliminates the root cause.

ROOT CAUSE ANALYSIS AND SIX SIGMA

Six Sigma problem-solving methodology uses a
structured procedure of ‘Define-Measure-Analyze-Improve-
Control” (DMAIC) to administer Process Quality
Improvement
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(PQI), with emphasis on the analysis of causal mechanisms
underlying a problem. It puts more emphasis on
understanding what lies behind the problem than generating
the best solutions to the problem [4]. Therefore, every effort
to challenge the optimum recommended actions on tackling
the problem with Six Sigma should be built upon the root
cause of problem. To examine whether the root cause
revealed is the real potential one or not, a comprehensive
understanding of the problem-causation needs to be fully
attained. The Analyze-phase of DMAIC has a vital role in
doing so.

To function, the Analyze-phase needs an appropriate
technique to analyze the root cause of the problem. The
application of Root Cause Analysis meets this need. With
the aim of keeping the problem from recurring, the Root
Cause Analysis plays an important role in the effective use
of the Analyze-phase of DMAIC to delve into the causal
mechanisms of the problem. These will engender a firm
understanding of the problem-cause so that the root cause of
problem, that is to say the vital few “Xs” in Six Sigma can
be finally determined to put an end to the long-standing
problem.

Il. ANALYSIS OF THE EXISTING TOOLS FOR ROOT
CAUSE ANALYSIS

THE EXISTING TOOLS
A thorough analysis of some of the existing tools for Root
Cause Analysis has been done by the author through an
exhaustive study of literature review. The result is shown in
Table 1 in a matrix form. It relates the existing Root Cause
Analysis tools under study to the distinctive features of Root
Cause Analysis. The features” list is compiled from
investigating various literatures in Root Cause Analysis [5,
6,3, 1,2,7-9, 10, 11, 12, 13-53]. This study investigates the
presence of the distinctive features in the selected current
tools of Root Cause Analysis listed below:

e  Cause-Effect Diagram / CED [8, 16]

e  Kepner-Tregoe Process / K-T [12]

e  Fault Tree Analysis / FTA [10]

e Current Reality Tree / CRT [8, 19]

e 5-Whys [20]

e Apollo Root Cause Analysis (ARCA) [7, 11]

e Interrelationship Diagram (ID) [8]

e CATWOE [5]

e  Barrier Analysis [3]

e TRIZ[6]

e  System Process Improvement Model / SPIM [1]
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o  Causal Factor Analysis [24]

e Event-Causal Chart [40]

e Bayesian Interference [42]

e Failure Modes and Effects Analysis / FMEA [29]
e Change Analysis [6]

e Rapid Problem Resolution / RPR [44]

e Common Cause Analysis / CCA [11, 18]
e  Cause-Effect Matrix [25]

e Markov Models [2]

e  Dirill-Down Tree [37]

e  Swim Lane [41]

e Value Stream Map / VSM [45]

e Process Map [48]

THEIR SHORTCOMINGS

The effective use of the existing Root Cause Analysis tools
for the Analyze-phase of Six Sigma’s DMAIC is limited in
practice. Some noticeable reasons are:

a. The existing Root Cause Analysis tools were not
designed for a problem-structuring method. Before
offering solutions to the problem, a Root Cause
Analysis tool is supposed to be able to first assist in
structuring the problem, so as to help understand
the problem-causation. Having a comprehensive
understanding of the rationale as to why causes
underlying a problem occur, is more important than
just pinpointing a specific root cause. ‘Common-
causes’ of the problem can then be identified and
marked down afterwards for an effective solution
generation.

b. They lack a systems perspective. Their negligence
in observing the non-linear causal mechanism
among the cause-effect relationships confines them
to finding a single absolute root cause, subscribing
to the myth of Root Cause Analysis. For this
reason, the interrelatedness among the causes of
problem can not be considered. The existing Root
Cause Analysis tools have also neglected ‘soft’
issues as significant causes of the problem
occurrence, just aiming at the ‘hard’ factors. This,
as a consequence, impairs their ability to capture
the whole of the problem. It is understandable
therefore, with a shortage of those holistic features,
that all the existing tools of Root Cause Analysis
may not be competent to resolve problems in the
complex system [54,55,5,56-58].

111. CONCLUSIONS

The Analyze-phase has a vital role in DMAIC, as Six Sigma
puts more emphasis on understanding how the problem
occurred than generating the best solutions. This gives rise
to a significant role of Root Cause Analysis (RCA) in the
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Analyze-phase of DMAIC. In order to identify the
‘common-cause’ as the inherent root cause of the problem,
the Root Cause Analysis tool should  help afford
explanations of what caused the problem, why the problem
should arise, and how it developed.

Unfortunately, existing Root Cause Analysis tools fail to
address this issue. Their effective use is limited due to their
reductionism. The lack of systems perspective has prevented
the existing tools of Root Cause Analysis from representing
the interrelatedness among the causes of problem and the
importance of the ‘soft’ factors.

REFERENCES

[1] Handley, C.C., Quality improvement through root cause analysis.
Hospital Materiel Management Quarterly, 2000. 21(4): p. 74-78.

[2] Dew, J.R., In search of the root cause. Quality Progress, 1991. 24(3):
p. 97-107.

[3] Okes, D., Improve your root cause analysis.
Engineering, 2005. 134(3): p. 171-178.

[4] de Koning, H., and de Mast, J., A rational reconstruction of Six-
Sigma's breakthrough cookbook. International Journal of Quality &
Reliability Management, 2006. 23(7): p. 766-787.

[5] Nagpal, K., Vats, A., Vincent, C., and Moorthy, K., A systems
approach to errors. Surgery, 2009. 145(6): p. 689-690.

[6] Lee-Mortimer, A., Six sigma: Effective handling of deep rooted
quality problems. Assembly Automation, 2006. 26(3): p. 200-204.

[7]  Portwood, B., and Reising, L. Root Cause Analysis and Quantitative
Methods - Yin and Yang? in Proceedings of the 25th International
System Safety Conference. 2007. Baltimore, USA: System Safety
Organization.

[8] Dogget, AM., A Statistical Comparison of Three Root Cause
Analysis Tools. Journal of Industrial Technology, 2004. 20(2): p. 1-9.

[91 Jing, G.G., Digging for the Root Cause. ASQ Six Sigma Forum
Magazine, 2008. 7(3): p. 19.

[10] Zhu, Q. Goal trees and fault trees for root cause analysis. in IEEE
International Conference on Software Maintenance, ICSM. 2008.

[11] Gano, D.L., Apollo Root Cause Analysis: A New Way of Thinking in
Comparison of Common Root Cause Analysis Tools and Methods
2ed 1999, Apollonian Publications.

[12] Finlow-Bates, T., Visser, B., Finlow-Bates, C., An integrated
approach to problem solving: linking K-T, TQM, and RCA to TPM,
in The TQM Magazine. 2000. p. 284-289.

[13] Nelms, C.R. The problem with root cause analysis. in IEEE
Conference on Human Factors and Power Plants. 2007.

[14] Schmidt, M., Dworkin, L., Hess, C., Squcciarini, M., Yu, S., and
Burrows, J. Fast root cause analysis based on electrical defect
localization. in Conference Proceedings from the International
Symposium for Testing and Failure Analysis. 2008.

[15] Leszak, M., Perry, D. E., and Stoll, D. A case study in Root Cause
Defect Analysis. in 22nd International Conference on Software
Engineering. 2000. Germany.

[16] Bagian, J.P., Gosbee, J., Lee, C. Z. L., Williams, L., McKnight, S.
D., Mannos, D. M., The Veterans Affairs Root Cause Analysis
System in Action. Journal on Quality Improvement, 2002. 28(10): p.
531-545.

[17] Pourbeik, P., Kundur, P. S., and Taylor, C. W., The anatomy of a
power grid blackout - Root causes and dynamics of recent major
blackouts, in IEEE Power and Energy Magazine. 2006. p. 22-29.

[18] Larsson, J.E., and de Bor, J. Real-time root cause analysis for
complex technical systems. in IEEE Conference on Human Factors
and Power Plants. 2007.

[19] Ruppert, D., Hull, G., Green, B., Golden, R., Binns, G., and Latino,
M. Root cause analysis increases locomotive reliability at amtrak. in
Proceedings of the ASME/IEEE Joint Rail Conference and the ASME
Internal Combustion Engine Division, Spring Technical Conference
2007. 2007.

[20] Tuli, R.W., and Apostolakis, G. E., Incorporating organizational
issues into root-cause analysis. Process Safety and Environmental
Protection, 1996. 74(1): p. 3-16.

[21] Repenning, N.P., and Sterman, J. D., Nobody Ever Gets Credit for
Fixing Problems that never Happened: Creating and Sustaining
Process Improvement.

Manufacturing

WCE 2012



Proceedings of the World Congress on Engineering 2012 Vol III

WCE 2012, July 4 - 6, 2012, London, U.K.

(Joyne ayy Ag) PBpUSWILIODAI - X

S1SIX9 ainjesy -

1SIX3 ]J0U S30p aJinjes) - x

= > = = = = = = > = x x = x x x x = x s x x x x = mmmUD._Q mN
Buiuiea) Aujowosd
- ainpadntd
} anewalshs Bueigo o
|00} [Eanainayi el L7
- - - - - o - - - - - - " - - - - o o o - - - " ssaupajejauall g
X x, X X X X X X X X X X X X X X X * X X X X X X X mmmcm_or_}; LD»— mC_CL_m DN
uoljeleA Asned
je1aads, Bulkpuap 6l
= > = = = = = = > = x x = x x x x * x s x x x x = CD:m_._m}_mmij m_‘
uowwod, Buiiyuap
. od malh
g 21ysIU03E m.c_ao_u.m £l
= > = = = = = = > = x x = x x x x * x s x x x x = F_UWD._QQW U:m__Dr_ m_‘
« w « « « w « « w « « « w « « * « - « w « « « « w wia|qosd 5
painianis-| Bumosal
= = = = = 9 = = = = = = Y = = * = * = = = = = = 9 mEm_DD._Q xm_QEDU V_‘
apwialshis Buiyae)
= > = = = = = = > = x x = x x * x * x s x x x x = Em_cmr_umg _mmjmu m_‘
Jeaun-uou Buiipiuap
« w « « w w N - 1J8ya-asned zl
10 uieya Bumoys
— asned J00d an|osqe
} alfiuls oy Buiwe L
« w « « « w « « w « « « w « « « « w « w w « « « - SaNss| Yos g pleY Jo o
sisayuis e fuasqo
= > * = = = = = > * = = = x x x x * x s x x x x * mmjmm_ m
yos Buissaippe
5anss|
puey Fuissaippe 8
e uoljesaual suoin|os
X X X X X X X . X h
uo fuissnaoy
« w * « - S85NED 100 q
apaads Buiuiodud
EEEIEE]
Alqeuosead Bunojdxa 5
- - ... paunaan sasned ayy
X e X X X X X X X X X X X X X X X e X X X X X X X _.m mC_ [T —— ﬁ.«
Yas Bulpuelsiap
.1 = .1 .1 .1 * .1 .1 = .1 .1 .1 b4 .1 .1 .1 .1 = .1 o .1 .1 .1 .1 = m_m_.m_mcm uoignuwis| £
x > x x x x * x x * = x x x x > x = x * x > Em_ﬂo._ﬂ wr:. mc__mﬁDE N
> = = = = = = * = = = s x x x = EUWDLQQW mbzmtﬁcmj—u _‘
ERDE]] SIS
1s8) degy suen aal] | S|Bpop | Xulew SIS apap ey fjeuy SIS oM
B 58T | B umoQ | Aoy | 13843 | waD | Hdd | -Aleuy | w3wd [ESNED Wids | ZidL | -Alewsy | | wody | AuanG | 14D | wld 1A a32
185 -0id s g | e | -esnel afiueys HeLs -Juaag 1014 lalieg 1v3 selmeed oN
; -aheq |BsnED :
S|00]

Alleuonouny 418y1 Uo paseq sjool YO bunsixs Jo uostredwo) — T a|qeL

WCE 2012

ISBN: 978-988-19252-2-0

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the World Congress on Engineering 2012 Vol III
WCE 2012, July 4 - 6, 2012, London, U.K.

[45] Rooney, JJ., and Heuvel, L. N. V., Collecting Data for Root

[22] Sarkar, B.N., Designing Sustainable Strategies for Continuous Cause Analysis. Quality Progress, 2003. 36(11): p. 104.
Improvement Deployment Programme: Lessons from a steel plant [46] Kant, L. Fault management and design of wireless root cause
in India. International Journal of Six Sigma and Competitive analysis engines for 3G networks. in Proceedings - 2002
Advantage, 2007. 3(4): p. 352-376. International Conference on Third Generation Wireless and

[23] Percarpio, K.B., Watts, B. V., and Weeks, W. B., The Beyond (Key Function of World Wireless Congress). 2002.
Effectiveness of Root Cause Analysis: What Does the Literature [47] Reichel, J., and Wahl, M. Root cause analysis to identify
Tell Us? The Joint Commission Journal on Quality and Patient hydraulic failure modes. in ASTM Special Technical Publication.
Safety,, 2008. 34(7): p. 391-398. 1999.

[24] Scavarda, A.J., Bouzdine-Chameeva, T., Goldstein, S. M., Haays, [48] Ghahramani, B., Root cause analysis, engineering valuation and
J. M., and Hill, A. V., A methodology for constructing collective cost analysis of neural network systems. Journal of Engineering
causal maps. Decision Sciences, 2006. 37(2): p. 263-283. Valuation and Cost Analysis, 1999. 2(4): p. 311-326.

[25] Tan, C.M., and Raghavan, N., Root cause analysis based [49] Tuli, R.W., Apostolakis, G. E., and Wu, J. S., ldentifying
maintenance policy. International Journal of Quality and organizational deficiencies through root-cause analysis. Nuclear
Reliability Management, 2007. 24(2): p. 203-228. Technology, 1996. 116(3): p. 334-358.

[26] Marquez, A.C., and Herguedas, A. S., Learning about failure root [50] Mason, P.F. Technical issue review, resolution and root cause
causes through maintenance records analysis. Journal of Quality analysis: a simplified approach. in American Society of
in Maintenance Engineering, 2004. 10(4): p. 254-262. Mechanical Engineers (Paper). 1991.

[27] Finlow-Bates, T., The Root Cause Myth, in The TQM Magazine. [51] Kowalewski, M.J., and Oberle, R. J. Unacceptable root cause
1998. p. 10-15. analysis auditing. in Annual Quality Congress Transactions.

[28] Carlson, J.S., and Soderberg, R., Assembly Root Cause Analysis: 1990.

A way to reduce dimensional variation in assembled products. [52] Arato, G., De Bonis, R., and Montaldo, L. Customer and supplier
International Journal of Flexible Manufacturing Systems, 2003. partnership in the application of Root Cause Analysis for
15(2): p. 113-150. switching systems. in IEEE International Conference on

[29] Sharma, R.K., Kumar, D., and Kumar, P., Modeling and Communications. 1993.
analysing system failure behaviour using RCA, FMECA and [53] Carroll, J.S., Rudolph, J. W., and Hatakenaka, S., Lessons
NHPPP models. International Journal of Quality & Reliability learned from non-medical industries: Root cause analysis as
Management, 2007. 24(5): p. 525-546. culture change at a chemical plant. Quality and Safety in Health

[30] Li, K., Liu, P., Teong, J., Lee, M., and Yap, H. L. A logical Care, 2002. 11(3): p. 266-269.
problem solving process for high via resistance root cause [54] Tang, L.C.,, Goh, T. N, Lam, S. W,, and Zhang, C. W,,
analysis. in Conference Proceedings from the International Fortification of six sigma: Expanding the DMAIC toolset. Quality
Symposium for Testing and Failure Analysis. 2008. and Reliability Engineering International, 2007. 23(1): p. 3-18.

[31] Paradies, M. Improving an existing root cause analysis and [55] Goh, T.N., and Xie, M., Improving on the six sigma paradigm, in
corrective action program. in IEEE Conference on Human The TQM Magazine. 2004. p. 235-240.

Factors and Power Plants. 2007. [56] Kaufman, U.H., and Chieh, C. J., Applying Systems Thinking to

[32] Tonkinson, T.S. SAl's behavior-based root cause analysis. in the Practice of Six Sigma. 2009, Available online at
IEEE Conference on Human Factors and Power Plants. 2007. http://europe.isixsigma.com/library/content/

[33] Song, Z.G., Neo, S. P., Loh, S. K., and Oh, C. K. Root cause €050921b.asp (accessed on 29 July 2009).
analyses of metal bridging for copper damascene process. in [57] Calland, J.F., Guerlain, S., Adams, R.B., Tribble, C.G., Foley, E.,
Conference Proceedings from the International Symposium for and Chekan, E.G., A systems approach to surgical safety.
Testing and Failure Analysis. 2005. Surgical Endoscopy and Other Interventional Techniques, 2002.

[34] Kirstaedter, A., Wrage, M., Goeger, G., Fischler, W., and 16(6): p. 1005-1014.

Spinnler, B. Current aspects of optical performance monitoring [58] Olsen, S., Undre, S., and Vincent, C., Safety in surgery: First
and failure root cause analysis in optical WDM networks. in steps towards a systems approach. Clinical Risk, 2005. 11(5): p.
Proceedings of SPIE - The International Society for Optical 190-194.

Engineering. 2005.

[35] Goodman, C., West Jr, G., and Schoenfeld, I. Criteria for review
of root-cause analysis programs. in IEEE Conference on Human
Factors and Power Plants. 1997.

[36] Paradies, M., and Busch, D. Root cause analysis at Savannah
River Plant. in IEEE Conference on Human Factors and Power
Plants. 1988.

[37] Gupta, P., and Varkey, P., Developing a tool for assessing
competency in root cause analysis. Joint Commission Journal on
Quality and Patient Safety, 2009. 35(1): p. 36-42.

[38] Clark, W., Madden, C., and Cook, J. Root cause analysis of
passenger side door system. in Proceedings of the
ASME/IEEE/ASCE Joint Rail Conference, JRC 2008. 2008.

[39] Hrycej, T., and Strobel, C. M., Extraction of maximum support
rules for the root cause analysis, in Studies in Computational
Intelligence. 2008. p. 89-99.

[40] Battikha, M.G., Reasoning mechanism for construction
nonconformance root-cause analysis. Journal of Construction
Engineering and Management, 2008. 134(4): p. 280-288.

[41] Worster, A., A role for root cause analysis in laboratory
medicine. Laboratory Medicine, 2007. 38(12): p. 709-712.

[42] Pradhan, S., Singh, R., Kachru, K., and Narasimhamurthy, S. A
Bayesian network based approach for root-cause-analysis in
manufacturing process. in Proceedings - 2007 International
Conference on Computational Intelligence and Security, CIS
2007. 2007.

[43] Braithwaite, J., Westbrook, M. T., Mallock, N. A., Travaglia, J.
F., and ledema, R. A., Experiences of health professionals who
conducted root cause analyses after undergoing a safety
improvement programme. Quality and Safety in Health Care,
2006. 15(6): p. 393-399.

[44] Paradies, M. Modern root cause analysis - Quality improvements
missing link. in IIE Annual Conference and Exhibition 2004.
2004.

ISBN: 978-988-19252-2-0 WCE 2012
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)





