
Root Cause Analysis 
&

Multi-Criteria Decision Analysis



Course Content

• Session Objectives

• What is Root Cause Analysis (RCA)?

• Benefits of RCA

• The Problem Solving Process through RCS

• Real time examples & hands-on

Recommended book: BjørnAndersen & Tom Fagerhaug “Root CauseAnalysis Simplified Tools and

Techniques” 2nd Edition



Session Objectives

Upon completion of this session, participants should be able to:

• Understand the importance of performing root cause analysis

• Identify the root cause of a problem using the problem solving process

• Understand the application of basic quality tools in the problem solving process



What is a root cause?

ROOT CAUSE =

• The causal or contributing factors that, if corrected, would prevent recurrence of the identified 
problem

• The “factor” that  caused a problem or defect and  should be permanently  eliminated through

process improvement

• The factor that sets in motion the cause and effect chain that creates a problem

• The “true” reason that contributed to the creation of a problem, defect or nonconformance



What is root cause analysis?

• A standard process of:

❖ identifying a problem

❖ containing and analyzing the problem

❖ defining the root cause

❖ defining and implementing the actions required to eliminate the root cause

❖ validating that the corrective action prevented recurrence of problem



Benefits of RCA 

By eliminating the root cause…

You save time and money!

• Problems are not repeated

• Reduce rework, retest, re-inspect, poor quality costs, etc…

• Problems are prevented in other areas

• Communication improves between groups and

• Process cycle times improve (no rework loops)

• Secure long term company performance and profits

Less rework = Increased ops profits (lower OPEX)!



When should root cause analysis be performed?

When PROBLEMS occur !!



How does it differ current analysis approach?
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RCA working approach
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RCA working approach
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How does it work?
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RCA working approach
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8 Stage Problem Solving Process
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Stage #1

Problem Identification
•

• Clearly state the problem the team is to solve

• Teams should refer back to problem statement to avoid getting off track

• Use 5W2H approach

• Who? What? Why? When? Where?

• How? How Many?

Very important!

5W2H

• Who? Individuals/customers associated with problem

• What? The problem statement or definition

• When? Date and time problem was identified

• Where? Location of complaints (area, facilities, customers)

• Why? Any previously known explanations

• How? How did the problem happen (root cause) and how will the problem be

corrected (corrective action)?

• How Many? Size and frequency of problem



Stage #2

Identification of Team or Group

When a problem cannot be solved quickly by an individual, use a team!

• Should consist of domain knowledge experts

• Small group of people (4-10) with process and product knowledge, available time and authority to

correct the problem

• Define R&R of team members

• Consider input from every group member



Stage #3

ImmediateAction

• Must isolate effects of problem from customer

• Re-inspection before shipping

• Rework

• Recall parts/documents from customer or from storage

• Only temporary until corrective action is implemented (very costly, but necessary)

• Must also verify that immediate action is effective



Stage #4

Root Cause Finding/Analysis

• Brainstorm possible causes of problem with team

• Organize causes with Cause and Effect Diagram

• Perform Pareto Analysis to causal factors causes to identify those most likely

• Use 5 Why? method to further define the root cause of symptoms

• May involve additional research/analysis/investigation to get to each “Why?”



Development of Cause-Effect Diagram?

• A Cause-Effect (also called “Ishikawa” or “Fishbone”) Diagram is a Data 
Analysis/Process Management Tool.

• A Cause-Effect Diagram is typically generated in a group meeting

• It is a graphical method for presenting and sorting ideas about the causes of issues or 
problems



Cause-Effect Diagram

• Steps used to create a Cause-Effect Diagram:

• Define the issue or problem clearly

• Decide on the root causes of the observed issue or problem

• Brainstorm each of the cause categories

• Write ideas on the cause-effect diagram. A generic example is shown below:

Environment Effect

People/MenEquipment/Machine

MethodsMaterials

NOTE: Major system causes are not limited above 5 categories, but serve as a starting point



Cause-Effect Diagram

• Allow team members to specify where ideas fit into the diagram

• Clarify the meaning of each idea using the group to refine the ideas. For example:

Materials

Incorrect Quantity

Incorrect BOL

Methods

Late Dispatch

Shipping Delay
Spillage

Environment
Shipment delay

Problems

Wrong Destination

Traffic Delays

Weather

Equipment

Wrong Equipment

Dirty EquipmentBreakdown

People

Driver

Attitude
Dispatcher

Wrong Directions



Stage#5

Corrective Action Plan

• Must verify the solution will eliminate the problem

• Verification before implementation whenever possible

• Define exactly…

• What actions will be taken to eliminate the problem?

• Who is responsible?

• When will it be completed?



Stage #6

Complete Action Plan

• Make certain all actions that are defined are completed as planned

• If one task is still open, verification and validation is pushed back

• If the plan is compromised, most likely the solution will not be as effective



Stage #7

Follow Up Plan

• What actions will be completed in the future to ensure that the root cause has been

eliminated by this corrective action?

• Who will look at what data?

• How long after the action plan will this be done?

• What criteria in the data results will determine that the problem has not recurred?



Stage#8

Validate and Celebrate

• What were the results of the follow up?

• If problem did reoccur, go back to Step #4 and re-evaluate root cause, then 
re-evaluate corrective action in Step #5

• If problem did not reoccur, celebrate team success!



Some important points about root causes

• One problem may have more than one root cause

• One root cause may be contributing to many problems

• When the root cause is not addressed, expect the problem to reoccur

• Prevention is the key!

https://www.youtube.com/watch?v=ivd_oOI-U-0 

https://www.youtube.com/watch?v=ivd_oOI-U-0


Tower crane accident RCA

Source: Applied Mechanics and Materials Vol. 127 (2012) pp 139-143



Class Exercise Guideline

• Even Group (2,4,6) will develop RCA for

COVID-19 Booster Dose (under  

dimensions of Society, Government,

Individual, Process)

• Odd group (1,3,5) will develop RCA for

fire issues/safety in car/2w (under

production, sourcing, quality assembly, and

government/regulatory)

Respective problem statements are given in next slides.



Problem statement-1 (Booster Dose)





Problem Statement-2 (Vehicle Recall issues)





Decision making trial and evaluation laboratory 
(DEMATEL)

• An effective method for the identification of cause-effect chain components of a 

complex system .

• Evaluates interdependent relationships among factors.

• A structured matrix based method.

• Finds the critical ones through a visual structural model



DEMATEL

• A decision making problem can be structured as –

• Goal

• Criteria

• Alternatives

• DEMATEL focuses

upon the criteria and the interrelations among them.



DEMATEL

• Cause = The reason for something happening.

• Effect = What happened

• Cause + Effects = Creation of complex phenomenon

• But in reality, situations are not 

linearly defined.

• There are interrelations among 

factors as well.



An example of an

Impact-Relation

Map



Construct
Construct direct-relation matrix by aggregating the 
expert inputs

Panel

Form an expert panel

• Expert inputs based on pairwise assessments of the
impact of one factor over other.

• Construct direct assessment matrix from the inputs of 
each expert.

Define
Define a Problem

• Identify the Criteria be studied

Steps For DEMATEL



Prominence

Calculate row cum – “𝑟𝑖”, column sum= “𝑐𝑗”.

Calculate Prominence- “𝑟𝑗+ 𝑐𝑗” and Relation-

“𝑟𝑗− 𝑐𝑗” value for each factor

T- matrix

Calculate total-relation matrix [T]

• Each element of T matrix, 𝑡𝑖𝑗 represents the 
influence of factor i over j

Normalize
Calculate normalized direct-relation matrix

• Normalize using the maximum value out of all row and
column sums.

Steps For DEMATEL



Steps For DEMATEL

Priority

Map “𝑟𝑗+ 𝑐𝑗” against “𝑟𝑗 − 𝑐𝑗” to create the
impact relation map.

Show only relations with value greater than Ө

Threshold

Calculate the threshold value- “Ө” to identify 𝑡𝑖𝑗
with significant influence.



An Illustrative Example

• Relevant to the goal the set of factors/criteria are identified.

• Initial direct-relation matrix is constructed for the inputs of 

each expert .

The “Influence” of Factor 1, to 

Factor 2.



Direct Relation Matrix

• Construct the aggregated direct relation matrix by taking 

average of the expert inputs

0 2 3

2 0 2

4 1 0
Avg =

0 = no influence 

1 = low influence

2 = medium influence 

3 = high influence

4 = very high influence

𝐴1 =

𝐴2 =

F1 F2 F3

F1 0 2 4

F2 1 0 3

F3 4 1 0

F1 F2 F3

F1 0 2 2

F2 3 0 1

F3 4 1 0 The expert judgements are

recorded through verbal scale



Normalize the initial direct-relation matrix

⚫Matrix = A

⚫𝑆 = max{𝑚𝑎𝑥 σ𝑛
𝑗 =1

𝑖=
1

𝑎𝑖𝑗 ,𝑚𝑎𝑥 σ𝑛 𝑎𝑖𝑗}

⚫Normalized Direct Relation Matrix = A/S

𝑛

෍ 𝑎𝑖 𝑗
i=1

6 5

0 2 3

2 0 2

4 1 0
A=

3

𝑛

෍ 𝑎𝑖 𝑗
𝑗=1

5

4
5



Normalize the initial direct-relation matrix

𝑗 =
1

⚫𝑆 = max{𝑚𝑎𝑥 σ𝑛
𝑖=
1

𝑎𝑖𝑗 ,𝑚𝑎𝑥
σ 𝑛

𝑎𝑖𝑗}

𝑗 =
1

⚫𝑚𝑎𝑥σ𝑛 𝑎𝑖𝑗 = 5

𝑎𝑖𝑗 = 6𝑖=
1

⚫𝑚𝑎𝑥σ𝑛

𝑛
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𝑗=1

5
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Normalize the initial direct-relation matrix

0 2/6 3/6

2/6 0 2/6

4/6 1/6 0

⚫ 𝑆 = max{𝑚𝑎𝑥σ𝑛 𝑎𝑖𝑗 ,𝑚𝑎𝑥 σ𝑛 𝑎 }= max{5,6} = 6
𝑗=1 𝑖=1 𝑖𝑗

⚫ D= A/6

D =

0 0.33 0.5

0.333 0 0.333

0.667 0.167 0

D=



Calculate the total-relation matrix

• Therefore, T = D (I-D)-1 .

• The total relation matrix = T

T =



Normalize the initial direct-relation matrix

⚫ T= D (I-D)-1 .

D=

I-D=
1 - 1/3 - 1/2

- 1/3 1 - 1/3

- 2/3 - 1/6 1

0 2/6 3/6

2/6 0 2/6

4/6 1/6 0

I =

1 0 0

0 1 0

0 0 1

(I-D)-1=
2.372 1.047 1.535

1.395 1.674 1.256

1.814 0.977 2.233

T= D (I-D)-1 =
1.372 1.047 1.535

1.395 0.674 1.256

1.814 0.977 1.233



Calculate D+R and D-R

𝑗 =
1

• 𝑇 = [𝑡𝑖𝑗]

• Di = σ𝑛 𝑡𝑖𝑗

𝑖=
1

• Ri = σ𝑛 𝑡𝑖
𝑗

F1 F2 F3 D=

F1 1.372 1.047 1.535 3.953

F2 1.395 0.674 1.256 3.326

F3 1.814 0.977 1.233 4.023

R = 4.581 2.698 4.023



Calculate D+R and D-R

F1 F2 F3 D=

F1 1.372 1.047 1.535 3.953

F2 1.395 0.674 1.256 3.326

F3 1.814 0.977 1.233 4.023

R = 4.581 2.698 4.023

D + R D-R Rank Cause/Effect

F1 8.535 -0.628 I Effect

F2 6.023 0.628 III Cause

F3 8.047 0.000 II Cause/effect
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