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ABSTRACT 

 

This paper describes the application of Lean Six Sigma methodology comprising five phases – Define, Measure, Analyse, Improve 
and Control in the agriculture sector. However, one of the major problems in adopting Lean Six Sigma is that to detect or find the root 

cause. Therefore, Internal Audit can be the ideal group to analyse issues and identify root causes given their independence and objectivity. 

Internal Audit is now more focused on operations and strategies than it has in the past. Regardless of whether the organisation is large or 
small, as an internal auditor, they are always trying to increase the effectiveness of various operational internal controls. Hence, research is 

undertaken to integrate Lean Six Sigma and Internal Auditing that will focus on how their integration drives rapid focused product and 

process improvements which result in controlled, sustainable, and validated improvements to the bottom line. The present study has made 
an attempt to survey the level of awareness and involvement of internal auditors in the lean six sigma project. The data has been collected 

through a questionnaire survey. The findings of this study are limited by the number of respondents, area and location. This study is 

important for internal auditors to understand the emerging issues and trends in Internal Auditing.  
 

Key words: Lean Six Sigma, Internal Auditing, Agriculture;  

 

 

INTRODUCTION 
 

Agriculture is an important sector to the 

country‟s economic development. It was one of the 

highlighted issues during Tun Abdullah Ahmad 

Badawi, former Prime Minister of Malaysia. 

Abdullah strongly believed that this industry can 

generate wealth and reduce poverty particularly 

among those from rural areas. However, the 

contribution of agriculture sector showed a declining 

trend since 1970 (28.8%) to 2012 (7.3%). The 

contribution of agriculture to GDP for the period 

2008 to 2012 was 7.6 per cent [8].  

Agriculture is an industry which requires a new 

way of thinking. Traditional methods have lots of 

wastes and inefficiencies build into them. According 

to some researches more than 20% of agricultural 

products become unusable before it reach the end 

consumer in some countries. This offers any lean 

thinker a good opportunity to explore the possibilities 

of implementing lean concepts in this area 

(Zeegreen, n.d.). for instance, Just in time (JIT) 

manufacturing may not be possible in the field of 

agriculture. But the processing, distribution, handling 

methods etc. can be improved with the techniques 

like JIT and Kaizen. By educating people and using 

simple technology, waste can be reduced 

dramatically. Effectively connecting the 

manufacturers, distributors, wholesalers and retailers 

up to the customer is very necessary to improve the 

effectiveness of the process. 

In recent years, agriculture is considered a vital 

sector to the economy of Malaysia. Agriculture has 

increased job opportunities and created alternative 

sources of income. According to Department of 

Statistics (2013), the employed persons in agriculture 

sector has increased from 11.5 per cent in 2011 to 

12.6 per cent in 2012. The increase in earnings of 
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major commodities, particularly palm oil and food 

commodities, enabled the sector to retain its 

workforce and withstand the economic downturn of 

1997-1998. In Malaysia, oil palm plantation and 

palm oil related industries have contributed a lot in 

terms of the country‟s income and also in providing 

job opportunities.  

Agriculture is very vulnerable to factors like 

changes in climate, disease and pest infestation. In 

the case of large scale aquaculture, disease outbreaks 

will be a major problem unless a quality control, 

good management practices and disease control are 

taken care of.  

In recent years, many companies have 

successfully applied Lean Six Sigma to make 

improvements in various different sectors [6]. Some 

of the most powerful Lean Six Sigma tools were first 

used in agriculture to improve yield, many 

agricultural processes could yield better 

performance, in terms of resource consumption, cost 

saving and an improvement in product quality when 

Lean Six Sigma method was initially applied [5]. 

These examples demonstrate the potential of the 

Lean Six Sigma method and the generality of its 

approach. Nevertheless, the applications of Lean Six 

Sigma in the agriculture context are still very few 

[29,11].  

 

Literature Review: 

2.1 Lean: 

The Lean part comes from the lean 

manufacturing methodology that is centered on a 

simple working principle, create more value with less 

work (value as being perceived by the customer) by 

eliminating all non-value added process steps; 

harmonising appropriately skilled people with a 

robust process and adequate equipment; and striving 

for continuous improvement as a mind-set to achieve 

a cultural shift [16]. Lean manufacturing is the 

American name for the Toyota Production System 

(TPS). It is one of the most advanced manufacturing 

concepts available in the market today. Many 

progressive companies like General Electric, 

Honeywell and Motorola have implemented Lean 

Manufacturing in various areas of their businesses 

and enjoyed the benefits. 

According to Lehmann (2012), Lean was 

developed in 1948-1975 by Taiichi Ohno at Toyota 

with the help of others and named the Toyota 

Production System. Taiichi Ohno was heavily 

influenced by earlier work by Edward Deming and 

Henry Ford. Well known Lean Initiatives in the 

Medical Community are the “Danaher Business 

System” and the “Henry Ford Health System” in 

Michigan. 

According to Becker (n.d), the use of the term 

"Lean", in a business or manufacturing environment, 

describes a philosophy that incorporates a collection 

of tools and techniques into the business processes to 

optimise time, human resources, assets, and 

productivity, while improving the quality level of 

products and services to their customers. National 

Institute of Standard and Technology (2000) defines 

lean: “. . . as a systematic approach to identifying 

and eliminating waste (non value added activities) 

through continuous improvement by flowing the 

product only when the customer needs it (called 

“pull”) in pursuit of perfection”. 

Lean emphasises the learning by doing 

approach, where the members of a process 

improvement team are those most closely associated 

with adding value to the product. In other words, 

Lean is about to give our customers whatever he 

wants – faster, cheaper, and better at the lowest cost 

possible and get paid in shortest time.  

 

2.2 Six Sigma: 

Many authors have described the story of Six 

Sigma and its development at Motorola as well as its 

anticipated savings in various types of industries. 

Whereby others have identified Six Sigma as the 

latest fad, encompassing nothing new but merely 

being a re-package of quality management practices. 

However, Lifvergren et al. [20] believe that the Six 

Sigma projects have contributed to process maturity 

by creating an awareness of process immaturity and 

catalysing process design and improvement work. In 

that respect, the program has created better 

conditions for the next generation to improvement 

projects and simultaneously stimulating other 

continuous improvement activities. 

According to Pyzdek [27], the evolution began 

in the late 1970s, when a Japanese firm took over a 

Motorola factory that manufactured television sets in 

the United States and the Japanese promptly set 

about making drastic changes to the way the factory 

operated. Under Japanese management, the factory 

was soon producing TV sets with 1/20th the number 

of defects they had produced under Motorola 

management. Finally, Motorola recognised its quality 

was awful. Since then, Motorola management 

decided to take quality seriously. When Bob Galvin 

became Motorola's CEO in 1981, he challenged his 

company to achieve a tenfold improvement in 

performance over a five-year period [26].  

Originally, Six Sigma started out strictly as a 

process variation that would produce no more than 

3.4 defects per million opportunities. However today, 

Six Sigma is basically the art of producing a product 

that satisfies the customer in the most cost 

economical way. The process of Six Sigma was first 

developed by Bill Smith of Motorola in 1986. It was 

originally designed as a way to measure defects and 

to improve overall quality. After Motorola won the 

Malcolm Baldrige National Quality Award in 1988, 

the Six Sigma process became more visibly 

recognised as an improvement tool, and the 

methodology was used by many global corporations, 

such as General Electric, Allied Signal, and Citibank. 

The name refers to six standard deviations from the 
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mean: a quality goal of reducing defects by 

99.9997%, or striving for no more than 3.4 defects 

per million opportunities (DPMO). Six Sigma 

methodology has evolved in many ways over the past 

three decades. For instance, although Six Sigma was 

initially used in various manufacturing processes by 

quality engineers, its use has spread to the service 

and financial sectors, among others, and is no longer 

the exclusive domain of the engineering department 

[1].  Six Sigma, on the other hand, is defined: “. . . as 

a business process that allows companies to 

drastically improve their bottom line by designing 

and monitoring everyday business activities in ways 

that minimise waste and resources while increasing 

customer satisfaction by some of its proponents”, see 

Magnusson et al. [21]. 

Six Sigma helped Motorola realise powerful 

bottom-line results in their organisation. In fact, they 

documented more than USD16 Billion in savings as 

a result of Six Sigma efforts. In 1989, Motorola 

Chairman, Bob Galvin asked Mikel Harry to head the 

Six Sigma Research Institute, an organisation that 

received funding from a number of Fortune 500 

companies (Olson, n.d). From that moment, Six 

Sigma skills were not solely owned by quality 

engineers, but began to transfer from the quality 

department to the entire organisation. 

According to Byrne [7], Six Sigma delivered 

USD 320 million in productivity gains and profits in 

1997. In the annual report of 1999 GE was able to 

report savings of USD 2 billion for that year alone. 

Since then, hundreds of companies around the world 

have adopted Six Sigma as a way of doing business. 

By the late 1990s, about two-thirds of the Fortune 

500 companies began using Six Sigma and numerous 

consulting firms have jumped on the bandwagon, 

including ASQ and numerous articles and books 

have appeared on the subject.   Many product and 

service advertisements are now mentioning Six 

Sigma. 

According to O‟Rourke [25], the philosophy of 

Six Sigma is the use of data and statistical analysis 

tools for systematic processes improvement. Process 

data are gathered and analysed to determine average 

process performance and the output quality variation. 

The Six Sigma methodology is a five-phase, 

disciplined approach to continuous improvement. 

These phases are referred to as DMAIC. Whereby, 

DMAIC follows these five steps: 

 

1) Define goals to improve the overall process 

between your company strategy and your customer's 

demands. 

2) Measure your current processes and collect 

relevant data. This data is then used as a baseline for 

future comparisons.  

3) Analyse the data to inspect cause and effect 

relationships within the process. It is important to 

understand this relationship so that you can keep 

your company‟s strategy in line with your customer‟s 

demands.  

4) Improve the process based on the data. It is 

important to constantly improve and alter the process 

to fit the current situations by using different 

techniques. One technique that is often used is 

Design of Experiments which can help to test a 

hypothesis. 

5) Control is important because you must 

control and correct any variances to avoid defects 

and prevent the loss of quality. A common thing to 

do is to set up pilot runs to study process capability 

and production transition.  

The main focus of Six Sigma is to improve the 

quality of process outputs and to reduce errors or 

defects and variation within the process. Any 

organisation that implements Six Sigma will create 

an internal hierarchy of Six Sigma experts called 

“Yellow Belts”, “Green Belts”, “Black Belts” or 

“Master Belts”. Whereas, it is similar to martial arts, 

the Belt level and color implicates the number of 

successfully completed projects.  

 

2.3 Lean Six Sigma: 

Lean Six Sigma is an approach combining and 

capitalising the strengths of the Six Sigma and Lean 

Management improvement programs. It has been 

claimed that companies that practice either lean 

management or Six Sigma exclusively would reach a 

point of diminishing returns. After the initial problem 

solving and process re-engineering efforts, systems 

show significant improvement, but further 

improvements are not easily realised [2]. 

The Lean Six Sigma concepts were first 

published in the book titled "Lean Six Sigma: 

Combining Six Sigma with Lean Speed" authored by 

Michael George in the year 2002 [17]. Lean Six 

Sigma, also called Lean Sigma, is a fusion of lean 

engineering with Six Sigma quality. Lean Six Sigma 

has adopted the terminology and belt rankings of Six 

Sigma. The same statistical principals apply to Lean 

Six Sigma and Six Sigma. The primary differences 

arise in prioritising which project initiatives are to be 

adopted, data collection and data analysis. 

Similar to Six Sigma, Lean Six Sigma also uses 

a problem-solving algorithm called DMAIC. The 

Lean Six Sigma projects comprise the Lean's waste 

elimination projects and the Six Sigma projects based 

on the critical to quality characteristics. The DMAIC 

toolkit of Lean Six Sigma comprises all the Lean and 

Six Sigma tools. The training for Lean Six Sigma is 

provided through the belt based training system 

similar to that of Six Sigma. For each of these belt 

levels, skill sets are available that describe which of 

the overall Lean Six Sigma tools are expected to be 

part of a certain belt level. These skill sets provide a 

detailed description of the learning elements that a 

participant will have acquired after completing a 

training program. The level upon which these 

learning elements may be applied is also described. 

The skill sets reflects elements from Six Sigma, Lean 
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and other process improvement methods like Theory 

of Constraints (TOC) and Total Productive 

Maintenance (TPM).  

 

2.4 Internal Auditing: 

Internal and external audits are very powerful 

instruments in quality management. Internal Audit is 

now more focused on operations and strategies than 

it has in the past. Changing definitions of Internal 

Auditing have made an impressive progress to 

internal auditors during the past several decades. 

Nevertheless, according to Lee et al. [19] internal 

auditors throughout the world practice their work 

differently, she believed that it is difficult to 

articulate one definition that embraces the varied 

activities those auditors pursue.  

According to Lee et al. [19], several definitions 

of modern internal auditing have been promulgated. 

The American Accounting Association defines it as 

“a systematic process of objectivity obtaining and 

evaluating assertions about economic actions and 

events to ascertain the degree of correspondence 

between these ascertains and established criteria and 

communicating the results to interested users”. She 

asserted that this definition is intended to describe 

the process applied to all types of audits; but the term 

„economic actions and events‟ demonstrates that its 

thrust is toward financial or accounting matters. 

In 1981, the Institute of Internal Auditors, 

[28,15,30] defines Internal Auditing as “an 

independent appraisal function established within an 

organisation to examine and evaluate its activities as 

a service to the organisation”.  Lee et al. [19] 

explained that this statement is more an introduction 

than a definition. It gives no indication of the Internal 

Auditor‟s responsibilities, nor does it underscore that 

auditing is no longer exclusively tied to books of 

account. According to Lee et al. [19], in 1998, the 

IIA established a Guidance Task Force (GTF) to 

consider possible changes to the Standards and other 

guidance. One of the first and most critical elements 

of the GTF mission was to develop a new definition 

of internal auditing that would capture the modern 

essence of the profession and record it in as clear and 

concise a manner as possible. Lee et al. [19] 

explained that in the deliberation process, the GTF 

took into account comments and suggestions from 

IIA members, as well as a new „competency-based 

definition that emerged from preliminary drafts of 

the Competency Framework for Internal Auditing 

(CFIA), published in 1999 by the IIA Research 

Foundation. The CFIA defines Internal Auditing as 

“a process by which an organisation gains assurance 

that the risk exposures it faces are understood and 

managed appropriately in dynamically changing 

context.” 

Lee et al. [19] encapsulated that the GTF 

submitted the following definition for exposure and 

comment by IIA members in the spring of 1999: 

“Internal Auditing is an objective assurance and 

consulting activity that is independently managed 

within an organisation and guided by a philosophy of 

adding value to improve the operations of the 

organisation. It assists an organisation in 

accomplishing its objectives by bringing a systematic 

and disciplined approach to evaluate and improve 

the effectiveness of the organisation’s risk 

management, control, and governance prosseses. 

Internal Auditing is a dynamic and evolving 

profession that anticipates change in its operating 

environment and adapts to changes in organisational 

structures, processes and technology. Profesionalism 

and a commitment to excellence are facilitated by 

operating within a framework of professional 

practice established by the Institute of Internal 

Auditors”. 

To the end, the IIA Board of Directors adopted 

the following definition in July 1999 [19,30]: 

 “Internal Auditing is an independent, objective 

assurance and consulting activity designed to add 

value and improve an organisation’s operations. It 

helps an organisation accomplish its objectives by 

bringing a systematic, disciplined approach to 

evaluate and improve the effectiveness of risk 

management, control, and governance processes”.  

From the above definitions, Internal Auditing is 

not just an one-sided tool for controlling the order 

and rightness of certain situations, but it is a method 

of detecting, evaluating and improving the 

effectiveness of risk management, control, and 

governance processes in the organisation.  

 

Research Method: 

The research was mainly targeted towards 

internal auditors working within the agriculture 

sector. This sector comprises various sub-sectors 

including oil palm, rubber, livestock, forestry and 

logging, fisheries, aquaculture and other agriculture. 

The small-scale survey was limited to agriculture 

companies in Terengganu. Terengganu is the second 

largest contribution of agriculture to the GDP by 

state at constant 2005 prices, Malaysia, 2008‐2012 in 

the east coast of Peninsular Malaysia [8]. A hard 

copy of the questionnaire was administered and 

direct responses were collected. The profiles of the 

respondents are shown in Table 1. The data had been 

analysed using Minitab 17 software. 

 

Data Analysis: 

In Section A of the questionnaire, the 

respondents were asked to answer (Yes or No) to a 

number of questions. The responses are summarised 

in Table 2, to ascertain the level of awareness of 

Lean Six Sigma. 
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Table 1: Respondents‟ demographic information. 

Variable Frequency Percentage 

Gender   

 Male 15 60 

 Female 10 40 

Age group   

 25 years or below 3 12 

 26-35 years 13 52 

 36-45 years 5 20 

 46 years and above 4 16 

Highest level of education   

 Masters 3 12 

 Bachelors 17 68 

 Certificate / Diploma 5 20 

Current position   

 Audit Manager / Director 2 8 

 Audit Senior / Assistant Manager 9 36 

 Audit Junior 14 56 

No. of years served in the current company   

 Less than 2 years 15 60 

 3-9 years 7 28 

 10 years and above 3 12 

No. of years in the current position   

 Less than 2 years 14 56 

 3-9 years 9 36 

 10 years and above 2 8 

Using the Lean and/or Six Sigma tools   

 Less than 2 years 1 4 

 2 years and above 1 4 

 Never used  23 92 

 

Table 2: Summary responses to the number of questions in section A of the questionnaire 

No. Item Response 

Yes % No % 

1. Have you heard of Lean? 12 48.0 13 52.0 

2. Have you heard of Six Sigma? 13 52.0 12 48.0 

3. Have you attended any training or workshop about Lean and/or Six Sigma? 2 8.0 23 92.0 

 

 As we observed from Table 2, only 48% of the 

respondents have heard of Lean and 52% of them 

have heard of Six Sigma. This shows that many 

internal auditors have not been exposed to these 

important concepts and it can also be seen that only 

two of them attended training or workshop about 

Lean and/or Six Sigma. However, we believe that the 

Lean Six Sigma is relevant to the internal auditors, as 

we found that those who attended training or 

workshop are using the Lean and/or Sigma tools in 

their work. 

 
Table 3: Managements tools and techniques implemented 

No. Managements tools and techniques Frequency Percentage of 

response 

1. 5S 15 60.0 

2. 5 Whys 5 20.0 

3. Brainstorming techniques 8 32.0 

4. Environmental analysis 5 20.0 

5. Fishbone diagrams 3 12.0 

6. Histograms 3 12.0 

7. Project charter 3 12.0 

8. Process mapping 4 16.0 

9. Improved mapping 9 36.0 

10. Lower costs 3 12.0 

11. Improved delivery 2 8.0 

12. Cultural benefits 3 12.0 

(This table is developed based on 25 respondents) 
 

The respondents were asked about the 

Management tools and techniques that implemented 

in their company. The results are shown in Table 3. 

From the table, it is clear that in agricultural, people 

have been using industry-recognised Lean Six Sigma 

tools and methods to deliver measurable 

improvement to the company.  

According to the results, 13 (52%) respondents 

agreed that an Internal Auditor should participate in 

Lean Six Sigma projects, whereas only one 

respondent said no and with 44% (11) said they were 

not sure. Table 4 shows that the majority of the 

respondents believed that an Internal Auditor can be 

a consultant or observer if he/she participates in Lean 
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Six Sigma projects. 

 
Table 4: Internal auditor role 

No. Internal Auditor role Frequency Percentage of 

response 

1. Trainer 1 4.0 

2. Practitioner 4 16.0 

3. Black Belt 2 8.0 

4. Observer 13 52.0 

5. Consultant 16 64.0 

(This table is developed based on 25 respondents) 
 

The survey results also showed that, only eight 

respondents expressed an opinion that the Lean Six 

Sigma can be integrated with Internal Auditing, 

whereas five respondents said no and 12 respondents 

said they were not sure. However, many quality 

practitioners believe that integrating Internal 

Auditing in the Lean Six Sigma project is an 

effective means of improving product quality. It is a 

way of managing to improve not only product 

quality, but also the effectiveness, flexibility, and 

competitiveness of a business as a whole. 

 

Conclusion: 

Some of the basic Lean Six Sigma tools can be 

used during the planning or fieldwork phase of an 

internal audit to enhance audit effectiveness, provide 

deeper insight into business operations, and identify 

process streamlining opportunities. These tools can 

be used independently or in conjunction with existing 

audit methodologies, tools, and techniques (IIA, 

2014). Successful stories of Lean Six Sigma 

implementation are common in the manufacturing 

industry. Unfortunately, the implementation of Lean 

Six Sigma in the agriculture sector is still limited. 

However, in the Lean Six Sigma case studies, they 

showed that the project‟s savings is consistent and 

demonstrate the power of the Lean Six Sigma 

approach in driving process and performance 

improvement in an agricultural and agrofood context 

[5]. Additionally, the success of the Lean Six Sigma 

project, depends largely on the quality of the staff 

working on it and the degree to which they have been 

fully prepared for their roles within the program. 

Making sure that it is performed effectively will 

ensure that the organisation is able to accomplish its 

goals and objectives in the future. Indeed to integrate 

Lean Six Sigma and Internal Auditing is a huge step 

for a company especially in the agriculture sector, 

not only in Malaysia but also in the developed 

countries. 
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