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Preface

Quality and process control are two important fields in the area of food qual-
ity management and currently the improvement of both areas being used as a
strategic approach to surviving in the competitive but highly regulated indus-
try. Food quality control is the subject of attention in the food production lines.
This book refers to quality control, not in the constricted meaning of the term
that is often used within the industry where there are hazards such as microbial,
chemical and physical assessment of the product. The authors offer the read-
ers the opportunity to view quality control as the reactive activity that involves
controllable factors, which affect the quality of the finished product. The most
reliable and renowned technique to address process control in the realm of
quality management is one based on the statistical method. Unlike other sta-
tistical quality control manuals, this book does not cover the heavy topic of
the manual calculation on developing control charts. Instead, it covers the pro-
cess in implementing SPC such as readiness, planning, and managing the SPC
implementation. In adopting the technique, it is critical for the managers to
understand ‘what, where, who, when and how’. It was therefore deemed prefer-
able to include discussion on the related issues on SPC implementation in the
industry, such as challenges, advantageous of the implementation and the rela-
tion of SPC application towards process performance. Another critical area that
is often being missed in the industry is the preparedness of business to deploy
SPC implementation. A self-assessment tool is provided for the managers to
assess their business preparedness level before investing in the SPC applica-
tion. The book also covers another significant phase of SPC implementation,
which is the ‘implementation phase’. Managers and practitioners can benefit
from a step-by-step cookbook approach on the SPC implementation provided
in this book.

This book is divided into 10 chapters. Part 1 covers the philosophy and funda-
mentals of quality control in the food industry. Chapter 1: Introduction to the
food quality management, the role of SPC in quality management, the impor-
tance of SPC in the food industry. Chapter 2 briefs the readers on the food
industry chain. Chapter 3 introduces the readers the nomenclature of quality
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and the interlink of quality and food safety. Chapter 4 introduces the applica-
tion of SPC and its role in the food industry. Chapter 5 covers the basic tools of
SPC and how these tools work in the food manufacturing context. Part 2 cov-
ers the stages involve in implementing SPC in the food businesses. Chapter 6
illustrates the importance of team formation for implementing and sustaining
an SPC initiative in the organisational setting, the roles and responsibilities of
team members will be clearly addressed. Chapter 7 elucidates the readiness
factors and a self-assessment tool for the implementation of SPC in the food
industry. Chapter 8 presents the critical element in implementing SPC such as
critical success factors, challenges, benefits and process performance measure-
ment. Chapter 9 provides a systematic and disciplined set of guidelines showing
how to get started with an SPC initiative as well as how to deploy it company-
wide. Chapter 10 presents case studies of SPC application in the food industry
on both the quality and safety aspect. This book may serve as a cookbook for
the managers in the food industry to assess their readiness to adopt SPC in the
company and initiating the SPC application in their respective companies.
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1

Quality Management in the Food Industry

1.1 Introduction

The importance of quality in the food industry has grown significantly over
recent decades as consumers have become more critical. Apart from that, this
is also attributed to the increasing expectations of consumers, stricter gov-
ernmental regulations, changes in consumption patterns, continuous develop-
ment of technologies and expanding market competition. Compared to other
industry, food quality management is challenging due to the complex charac-
ter of food products with the unpredictable and evolving behaviour of people
involved in the food chain. Therefore, food companies are seeking more effi-
cient and effective managerial approaches to improve or sustain the quality
aspect of their processes and products. The key forces that drive the food com-
panies to seek quality management practices may be dictated by internal or
external circumstances or maybe both. The key purpose of effective quality
management is to boost the competitiveness of the business and offer strategic
advantages in the market (Anderson, Rungtusanatham, and Schroeder 1994).
Similarly, food quality management is crucial to assure the quality of the process
and subsequently the products in food businesses.

Although the food industry is aware of the negative public opinion, not all
companies are committed to improving the industry’s image

Mike Doyle, PhD, Director of the Center for Food Safety

1.2 Definition of Quality Control

The term ‘quality control’ (QC) is initiated from the field of engineering where
the quality of the product is constructing the quality of the product instead of
inspecting the quality. Scoping down to the core of quality control, it is under-
stood as a procedure designed to ensure that the product conforms to a desig-
nated set of criteria as set out by the consumers.

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.



�

� �

�

2 Statistical Process Control for the Food Industry

Quality control has been prioritised after the World War II where mass
production manufacturing was developed despite the fact that quality is always
being integrated into the businesses since the industrial revolution in Europe.
Therefore, the quality control activities took a significant turn where the
demand for more inspectors in ensuring the quality of the product increased.
Another major advancement of quality control is when a physician, Dr. Walter
Shewhart introduced a statistical approach to quality control in 1924. It started
after World War II, when Statistical Quality Control has been widely applied
to assist in quality control and production.

The key objectives of quality control are:

• to achieve a consistent quality of the product;
• to maintain the product at the quality at levels and tolerance limits acceptable

to the consumers while minimising the cost for the vendors;
• to manage and continuously sustain the expected level of the product quality;

and
• to ensure that produced items are fulfilling the highest possible quality.

Quality control can be categorised as off-line quality control and on-line
quality control. The key purpose of the quality control is to satisfy the standard
of quality in the product being produced as is compatible with the market for
which the product is designed and at a price the product will be sold. Thus, the
best approach of quality control is to initiate the efforts in the product design
phase and continuously apply such efforts through the production operation
phases.

1.3 Quality Control in the Food Industry

In modern food manufacturing settings, the quality control systems are the
supporting programs that are outcrops of the Hazard Analysis Critical Con-
trol Point (HACCP) program. A clear indication of the product conformance
to their specification are based in the documentation required in the HACCP
program.

Typically, any quality control program in this industry is documented in the
program general overview and being verified on a monitoring form. The data
gained through documentation, observation, measurement, data analysis and
documentation from the programs provided a clear picture of the product con-
formance to a specification. The common approach to document the overall
control system, a form for the quality control scheme should be completed.
Thus, this document provided a concise indication of all the quality related pro-
grams established by the company (e.g. quality parameters, the specification
limits, sampling plan, action plan, critical control point (CCP), and correction
action).



�

� �

�

Quality Management in the Food Industry 3

Quality control of food refers scientifically to the utilisation of technologi-
cal, physical, chemical, microbiological, nutritional, and sensory parameters to
achieve wholesome food. These quality factors depend on specific attributes,
such as sensory properties (e.g. flavour, colour, aroma, taste, texture), quanti-
tative properties (e.g. percentage of sugar, protein, fibre) and hidden attributes
(e.g. peroxides, free fatty acids, and enzyme) (Edith and Ochubiojo 2012). Qual-
ity control is commonly in the raw material, process control, and finished prod-
uct in the food industry.

Most large food businesses establish a quality control department in the
organisation as they have a crucial role in driving quality efforts. A team of
Quality Control (QC) staff promotes quality in the department, assists, and
closely consults with the production. Typically, the production department is
directly responsible for the quality of the products. Nevertheless, unlike most
people’s perception, quality assurance (QA) is not directly responsible for the
quality of the products the business delivered to its customers.

The professionals of the QC department:

• assist the production in quality-related matters;
• report to the division director of QA;
• seek direction and assistance from the vice president of QA; and
• support for QA programs.

1.3.1 Quality Control (Raw Material)

In producing the products, the food manufacturers have to purchase other
products in different forms and services to ensure the business maintains pro-
duction. The products in the food industry are enormously diverse including
raw materials from processed food ingredients, minor and major ingredients
in food production.

In the chain of food production, especially in handling the production of
the consumer foods, it requires the manufacturers who purchase the ingredi-
ents, raw materials and food packaging to ensure the materials are safe and fit
for use. Apart from that, the food manufacturers have to identify the impact
of supplies and services purchased on quality and subsequently confirm the
supplier’s capability to meet the requirements of the specification. Thus, many
food companies categorised the quality control of these ingredients as being
under supplier and purchasing control. Despite purchasing services are not as
important as many of the ingredients, services such as pest control, calibra-
tion, laundry, plant cleaning and quality consultancy need to be considered.
Therefore, the disruption of the food production commonly stemming from
the supplier problems may impact the production, customers and the busi-
ness bottom-line. Food companies should have a systematic control plan in
place. Such a systematic control plan is the key focus of the quality management
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system (QMS) in a company which prevents problems and ensures consistency
within the manufacturing process.

Typically, the supplier provides the raw materials, which means the quality
of the raw materials is not under the direct control of the manufacturer. Never-
theless, the manufacturers can overcome this through their purchasing power
where the manufacturers have significant opportunity to select suppliers. The
company takes the initiative to have a clear understanding of what is required.
Thus, these demands have to be translated into criteria for selecting the suppli-
ers and requirements for them to fulfil.

According to the ISO9001 requirement on the suppliers (i.e. external
provider), the companies are only required to define the process, identify the
authorised people, and ensure that the practice is implemented and adequately
controlled. Nevertheless, the organisation needs to develop and establish
procedures that work efficiently for them.

1.3.2 Quality Control in Production (Processes and End Product)

The actual processing approaches are critical in-house factors that may
adversely affect quality. The most common process control involved in the
food manufacturing process is in the area of the production process despite
some operators using the term ‘production’ and ‘processing’ interchangeably.
The quality programmes in food industry increase the awareness relating to
the values of quality of production and production control strategy as their
fundamental elements. Quality control activities in the food industry mainly
emphasise the production area of the business function.

Controls in production processes are critical in the food businesses as pro-
cess variation contributes to the total variation of production. Such princi-
ples necessitate producer strategies in the manufacturing process in such a
manner that the process can be run in controlled conditions at all steps of the
food production. Furthermore, such an element of process control in a food
quality programme is identified as being critical for the excellent capability
of the process and consistent quality of the products. The food manufacturer
should plan a process control scheme. Thus, in this book, we have specifically
guided the manufacturers in implementing process control through the sta-
tistical approach in Chapter 9. The common process control scheme planning
should include process mapping, identification of critical points, a monitoring
plan and correction plan. It is very efficient to list the sequence of the steps in
the process such as in process map or flowchart approach in controlling the
process (Figure 1.1).

Based on the process map in the example above, there are several important
critical areas which require sampling and ‘checkpoint’ for quality control
activities. A process is a collection of mutually related resources and activities,
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Figure 1.1 Example of process map
of bread production.

Mixing

Supplier

Received raw material

and record keeping  

Weighing the materials according to recipe 

Moulding

Packaging and labelling

Fermentation

Baking

Cooling

Dispatch

which transforms input into output. Process control covers all activities
from the conversion of customers’ demands into manufacturing instructions
through the production and subsequently to the packaging, delivery, and
sales of the products. Thus, in the industry, the use of process control can be
regarded as a bigger or smaller extent of the operation management.

In this book, quality control of the process refers at the production process
of the food and also covers in any activities that involved processes associ-
ated towards the quality of the product and services in the food industry.
The inspection of the finished product is considered as the main approach
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for quality control in the conventional quality control of the processes. The
example of service processes in the food industry are:

• handling customer complaints;
• the time needed to handle customer demand;
• human resource;
• erroneous billing; and
• time for certification.

Inevitably, the success of any food manufacturing operation is highly based
on the degree of control exerted on the different steps in the food production.

1.3.3 Issues Related to the Quality Control

1.3.3.1 Late Adopters
The food industry mainly comprises of small and medium-sized companies,
which results in the late adoption of quality management approaches in
the industry. The industry has lagged behind and suffered a severe food
quality crisis despite the food industry being the pioneer in the field of quality
assurance and quality management. The lack of priority in updating quality
management approaches may also cause the industry quality management
practices to fall behind other industries. The principal occurrences of the food
crises arise from the vague responsibilities for food safety, where it is arbitrar-
ily divided between government, public authorities, private businesses and
politicians.

1.3.3.2 Difficulties Identifying and Prioritising Hazards (Microbiological
and Chemical)
In the food industry, there are many points that could contribute towards the
food quality and food safety attribute. Nevertheless, it is financially impossi-
ble to implement a quality control assessment at all points in the real practice.
Therefore, it is highly suggested to implement the prioritisation of the control
point to provide the food company with a correct direction of their quality con-
trol strategy (i.e. by monitoring and controlling the most critical points towards
food safety and quality of the food production). Identification of critical points
is commonly conducted based on experiences of the staff. The manual or guide-
lines for the certification process (e.g. HACCP) often provide approaches to
identify these critical points.

1.3.3.3 Lack of Scientific and Quantitative Method to Assess Critical Points
The critical points in the food processes may or may not have direct measure-
ment parameters. The root of the problem has been identified as:

• lack of scientific data;
• different approaches to monitoring the critical points;
• variation in standards resulting in different assessments on safety; and
• lack of awareness on the systematic control technique.
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1.4 Quality Assurance

Generally, the quality system can be defined as the organisational structure,
responsibilities, processes, procedures, and resources that facilitate the
achievement of quality management. On the other hand, the organisational
structure is the formal form of functions and tasks and the connection between
them and the order of the processes within the organisation (Ren, He, and
Luning 2016). QA systems only cover different aspects of the complete quality
system in an organisation.

Over the last few years, the outcome of food crises has been a dramatically
increased awareness by consumers and has alerted government bodies on food
safety issues. The implementation of the control system under the food safety
system has become an emerging issue for all stakeholders in the sector. QA
standards and guidelines are increasingly implemented by many food organi-
sations to regain consumer trust in food quality and safety and to establish their
company-specific food safety management system.

If quality is the key goal of a food company, the director of quality assurance
commonly holds a top management position, and quality matters should be
reported directly to the president of the company. Food production systems
have to be controlled by technological and managerial measures by applying
QA (Ren, He, and Luning 2016).

Moreover, QA outlines and manages the activities of control, audits, evalua-
tion, and regulatory aspects of a food production system. For instance, it covers
an in-house consulting organisation, evaluates the quality program and offers
advice, suggestions, and instructions for safety and quality improvement. Apart
from that, instead of blaming culture practices which occur in some companies
through the QA, QA does in fact, have the advisory function in the QMS of a
company.

In a food QMS, a number of common quality assurance systems (QASs) are
available such as:
• Current Good Manufacturing Practice (cGMP)
• Good Hygiene Practice (GHP)
• Hazard Analysis Critical Control Points (HACCP)
• International Organisation for Standardisation (ISO)
• British Retail Consortium (BRC)
• Food Safety System Certification 22000 (FSSC22000)

1.4.1 Current Good Manufacturing Practice (cGMP)

Good manufacturing practice (GMP) has a legal status in the USA where it
is codified in the Food and Drug Administration (FDA) cGMP Regulations
for foods (which cover all foods and specific regulations for specific food
categories).

This certification is highly concerned with the hygiene requirements for food
producers to supply safe food. Nevertheless, there is no absolute assurance of
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food safety as hazards abound to exist at each food process. The key target
is to ensure the absence of unacceptable risks of the processes and environ-
ment in manufacturing the products, or a few academics borrow the term from
the World Trade Organisation, ‘An Appropriate Level of Protection’ (ALOP).
Various criteria are used as the basis for GMP complement assessment which
includes personal hygiene, food production facilities sanitation and design, pro-
cess control and pest control.

The fundamentals of GMP for food are:
• Quality control. Product meets specifications.
• Quality assurance. Systems ensure control and consistency.
• Documentation. If it is not documented, it did not happen, or it is a false

alarm.
• Verification and self-inspection.

HACCP augments and refines codes of Good Manufacturing Practices
in that it concentrates effort and priorities for control on those require-
ments that are essential for safety.

Baird-Parker and Mayes (1989)

The term ‘good manufacturing practice’ is not defined, despite it being used
widely around the world. and it is assumed to consist of the sum total of the
stated regulatory requirements, policy, procedures, and guidelines for comply-
ing with the food regulations. The FDA has announced the plan and processes
involved in modernising the GMP for food safety (last revised in 1986).

The five important factors of production and food processes that affect qual-
ity and safety while following GMPs, are as follows:-
• Place. Premises should be clean, and equipment should be orderly arranged.

Food preparation surfaces should allow for regular cleaning and should be
designed to prevent food contamination.

• Primary materials. Materials should be assessed, controlled, tested, and
recorded where the contaminated, adulterated, impure raw materials should
be rejected and returned.

• People. Number of personnel must be in sufficient numbers, equipped with
sufficient knowledge and training, qualified by education, and mature with
experience to perform their respective tasks.

• Process. The sanitation plan should include procedures for effective premise
cleaning, equipment, handling the health and hygienic behaviour of
personnel.

• Product. Every product has its own specifications, which may include quan-
tity, purity, potency and test methods.

1.4.2 HACCP (Hazard Analysis of Critical Control Point)

The application of HACCP to food manufacture was pioneered in the 1960s
by the Pillsbury Company in conjunction with the United States Army Natick
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Laboratory and NASA, the National Aeronautics and Space Administration to
manufacture safe food for the astronauts. In the early 1970s, a considerable
number of HACCP applications extended to the food industry.

The HACCP system is currently adopted by food companies worldwide as it
is a logical, structured and scientific system that can monitor, control, and verify
safety problems in food production. It involves a prevention process by which
the hazards and risks associated with the manufacture, storage, and distribution
of foods are identified and assessed and appropriate controls of CCPs, which
either eliminate or reduce the hazards, are implemented at specific points.

1.4.3 ISO

ISO 22000 is one of the most renowned and well-established QMSs in the food
sector. It is a system that focuses on food safety management suggesting the
critical requirements for all food producers. Apart from that, it also involves
the ability of companies to control hazards in terms of food safety, to con-
form to the regulatory requirements and to communicate food safety issues
to all involved stakeholders. Thus, the implementation of the system makes the
customer have confidence in the products.

1.4.4 British Retail Consortium

In the similar light, BRC standards were developed for food safety by the BRC.
BRC standards are widely used, and it was used as the benchmark for best prac-
tice in the food industry. The standard response to the industry needs to provide
the quality and operational criteria for suppliers, manufacturers, and global
retailers to ensure compliance with legal and statutory requirements. The core
requirements of this standard are the implementation of HACCP, document-
ing the quality management practices, processes, and personnel, and control
of plant environment. Indicative examples of BRC standards include issues for
food safety, consumer products, packaging and materials, storage and distribu-
tion, and best practice guidelines.

The nature of the QA system in the food industry may differ in several
aspects where the system is developed by combining or integrating the aspects
to ensure the food quality. There is no standard formulation on which the QAS
should be integrated into a food business as each product, commodity, and
company have different priorities.

1.5 Quality Management System in the Food Industry

QMS consists of the activities and decisions performed in an organisation to
produce and maintain a product with the desired quality level against minimal
costs (Luning and Marcelis 2009). QMS is highly related to the formalising of
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quality assurance policies, strategy, standards and specifications from a docu-
mented QAS (Early 2012). Moreover, QMS is a comprehensive approach to the
quality assurance program in the food industry. The implementation of QMS is
considered as the development of a food QAS that is heading to more system-
atic and structured quality assurance.

The ‘food quality management’ refers to dealing with the food safety and qual-
ity, food regulations, and quality management issues, which concerns with the
system in production and also with the system of people. The system thinking
hierarchy developed by food quality management (belongs to the higher system
level) is known to be a complex system but assumed to be a controllable pro-
cess. The food industry quality system introduces and uses a straightforward
mechanism of control to manage the variation. It is represented by the great
emphasis on the implementation of the QM (Quality Management) which are
commonly based on the control circle to assure the food quality.

In the food industry, certification or third-party control has come to the fore
as one of the quality management approaches. Food companies are entitled to
use the certificate awarded to them in their marketing strategy. Therefore, the
applicants (companies) are accredited or inspected for the main characteristics
of certification systems by the independent bodies grounded on standards laid
down by different external organisations (standard owners) of the key charac-
teristics of the certifications. The figure below indicated the three main certi-
fications in the food industry and highlighted the amount of statistical process
control (SPC) usage (Figure 1.2).

1.6 Statistical Thinking

Various tools for quality improvement under the quality management belong to
the application of statistical methods and the philosophy of statistical thinking.
The process of adapting the fundamental change in the business in terms of eco-
nomic, political, technological, and social character is connected to the quality
management and the demand on the management of the modern organisation.

Snee (1990) stated that the principle of statistical thinking is:

• All works occur in a system of interconnected process;
• Variation exists in all processes; and
• Understanding and reducing variation are keys to success.

Based on the principle of statistical thinking, it is clear that statistical think-
ing is process-oriented thinking which provides a fundamental philosophical
framework for quality improvement activities. Such activities focus on the pro-
cesses, and identify and reduce the variation and the application of relevant
data to understand the trend of the variation Cox and Efron (2017).
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Critical Control Point 

cGMP/GHP

HACCP ISO

There is no specific criteria to highlight 

the usage of SPC, however monitoring of 

CCP is required. The result of the 

monitoring process is significant in 

adjusting the process and sustain the control

of CCP. It is considered as a fundamental

process in the HACCP system, so that the

food companies are able to take action to

bring the process back into control before a

critical limit is exceeded. The monitoring

outlined in the HACCP principle is highly

similar to the principle of SPC.

Good Manufacturing Practice

Under the Subpart E of GMP, outlined

by the FDA, it is a necessity for the

food companies to address the

monitoring of critical control points in

order to ensure that the food produced

is suitable for human consumption. The

processes and controls involved raw

materials and manufacturing operations.

International Standard Organisation

Operational planning and control.

This section does not specifically

suggest the usage of SPC, however

it highlighted the requirement of 

an organisation to control the

processes to meet the product or

service requirement. 

Figure 1.2 SPC in food certifications.
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1.7 Summary

• Quality in the food industry is considered as the most important aspect of
the processes and production, and food safety is considered the most crucial
aspect of the food quality.

• Quality control in the food industry is used to satisfy the standard of product
quality and comply with the regulations and rules in ensuring the food is safe
to be consumed.

• Quality control in the food industry is typically being implemented at raw
material inspection, processes, and end product.

• The businesses in the food industry are lagging behind in adopting tech-
niques in quality control and suffered a food quality crisis.

• Quality control involves inspection, monitoring, testing, measurement, and
analysis of data.

• Quality assurance activities involve planning, audit projects and analysis of
the quality programme.

• QMS refers to a formalised internal system that records the processes, proce-
dures, and responsibilities for conforming to quality policies and objectives.

• QMS includes quality strategy, quality planning, and improvement activities
in the business.
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2

Food Industry and its Contribution to the Global Economy

2.1 Introduction

This chapter will provide an overview of the food industry and begins to bring
the reasons behind Statistical Process Control (SPC) implementation in the
industry. Food industry is a complex multitiered system of producers and
consumers, which regulated by the state of agriculture, Ministry of Health
and other governmental bodies that establish many regulations. In addition
to the numerous law and regulations, today low margins, globalisation,
decrease-trained employees’ number and changing consumer distribution
pattern also challenge food businesses to operate efficiently (Kennedy, Nantel,
and Shetty 2004).

In the United Kingdom (UK), the food and beverage industry employ more
than 100 000 workers, which is nearly a third of the European Union work-
force (Malone 2017). The food and beverage industry contributed more than
28 billion GBP to the economy, and exports more than 20 billion GBP worth of
food and drinks to the rest of the world last year (Malone 2017).

Interestingly, more than 96% of the businesses in the food and beverage
industry in the UK are made out of SMEs, making it a competitive industry
(Malone 2017). On the other hand, according to the Unnevehr (2017), the
food and beverage industry accounts for at least 5% of the total gross domestic
product in the United States. The food industry also contributes at least
10% of the employment rate, and more than 10% of consumers’ disposable
incomes in the United States. The food industry also recorded a high number
of sales at USD 1.4 trillion dollars (Unnevehr 2017). The food industry is
a major contributor in providing job opportunities in the food processing,
manufacturing, distribution, and sales of food.

The food industry has also been reported to be more reliable compared
to other industries within the manufacturing industry. It helps to contribute
towards the growth of local economies as an economic multiplier, which gen-
erates positive outcomes for the locals. Apart from that, the food industry also
invests in newer innovations when it comes to the future of the food industry,

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.



�

� �

�

14 Statistical Process Control for the Food Industry

which results in better research and development outcomes for the food
industry (Unnevehr 2017). Research also enables the food industry suppliers
and manufacturers to invest in more sustainable ways of manufacturing fresh
produce while ensuring that the impact on the environment is less for a better
future.

An increase in food exports also increases international trade relationships
between countries since there are more opportunities for the exchange of dif-
ferent raw or processed food, to a greater number of destinations around the
world (Unnevehr 2017). Increasing technology enables the food to be processed
and packaged safely for long distance distribution.

Furthermore, developing countries have shown a higher interest in processed
food products due to the increasing demand for newer types of foods. The huge
demand and supply of food manufacturers and suppliers have enabled a diver-
sified supply of food, including the quality and price of food supply. This also
allows food to be more affordable for those who are not able to spend on expen-
sive food. Having a wide range of alternatives also means that people have more
choices and can choose different types of food based on their willingness to try
out different and new products, or choose the price range with which they are
comfortable. This gives customers more purchasing power.

2.2 What Is the Role of Food Industry in the Global
Context?

The food industry has a role in the expansion of opportunities and economic
growth locally and globally, from family units, communities, small and medium
enterprises, and international corporation (Pfitzer and Krishnaswamy 2007).

Figure 2.1 shows the opportunity of the food industry in being an economic
contributor for those in the industry. Farmers start by growing crops and fresh
produce such as fruits and vegetables for their own consumption. The addi-
tional produce is then exchanged at local community markets among farmers
and the people. Then, small businesses package this produce to send it to nearby
locations such as fresh farmers’ markets and local grocery stores and super-
markets. This then turns into national supply as businesses start expanding the
supply of fresh produce to more locations in and around the country. Finally,
international supermarket chains and brands then further market and package
the products for international exports.

The process of food packaging and distribution creates many job opportu-
nities, not only for the farmers, but also for the local businesses that supply
this fresh produce. Furthermore, exporting fresh produce from one country
to another widens the scope of the market and distribution numbers, which
increases sales and the growing demand also increases the revenue for the food
suppliers. International chains that participate in the selling and distribution of
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Figure 2.1 Food as an economic opportunity.

local produce must have enough understanding of local demands and markets
(Pfitzer and Krishnaswamy 2007). Furthermore, companies should also be
able to ensure the consistent quality of the food being supplied, and to ensure
that the supply of fresh produce is always increasing to cope with increasing
demand locally and internationally. Besides that, international chains also
tend to invest for long-term opportunities and benefits for farmers and their
families, since this will provide them with long-term opportunities, and help
to ensure continuous productivity of fresh produce in the region (Pfitzer and
Krishnaswamy 2007).

2.3 Several Classifications of Food Industry from
Several Sources

The food industry can be classified into different categories such as agriculture,
marketing, food processing, retail and regulations, wholesale and distributions,
and manufacturing (New World Encyclopedia 2017). Research and develop-
ment of newer food types and food processes are also vital in the food industry.
Each category is independent in its role with food, as well as being interlinked,
since there is a need to work hand-in-hand to achieve the best output for sales
and distribution to the general public and to also achieve high quality food sup-
ply and manufacturing (Figure 2.2).
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Figure 2.2 The food value chain.

Table 2.1 Comparisons on the classifications and contributions of the food industry
in the UK.

Industry/categories Contribution (£ billion)

2014 2015 2016 2017

Food and drink wholesalers 10.7 11.9 10 12.3
Manufacturing (food and beverage) 26.5 26.9 28 29.5
Food and beverage retailing 26.1 30.2 29.5 29.4
Agriculture and fishing 9 10.7 9 9.2
Catering business 26.9 29.1 32 32.7

In the UK, agriculture has been an important aspect of the food industry,
with a total contribution of more than 14 billion GBP worth of local supplies
to the country (Traill 2008). Agricultural exports are reported to be low, while
the workforce has employed more than half a million workers, showing a
healthy sign of economic contribution to the country (UK). Some of the other
key figures and contributions are listed in the table below (Table 2.1).
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The food chain and supply are a substantial component of all national
economy. Food and beverages manufacturing in the UK contribute the second
largest output compared to other manufacturing sectors.

In the first stage of farm production, the production of food is mainly raw
and fresh, with minimum processing (e.g. the production of fruits and vegeta-
bles). UK farms supply relatively three-quarters of its raw material. There is a
threat from the UK sourced food supply to the manufacturing industry when
financial returns to primary producers are low and there are deteriorating lev-
els of farm subsidy (Bourlakis and Weightman 2008). The contribution of food
manufacturers can be quantified in several categories:

• Gross national product;
• proportion of consumer expenditure;
• imports and exports of food on balance of payments;
• number of employed workers; and
• value added.

The UK food manufacturers are expected to consistently and efficiently pro-
duce quality food. The food manufacturers play a critical role in the supply chain
being the mediator of producer and retailer and carrying the primary role in
delivering quality products. At this stage, the processing begins to transform
raw food materials into different forms. This can involve sugar refining pro-
cesses, as well as the processing of grains to produce flour. In the second stage of
processing, food is further processed to be readily eaten by freezing food items.
This creates ready to eat food items such as ice creams and frozen meals. In the
fourth stage, food products are then distributed to different parts of the country,
to different wholesalers and retailers. Finally, consumers purchase these prod-
ucts to be consumed from supermarkets and retail shops (Unnevehr 2017).

According to Zokaei and Simons (2006), the supply chain does not give
customers the opportunity to customise food products, and does not give the
opportunity for farmers to meet directly with customer’s changing require-
ments. The effectiveness of the food value chain has to be measured in terms
of satisfying customer’s needs and wants through the efficient management of
the food chain. Therefore, there exists a gap between the supply of food and
customer wants. Compared to the past, the food manufacturers have closer
relationships with their customers and the retailers where they increase their
demands to their suppliers for quality assured and economical produce. On
the other hands, it is clear that the key stakeholders in the food chain are the
farmers and food producers, government, scientific committee and consumers
as shown in Figure 2.3 below.

The producers are focused on the production of food primarily through farm-
ing, while also focused on research to find new ways of improving production.
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Figure 2.3 Stakeholders in the food chain.

The processors would primarily be focused on manufacturing and altering raw
food materials through multiple processors. This would then be handed over to
the distributors who are focused on distributing and selling the food products.
Consumers would then buy and consume the products based on considera-
tions such as pricing and branding. Lastly, the regulators are the government
and the non-governmental organisations who focus on food safety and public
policies to ensure the safety of food manufacturing. These stakeholders all play
a role in the food chain, and function with each other to ensure the smooth
flow of food production from raw materials to processed and completed food
(Deloitte 2013). The disruption of the food chain is typically caused by the risk
of hazard of the product.

2.4 How is the Food Industry Different from Other
Industries?

According to Murray (2007), the food industry differs from other industries as
the product (food as the raw material) can be processed into a different form
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and sold to consumers. For instance, produce from the farm can be processed
into a packaged or canned food or sold in the raw state as it was produced.
Furthermore, in some cases, the food is sourced, put together and frozen, only
to be reheated when needed. This changes the economic income growth and
contribution, as sales and distribution can continue to happen when food is
repackaged or changed (Murray 2007). Apart from that, the different compo-
nents and ingredients for food, can be sourced from different parts of the world
to be put together for a single dish. For instance, a bowl of noodles may con-
tain some local ingredients, imported cured meat, and maybe some imported
ingredients sourced from a particular region (Murray 2007). This shows a close
dependent relationship between food suppliers and manufacturers, as well as
those who use it for daily operations such as in restaurants and hotels around
the world.

The food industry is also expected to grow at a rapid rate, especially in
developing economies around the world (Murray 2007). Branded supermarket
and hypermarket chains, particularly from Europe and the United States have
increased their presence in developing countries, making food even more
affordable and accessible for growing populations. This also means that people
are more exposed to different types of food, and this only increases the food
industry around the world. This in turn increases the competitiveness among
the different food manufacturers and suppliers, since there would be more
pressure to produce and manufacture better quality produce, and use more
sustainable methods of producing food supplies to ensure long-term business
outcomes for local food businesses (Murray 2007).

2.5 Customers and Consumers

The end user in the food chain is the consumer, where the challenge for the
food supply chain is to satisfy and meet consumer needs and expectations.
Therefore, there is a variety of research from government and commercial busi-
nesses explaining the habits of consumers (e.g. National Food Survey taking a
snapshot of the consumers purchasing behaviour). Faced with derived demand
and dependent on the end user, such information is critical to FSM players to
monitor general demand, aware of the trends and changes over time, reaction
to price and get a big picture in terms of food consumption. Another source
of information is from the commercial research which provide only selected
information describing the consumption and purchase behaviour of product
categories and individual brands. Information from the commercial research
is patented where the information is not for public (people outside the organ-
isation). In buying the products, consumers make judgements on certain key
attributes to decide how well the products satisfy their requirements and needs
and the advantageous of the products or brand compared to others.
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There are general models describing the factors affecting food purchasing
behaviour. A comprehensive model was developed to consider the relationship
between personal characteristics, food products, and environmental charac-
teristics. Most of the food business focused on the sensory evaluations as the
quality characteristics to represent the customer voice. The model is product
focused on the relationship between taste and flavour in relation to the other
influences. These food quality models reflected consumers’ voice as it is a crit-
ical part of food chain. The standards for quality in food contain four common
areas, which are the legal standards, voluntary label standards, industry stan-
dards, and consumer standards. The consumer standards represent the key
requirements towards a product and it is the experience used by the industry
for consumers.

2.6 Government Plan

As one of the main and important guidelines, the UK government has intro-
duced a national plan for several purposes. For instance, the Department
for Environment Food and Rural Affairs prepare Food Chain – Evidence
Plan 2013/2014–2017/2018. The sustainable food policy is set within a
wider national policy with coalition priorities and it addresses the ministries
priorities:

• Food businesses to have a better environmental performance to improve pro-
ductivity and competitiveness of the business;

• to promote a sustainable approach to the use of materials and management
of waste throughout society; and

• to implement an impartial approach to regulation and remove unnecessary
burdens.

The government also outlined the International Action Plan 2016–2020 for
the UK food and drink industry to accelerate UK export growth and to increase
confidence for the businesses interested in exporting. The key strategic objec-
tives are through raising ambition, increasing capability, and identifying oppor-
tunities.

2.7 Summary

• It is a competitive industry, of which comprises 96% of the industry are SMEs.
• The food industry is also expected to grow at a rapid rate, especially in devel-

oping economies around the world.
• The food industry is unique to other industries, as its products can be pro-

cessed into a different form and sold to consumers.
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• Food industry is a complex and multitiered system starting from producers
and ending with the consumers.

• The UK food chain comprises five key stakeholders, which are the producers,
processors, distributors, consumers, and the regulators.

• The food industry contributes towards the growth of local economies and
generates positive outcomes for local businesses.

• The huge demand and supply of food manufacturers and suppliers have
enabled a diversified supply of food, including the quality and price of food
supply.
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3

Quality and Safety in the Food Industry

3.1 Introduction

This chapter provides an overview of the concepts and practices correlate with
safety and quality in the food industry that is based on:

• Government regulations
• Requirements and expectations of customers and consumers

These regulations and requirement impacted the changes in food industry
operations including significant developments in food quality and food safety
activities. The continual efforts to the basic need of food quality and food safety
influenced by numerous factors:

• Consumer expectations relating to various aspects of food (e.g. nutrition,
convenience, additives)

• Incidents relating to food safety
• Environmental concerns
• Changes in government regulatory processes
• Traceability in food production and processing
• Technological changes
• Foods derived from biotechnology
• Irradiated foods
• Food security issues
• Organic foods
• Economic factors
• Issues relating to international trade

In every country, food business can be operated on different levels such as
local, national, or multinational corporations, which use either intensive farm-
ing or industrial agriculture in maximising productivity.

Industry has adopted safety and quality systems that have been developed
customised for the application of the food industry. The current environment
of the industry is witness to the fact that food companies are committed to

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
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safety as they employ robust food safety programs that not only meet the
requirements of the law, but also go beyond the requirements. Accordingly,
the requirements in food quality and food safety are addressed through the use
of quality management systems and programs that include quality assurance,
quality control, and the Hazard Analysis and Critical Control Point (HACCP)
system, Good Manufacturing Practice (GMP), British Retail Consortium
(BRC) and Food Safety System Certification (FSSC 22000). Within a particular
food company, the food quality and food safety activities are likely to be
covered by some combination of these programs or systems.

With an understanding of the importance of food safety certifications which
has impacted not only towards the law and regulations compliance, but also
for marketing strategy, the industry has quickly adapted to HACCP principles.
Even those companies that are in non-HACCP-regulated industries have also
embraced those principles. Preaching the idea of the food safety program, most
companies go to the extent of developing supplier inspection programs. They
are required to divide samples and perform laboratory analysis and third-party
external audits.

It takes diligence every day. It’s not just talk; it’s action behind the talk.
(Joan Menke-Schaenzer, ConAgra)

In the industry, the terms of food quality and food safety are often used inter-
changeably. However, it is important for the food industry practitioners and
experts to identify the differences between those two. In general, food qual-
ity is the degree to which all the requirements established are being met. Food
safety is the extent of the ability of a company to conform to those requirements
relating to characteristics that have the potential to be the cause of illness or
injury. It is clear that the food business that does not comply with the food safety
requirements automatically does not conform to the food quality requirements.
However, a food product may conform to the requirement of food safety but fail
to conform to the other quality requirements. A clear distinction between food
quality and food safety should be emphasised because priority should be given
to protecting consumers from food-borne illnesses or harm.

Although the food industry is aware of negative public opinion, not all
companies are committed to improving the industry’s image

(Hubbard 2003)

A key feature of the food industry is that food producers must comply with
the market demand and law and regulations to satisfy both safety and quality
criteria for their products. Therefore, food producers should decide the most
suitable quality management system for their specific activity and establish
effective systems for managing quality and safety of their products.
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3.2 Food Quality

In defining food quality, the customer’s perceptions of food quality are crucial
and need to be emphasised. It is the level to which all the established criteria
relating to the characteristics of food are met. In the industry, quality of the
food can be referred to in two dimensions which are objectives and subjective
quality. Quality of the food also depends on the degree the product character-
istics meet the consumer preferences. Quality not only depends on objective
characteristics of the product but also on consumers’ perception of satisfying
personal requirements and objectives.

3.2.1 Objective and Subjective Quality

The objective quality of the food refers to the physical characteristics created
in the product by the engineers and food technologists. Meanwhile, a qual-
ity that is perceived by the consumers is considered as the subjective quality
(Grunert 2005). The association between the dimensions above is at the centre
of the economic importance of quality:
→ food producers interpret consumer expectations into physical product

characteristics
→ consumers can then deduce desired qualities based on the way the product

is designed
→ quality is a competitive parameter for food producers.

From the holistic model of food quality, food safety is a subset of food qual-
ity, at least to the degree that consumers perceive food safety as the necessary
characteristic. Common examples of quality characteristics of food, excluding
the food safety characteristics, are:
• Declared gross or net quantity (e.g. weight or volume) of a unit of the food

or net fill of a food container
• Declared or claimed amount of one or more stated components of a food
• Chemical composition
• Appearance (e.g. size, shape, colour)
• Flavour
• Aroma
• Texture
• Viscosity
• Shelf-life stability
• Fitness for use as human food
• Wholesomeness
• Adulteration
• Packaging
• Labelling
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The definition of food quality, three proposed types of food quality;
product-oriented quality, process-oriented quality, and user-oriented quality.

• Product-oriented quality is concerned about a food product’s physical prop-
erties, like fat percentage and cell content in milk.

• Process-oriented quality related to the degree where it is concerned with the
extent of the quality characteristics of the products which maintain a product
stable at targeted levels (product specification limits).

• The user-oriented quality is the perception of the customer (intermediate
user or end user or even retailers) towards the products.

Most of the quality characteristics are listed in the Food Act and regula-
tions in most countries, which make it inevitable for the companies to work
towards achieving the quality characteristics. For example, food producers that
fail to meet regulatory requirements relating to a standard of declared quan-
tity, declared ingredients, or label claims, can be penalised as making fraud and
misbranding. Regarding its safety and shelf-life, the spoilage, deterioration, or
decomposition of foods, production of a harmful substance that can lead to
illness or death, are all perceived as a failure to offer a product fit for human
consumption.

Scoping down the definition of food quality, it is known that to define food
quality is going to be complex. A model which was developed by Grunert et al.
(1995), to depict a framework of the dimension of food quality. The model sug-
gests two approaches to analyse food perception; which offer the time dimen-
sion (horizontal) and inference making dimension (vertical).

• The time dimension. Differentiates quality perception before and after pur-
chase.
The dimension covers the distinction between search, experience, and cre-
dence qualities and its implications for consumer’s ability to assess quality
before and purchase. It also covers the assumption that the extent of confir-
mation of pre-purchase quality expectations will determine consumer satis-
faction and repurchase intention.

• The consumer’s inference-making dimension. Focus on the consumers’
approach to infer quality from several different signals and on the behaviour
of the consumers to choose the food product properties that are desirable.

This is done by linking the product properties to basic motivators of human
behaviour. The concept of confidence in inference-making is believed to be
linked to the consumers’ knowledge and expertise.

Following the definition by Codex Alimentarius on the food suitability as the
assurance that food is acceptable for human consumption, this includes criteria
such as wholesomeness, and extraneous matter. The quality requirements are
not solely developed by the government; many criteria for food quality charac-
teristics are also outlined by the customers and consumers’ expectation.
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3.3 Food Safety

The food industry accounted for both legal and moral responsibility for serving
to customers and consumers safe and quality food. Food safety is a critical
aspect of public policy, and it has for some years figured prominently on
the political agenda. Food safety is a part of food quality. A food product
that is of good quality can be considered safe to be consumed, however a
safe product may not necessarily be perceived as a quality food product
(Figure 3.1).

It can be specifically defined as the possibility of not contracting a disease
due to consuming a certain food, and it is a concept based on the objective
risk assessment by the scientists and food experts. The safety paradigm is that
although the food is safer, consumers‘ attitude and subjective assessment is sub-
jugated by high levels of ambiguity. The endorsed food laws and regulations
by the government around the world designed to ensure that foods are fit for
human consumption. Food law does not only protect consumers from harm or
unsafe foods, but also from fraud relating to specific established food quality
characteristics.

Food Quality

Food Safety
Food safety control hazards from the 

consumers.

Biological

Pathogens that may cause illness

Chemical: 

Sanitizers, cleaners, polishes, pesticides,

antibiotics

Physical:

Bone, rocks, metal

Appearance

Flavour

Taste

Aroma

Texture

Viscosity

Shelf-life

Wholesome 

Adulteration

Figure 3.1 Food quality and food safety.
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The primary purpose of such enactment is to protect consumers from harm-
ful foods and from resulting from misrepresentation or fraud relating to specific
established food quality characteristics. Mostly in each country, governments
established several agencies to foresee and enforce the food laws and regula-
tions to secure customers confidence with the safety of the food in the current
market. The regulatory response can be through enforcement of food safety
standards; no direct effect on consumer food buying behaviour, but is arguably
regarding economic efficiency when consumer preferences for safety are pre-
sumed to be heterogeneous. Another regulatory response requires endeavours
for providing transparency and educates consumers to develop their judge-
ments on food safety through a consumer awareness programme and consumer
information instruments (e.g. labelling). In recent years, the general public has
become more critical with processes involved in the food production – starting
at the farm level and the processing level.

Typically, in a food company, overall responsibility for the effective imple-
mentation and continuous application of these programs are delegated to the
senior management. Food safety practices have always been integrated into
quality assurance system or quality management system; therefore, these sys-
tems can address both food quality and food safety aspects.

The challenge is the food producers often fail to provide sufficient food safety
programme as it is considered costly for the companies to run food safety tests
and some may be unable to certify the safety of foods provided the vast array of
microbial agents that have the potential for hazard along the food production
process. Therefore, the governments around the world took serious action by
emphasising the application of systematic approaches to ensure the safety of
the food products (e.g. mandate the implementation of HACCP system in the
food industry).

3.4 Hazard Analysis and Critical Control Point (HACCP)

3.4.1 Concept

The HACCP system is widely acknowledged food safety management system
and its becoming the international tool focused on prevention of problems to
assure the food products that are safe to consume. It provides a systematic and
scientific but common-sense application of technical and scientific principles
to the food production process from harvest to consumption. It involves in all
phases of food production (e.g. food preparation, food processing, consumer
handling, foodservice, retail and distribution).
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HACCP
HACCP is a system based on prevention of hazards to the industry to pro-
duce safe food to consumers, instead of inspection.

The food producers, distributors and retailers required sufficient information
about the food, procedures and processes involved in producing food, so they
will be able to determine the points that caused food safety problem; called as
critical control point (CCP). Prevention is easier if ‘how’ and ‘where’ are known
to efficiently control and avoid the hazard contamination.

As it was defined, HACCP concept covers all types of potential food safety
hazards – biological, chemical and physical – whether they are naturally occur-
ring by the environment or generated by a mistake in the manufacturing pro-
cess or handling. HACCP is designed to prevent food hazards which can be
categorised as microbiological, chemical and physical hazards.

The system is outlined by seven principles that involved identification and
assessment of the severity of hazards and their risks (hazard analysis) that
related with growth, harvesting, processing, manufacture, distribution, mar-
keting, preparation and/or use of a raw material or food product (Figure 3.2).

Establish record-keeping and documentation procedures

Verify that the system is functioning as planned

Plan and take corrective action

Monitor critical control points

Specify criteria/control limits to control

Determine critical control points

Identify hazards and assess the severity of the risk

Figure 3.2 Steps in implementing HACCP.
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HACCP has become internationally well known as the best approach of
ensuring food safety. The production of meat, poultry, seafood and juice
have been mandated to apply HACCP by the US food regulatory body. The
European Union (EU) also adopted several new regulations on the hygiene of
foods, including one (852/2004/EC) directing that as of January 1, 2006, all
food business implement procedures in food production based on HACCP
principles. Government from other countries, Canada, Japan and Australia,
have adopted or are adopting HACCP-based food safety control systems
(Bernard and Scott 2007).

3.4.2 HACCP Principles

A food safety management system based on the HACCP principles will ensure
the identification of hazards and to be controlled to avoid the risk of food safety.

3.4.2.1 Principle 1
Identify any hazards that must be prevented eliminated or reduced. This
can be done by preparing the list of steps in the process where the critical haz-
ards may occur and describe the preventive measures.

3.4.2.2 Principle 2
Identify the CCPs at the steps at which control is essential in the process.
A CCP is a step at which control can be applied and is vital to prevent the hazard
of food safety or reduce it to an acceptable level. The application of a decision
tree can facilitate the determination of a CCP. A ‘step’ defined as any stage in
food production or manufacture including raw materials, their receipt and pro-
duction, harvesting, transport, formulation, processing, storage. For instance,
raw meat, it will kill pathogens such as Escherichia coli 0157.

3.4.2.3 Principle 3
Establish critical limits at CCPs for preventive measures associated with
each identified CCP. Limit for CCP is a standard which distinguishes accept-
ability from unacceptability. The limits indicate the maximum or minimum
value to the hazards (physical, biological, or chemical) and it must be controlled
at a CCP to prevent, eliminate, or reduce the food safety hazard at the accep-
tance value. The parameters for the CCP limits should be measurable such as
time, temperature, humidity, water activity and pH value.

3.4.2.4 Principle 4
Establish procedures to monitor the CCPs. Monitoring is the core compo-
nent in the HACCP system. The results of monitoring are used to establish
procedures to adjust the process and maintain control. Monitoring is a strate-
gic order of observations to assess whether a CCP is in-control and to provide
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correct records for future use in verification. Monitoring can provide warnings
to the manufacturers if there is pattern towards loss of control so that before it
exceeded the limit, action can be taken. The responsible staff for the monitoring
procedure should be adequately trained.

3.4.2.5 Principle 5
If a CCP is not-in-control, implement corrective actions.

The management should provide a corrective action plan as a standard oper-
ating procedure if there is a violation at the CCP. Corrective action is an action
took place when the CCP has exceeded the limit, i.e. a loss of control. The plant
management has to determine the corrective action in advance. The employees
monitoring the CCP should understand this process and be trained to perform
the appropriate corrective actions.

3.4.2.6 Principle 6
Establish procedures to verify whether the above procedures include
supplementary tests and procedures to confirm that HACCP is working
effectively. Verification concern the application of procedures, methods,
assessments and other evaluations, besides to monitoring, to ensure the
compliance with the HACCP plan. Verification can be the calibration of
process monitoring instruments at specified intervals, direct observation of
monitoring, and corrective actions. Other methods of verification are sampling
of product, monitoring records review and inspections can serve to verify the
HACCP system. The manufacturers must ensure the employees are keeping
accurate and timely HACCP records.

3.4.2.7 Principle 7
Establish documents and records concerning all procedures and records
appropriate to these principles and their application. Maintaining accurate
and complete HACCP records essential for:
∘ documentation of the HACCP plan compliance;
∘ solving problem; tracing history of an ingredient, processing of a product,

or a finished product
∘ detecting trends in the selected operation that could result in a deviation
∘ identifying and narrowing a product recall.

Despite the widespread interest for HACCP, some of the controversies cir-
culating its application is whether HACCP is effective in eliminate the food
safety hazards and whether it allows the food producers to meet the food safety
objectives in the most efficient approach. HACCP provides a systematic way of
identifying food safety hazards and making sure that they are being controlled
day-in, day-out. The management can apply the widely known PDCA (Plan,
Do, Check and Act) as a systematic template to execute the HACCP plan as
described in the Figure 3.3.
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Plan
Plan what are required to maintain food 

safety (Example):

Minimise the potential of food hazards

Minimise the potential for cross 

contamination of the food products

Do
Execute the plan for ensuring the food 

safety.

Check
Check to ensure the plan was 

implemented to maintain food safety 

and list down on the plan that have 

been checked and when.

Act
Execute corrective action to remedy

food safety problems and explain the

action and its impact.

PDCA

Figure 3.3 PDCA for HACCP implementation.

3.4.3 Hazards

The seven principles of HACCP focus on the detection and control of micro-
biological, chemical and physical hazards in the processing and production of
the food. The hazard assessment and the routine monitoring of critical con-
trol measures should be well documented to provide the basis for audit checks
and may provide evidence of due diligence in the event of legal action. Careful
and thorough implementation of HACCP principles by the operators demon-
strates their commitment to food safety; improves employee awareness of their
role in protecting consumers, and accentuates management’s responsibility for
the safety of the food they are producing.

3.4.3.1 Physical Contamination
Adulteration is one of the major physical contaminations. It is the mixing
of low-grade material with the superior materials for product, subsequently
reducing the quality (taste, colour, odour and nutritional value) that later on
causing ill effects on the health of the consumer (Hurst and Harris 2013).
Most of the food products sold in the market has the potential to physical
contamination, but according Lucey (2006), food production that are heavily
adulterated are milk products, edible oil, spices, beverages drinks, sweets,
pulses, sugar, processed foods, rice and cereal products like flour (Lucey 2006).
Although chemical hazards are still dreaded by many consumers and the
consumers most commonly identified physical hazards, microbiological
hazards are the most serious from public health perspective. Therefore, while
HACCP address the three types of hazards, majority of the focus is focused on
microbiological hazard.
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3.4.3.2 Chemical Contamination
It is widely known that chemical has elicit harmful effects when living things
consumed as it is said to be toxic. The application of chemicals in the food
production and processing may impacted the food quality and dangerously dis-
guises the deterioration and constitutes deliberate adulteration that can cause
injuries to the consumers. The chemical hazards can be separated into three
categories:
• Naturally occurred.
• Intentionally added.
• Accidently added

The presence of a chemical may not always cause hazard. However, it is the
amount of the chemical determines whether it can cause injuries or not. It
is advised that food additives (preservatives, colouring artificial sweetening,
antioxidants, emulsifiers, flavours enhancers), if used should be of approved
quality and processed under GMPs (Edith and Ochubiojo 2012). There are also
chemicals that are used on food processing equipment such as sanitizer or oil
applied on the equipment.

3.4.3.3 Microbiological Contamination
Contamination of food is the most dominant health problem in the modern
world. These organisms can affect human health, including infection, intoxica-
tion and the worst case is death. Microbiological criteria should be established
and ensure the food is free of pathogenic microorganisms to secure the quality
and safety of the food. Microbiological hazards can occur at any stages of food
production or processing, including the raw materials, ingredients and finished
products. Pathogenic microorganisms enter food processing from several main
routes: the external environment, people, raw materials, and equipment and
vehicles.

Microorganisms may be beneficial, end even essential. However, some can
be pathogenic. It is this category of microorganism that concerns food pro-
cessors and public health officials.

Pathogens can be temporary or sporadic visitors, or they may persist for long
periods. Therefore, the microbiological assessment of the food products has to
be adopted throughout the critical area of the food production. Food compa-
nies need to prepare, define and apply the microbiological criteria ensure clear
distinction safe and unsafe food.

Food poisoning often occurred due to the consumption of used, residual, fer-
mented or spoiled food, as these may be contaminated with bacteria or other
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microorganisms, hence toxic. These toxins are very difficult to eliminate as
they survive normal cooking temperatures. Inadequate refrigerated food con-
taminated with microorganism such as Clostridium perfringens (breeds in the
alimentary canal producing the poisoning within 8–12 hours after the ingestion
of contaminated food) is one of the major causes of food poisoning. Some of
the lethal effects of microbial contamination of food include; liver cancer (afla-
toxin), Flavism (hemolytic anaemia) (consume broad beans or by inhaling the
pollen of its flower).

3.4.4 Documentation

Documents should always be updated as they offer information on the events
happening and decisions and action taken. Where visual monitoring is neces-
sary, for example to ensure carcasses are free of visible faecal contamination,
records can be limited to ‘exception reporting’. A record is only made when
there is a problem or something uncommon happens and confirming the cor-
rective action taken as the feedback action.

3.4.5 Critical Control Point (CCP)

As of today, HACCP has become the most reliable and cost-effective method to
ensure food safety. However, common danger is when the company has prop-
erly validated and implement a HACCP plan, the team tends to view that the
challenging task of guaranteeing the food safety of the product is over. However,
realistically, this is only the beginning. The biggest challenges is to sustain the
HACCP application in a day-to-day basis in the production. Therefore, having
to plan the HACCP, an effective process control approach is vital.

Typically, quality control operation (identification and control of critical
control points) enable the compliance during operation.

3.4.6 How to Do it?

3.4.6.1 Step 1: Develop HACCP Team
HACCP is a system that should be developed to a specific product and process
which it can covers from harvesting/processing raw materials, food manufac-
turing to the point of consumption. Food companies that have the intention to
apply HACCP certification are required to develop system using a standardised
approach that are outlined in a series of steps.
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the product to be assessed at different

stages (e.g. final or in-process product) 

the extent of the process 

manufacturing/distribution to be covered 

the scope of hazards to be considered,

i.e. microbiological, chemical or physical
whether only hazards will be assessed or 

microbiological contamination will also be 

covered

Figure 3.4 Target of HACCP implementation.

The role of the team is to carry out a HACCP assessment, develop a HACCP
plan and implement the HACCP system. The team developed should be a mul-
tidisciplinary and consist of representative from each function concerned with
the manufacture and distribution of the product:

• Quality assurance technologist/microbiologist – fully familiar with the qual-
ity and safety requirements for the product, potential hazards and risk,

• Production specialist – conversant with the product manufacturing and
packing processes

• Distribution specialist – fully familiar with the processes of storage and dis-
tribution through which product passes between the points of packed prod-
uct storage and sale to the consumer

• Food engineer – fully conversant with the design, operation and performance
of the plant and equipment

The senior management should ensure the team members are aware and
understand the direction of the HACCP implementation in the company
towards the team members (Figure 3.4).

3.4.6.2 Step 2: Describe and Characterise the Product
A detail evaluation should be made of the product’s characteristics, prescribed
storage conditions and recommended use, identifying as relevant. Example of
the characteristics are ingredients, water activity, pH, temperature, ingredients,
shelf-life, humidity, standard pattern of use, instruction to consumers.
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3.4.6.3 Step 3: Construct the Process Flow Diagram
A step-by-step flow diagram of the process should be established, covering the
agreed scope of the HACCP system. Engineering drawings and manufactur-
ing process conditions should be included to supplement the development of
process-flow diagrams. The HACCP team should verify the processing oper-
ation in the flow diagram at all stages and hours of operation, which then the
team will amend the flow diagram where applicable.

3.4.6.4 Step 4: Identify the Hazards Control
The information and the data collected from the characterisation of the product
should be analysed to identify the associated hazards. The HACCP team should
list all hazards that may be reasonably expected to happen at each step from
main production, processing, manufacture, and distribution until the point of
consumption. Once the hazards have been identified they should be assessed
in terms of severity and risk.

3.4.6.5 Step 5: Quantify and Analyse the Hazards
The assessment of severity, being the magnitude of consequences resulting
from a hazard, enables the team to realise the status and importance of the
hazard in terms of the overall HACCP. According to Early (2012), there are
three stages of severity of the hazards (high severity, medium severity and low
severity) (Figure 3.5).

Figure 3.3 shows that the risks, being the probability of occurrence of a haz-
ard, can also be categorised as high, medium and low. High risk depicted an
expectation that the hazard will occur, medium risk indicates that there is a

High 

severity:

• Life-threatening or permanent injury

Medium 

severity:

• Temporary illness or injury

Low 

severity:

• Nausea or discomfort to the body

Figure 3.5 Severity of hazards.
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reasonable chance that it will occur and low risk indicates that the occurrence
will be rare.

Hazard analysis consists of an assessment of all procedures related to the pro-
duction, distribution, raw material and food process and production as overall.
The assessment is objectively to:

• identify potentially hazardous raw materials and food (contain poisonous
substances, pathogens, large number of food spoilage microorganisms)

• identify occurrences of hazards and severity of their adverse health effects
• investigate the survival or multiplication of microorganisms of concern
• production or persistence in foods of toxins, chemicals or physical agents;
• identify conditions leading to contaminations
• identify the potential sources and specific points of contamination
• determine the probability that microorganisms will survive or multiply dur-

ing production, processing, distribution, storage and preparation for con-
sumption

• assess the risks and severity of hazards identified.

3.4.6.6 Step 6: Identify Control Requirements, Targets and Tolerances
Having identified the hazards and established their importance through the
assessment of severity and risk, control requirements should be identified. With
the control requirements identified, the targets and critical limits for control
should be established. Control can only be considered to be achieved with the
elimination of a hazard or its reduction to a level within the tolerance.

3.4.6.7 Step 7: Identify CCPs and Assess Existing Controls
There may be more than one CCP at which control is applied to address the
same hazard. The determination of a CCP in the HACCP system can be facil-
itated by the application of a decision tree (Figure 3.6) which indicates a logic
reasoning approach.

Control requirements, targets and tolerances should be matched to the
process-flow information and data to:

• identify the position of CCPs in the process
• confirm whether existing controls at CCPs meet the newly established con-

trol requirements
• decide what revisions to existing controls are necessary
• decide how new control requirements are to be applied
• identify whether hazards will be eliminated or reduced by process stages

occurring downstream.

CCPs should be numbered, as this aids practical identification. Also, the
numbers may be used as cross-references in documents additional to the
HACCP documentation. If given a situation that hazard has been detected at
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Is there any hazard in this step?

Are there steps to remove these hazards 
out of the process?

Is there a risk which cannot be 
controlled?

Not a 
CCP

Not a 
CCP

Yes

Yes

Yes

CCP

No

Not a 
CCP

No

Figure 3.6 Example of tree diagram.

a step where control is essential for safety and quality, and no control measure
exists at that step, then the process or the product should be revised at earlier
stage to include the control measure in the production process.

3.4.6.8 Step 8: Establish a Monitoring System for Each CCP
Monitoring is a critical scheduled observation activity in HACCP system of
a CCP relative to its critical limits, where it confirms that control is being
achieved within outlined critical limits. The team should establish criteria
for the methods and frequencies of CCP monitoring and the monitoring
measures must be able to detect toss of control at the CCP. Monitoring
mechanism should ideally provide the information in time to make alterations
in preventing the process violating the critical limits.

Where possible, process adjustments should be made when monitoring
results indicate a trend towards loss of control at a CCP. The corrective action
should be taken before a deviation occurs. The data from monitoring must
be evaluated by person with knowledge and authority to carryout corrective
actions when indicated. Most monitoring procedures for CCPs will need to be
done rapidly because they relate to on-line processes and there will insufficient
time for lengthy analytical testing.

3.5 Good Manufacturing Practice

GMP is a system to ensure that the products are consistently produced con-
trolled according to quality standards. GMP are required by several regulations
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around the world, especially United States Food Department Agency (FDA)
21CFR174.5 and EU Commission Regulation (EC) No 2023/2006. Though
GMP is not a Statistical tool of quality control, it is inherent in food quality
control system and forms an important part of the overall as the food safety
system.

There is a major emphasis on compliance with GMP in all related food leg-
islation and food safety certification standards. Every food product under the
GMP system must:

• consistently high quality
• be fitting to their intended use
• meet the requirements of the food act and legislation or product specifica-

tion

It should be noted that the FDA regulations for Good Manufacturing Prac-
tice is modified from time to time, and it is necessary to periodically review
quality control procedures to insure compliance.

The GMP requirements are made in general to allow flexibility and individual
variation by different manufacturers to implement the requirements suits with
their needs. GMP covers seven subsections for avoiding these possibilities in
the following general areas:

3.5.1 Personnel

Cleanliness, education and training, disease control and supervision.
Personnel with diseases or other conditions that potentially contaminate

food are to be excluded from manufacturing operations. This section out-
lines requirements with regards to personal hygiene, removal of jewellery
and other hazardous objects, application of glove and hair net, appropriate
storage of personal items, and restrictions on various activities, such as eating
and smoking. It is required to have appropriate and sufficient food safety
training.

3.5.2 Plant and Grounds

This section requires that plants be built to minimise the potential for con-
tamination. Good equipment storage, property surrounding maintenance,
effective management, storage, segregate potential operations potentially
to occur contamination, sanitation precautions for outside fermentation
vessels, building construction to permit adequate cleaning, sufficient lighting,
ventilation and airing.
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3.5.3 Sanitary Operation

Building and Fixtures: maintenance, cleaning and sanitising to prevent contam-
ination. Special precautions for toxic sanitising agents. Food contact surfaces:
sanitation procedures. Sanitise physical facilities and utilities in a way that keep
away the food contamination. The section also outlined pest control and clean-
ing management includes types of food contact surfaces and the frequency of
the cleaning activities.

3.5.4 Sanitary Facilities and Controls

Water supply, plumbing, sewage disposal, toilet and hand-washing facilities,
handwashing facilities, rubbish and offal disposal.

3.5.5 Equipment and Utensils

This part outlined the requirements for the design, construction, and mainte-
nance of equipment and utensils to guarantee sanitary conditions. Materials
and workmanship are cleanable, safe against contamination toxic, and
appropriately maintained. This section also describes specific requirement;
automated temperature control and alarm system to alert employees towards
drastic change in temperature.

3.5.6 Processes and Controls

This section lists the general sanitation processes and controls necessary to
ensure that food is suitable for human consumption. Thorough sanitation plan
in receiving inspection, transporting, separating, manufacturing, packaging,
and storing. Appropriate quality control operations and food packaging to
assure that food is fit for human consumption.

3.5.7 Raw Materials

The raw materials are required to be inspected for processing into food and
stored properly to minimise deterioration. Containers shall be inspected for
possible contamination or deterioration of food. Levels of toxins and detection
of pest contamination or extraneous material should comply with food law, reg-
ulations, and guidelines. Avoidance of contamination is important at storage of
raw materials or rework. Frozen raw materials shall be thawed only as required
prior to use and protected from adulteration.
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Best GMP programme considered the whole production chain of food con-
tact material and products:

• Selection of the materials
• Incoming raw material quality control
• Storage
• Production equipment cleaning procedures
• Manufacturing facility housekeeping procedure
• Material traceability
• Product QA and QC control
• Management of change
• Employees training
• Product packaging
• Storage and shipping

Manufacturing, packaging and storage to be organised for protecting from
microorganism growth. It also addresses the monitoring of critical points of
physical parameters such as time, flow rate, temperature, humidity and pH.
Growth of microorganisms shall be inhibited by refrigeration, freezing, acidity,
sterilising, irradiating and control. Guidelines and manuals for blanching
should be prepared focusing on thermophilic bacteria control. Adulterated
food, ingredients or raw materials shall be segregated and, if reconditioned,
shall be proven to be effectively free from adulteration. Mechanical manufac-
turing steps shall be executed without contamination. Similar to the food act
and regulations, the manual forbids sharing manufacturing space for human
and non-human food grade animal feed (or inedible products).

3.5.8 Warehousing and Distribution

Storage and transportation of finished foods shall be protected against physical,
chemical and microbial contamination, as well as deterioration of the food and
the container.

Food processing companies with sufficient staff might consider incorporat-
ing the GMP regulation in the quality control manual, and conducting routine
audits to assure conformance. Consulting firms are available to perform peri-
odic GMP inspections for smaller organisations. In either case, a file of satis-
factory audits could prove invaluable in the event of suspected product failure
resulting in litigation.
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3.6 Food and Drug Administration (FDA)

The Food and Drug Administration is a body that accountable for protecting
the community health. They ensure the safety, value, biological products and
security of drugs, and medical devices. It also ensured the safety of the food
supply, cosmetics, and products that emit radiation. Besides food and drugs,
FDA also responsible in regulating the manufacturing, marketing, and distri-
bution of tobacco products to ensure the safety of public health and to avoid
tobacco use by minors.

FDA is responsible for improving the public health through the innovations
for more effective, safer, and more affordable medical products. The agency
provides the public the science-based and correct information in regards to the
medical products usage and foods consumption to improve or maintain their
health.

It ensures the safety of all food except for meat, poultry and some egg
products; ensures the safety and effectiveness of all drugs, biological products
(including blood, vaccines and tissues for transplantation), medical devices,
and animal drugs and feed; and makes sure that cosmetics and medical and con-
sumer products that emit radiation do no harm. One aspect of its jurisdiction
over food is regulation of the content of health claims on food labels.

3.7 Summary

• In the food industry, food quality is viewed by the consumers subjectively or
objectively through several quality characteristics.

• Food quality can be defined from the customer’s dimension, process dimen-
sion and production dimension.

• Most common aspect of food quality viewed by the food industry is the safe-
ness of the food as the food producers accounted for both legal and moral
responsibility for producing and selling consumers safe and quality food.

• The government endorsed food laws to ensure the food in the market are safe
and fit for human consumption.

• HACCP is an international food safety management tool focused on ensur-
ing food is free from hazardous substance (chemical, physical and biological).
It contains seven principles that will enable the hazards to be identified.

• GMP is a system to ensure that the products are consistently produced con-
trolled according to quality standards. The GMP outline the requirements for
the food producers to ensure food quality at the general areas such as person-
nel, plant and grounds, sanitary operations, sanitary facilities and controls,
equipment and utensils, processes and controls, raw materials and ware-
housing and distributions.
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4

An Introduction of SPC in the Food Industry: Past, Present
and Future

4.1 Statistical Process Control: A Brief Overview

Understanding the meaning of Statistical Process Control (SPC) is vital in oper-
ating SPC in the food industry. There have been attempts to expand the concept
of SPC, beyond the process monitoring technique.

SPC has been categorised into several types of definitions such as:
• technological innovation (Bushe 1988; Roberts, Watson, and Oliver 1989);
• process management technique (Bissell 1994);
• control algorithm (Hryniewicz 1997);
• a component of total quality management (TQM) (Barker 1990);
• one of the quality management system in the food industry (Caswell,

Bredahl, and Hooker 1998).
• Wallace et al. (2012) and Davis and Ryan (2005) viewed SPC as a partici-

patory management system – teamwork efforts, employee involvement and
enable real-time decision-making to be made (Deming 1986; Elg, Olsson, and
Dahlgaard 2008).

SPC is a powerful collection of problem-solving tools useful in achiev-
ing process stability and improving capability through the reduction of
variability

(Montgomery 2012)

The focus of SPC is for the users to understand the variation in values of
quality characteristics (Woodall 2000). The primary indicator of an effective
SPC application is a stable process. The process stability refers to the stabil-
ity of the underlying probability distribution of a process over time, and these
very often can be described as the stability of the distribution parameters over-
time (Mahalik and Nambiar 2010). The process stability is extremely crucial as
it is one of the pre-requirement to assess the process capability indices deter-
mination (Brannstrom-Stenberg and Deleryd 1999; Motorcu and Gullu 2006;
Sharma and Kharub 2014).

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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Prior to the assessment of process capability, the process must be ensured to
be stable. Process capability indices developed from an unstable process are
not reliable.

Mathematically, of course, we can calculate the capability indices, but for
an unstable process, these indices measurements have no real significance, as
assignable causes of variations in the process have not been identified. There-
fore, correct identification of the type of probability distribution is insufficient
without the assurance that the process is statistically stable over time.

4.2 Quality Control in the Food Industry: Before SPC

SPC can be viewed in the form of technology of quality control efforts in the
food industry. Quality control had a long history, where it is safe to say since
manufacturing industry existed and became competitive, consumers compared
products and were continuously searching for a better quality product.

Direction of quality control (QC)
The key purpose of quality control (QC) in the food industry is to ensure

the product is consistently produced under a quality standard and is com-
patible with the market as the product was designed to be sold at a specific
price.

We can trace the basics of food quality control, which begin in 2500 BCE
wherein Egyptian laws had provisions to prevent meat contamination. Apart
from that, people in Athens concentrated on inspecting beer and wines to
ensure the purity and soundness of these products (Edith and Ochubiojo 2012).

In the western world, the food industry was one of the earliest industries to
be highly dependent on culinary, miller, baker, butcher, and the craftsman on
producing food. The Industrial Revolution in England transformed this grad-
ually evolving trend. In the 1820s, the trait of commercialization was reflected
through the establishment of the canning industry. However, the quality of the
products was dependent on the operator’s skills (self-taught) and the canning
industry also faced problems with preservation and shelf-life.

It was not until 1840s, the introduction of ‘go’ tolerance limit was introduced
and in 1870s it was transformed to ‘go’ and ‘no-go’ tolerance limit. Shewhart
and Deming (1939), suggest that the limits (specifications) are the nature of an
end requirement on the finished product specified quality characteristics.



�

� �

�

An Introduction of SPC in the Food Industry: Past, Present and Future 45

The concept ‘exact’, ‘go’ and ‘no-go’
Manufacturers were aware that they were not capable of making products

‘exactly’ the same, too costly and unnecessary to make things alike. There-
fore, they eased from the term ‘exactness’ to ‘go’ and ‘no go’.

The term quality control is extensively used in engineering terminology.
According to Herschdoerfer (1967), it was borrowed by the food industry
and has been widely applied in all types of settings. However, it was believed
that the food industry can only exercise a similar system if there is quality
control from the production of the raw material. Logically in order to have
this, the suppliers were required to have a similar control system towards the
production of their products (raw materials). Therefore, the trend since the
World War II has been that the larger companies are more prone to move
towards this direction, compared to the smaller organisations, as there are
limits for smaller companies to operate such a system.

In the nineteenth century, the food industry’s revolution showed a tremen-
dous expansion by the food industry regarding its production, regulations, and
control. Comparatively, in the modern food manufacturing era, the govern-
ment regulatory body controls and inspects quality levels to ensure that the
products meet the standard quality target to meet customer satisfaction.

4.2.1 Inspection! Inspection! Inspection!

An inspection is an organised examination assessment of a formal evaluation
exercise. In the case of identified errors during inspections, quality control of
the product was limited only to corrective inspection (e.g. it was a way to check
the uniformity of the final product by determining the defective products). In
1922, the inspection process was linked formally with quality management,
and with the publication of the book ‘The Control of Quality in Manufactur-
ing’ (Paiva 2013), Shingeo Shingo (1986) defined inspection as a process that
involved comparisons with standards. In simple words, it is an effort to detect
the ‘unacceptable’ products or defects found at the end manufacturing pro-
cess. The standards used during the inspection process, is typically derived
from a range of acceptable measurements. Generally, the inspection process
is involved in specific functions in the production of food as depicted in the
Figure 4.1 below.

The defective products were identified using the current product measure-
ment, which is defined by the quality parameters against the acceptable range
measurement. In this industry, defects were produced due to the result of
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human error, poor quality raw materials and, incorrect packaging material.
Shingeo (1986) distinguished types of inspection as:

• judgement inspections (discovering defects after analysing the facts);
• informative inspections (feedback mechanism for correcting the process, e.g.

output control charts)
• source inspections (preventing defects before they happen by ensuring cor-

rective measures were taken at the beginning of the processing stage).

The food industry standard type of inspection often included judgement-
based inspections, especially at the raw material stage and finished product
stage. Based on the categories, the managers should strive to minimise the
dependence on the judgement-based inspections. However, inspection at the
raw material stage could transform the judgement inspection to source inspec-
tion, as a way of preventing defective raw materials from being processed. The
objective of inspection is to ensure only non-defective products are sold to the

Special defects

Common defects

Measurement and

judgement

Internal and

External

INSPECTIONS

DEFECTS

Sensory and

physical

Subjective and

objective.
Quantity and quality

Measurement and

judgement

Feedback and action

Statistical and

non-statistical 

100 percent or 

sampling

Figure 4.1 Inspection for defects.
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PROCESS
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Customer)

Good (to

Customer)
SPC

Scrap

Raw

materials

Raw

materials

SPC

InspectionREWORK

Figure 4.2 Inspection vs SPC.

customers, which it is almost similar to the SPC application. However, the dif-
ferences of the mechanism from each approach displayed in Figure 4.2, sets
SPC as the recommended quality control technique.

The inspection being at the end of the production line only permits manu-
facturers to identify the accepted products reaching the standard outlined, as
well as rejected products that fail to achieve the standards. This mechanism
reflected that the inspection was executed but it does not include any of the
control efforts! Critical differences that opt out of inspection as a quality control
technique are depicted in the Figure 4.3.

It is necessary to design the quality control system with minimal inspec-
tion as the maximal efficient inspection efforts are of little value towards

• Detection

• Reactive

• Control start at the end

 of production

• No feedback to the

 production proves

• Limited information

 gained:yes/no, go/no-go,

 accept/reject

SPC INSPECTION

• Prevention

• Proactive

• Control start at the

 each key processes of

 the production

• Enable feedback to

 production process for

 improvement

• Richer information

 gained: Process

 stability, process

 behaviour, process

 trend, process

 performance 

The comparisons of SPC and Inspection

Figure 4.3 The comparison of SPC and inspection.
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the operations. In fact, Deming (1986) accentuated that even if there is an
inspection at each end-product produced, it does not necessarily assure
quality. Both Deming (1986) and Crosby (1984) agreed on the basic policy of
eliminating product defects by prevention instead of reaction.

Another reason for discouraging the usage of inspection is the approach is
expensive. 100% inspection is expensive in nature since the sampling plan of
the product involves all samples. Despite all samples involved in the inspection
process, the effectiveness of the approach is highly doubtful. As output of
an inspection involved on bad/good product, there is very little information
offered to the inspector. Further question may arise; what is the level of the
bad product considered bad product? Lack of details and information on the
inspection output is a critical barrier to the effort to improve the process. The
mechanism behind inspection failed to embrace the continuous improvement
philosophy which is one of the criteria to enhance business competitive
advantage.

You cannot inspect quality into a product!
(Harold F. Dodge)

4.3 The Evolution of SPC in the Food Industry

The statistical approach to quality control has its origins in the invention of the
control chart by a physician Walter Andrew Shewhart for the Bell Telephone
Laboratory in the 1920s. However, it was not until the late 1940s when Edwards
Deming adopted Shewhart’s work, found that the use of statistical techniques,
such as control charting could be beneficial in the manufacturing industry.
Pereira and Aspinwall (1991) reported that it was not until the mid-1950s that
the use of statistical quality control (SQC) methods in the food industry became
significant. One of the first successful applications was the control of container
filling processes (Herschdoerfer 1967; Pereira and Aspinwall 1993). Until then,
most of the SQC applications in the food industry took place in the packaging
process.

A window of opportunity for improvement in the process control techniques
opened when the food industry began to apply SQC method and integrated it
with the operational research technique, known as the Evolutionary Operations
(EVOPs). Developed by George E. P. Box in 1950, EVOP is a process optimi-
sation technique through systematic experimentation. Compared to Design of
Experiment (DOE), EVOP is applied to avoid interrupted production flow while
conducting trials and experimentations.

From quality control, the concept of quality assurance spread in the food pro-
cessors in 1970s, which was believed to be the best remedy for the quality issues
faced by the food industry. One of the significant foci, especially in the USA,
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was the establishment of the Food Products Safety and Consumer Protection
Act. By achieving this, an integrated quality system was suggested, and Good
Manufacturing Practice (GMP) was proposed (Hubbard 2013; van der Spiegel
et al. 2003). In 1986, the American Society for Quality Control (ASQC) pub-
lished the Food Processing Industry Quality Systems Guidelines outlining the
basic elements of structuring and evaluating the systems required for food pro-
duction. Additionally, the utilisation of SPC has facilitated Hazard Analysis
Critical Control Point (HACCP) applications to control and monitor the pro-
cess in real time (Grigg 1998; Hayes, Scallan, and Wong 1997).

Entering the millennium years, quality control study, especially in the food
industry, has diverted its direction to nurturing a statistical thinking mindset in
the business (Grigg and Walls 2007a; Hersleth and Bjerke 2001). The culture of
CI and statistical thinking turn to a new perspective on the quality related issues
in the food industry, where quality control and improvement activities are not
only useful at the production line but also for the other business units across
the organisation. Figure 4.4 maps the evolution of SPC in the food industry.

4.4 The Principle of Current Quality Control

Generally, quality control activities in the current food industry highly involve
three phases, which are:

• Raw material
• Processing
• Finished product

Commonly in the food business, little can be corrected or altered after the
food product has been produced or manufactured and reaches the end of
the production line. Corrective action is disabled after the product is being
produced and therefore it is considered too late! Therefore, quality control
activities in the food industry should emphasise on the quality of raw materials
and control the processes involved in manufacturing the products. On paper,
it is the perfect plan, (to ensure a 100% focus on the raw material quality
control and the processes used), however, in practice, it is difficult to guarantee
that the company has complete control over raw materials and processing
conditions.

4.4.1 Control in Raw Material

Warehouses in the food industry commonly involve a diverse range of raw
materials, that have different shelf-life. For example, ingredients such as spices,
flours, and colourings may be applied gradually but still have a longer shelf-life.
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Some of the ingredients may rapidly be applied and required to be frequently
stored, while, some are easily perishable, which requires specific continuous
storage condition. However, if all the ingredients (including minor ingredients)
are all to be assessed based on its condition, the cost of the inspections itself
will become a disadvantage/burden instead of an advantage. The manufac-
turers should plan the quality control system by prioritising to monitor the
main ingredients for the products continuously. The key ingredients should
be selected through an establishment, related to the ingredients that may
have a direct impact on the product quality. Some of the raw material quality
control requires a long time for the testing process to be completed (chemical,
physical, microbiological), but the raw materials should only be released
from the warehouse only if the test results were known and recorded. In
this industry, it is common to discuss the quality of the process control with
assumptions that the raw materials are under a proper control system, and
the main raw material is guaranteed to achieve the standards for quality
processing.

4.4.2 Control in the Finished Product

This is one of the phases centred around the quality control activities in most
of the food businesses. The assessment of the finished product typically imple-
mented before the packaging process, only allowing the acceptance of material
to comply to the quality limits (standards) and rejecting the products which
failed to attain the standards. However, such a mechanism is hardly depicting
quality control. Instead it is a reflection of the inspection process as little can be
done to correct the product quality. In the present, emphasis is given to the pro-
cess control as a critical aspect in manufacturing, depicted as an evolution of
strategic thinking in the industry; from detection to prevention. Prevention is
able to be achieved by improving the control system in process where it served
as a diagnostic tool.

4.4.3 Control in Processing

Processing in the food industry typically involves a combination of procedures,
which can be categorised as unit operations that change from raw materials to
final products. The combination of several selected unit operations into unit
processes is what makes up food processing. Some of the operation units may
contribute significantly towards the quality of the products, whereas the unit
operations should be systematically monitored and controlled.

There are many reasons why the processes in the food industry are challeng-
ing to be controlled. One of the reasons is due to the inherent variability. The
natural or inherent variability is impossible to eliminate, as it is considered as
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a common variability that exists in any process. Although most inherent vari-
ation does not cause any major disruption to the process, it is often difficult
to determine if the process needs be readjusted or if the change is a result of a
natural variation process that will self-correct. Statistical techniques are one of
the best approaches used to predict the situation and out-of-control variations.

Key purpose of process control programme:

• The products are consistently meeting the specifications
• Ensure only acceptable products to be produced at each step of the

production process.
• Focus on maintaining the stability of the process.
• Continuous reduction in the variability in the processing and end product

An appropriate process control programme necessitates a complete under-
standing of the process itself. Therefore, in planning a process control scheme, it
is crucial first to list the actual sequence of the processing steps and this includes
the processes involving raw materials. Through the preparation of the list of
steps, several processing points will be identified and marked as critical points
(CPs) that have the potential risks of lowering the quality of the final products.

Usually, if the process has been established, these critical points are referred
to be identified and documented. Although this may be true for some of the
cases, there is a significant probability of finding the potential causes of prob-
lems as the team carefully analyses the details involved in each step, that could
have been missed and provide new ideas for preventing problems. Identifying
the critical points of the process does not involve the action of the control yet,
as later, the points need to be systematically monitored and controlled to ensure
no extreme process variations.

An effective process control system adds value and improves the common
audit process, which is implemented by most of the food businesses. Typi-
cally, a comprehensive inspection is required for product-manufacturing daily
audit, to ensure that the procedure reflects the actual practices, to determine
the variations for efficient correction action, to implement a proactive process
improvement approach and to encourage continuous corrective action efforts.

In order to avoid delay caused by inspection and testing, a strategic control
of flow between warehouse control, quality control and plant management
is essential.
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4.4.4 The Practicality of SPC in the Food Industry

The majority of SPC application studies depicted an integration of SPC with
other quality tools and techniques especially the DOE.

Most of the integrated SPC-HACCP cases refer to food safety control and
the main issue discussed in these cases concerns the validation of critical
control points (CCPs). Although HACCP has become the most reliable and
cost-effective method of food safety management due to its main principal
concepts (prevention and documentation), there are still some weaknesses
of HACCP. SPC is viewed to be the best solution for one of the inherent
weaknesses of safety control in HACCP; there is no approach of having
advanced signals to warn the potential occurrences when the CCPs exceed the
critical limit zone. Hayes, Scallan, and Wong (1997) highlighted that instead
of just getting Pass/Fail classification of the Relative Light Units (RLUs) of
the rapid hygiene testing systems, SPC enables a food company to obtain an
advanced warning on the status of critical point (CP).

Commonly after the HACCP plan was adequately validated and imple-
mented in the food businesses, the team may assume that the most challenging
process has ended. However, this is just the beginning of the hard task! The
primary challenge of its implementation is to sustain effective HACCP appli-
cation during day-to-day operations. In order to improve its effectiveness and
to keep safety parameters in control, a systematic process control technology
should be integrated into HACCP steps.

Example 4.1

Commodity Applications Advantages

Eggs There is no evidence of the
effectiveness of HACCP
elements in controlling the
eggs from the safety hazards.

The CCP value validated (All
control measures are capable
of being designed with critical
limits except chlorine level).

Meat processing
and preserving

The low rate of unsatisfactory
batches of Enterobacteriaceae
and Pseudomonas count
detection caused doubt on the
efficiency of the traditional
control scheme.

Validates the assumption of
microbiological
contamination variances is in
control (2% variances above
the control limit).

Meat processing
and preserving
Dalgiç, Vardin, and
BelibaÄŸli (2011)

There is demand for more
effective quality control
technique to assist HACCP
implementation.

Stabilise the moisture content
(reading approximately 40%).
Able to prioritise five critical
problems.
Enable plant operators to take
action quickly.
• 3 months
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Commodity Applications Advantages

Dairy
Hayes, Scallan, and
Wong (1997)

There is neither proper trend
analysis nor warning to
out-of-control CP in the
RLU – reading for adenosine
triphosphate (ATP)
Bioluminescence Technique
for food safety purposes.

Provide warning in FAIL case
as early as Day 51 before the
out-of-control on Day 74.
Depict better prevention,
control system with the
integration of SPC and
HACCP
• 3 months

Nut
Hurst and Harris
(2013)

SPC is applied to avoid unsafe
nuts product, Salmonella and
Escherichia coli
contamination, which caused
manufacturers to establish a
HACCP-like safety plan.

The air temperature should be
able to be continuously
adjusted in order to avoid
microbial contamination.

Applications of SPC involves several critical parameters identified in the
food processes. These appertain sensory attributes (i.e. size, weight, texture,
colour, height) and safety attributes (i.e. microbial counts). In the same way,
for the food industry, SPC implementation’s prime characteristics of quality
include food safety attributes, sensory attributes and packaging attributes of
the products. It was reported in the seminar of quality control for processed
food by the Asian Productivity Organization (APO) that a Japanese food
quality pre-requisite programme named Importance of the Quality Control,
where they highlighted the most important criteria in quality control of
processed food to be safety and reliability, followed by ‘deliciousness’ and
‘appropriate price’ (Raju 2005).

Example 4.2

Commodity Applications Advantages

Bakery
Hung and Sung
(2011)

X-bar and R-chart applied
during re-steaming bun
process, customers’
complaints that the product
has issues such as shrinkage,
foreign material and crack.

Decrease the 70% shrinkage rate
(defects).
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Commodity Applications Advantages

Biscuits
(Srikaeo, Furst,
and Ashton 2005)

Best practice is required for
process characterisation
either for new process or for
when a process has undergone
significant engineering
change.

Able to detect the worst line
performance;
Cpk 0.63< 1.33 (required values).
An inadequate measurement
system with operators’
measurement variations for
wheat protein and moisture
content contributes 92.21% and
98.84% of total variation
respectively.

Nuts
Özdemir and
Özilgen (1997)

Production of hazelnuts worth
£312 480 500 faced a quality
problem of damage during the
cracking process.

The quality performance is clear
and able to detect the need for
equipment readjustment and the
operational problem (crusher
equipment).

Tea
Rai (2008)

Cumulative Sum (CUSUM)
chart applied to overcome the
critical problem faced in tea
production is the weight
variation in the tea packet
(underweight or overweight).

Reduction of out-of-control
situation from 66% to 4%

Confectionary
Knowles, Johnson,
and Warwood
(2004)

X-bar chart applied to reduce
the variation in the sweet size
caused reworks, scraps,
machine downtime.

The air temperature able to be
continuously fixed and avoid the
microbial contamination.

4.5 Future of SPC: Organisational Learning Through
Statistical Methods Application

Following the principals of statistical thinking (explained in Chapter 1), the
statistical methods applied in quality improvement efforts, involved systematic
assessments of variations in processes using the quality set of data. Three
principal attributes which contribute to developing learning efficiency of
humans are skills, knowledge, and attributes (SKAs) (Stamatis 2002). Then,
this is facilitated by the critical activities for building learning organisation,
which are systematic problem solving, trials and experimentation, continuous
learning from experiences, transferring knowledge, and objectively assessing
the learning process. The principal attributes and critical activities of building
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the learning organisation are found to be reflected by the SPC implementation
process. For example, along the implementation of SPC, the process data were
captured, stored, analysed and interpreted, and linked with the performance
measures. This data may then be filed as records; whereby some of the
identified critical issues raised from the data will be discussed with the team
for process improvement purposes.

Organisational learning (OL) is accredited to the action learning process in
which Argyris and Schön (1978) postulated that there is dual structure of OL.
OL is defined as the process of organisational change that modifies their mental
models, processes, knowledge, rules, maintaining or improving their perfor-
mances (Argyris and Schön 1978; Senge 2014).

Learning starts with experience and there are dimensions of experience pro-
posed by Argote and Miron-Spektor (2011), including direct and indirect expe-
rience (refer Figure 4.5). The understanding of learning experience depends on
the identification of the source of learning activities in transforming experience
towards knowledge.

Within the context of SPC implementation, learning is regarded as the cen-
tre of the CI activities of existing processes and the discovery of novel pro-
cesses. Learning such activities ensures mistakes are not repeated and more
importantly, that it was applied in the existing processes. Such foundation of
knowledge in organisational systems, encourages CI (Locke and Jain 1995). Past
studies in OL relevant to operations improvement may be grouped into several
general categories (see Figure 4.6).

Interest towards the OL has risen due to the increasingly unstable environ-
ment in which organisations operate (Lee 2000). Organisations were required
to increase their ability to learn due to the restructuring of industries and the
impact of information technology. The creation of learning and knowledge
are claimed to be related to how the organisation manages the cognitive
processes of its members (Choo, Linderman, and Schroeder 2007). Typically,
learning opportunities in the food companies are related to the activities in the
training department (Grigg 2007b; Hersleth 2001), which profoundly concerns
individuals’ skills and knowledge (Hewson 1996; Gaspar 2015; Cheng 1998).
The act of merely treating a training session as peripheral and at times easily
neglected, facilitating learning throughout the organisations currently become
critical components facilitating organisational change. The world of industries
is changing where different approaches of learning which encompasses the
whole organisation, is required (Lee, Bennett, and Oakes 2000). One of the
objectives of this research is to understand the type of learning that occurs in
an organisation within the implementation of SPC explained by the OL theory
where Argyris and Schön (1978) postulated a single-loop learning and double-
loop learning model:
• Single-loop learning. Corporate that achieve their goal or correct an error

without re-assessing their underlying values may be said to be practising
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Learning from direct 
experience

Learning from indirect 
experience

Learning can generally involve practicing through events that are 

incremental in nature (Argote & Miron-Spektor, 2011; Upton & Kim, 

1998).   

Foundation of direct experience learning was based on direct 

observation on self- practices for process performance improvement.  

It can be iterative and organisations commonly "choose from a pool of 

alternative routines, adopting better ones when they are discovered" 

and/or "trial-and-error experimentations" (Locke & Jain, 1995).

Examples: initiatives in CI such as the DOE, Taguchi method, 

evolutionary operation, and kaizen.   

Practice-based theories of learning: Learning can exists in 

"communities-of-practice" and workgroups, not necessarily 

formulated by the company, which emerged at the workplace. Such

workgroups gain knowledge through enculturation (learn from other 

members of the community)  

Involves a range of observational activities of others to gain knowledge 

from outside of the company, and subsequently applying the knowledge 

to improve its processes and performance (Argote, 2013).  

Sources: government agencies,  professional bodies, published 

information, transfer of employees from different department, t raining 

sessions, consultants, benchmarking, and strategic treaties to support 

this type of learning.   

The publicised successful problem-solving effort will encourage  people 

to recognise and be aware of the potential benefits of engaging  in 

quality improvement activities (Tucker, Edmondson, & Spear, 2002).   

The organisational units can practice learning activities from other 

business units, which is also known as knowledge transfer. 

•

•

•

•

•

•

•

•

•

Figure 4.5 Learning through experience.
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Relationship between performance and 

cumulative experience "learning by 

doing" (Arrow, 1962; Dada and Srikanth, 
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theory) (Jovanovic and Nyarko, 

1995; Mazzola and McCardle, 1996, 1997)

Detail mechanisms or 'underlying 
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Beckman, and Epple, 1990), learning 

before doing (Pisano, 1994), 

learning’new experience', in-process 

learning' (Jaikumar and Bohn, 1992)

The characteristics and dynamics of 

learning in human organisations through

single-loop learning and double-loop 
learning (Argyris and Schön, 1978) or 

adaptive and generative learning (P.M. 

Senge, 2006)

Effect of learning as it relates to 

particular features or functions within a 

production process (Jaber and Bonney,

2003; Lieberman, 1984).

Figure 4.6 Relation of OL in process improvement.

the single-loop learning strategy (Argyris 1995). According to Krüger (1999)
from the quality perspective, learning model relates to inspection approach,
‘fire-fighting’ and troubleshooting activities. Operators are alerted to an
occurring problem, and corrective action is taken to bring the process back
into control. Such approaches provide limited opportunity to learn from
the experience of fixing the problem and leading to shallow understanding
(Murray and Chapman 2003). Besides that, it will also not necessarily
prevent future recurrence of the problem (Upton and Kim 1998). This is due
to the level of learning as single-loop learning focuses on solving problems
without any examination of the appropriateness of organisational practices
that induced the problem. Single-loop learning is also based on short-term
rationality and immediate purpose. Therefore, single-loop learning occurs
more frequently and incrementally (Upton and Kim 1998). According to
William et al. (1989), larger and stable organisations depend significantly on
single-loop learning that is following the existing rules (i.e. bureaucracy).

• Double loop learning. Double-loop learning focuses on questioning why the
errors or successes occurred that it modified an organisation’s implicit norms
and objectives (Buckler 1996; Marquardt 1996). In quality management
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perspectives, double-loop learning corresponds to modifying the process
(altering principal variables within the system) to understand and eliminate
the causes of problems, prevent recurrence of problems and foster CI
(Argyris 1995; Gijo 2005). According to Argyris (1995) and Blackman
et al. (2004), double-loop learning is a necessity to occur for focusing
on sustainable change (implementation of SPC) in an organisation. Fine
(1986, 1988) stated that ignoring the learning potential of quality control
activities may lead to under-investment in quality improvement activities
and subsequently hinder quality competitiveness. Murray and Chapman
(2003) claimed from their empirical studies that quality control under
TQM is most successful when improvements are embodied in double-loop
learning routine as a continuous learning journey.

Quality control is viewed as a task involving single-loop learning as it makes
sure the processes are running in compliance with the standards and regula-
tions (Tucker, Edmondson, and Spear 2002). Similar to the claims by Grigg
(2007a,b), most of SPC efforts are viewed as a single-loop learning practices.
The current state of quality initiatives implementation are effective in the exist-
ing technology and current customer needs, however, it was viewed less effec-
tive in exploring the new technologies and understanding emerging customer
needs (Choo, Linderman, and Schroeder 2007). However, according to Ogland
(2014), quality improvement activities with the involvement to improving the
standards and procedures in an organisation contributed to double-loop learn-
ing. The usage of a structured problem-solving approach in Six Sigma with the
applications of other quality techniques for variance reduction method suggests
the strong orientation towards exploratory learning (Choo, Linderman, and
Schroeder 2007). In light of the process and effort to adopt SPC as a new tech-
nology in the food companies, double-loop learning is required to take place
for the change to be a success (Lee 2000).

During the process of implementing new operation management technology
(e.g. SPC) in the business, individuals and the organisation’s system and
practices would undergo some transformation, which requires shifts in the
employees’ thinking and behaviour (Rusly, Corner, and Sun 2012). Through
the application of SPC, the organisations may start to question about the
target they set for themselves and how they are trying to achieve these
targets, which may involve second-loop learning characteristics (Jeliazkova
and Westerheijden 2002).

The procedure of CI implementation process seems to catalyse learning and
push CI forward (Buckler 1996; Savolainen and Haikonen 2007), but it does not
mean double-loop learning is achievable (Argyris and Schön 1978). Identifying
and managing both types of learning is beneficial for the long-term develop-
ment of SPC potential, since at diverse stages there will be a need for reinforcing
single-loop learning and system change (double-loop learning) (Bessant and
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Francis 1999; Choo, Linderman, and Schroeder 2007; Grigg and Walls 2007b).
Double-loop learning is the hallmark of a learning organisation, and is imper-
ative for converting individual and team learning into a learning organisation
(Buckler 1996).

Although several studies have explored the underlying concept of OL and
learning curve activities, the majority fall short of informing managers on
the activities supporting OL for lasting process improvement (Upton and
Kim 1998). Savolainen and Haikonen (2007) highlighted that the effective
application of quality methods requires appropriate OL strategies. Based on
the context of SPC, continuous improvement is based on learning. Normally,
how the process of OL through SPC is viewed can be executed through
converting data to information resulting from the relevant statistical analysis
(Grigg and Walls 2007b). Sustaining the quality advantage is the critical impact
from the consideration of learning and knowledge creation in CI initiatives for
quality (Choo, Linderman, and Schroeder 2007).

4.6 Summary

• SPC is defined and viewed beyond as a process monitoring technique within
continuous improvement efforts.

• Variation is the foci of SPC implementation
• The objective of SPC is process stability through variation reduction.
• Quality control activities in the food industry involve raw material control,

process control and finished product quality control.
• Before SPC, inspection is the only quality control effort where it is the first

approach to separating the defects from the good products before they arrive
for customers.

• Inspection should be minimalised as prevention is preferable to reaction
approach.

• The implementation of other techniques with SPC strengthens SPC appli-
cation as the previous evidence shows that besides significant reduction of
process variations, food safety control can be improved (e.g. integration of
SPC and HACCP).

• SPC activities may contribute to the organisation learning culture in the
organisation.
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5

Tools in SPC

5.1 Basic Quality Tools

Controlling the process is not just about constructing and applying control
charts. It is an activity that should become part of the primary business strat-
egy in the services industry. In order to maintain the consistency of a process
or to reduce the variability in production, problem-solving activities commonly
need to take place. Problem-solving activities are not particularly new to quality
management in the food industry. In fact, problem-solving efforts are com-
monly facilitated by the usage of a variety of quality tools. Quality tools have a
long history – some of the tools were even applied before World War II. Qual-
ity tools consist of both qualitative and quantitative approaches, which focus
on improving companywide activities.

5.2 SPC Tools

Based on the Statistical Process Control (SPC) definitions discussed in the pre-
vious section, it is assumed that the tools related to SPC are broad enough to
include all techniques including statistics, as well as being applicable in exper-
iments that range from a random sample to the very sophisticated technique
design of experiments (Montgomery 2012). There is no standard set of tools
within SPC; however, there is a general agreement on seven tools: histograms,
Pareto charts, cause-and-effect analysis (CEA)/fishbone diagrams, scatter dia-
grams, check sheets, and control charts. Nevertheless, it is agreed that a control
chart is a primary tool within SPC. This chapter describes SPC tools and some
examples of food industry application.

SPC is arguably involved with managerial issues more than mathematical lit-
eracy issues. The term ‘SPC implementation’ requires a clear understanding
of the procedures to be adopted and activities to be performed using a set of
tools, which indicate employees’ participatory management. Therefore, such an
argument is seconded by the implications from the dual concepts of SPC – ‘the

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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operation of statistical control’ and ‘the state of statistical control’ – suggested
by Shewhart (1939). Several quality tools are applicable in more than one stage,
and each tends to be particularly useful for specific tasks and objectives. The
tool will be described using 4W 1H as follows:

• What is the tool?
• Why apply the tool?
• How to apply the tool?
• When to apply the tool?
• Where to apply the tool?

5.3 Cause-and-Effect Analysis

5.3.1 What?

In the food industry, the effect of the process is always known, but the cause is
often unknown. A brainstorming approach is applied to identify the causes of
the problem – the list is not sufficiently analysed and categorised. A cause-effect
diagram is a graphical tool that demonstrates all possible causes that could lead
to a particular effect, the relationships between those causes and among them,
and the effect itself. The effect is most frequently a problem. However, the CEA
can also be used to study the causes of a positive effect. The cause-effect dia-
gram is also described as a ‘fishbone’ diagram, due to its shape resembling a
fishbone, or an Ishikawa diagram (named after its inventor, Professor Kauru
Ishikawa, who developed it in the 1960s). It consists of five or six categories
of the following skeleton (machines, methods, materials, manpower, measure-
ments, environments) (refer Figure 5.1).

5.3.2 Why?

To identify possible causes of the problem, uncover bottlenecks in the processes
and identify where and why the process is working.

5.3.3 When?

Brainstorming session to investigate the root of a problem.

5.3.4 How?

Determine the areas that could be potential problems and allow for compari-
son of their relative importance. CEA is commonly constructed through brain-
storming procedures. The fish-shaped diagram is formed from the causes that
can result in undesirable issues/problems. A narrowed and focused premise will
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Identify the most critical causes

Investigate and prioritise the most critical causes

Identify the reasons behind the key causes

Brainstorm with the team on the causes of the causes, e.g. why-why analysis

List the key causes of the problem

Identify root causes for each of the categories of problems

Set major categories for the cause of the problem

Basic cause themes commonly related to machines, methods, material, personnel, environment

State the problem (effect) to be solved

Write down an issue as the effect in a box at the end of the main diagram

Figure 5.1 Steps to apply cause-effect analysis.

EFFECT

MATERIALSMANPOWER

METHODSMACHINERY

Figure 5.2 Fishbone diagram.

result in a more directed analysis of the identified causes. Figure 5.2 provide the
steps to implement the CEA.

The causes are the independent variables, and the failure mode is the depen-
dent variable (the factor at the mouth of the fish). The classification of the main
possible causes will typically take the form of the classic 4Ms: manpower, meth-
ods, machines and materials. However, at this stage the classification is not
ultimate, as different companies could adopt different categories depending
on the situation and issues. However, it is highly suggested to use the conven-
tional initial stage of CEA, as it happens to satisfy a lot of other cases and, if
it is needed, provide a basis for further adaptation. An approach to carrying
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out the activity can be executed while following cause classification, process
steps, and cause listing (Barone and Franco 2012). Regardless of the approaches
taken for these sessions, the determination of all possible root causes is an activ-
ity to be brainstormed by a group of people that have strong awareness, great
interest and profound knowledge in the effect being studied. At each stage the
causes, which influence the main cause, are considered and then each of these
sub-causes, in turn, is analysed, and so forth.

Discussions of the following sub-causes will occasionally be discussed
outside of the brainstorming session; at this stage, the facilitator experience
is vital, and the identification of the sub-causes is successful. As the diagram
is developed through investigations, interviews, brainstorming sessions and
5-why questioning, the inputs become the causes of that effect, and their
causes, and so on (Figure 5.3).

Common mistakes

• Providing never-ending possible causes of the problem
• Inexperienced facilitator.
• Trying to implement corrective action based on the early/initial results of

cause–effect analysis.

Example 5.1 Coconut Cake – Issues In The Cake Production
All of the manufacturing companies that have been subcontracted from
Retailer A are given specifications on their products following the consumers’
preference on the products. Variation in producing the product has caused
the products are not conforming to the specifications, which caused the cakes
are then considered as defects and sold for animal feed. The manufacturer is
facing the risk of losing financially and the contract with the Retailer A.

Purpose

The purpose of this study is to assess the causes and reasons for the defects of
the cake at the production phase. However, the initial stage requires investi-
gation of the causes that affected at each of the potential critical category and
later why-why analysis was done. One of the issues identified is the recipe of
the product may cause the variance of product quality.

5.3.5 Where?

• Product and process design
• Product and process improvement
• Process optimisation
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Figure 5.3 Cause-and-effect analysis for variability in the height of coconut cake production.
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• Hazard and risk assessment
• Process control
• Audit (laboratory control and process, product and field performance)

5.4 Pareto Diagram

5.4.1 What?

Pareto analysis, which was developed by an Italian socialist, Alfredo Pareto,
is applied to differentiate the relatively few factors which contributed to the
majority of the effects. The concept of the Pareto principle is that 80% of the
problems come from 20% of the factors. The idea is that, instead of focusing on
the trivial matters, management should focus on the 20% of important factors
that are causing major problems. The term ‘80/20’ was first defined by Juran and
is related to the Pareto principle. It is commonly applied as a rule of thumb, not
developed from theoretical derivation, but accepted in practice.

A Pareto diagram looks similar to a bar chart in which all of the relevant fac-
tors contributing to an overall effect are arranged in descending order accord-
ing to the magnitude of their effect. This arranged order ensures separating the
‘vital few’ (most critical factors) from the ‘useful many’ factors or inputs that
are useful to understand but contributed to a relatively smaller consequence
to the problems or issues. Using a Pareto diagram helps a team concentrate its
efforts on the factors or inputs that have the greatest impact on the ‘process
to be improved’ outcomes. It also helps a team communicate the rationale for
focusing on certain points of the processes.

5.4.2 Why?

Pareto analysis is a method applied for prioritising problems based on the ones
that occur most often. The advantage of Pareto analysis is that it can assist in
straightening out the priorities with the most important areas first. This tool
is effective in avoiding confusion with the initial ideas of major problems and
in directly fixing those which may not be big problems. This tool helps to cre-
ate a focus on the correct problems to be resolved. Common situations for the
application of Pareto analysis are:

• Making sense of the data related to the frequency of causes, issues or prob-
lems in a process.

• Focusing on the most significant cause when there are many identified
causes.

• Analysing broad causes by focusing on their specific components.
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5.4.3 When?

After brainstorm on potential causes of the problems, prioritisation of the fac-
tors is needed as information on how critical the a factor compared to each
other is unknown.

5.4.4 How?

Figure 5.4 provides the steps to develop the diagram.
Pareto analysis can be used in three situations. The most common and basic

application is to identify the vital few from the trivial many for most quality
systems. The other applications are comparative Pareto analysis and weighted
Pareto analysis, the former of which focus on any number of options or
actions (Frigon and Mathews 1997). The latter type, weighted Pareto analysis,
not only identifies the frequencies of the occurrences but also estimates a
measure of their importance and accounts for the severity of the defects
or costs.

Example 5.2 Potato Chips – Critical Control Points (Varzakas and
Arvanitoyannis 2007)
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Packaging, storage, potato receiving, frying and distribution were the pro-
cesses identified as having the highest RPN (Risk Priority Number) (225, 225,
180, 144 and 144, respectively) for corrective action to be implemented.
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Identify those items that appear to account for most of the difficulties

Look for a clear breakpoint in the line graph, where it starts to level off quickly. If there is not 

a breakpoint, identify those items that account for 50% or more of the effect.

List the items on the horizontal axis of a graph from highest to lowest

Label the left vertical axis with the numbers (frequency, time or cost), and then label the right 

vertical axis with the cumulative percentages (the cumulative total should equal 100%)

The items being compared in decreasing order of the measure of comparison

The cumulative percentage for an item is the sum of that item’s percentage of the total and that 

of all the other items that come before it in the ordering by rank

Choose a timeframe for collecting the data

Determine the range of time involving the data (e.g. one cycle, one week)

Develop a standard measure for comparing the items

How often? = frequency How long? = time

Construct the list of problems, items, issues or causes to be compared

Categorise the problems. Identify the reasons cited for returned or rejected material, 

communicating with customers or suppliers, or re-examining the process.

Figure 5.4 Steps to develop Pareto diagram.
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5.4.5 Where?

• Customer/consumer complaint analysis
• Sensory evaluation
• Vendor selection
• Ingredient/raw material risk assessment
• Marketing and sales
• Manufacturing deficits
• Process and quality control
• Equipment maintenance priorities

5.5 Process Flowchart

5.5.1 What?

A process flowchart is a quality tool that can be applied to understand how the
process is done. It is typically presented using a diagrammatic technique – it
may have many paths along the way (from the start to the end of the diagram).
The process flowchart can describe any process, such as a manufacturing pro-
cess, an administrative or service process, and a project plan. It is a generic tool
that can be adapted for a wide variety of purposes. A team can apply a pro-
cess flowchart by breaking the flowchart into logical steps and identify areas
that need corrective action/any potential areas causing problems to strategise
the preventive action. However, a large process can result in a very complicated
and confusing flowchart; therefore, breaking the process into smaller processes
is the best approach.

5.5.2 Why?

A process flowchart is typically used at the beginning of a process improvement
event to describe process events, timing and frequencies at the highest level
and work downward. At high levels, process flowcharts facilitate managers and
teams in understanding process complications. At lower levels, this quality tool
helps you analyse and improve the process. In order to have better communi-
cation to explain a particular process, the usage of a process flowchart is proven
effective.

In constructing the diagram of the process flowchart, some common symbols
were applied in the flowchart, as listed below (Table 5.1):

5.5.3 How?

Figure 5.5 provide the steps to map the process flowchart.
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Table 5.1 The common symbols used in the flowchart.

Symbols Details Symbols Details

Direction of
the flow

Link to another
page or flowchart

Decision Input/output

Delay

Start and end points

Review the flowchart

Ensure that others involved in the process, such as operators, supervisors, suppliers 
and customers, agree on how the process is diagrammed. Test the flowchart accuracy 

and completeness.

Draw arrows to show the flow of the process

This step is after ensuring that all the activities are included

Arrange the activities in a proper sequence

The activities are assigned in the correct sequence

Brainstorm the activities that take place

Team members are gathered to write activities in the process, regardless of the 
sequence 

Decide on the boundaries of your process

Where or when does the process start and end? Decide on the level of detail to be 
included in the diagram.

Identify the process or task to be analysed

Define the process to be diagrammed

Figure 5.5 Steps to develop process flowchart.
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5.5.4 When?

It is imperative for the team to understand the steps and details of the process.
In order to identify key processes and critical quality parameters to control,
drawing process flowchart is a big help.

Example 5.3 Sweets (Knowles, Johnson, and Warwood 2004)
A team is improving medicated sweet manufacturing processes – the team
mapped the process using the affinity approach, with all of the team members
being allowed to generate their version of events. The team then discussed and
refined the ideas to form one process that was agreed by all.

Simple flowchart 

Cooking system 

Cooling drum 

Folding ploughs

Transfer belt II

Batch Roller (HBR)

Sizing wheels

Die Head

Cooler 

Grader 

Elevator

Wrapping machines 

The agreed process flowchart is shown in above figure and formed the basis
of future discussions.

5.5.5 Where?

• Process control and monitoring
• Process improvement
• Process characterisation

5.6 Histogram

5.6.1 What?

A histogram is one of the simplest graphical tools typically applied to visu-
alise variation and display the distribution of a process. Compared to stem
and leaf analysis, a histogram facilitates managers in visualising patterns and
trends in data variation which are not readily apparent in table forms, espe-
cially the shape of data distribution. The histogram was first implemented by
Kaoru Ishikawa, one of the Japanese quality gurus.
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5.6.2 Why?

The primary purpose of using a histogram is to see this shape of data distri-
bution, analysing the dispersion of the data and finding the peak of the data.
Typically, a histogram is used to find and characterise the distribution of data
after prioritisation has been implemented through Pareto analysis.

5.6.3 When?

The team to identify the distribution of the data.

5.6.4 How?

The construction of a histogram can be done manually or use software,
although it is slightly tedious and error-prone when done manually. Software
such as Excel, Minitab and Statistical Package for the Social Sciences (SPSS)
are readily available and easy to use for this purpose. Figure 5.6 provide the
steps to develop histogram.

The potential interpretation of the histogram provides the team with the
shape of the variation in the data. From there, it can construct a hypothesis
related to why the process data are exhibiting such trends of variation.

Tally the number of observations with the class interval

Count the frequency of the items in each class interval

Determine the number of bins

Identify the number of bins or class intervals and the interval width 

Arrange the raw data in a column and identify the ranges

Identify the highest and lowest values

Identify, draw and label the x-axis and y-axis

Identify the continuous data

Figure 5.6 Steps to develop histogram.
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Distributions of the data may follow a bell shape, skewed shape, truncated
shape, isolated peak, comb shape, bi-modal shape, and plateau shape.

5.6.5 Where?

• Stock and storage distribution analysis
• Estimation of the maintenance workload
• Process characterisation
• Customer/consumer complaint analysis
• Process performance distribution
• Analysis of shifts in downtime distribution
• Raw material supplier reliability
• Microbiology testing analysis

5.7 Scatter Diagram

5.7.1 What?

A scatter diagram is a type of graph that has similar features to a line graph,
except that there are points plotted without the connecting line drawn between
them. It is also known as a scatter plot, which has at least two major objects that
are needed for the quarries (x-axis and y-axis). The diagram cannot be used to
assess a causal relationship; however, it indicates the strength of the relationship
and proves the existence of it.

5.7.2 Why?

The main purpose is to reflect on what will happen to the factor and then the
other effect, the change. It is also used as a graphical depiction of regression
analysis and a reflection of causes and effects explained in a fishbone diagram.
The slope of the diagram contained information on the type of relationship that
exists between the variables. A scatter diagram also provides a visual compari-
son of the numbers from the tally sheet.

5.7.3 When?

To show how strong the correlation of two variables? It is particularly useful in
identifying potential root causes of problems.
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Analyse the pattern of points 

Identify the relationship between variables

Draw a graph

Independent variable on the horizontal axis and the dependent variable on the

vertical axis

Collect pairs of data

Collect the quantitative data

Figure 5.7 Steps to plot scatter diagram.

5.7.4 How?

Figure 5.7 provide the steps to plot and develop the diagram.

5.7.5 Where?

• Product and process improvement
• Process control
• Process and product design
• Downtime trend
• Trend of craft productivity

5.8 Control Chart

5.8.1 What?

A control chart is one of the most technically sophisticated tools of SPC, and
it is considered the core tool of the technique. It was invented by Dr. Walter A.
Shewhart of the Bell Telephone Labs in the 1920s as an approach to the solution
to the manufacturing process variation problem to improve the economic and
efficiency of the process.

A control chart is a graphical display of the critical quality parameters that
have been measured typically through a range of time, and the usage of the con-
trol chart is suggested to be in a continuous manner. A control chart contains
three lines – the two highest and lowest lines are known as control limits:
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• The centreline represents the average value of the measured parameters.
• The upper-limit line represents the highest value of the acceptable quality

standards of the product.
• The lower-limit line represents the lowest value of the acceptable quality

standards of the product.

5.8.2 How?

The mechanism of clarifying a process in the state in the control is by ensuring
that all the sample points fall between the control limits, indicating that there is
no further corrective action required. However, if the point falls outside of the
control limits, the process is interpreted as out of control or in an out-of-control
state, indicating that investigations, feedback plans and corrective action are
required.

The control chart is testing the proposition that the data of the pro-
cess/product are consistent and uniform and that variation is caused by
normal or inherent causes. If the hypothesis is rejected, special, or unusual,
causes of error are assumed to be present, requiring further investigation of
the root of the causes and implementation of corrective action.

In manufacturing sites, processes will commonly operate in actual consis-
tency for a relatively long period. However, the stability of the process does
not permanently last long, as at one point there will be a process shift, with an
out-of-control situation causing variation in end-product quality parameters.
Therefore, close process monitoring is important in identifying the art of the
conscious state of the process when the process output does not conform to
the range of outlined standards.

5.8.3 Assumptions

Control charts are constructed based on the assumptions that the process data
are normally distributed, and the observed characteristic is distributing inde-
pendently where there is no autocorrelation in the process.

5.8.4 Why?

5.8.4.1 Process/Product Monitoring
A control chart is applied to reflect the process performance as an online pro-
cess monitoring technique and, subsequently, facilitate managers in deciding
whether the process should be investigated for further process improvement
activities. In order to avoid any nonconforming products manufactured, cor-
rective action will be taking place after the control chart detects the occurrence
of assignable causes of process shifts. Although a control chart can be applied
using historical data, the primary purpose of a control chart is to prevent defec-
tive items from being produced.



�

� �

�

76 Statistical Process Control for the Food Industry

Most experts recommend that a process should not be changed unless there is
statistical evidence showing the process in that condition. However, it does not
indicate that the process should not be improved at all, as the improvement can
be implemented not by tampering with the process, but by changing the design
of the process. A control chart ensures process stability as a pre-requirement
before continuous improvement team members change the process design or
tamper with the process settings.

5.8.4.2 Process Prediction
Another function of a control chart is to facilitate the determination of process
capability by estimating the parameters of the selected process. Process pre-
diction can be identified by using a run chart or control chart, as both have the
capability of reflecting the trend of the process. However, a run chart is inca-
pable of predicting if the process is going to be out of control over time, as it
does not apply any control limits. The disadvantages of a run chart highlighted
the importance of a control chart as the alternative for process prediction, pro-
vided the process is conforming to the assumptions.

5.8.5 How?

Although the most renowned control charts implemented in the food industry
are Shewhart charts, the table above shows that there are many types of control
charts formulated to improve the applicability of control charts in a variety of
process environments. There are different ways in which to construct each of
the control charts, but the common steps for the construction of a control chart
can be illustrated in Figure 5.8

Process 

characteristics

• Identify 

  process 

  characteristics 

  with 

  observations 

  or calculations

Centre 

line

• Calculate 

  the process 

  mean

Standard 

deviation    

• Determine 

  the standard 

  deviation

Control 

limits

• Calculate the 

  upper control 

  limits (UCL) 

  and lower 

  control limits 

  (LCL)

Plot

• Plot the 

  control 

  limits and 

  connect the 

  consecutive 

  points

Figure 5.8 Steps to construct control charts.
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5.8.6 Types of Control Charts

There are several types of control charts, and a correct control chart selection is
a critical part of creating a control chart. If the wrong control chart is selected,
the control limits will not be correct for the collected data. To choose the type
of control chart to be used is determined by the types of data to be plotted and
the format in that these data have been collected.

5.8.7 Variable Control Chart

Variable control charts are fitting for the use of continuous data or data that
can be measured. Most food manufacturing process parameters measured use
these types of data. The most typically applied variable control charts are the
individual and moving-range (I-MR) chart, Xbar and R chart, and Xbar and
S chart.

Once the data is identified to be continuous, an appropriate chart is to be
chosen. The question is how to choose the appropriate chart. At this point, it
will be heavily influenced by the size of the subgroup. The tips for choosing a
suitable chart are as follows: if the subgroup size is 1, the type of control chart
suitable to be applied is the I-MR chart; if the subgroup size ranges from 2 to 10,
the Xbar chart and R chart should be applied; and if the subgroup size is more
than or equal to 11, the Xbar chart and S chart are appropriate to be applied.

5.8.7.1 Xbar Chart and R Chart or Xbar and S Chart
The Xbar and R charts are SPC charts for the use of variable data collected at set
time intervals in subgroups – usually between three and five samples in each
subgroup. The two charts are designed to be interpreted in a paired manner.
The top graph charted is the mean of each subgroup (Xbar) and the bottom
graph charted is the range (R) of the subgroup.

Which type of chart to begin?
Commonly, we will begin with the Xbar-S chart in order to understand the

stability of the process parameters. However, if the sample size is relatively
small, then the Xbar-R chart should be the alternative option.

However, the issue with the Xbar-R chart is that as the subgroup size
increases, the range used to measure within-group variation becomes poorer.
Therefore, the Xbar-S chart is the solution to the problem when the subgroup
size increases and becomes larger.

Out-of-control points or patterns can be detected on either the Xbar or R
chart or on both charts. This is one of the most commonly encountered types
of control chart, and leverages two different observations:
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• The Xbar chart: how much variation exists in the process over time
• The R chart: variation within each variable (subgroups)

Prior to the wide usage of software and technology, practitioners in the food
industry are reluctant to apply the Xbar-S chart instead of the Xbar-R chart. The
biggest blockage of the use of the Xbar-S chart is that the concept of standard
deviation is just not as easy to understand as the range. Although the Xbar-S
chart is very similar to the Xbar-R chart, the key difference is that the subgroup
standard deviation is plotted when using the Xbar-S chart, while the subgroup
range is plotted when using the Xbar-R chart. One benefit of applying standard
deviation compared to the range is that the standard deviation calculation con-
siders all of the data points, not just the maximum and the minimum values of
the data. Therefore, standard deviation depicts a better estimate of the variation
in large subgroups than does the range.

Shewhart’s control chart has shortages such as:

• Only consider the information in the last sample observation, ignoring
information in the entire sequence of points

• Being relatively insensitive to small process shifts
• Being less useful in phase II

5.8.7.2 Exponentially Weighted Moving Average (EWMA) Chart
S.W. Roberts first introduced the exponentially weighted moving average
(EWMA) control chart in 1959, followed by Wortham and Ringer (1971). They
proposed that the EWMA chart is appropriate for usage in the process and
manufacturing industries and financial and management control systems, in
which subgroups are not practical.

Similar to CUSUM, it has the advantage of detecting small shifts in the pro-
cess mean. They are especially appropriate for individuals’ charts, where they
can make up for the small subgroup size effectively. Unlike the Shewhart charts,
single observations are usually used for this type of chart. The measurements
of observations may be averages (when the individual readings making up the
average are not available), individual observations’ data points, ratios, propor-
tions, or similar measurements. When designing an EWMA chart it is essential
to consider the average run length and shift to be detected.

• The limits for warning and action of the EWMA chart differ from those of
a Shewhart chart and have to be computed separately.
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Although EWMA is widely applied to forecasting time series as well, it is
not as popular as Shewhart charts. The significant difference between EWMA
and the CUSUM chart is that it is using the additional weighting factor, which
enables the adjustment of shift sensitivity. Although both CUSUM and EWMA
charts are sensitive to small shifts in the process mean, they do not have a sim-
ilar ability to a Shewhart chart in detecting larger shifts. Therefore, these two
charts were sometimes applied by pairing up with a Shewhart chart (Mont-
gomery 2012). Further extensive guidance is available in Montgomery (2012).

5.8.7.3 Cumulative Sum (CUSUM) Chart
Cumulative sum (CUSUM) control charts were first proposed by Page (1954)
and had been studied by many authors; in particular, see Ewan (1963), Page
(1961), Gan (1991), Lucas (1976), Hawkins (1981, 1993), and Woodall and
Adams (1993). The construction of a CUSUM chart involves plotting the
CUSUMs of the deviations of the sample values from a target value. Instead
of assessing the subgroup mean independently, the CUSUM chart depicts
the accumulation of information of several samples (current and previous
samples). This feature of the CUSUM chart has made it a better chart than
the X-bar chart for identifying small shifts in the process mean. However, the
CUSUM chart is less powerful detecting rapid, large shifts.

The CUSUM chart is effective with samples of size n = 1, which makes
it a better option for use in food processes in which rational subgroups
are frequently of size 1, and in discrete part manufacturing with automatic
measurement of each part and online process monitoring directly at the work
centre. In this section, we concentrate on the CUSUM chart for the process
mean. It is possible to plan CUSUM procedures for other type of variables,
such as Poisson and binomial variables for modelling nonconformities and
fraction nonconforming. A visual procedure proposed by Barnard in 1959,
known as the V-Mask, is sometimes applied to determine whether a process
is out-of-control. Commonly, the tabular form of the V-Mask is preferred.
A V-Mask is an overlaid shape similar to a V shape on its side that is place
over on the CUSUMs’ graph. The original point of the V-Mask is placed on
top of the latest CUSUM point, and past points are examined to see if any
fall above or below the sides of the V. If the previous points fall between the
sides of the V, the process is determined to be under statistical control or
stable. Otherwise (if one point falls outside), the process is detected of being
out-of-control.

Although CUSUM chart has a superior advantage against small shifts, the
charts are not very popular as the chart is considerably more complicated
to devise. Secondly, basic CUSUM chart does not detect large shifts quickly
enough, and many users are more concerned about large shifts than about
small ones. Finally, a critical issue with CUSUM charts is that most of the
publication on the application of the chart, is based on inaccurate risk
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calculations (for more details see Woodall and Adams (1993)). As a result, the
actual performance of many implementations of these charts is not similar as
advertised, including the performance of several software packages.

5.8.8 Attribute Control Chart

Attribute control charts are the charts depicting the go or no-go or count
information, which includes the number of defective units, the number
of defects in a unit, the number of complaints received from dissatisfied
customers, and the bacteria count found in the food sample. Attribute control
charts are suitable when related to attribute data (male and female) and when
theoretical distributions almost fit the model. Another type of attribute is
conformance of the product/process with the target. The measurement of the
data is typically based on continuous variables; for example, when the diameter
of the sweets is over the limit, then the attribute is ‘defective’. The control
charts for individuals which were discussed in prior sections are based on a
normal distribution; however, the attribute control chart is based on a different
distribution.

Nevertheless, the patterns and rules to indicate an out-of-control condition
are similar for both variables and attribute control charts. Similar to the vari-
able control chart, the attribute control chart consists of several types of charts,
depending on the types of data and the purpose of the process control.

A key disadvantage of an attribute control chart is that it loses the opportu-
nity to acquire lots of information during the transformation of continuous
measurements to attributes.

5.8.8.1 Proportion Defective Chart (p-Chart)
The proportion defective control chart (p-chart) is also known as a percent
chart, a fraction nonconforming chart, a fraction defective chart, or simply as
a p-chart. ASQ (American Society for Quality) defines a p-chart as a ‘control
chart for evaluating the stability of a process regarding the percentage (or pro-
portion) of the total number of units in a sample in which an event of a given
classification occurs’. The p-chart is used to detect and identify the percentage
defective in each subgroup.

The items may have several quality characteristics that are examined simul-
taneously by the inspector. If the item does not conform to a standard on one
or more of these characteristics, it is classified as nonconforming. How does
it work? Instead of considering the number of defects that a unit might have,
it identifies the unit as defective even if it has at least one defect. The mea-
surement unit being examined is conforming (acceptable) or nonconforming
(defective), where the binomial distribution is the basis for the chart.
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The p-chart is often used when large quantities of products are manufactured
relatively quickly. One advantage of the p-chart is that it can be used with both
fixed and variable sample sizes. However, there are many instances in which
sample sizes will vary, especially in the service sectors. If the sample consists of
all the items produced during a period, it is likely that the sample size will vary
and when that happens, the control limits are adjusted for each sample.

5.8.8.2 Number Defective Chart (np-Chart)
An alternative to the p-chart is the np-chart. The number defective control
chart is also known as an np-chart. Compared to the p-chart, the np-chart is a
control chart for assessing the stability of a process regarding the total number
of units in a sample in which an event of a given classification occurs. It is sen-
sitive to changes in the number of defective units in the measurement process.
Similar to the p-chart, the ‘event of a given classification’ is whether the unit
being examined is conforming (acceptable) or nonconforming (defective). The
basis of the np-chart is considered binomial.

Criteria to use the np-chart are as follows:

• The n items counted are the number of items of those n items that fail to
conform to the specification.

• Assume that p is the probability that an item will fail to conform to the
specification; the value of p must be similar for each of the n items in a
single sample.

Compared to the p-chart, the np-chart deals with the number, instead of the
proportion, of defects/nonconforming products in each sample. Therefore,
each sample size must remain constant. As with the p-chart, the np-chart is
often used when large quantities of products are produced relatively quickly
and provides the same advantages and disadvantages as the p-chart. The main
advantage of the np-chart over the p-chart is the ease of understanding. Since
the number of nonconforming units per sample is plotted on the chart, it
provides direct evidence of the quantity of nonconforming products being
produced in units. Operators commonly find the number of units easier to
understand than proportions. A disadvantage of the np-chart compared to
the p-chart is the inability of the chart to handle variable sample sizes. The
patterns in both charts are identical, and both have equal power to respond to
out-of-control conditions in the process.

5.8.8.3 c-Chart
The count chart or the number of nonconformities chart, which is also com-
monly known as the c-chart, is an attribute control chart applied to assess the
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stability of a process regarding the count of nonconformities occurring in a
sample. It was applied to determine the variation in the number of defects in a
constant sample size.

The main concern about the c-chart is the number of defects that are present
in a sample, not with how many nonconforming units are present. Poisson dis-
tribution is the basis for the c-chart. In order to apply the c-chart, the occasions
for defects to occur in the subgroup must be very large, but the number that
occurs is small. For example, the opportunity for violation of food safety to
occur in a plant is very large, but the number that occurs is small. One of the
assumptions is that each inspection unit must always represent an identical
area of opportunity for the occurrence of nonconformities. Also, nonconfor-
mities can be found in several different types on one unit, as long as the above
conditions are satisfied for each category of nonconformity. In most practical
situations, the violation of assumptions for the charts commonly happened. For
example, the number of chances for the occurrence of nonconformities may be
finite, or the probability of nonconformity occurrences may not be constant.
As long as these departures from the assumptions are not severe, the Poisson
model will usually work reasonably well.

5.8.8.4 U-Chart
The U-chart, which is also called the count chart per unit, is almost similar to
the c-chart, which assesses the stability of a process in terms of the count of
events of a given classification occurring per unit in a sample. Compared to the
c-chart, which uses a constant sample size, the U-chart allows for the applica-
tion of variable sizes of samples. Similar to the c-chart, the U-chart is applied
when it is concerned with the number of nonconformities that are present in
a sample, not with how many nonconforming units are present. Poisson distri-
bution is the basis for the U-chart. It is common in practice that the sample size
varies. For example, in manufacturing, when an inspection is done of an entire
population, instead of samples taken from the population, the sample size fre-
quently varies. However, what if the sample size in each subgroup is different?
For such a case, information about defects needs to be plotted. Rather than a
c-chart, a U-chart is more appropriate. A U-chart is applied as an alternative to
the c-chart, as it only allows a constant subgroup size.

5.8.9 Run Chart

The run chart is a simple yet powerful tool in process improvement initiatives. It
is a line graph of data plotted over time with median as a horizontal line. The run
chart is useful at the beginning of a project as it depicts important information
and process trends before there is sufficient data to calculate reliable control
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Plot data 

Plot the data in sequence

Calculate mean or median

Draw a horizontal line at mean/median value

Draw a graph
Independent variable on the horizontal axis and the dependent variable on the

vertical axis

Collect data

Collect a minimum of 10 points data

Figure 5.9 Steps in developing run chart.

limits. The key purpose to application of the run chart is to detect trends in
processes weather there is an improvement or degradation of a process, which
later may be detected by control charts for non-random pattern in the data.
Figure 5.9 provide the steps to construct the chart.

5.8.10 Interpreting Control Chart Signals

In the following steps after the control chart development, the chart should
be interpreted to understand the condition of the process regarding its stabil-
ity and variability. The most common decision rule applied to classify whether
the process is under control or not is by identifying if any points fall outside
of the critical control limits. Common problems causing such out-of-control
situations include changing to the poor quality of raw materials and an inexpe-
rienced operator replacing a well-trained operator.

Let us say that the process that we are monitoring shows no points outside the
control limits. Are we 100% sure that the process is actually under control? The
answer is no. The process may depict a non-random pattern, which indicates
an out-of-control situation. Therefore, if managers decided to be stricter with
the rules to identify a stable process, there are other decision rules that can be
applied to control chart pattern assessment. We call it a non-random pattern,
which can be used against the decision rules in Table 5.2.

5.8.11 Rules for Interpreting a Control Chart

The ability to interpret a particular pattern for assignable causes requires expe-
rience and sufficient knowledge of the process. Interpreting results is similar to
the process talking to us about how the process is behaving. The information
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Table 5.2 Rules for interpreting a control chart.

Western electric rules

• Any single data point falls outside the 3σ limit from the centreline
• Two out of three consecutive points plot beyond the 2σ limit (same side)
• Three consecutive points fall above the 1σ limit
• Seven consecutive points fall above the centreline
• Ten consecutive points fall below the centreline
• Six consecutive points fall below the 1σ limit
• Four consecutive points fall below the 2σ limit

AIAG rules
• One of one point is outside the ±3sigma control limits
• Seven out of seven points are above or below the centreline
• Seven points in a row are increasing
• Seven points in a row are decreasing

Juran rules
• One of one point is outside the ±3-sigma control limits
• Two of three points are above the 2-sigma control limits
• Two of three points are below the −2-sigma control limits
• Four of five points are above the 1-sigma control limits
• Four of five points are below the −1-sigma control limits
• Six points in a row are increasing
• Six points in a row are decreasing
• Nine out of nine points are above or below the centreline
• Eight points in a row are on both sides of the centreline, none in zone C

of the process depends upon the ability to read and deduce what the process is
trying to convey.

The usual practice for control chart application in the industry is that of con-
tinual monitoring of key processes in the business. However, how about the
companies that do not have the luxury of implementing a control chart at every
key process? Realistically, not every process requires being monitored. If a pro-
cess shows unwavering, stable control for a long time, it need not be monitored
with the same zeal as one that frequently produces more defects and is more
expensive. The SPC leader should avoid stable processes being charted, before
the most critical process. In a mature quality management setting, less critical
processes will have been monitored occasionally.

5.8.12 Where?

• Vendor control and selection
• Process and product specification conformance
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• Sensory (colour, flavour, odour)
• Sort, wash, clarify, heat, filter, mill
• Package integrity, code, feel, appearance
• Defects and wastage calculation
• Productivity
• Process performance
• Microbiology
• Product specification conformance
• Process, product, process performance
• Process, product, control planning

5.9 Common Mistakes

Although a control chart is common in quality management practices, many
errors may risk the effectiveness of the control chart. One of the most common
errors is the incorrect selection of the control chart. For example, a sales depart-
ment intends to plot the number of complaints received during each month.
Since the number of complaints is the type of data that can be counted or dis-
crete, an attribute control chart, c-chart, is the most appropriate chart to be
applied. In practice, there are many instances in which a variable control chart
(individual chart and moving-range chart) plots this type of information. Other
common errors in applying control charts are as follows:

• Wrong formula used to calculate control limits. However, the paradigm shift
towards the usage of software and technology has minimised such error.

• Missing, poor or erroneous measurements. Most of the employees were nei-
ther trained nor were told of the importance of having correct and quality
data collection.

• Data on charts are not current. Common practice uses historical data for
reporting and records. However, charts were not applied to prevent defective
occurrences.

• Process adjustments have not been recorded.
• Special-cause signals were ignored, assuming that there is an error in the

control chart.
• Non-random patterns were not studied, as it is common practice in the

industry to assume that all their processes are under normal probability.
• Specification limits were placed on the chart instead of control limits.

The consequences are that the control chart limits are widened and less
stringent than it should. Subsequently, the control chart failed to raise the
out-of-control warning.
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5.10 Summary

• As SPC is known as a technique, there are some quality and statistical tools
able to facilitate the SPC implementation.

• Not all the quality tools are required to be applied within the SPC implemen-
tation.

• A control chart is the core tool of SPC. There are two types of control chart
based on the nature of the data, which are variable control chart and attribute
control chart.
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6

Team Formation, Team Dynamics and Training

6.1 The Team

SPC (Statistical Process Control) is a statistical and systematic technique
for quality control and process improvement, requiring a group of people
to deploy the technique in an organisation. One of the common challenges
of implementation is that in this industry, only one person is responsible
for it, which leads to the fact that SPC deployment works more efficiently
with teamwork commitment. No matter how good engineers and statisticians
or software programs are, it is impossible to improve quality without the par-
ticipation of a functional company workforce – SPC relies heavily on the
effectiveness and functional of a team.

Most of the food organisations have developed their teams to oversee quality-
related issues even prior to the introduction of SPC deployment. For example,
during the efforts of a company preparing itself for hazard analysis critical
control point (HACCP) certification, according to the manual, a HACCP
team must be developed to spearhead the certification process in a company.
Commonly, the team has to change the operational and functional aspects
following the SPC’s mechanism and its underlying philosophy (Dogdu, Santos,
and Dougherty 1997). The good news is that the mechanism of implementing
SPC and HACCP has similarities, which means that team members can be
allocated for both implementations.

The purpose of this study is to address the research gap in SPC imple-
mentation literature by answering the following research questions: ‘What
are the common team roles constituted in the SPC team?’ and ‘What are
the characteristics of an SPC team that contribute to the team’s effectiveness?’

Although teamwork is considered one of the critical success factors (CSFs)
and team formation is numerously suggested in the roadmap of SPC implemen-
tation, there should be a recipe on the formation of the SPC team in a company.
In order to reap the benefits of SPC, this chapter will highlight the importance
of correct training at the right time; more importantly, incorporate the right
people to form a multi-disciplinary team.

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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6.2 Team Dynamics

Team dynamics comprises of several components of a team:

• team structure,
• team roles/tasks, and
• team maturity

Recommended by practitioners and academicians as part of a continuous
improvement effort, forming a well-established structure of a team will result
in a successful team. Team roles/tasks are the generic activities that each team
and its members execute for success.

6.2.1 Team Structure

Figure 6.1 depicted the types of teams encompasses the SPC team in an organ-
isation, and later in Figure 6.2 depicts team members and their respective tasks
(it is not compulsory to include all of the team members listed in the figure).

Chief Quality Officer

Chief Sales Officer 

Chief Supply Chain Officer

Chief Procurement Officer

Chief Operating Officer

General Manager

Sponsors

Executive boards

1. Delegate implementation to the SPC steering committee. 

2. Monitor the progress reported by the SPC steering committee. 

3. Approve training required for SPC implementation.

4. Understand the rationale of SPC implementation and the need to reduce variation. 

5. Integrate values and expectations through division of vision and mission statement.

6. Communicate performance expectations to all levels of the organisation. 

7. Assign an action plan to the stakeholders and the coordinator in order to ensure timely 

completion of SPC projects. 

8. Appoint an SPC leader.

Top Management

SPC Steering Committee

SPC Implementation Team

The Leaders 

Figure 6.1 Types of SPC teams, team members and their tasks.
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SPC facilitator

Operation manager

Process manager

Quality manager

Quality improvement manager

Purchasing manager

Production manager

Maintenance manager

Reliability manager

1. Formulate goals and form teams.

2. Initiate training and programme support. 

3. Set priorities for quality activities.

4. Stimulate SPC awareness through personal involvement. 

5. Initiate promotion activities (e.g. SPC news and bulletin boards).

6. Stimulate team building. 

7. Provide strategy for implementation. 

8. Advise on quality strategy. 

9. Assess results and certify teams when ready. 

10. Make sure that the control plan is developed. 

11. Provide an appropriate budget to realise improvement. 

12. Monitor the progress of the SPC implementation team.  

13. Assess problems and progress. 

14. Report on progress to top management. 

15. Apply cost–benefit analysis.

SPC facilitator (could be internal/external)

Supervisors

Engineers

Operators

1. Bring the process under control.

2. Implement the SPC project. 

3. Resolve out-of-control situations.

SPC implementation team

SPC Steering committee 

Figure 6.1 (Continued)
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Leader

• Someone who has a great interest in implementing SPC
and is able to lead the team with a high level of
commitment.

• A motivator that guides team members in problem solving
by providing relevant materials and clear objectives of the
SPC implementation.

• An important role in creating a creative-thinking culture
when developing teams

• (Gordon, Philpot, Bounds, and Long, 1994; Hewson,
O’Sullivan, and Stenning, 1996; Krumwiede and Sheu,
1996; Watson, 1998).

Sponsor

• SPC implementation requires investment from the
organisation; thus, the availability of sponsors during the
SPC project is vital to in ensur ing smooth implementation.

• Sponsors may be required to provide a variety of
resources including financ ial resources, allocating
sufficient time for employees to run SPC projects, and the
adequate workforce and technology required to carry out
the project

• (Bunney and Dale, 1997; Krumwiede and Sheu, 1996;
Owen, Dale, and Shaw, 1989).

SPC Expert

• This role may be selected internally or externally,
depending on the organisation. However, as time goes by,
the organisation should increase internal expertise based
on organisational learning culture, instead of constantly
depending on external expertise, which is costly for
continuous implementation. A SPC expert plays a crucial
role in providing knowledge and guidance related to SPC
for the organisation to operate SPC as part ofits processes

• (Antony and Taner, 2003; Does and Trip, 1997;
Hewson et al., 1996).

SPC 
Coordinator

• A SPC coordinator is one of the critical roles — SPC
deployment is prepared and planned not only to align the
implementation with leaders' vision, but also to
communicate the vision across the company

• (Dogduetal., 1997; Hewson, Cox, and Stenning, 1997;
Kumar and Gupta, 1993).

Users

• It is vital that this role be included in a SPC team, as they
are the people who will continuously face and implement
SPC in their processes. Furthermore, inputs from users are
crucial because they are the right people to seek related
process information, as they deal with processes all the
time

• (Does and Trip, 1997; Dogduetal., 1997; Kumar, 1993;
Owen et al., 1989).

Figure 6.2 SPC team members’ roles.
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Team members should be selected based on Figure 6.1, depending on the
association of the team members with the process. The type of employee posi-
tion is not the only factor necessary for implementation, but also individual
roles (Meredith 1997; Senior 1997).

According to Belbin’s roles theory, regardless of the size of the team, team
roles should be assigned to team members (Figure 6.2). A good SPC team typ-
ically consists of a small team (six to eight) of people (Does, Roes, and Trip
1999). However, this has to correlate with the size of the company and the
complexity of the project to facilitate the team in achieving agreed decisions
efficiently.

A team operates most effectively, if the right combination of roles is present,
which therefore the team roles and tasks were suggested in Figure 6.2.

6.2.2 SPC Team Characteristics

Teamwork involves interdependent tasks, and that team-level factors may be
important in overall team performance. Related factors involved are:

• team performance
• strategies, coordination losses
• team cohesiveness
• group identity
• experience of working together

The most prominent characteristic found is multi-functional team (Antony
2000; Antony and Balbontin 2000; Antony and Taner 2003; Does and Trip
1997; Kumar and Motwani 1996; Kumar and Gupta 1993). These functions
promote a cross-disciplinary flow of information in real-time problem solving
(Mitra 2012). Functional diversity of a team should facilitate the team’s ability
to interact across team boundaries with members’ home department, which
leads to a positive effect on performance, as depicted in Table 6.1 (Cohen and
Bailey 1997; Hackman 1987)

Involvement of a cross-functional team works very well in expanding SPC
efforts in other departments, especially sharing of ideas and the obligation
to participate (Kumar and Gupta 1993). Thus, each member feels a sense of
achievement/satisfaction that his or her experience and opinions are adding
value and contributing towards the organisational goal.

It is suggested that size has a curvilinear or inverted-U-shaped relation with
team effectiveness; that too few or too many members impact a team’s per-
formance (Cohen and Bailey 1997). In the case of too few members, a printed
circuit board case study wherein a team of two to three people are described as
having an insufficient number to induce better ideas from each other Dogdu,
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Table 6.1 Team effectiveness criteria.

Team effectiveness Description

Output • The outcome of the workgroup should meet or exceed the
performance standards of the people who receive and
review the output.

• The effectiveness of a team implies that the team’s output
should be able to be accepted by the managers or clients
who are evaluating its performance.

Social process • The processes involved in carrying out the work should
maintain or enhance the capability of members to work
together on completing team tasks.

• Some groups operate in such a way that the group
integrity as a performing unit is destroyed in the process of
performing the task, which indicates the ineffectiveness of
a team.

The group experience • The group is on balance, satisfy rather than frustrate the
personal needs of group members.

• If the effect of team membership is to keep individuals
from doing what they desire or need to do, then the cost of
generating the team products is probably too high.

Performance • Efficiency, productivity, response times, quality, customer
satisfaction

Attitude • Employee satisfaction, commitment, and trust in
management

Behavioural outcomes • Absenteeism, turnover and safety

Santos, and Dougherty (1997). Dale and Shaw (1992) suggested that a small
team of people comprising production, technology, quality and maintenance
oversee the implementation developed. On the contrary, Harris (1994) argues
that successful SPC implementation projects consist of a larger team size, com-
pared to unsuccessful SPC implementation projects which consist of a smaller
size. Based on a study involving 72 employees by Magjuka and Baldwin (1991),
increasing the team size (8–46 members) was suggested, which implies fewer
sub-units of the team; thus, fewer leaders are required to manage the team.
However, it is also arguable that the bigger the size of the team, the more com-
plex the factors that need to be handled, affecting team effectiveness in SPC
implementation (Hackman 1987).

Within the SPC implementation project, the success of the implementation
is highly dependent on the task assignments. It is imperative to decide how
the division of tasks among team members impact both the efficiency of task
performance and the efficiency of knowledge acquisition (Elg, Olsson, and
Dahlgaard 2008; Hutchins 1997). Despite the fact that teamwork is a practice
in the industry (Antony and Balbontin 2000), having the skills to deal with
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team interaction and to function within specific team roles requires careful
attention as well.

Members of SPC team are often suggested to be permanent members in
the implementation process, and preferably without having a change in group
members. However, for the SMEs (Small, medium enterprise) flexibility of
changing team members is essential. Moreover, the same people working
together on long-term projects eventually lose their interest and efficiency
after some time. Furthermore, some of the characteristics which have not been
explicitly discussed in SPC, but instead in quality management in general,
are considered as well. One is the selection of the right people in the team.
Common factors for a successful team are management support, training
quality, team techniques, a stated mission, interdepartmental membership,
financial resources, and empowerment.

6.2.3 Team Maturity

Most teams are said to follow a path on their way towards excellent perfor-
mance; teams start with a collection of strangers and become united with com-
mon goals. In 1965, psychologist Bruce Tuckman first came up with the distinct
stages of ‘forming, storming, norming, and performing’ to reflect the stages
of team maturity (Tuckman and Jensen 1977). Bruce Tuckman and Mary Ann
Jensen have added the adjourning or mourning phase, reflecting a wrapping-up
task which breaks up the team. However, as SPC is a continuous activity, this
stage of the team is not favourable. According to Elrod and Tippett (1999), listed
several characteristics on team maturity, which are:

• Respects to all team members
• Effective individual and team communications
• Coordinated development and alignment of individual and team goals
• Recognition and reward of teamwork

Figure 6.3 display the team maturity stages for the team involved in SPC
projects.

The stages involves the forming level of the team, the development of a stable
team and finally at the real team stage, the team is able to work as a cohesive
unit. However, if the team members has gone through changes, the team matu-
rity is back to the first stage. They were developed for cross-functional teams
for specific purposes (for implementing SPC within the company in this case),
and applicable for audit teams. The Figure 6.4 will the role of a leader in trans-
forming a team in SPC projects.

This chapter also provides tips on how to move from each stage as depicted in
Figure 6.5. As SPC leader is also recognised as the CSF for SPC implementation,
the role of a leader in spearheading the team towards a mature team. Managers
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Figure 6.3 SPC Team maturity.
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Figure 6.4 The roles of a leader in a team.

are able to identify the maturity of their current team, and the behaviours and
tasks of the leader along the SPC project as depicted in the Figure 6.4.

6.3 Training

Training is always required, whether to initiate a new quality management
system or to sustain current performance. Food safety training is the most
common and basic training provided, which meant that training in quality
techniques are assumed less important. Compared to the SPC companies,
non-SPC companies offered less training opportunities for quality improve-
ment techniques. These companies mostly define food quality as food safety
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Figure 6.5 Training evaluation criteria.

due to their obligation to comply with food laws and regulations. Therefore,
training in quality improvement is considered less important than food safety
training (Dora et al. 2013a,b; Lim, Antony, and Albliwi 2014).

In order to ensure the success of SPC implementation, knowing food safety
is insufficient for implementation purposes. It is essential that everyone in the
company not only be aware of SPC but also to understand the importance of
SPC, and how it can be advantageous to employees and the company?. Top
management awareness of SPC is crucial and should be introduced with an
emphasis on definitions, requirements and benefits. In the food industry, train-
ing for quality management was high concerning to the food safety, and there-
fore in SPC training is often a part of the FQM (Food quality management)
training modules.

The objectives of training programmes in SPC implementation are to:

• Understand the variation and types of variation (assignable cause or common
cause)

• Understand the steps in identifying the root cause of the assignable cause
variation

• Increase awareness of quality and SPC tools



�

� �

�

96 Statistical Process Control for the Food Industry

• Reduce the resistance to SPC adoption
• Maintain in-house expertise in relation to SPC implementation
• Support the sustainability of SPC implementation and establish a continuous

learning culture in the company

Most training sessions mainly focus on the technical aspects, neglecting
the managerial aspects, which often cause the failure of SPC implementation
(Hoerl 1995). The technical aspect are referring to the statistical component
SPC (e.g. formulation, sampling, assumptions). The most ineffective approach
is to provide all information in one training session. On the other hand, to
provide training at each step of the implementation will cost the company
more time and money.

Ensuring that the module of training matches the level of employees’ knowl-
edge is essential, as the food industry workforce was found to be lacking in
knowledge and statistical skills. The trainer is highly advised to make sure that
the survey of employees in a company reveals their special skills, knowledge,
interests and motivations, which could be used to enrich and maximise the
role of employees in SPC. In order to increase its effectiveness and efficiently
use the resources (time, cost), the level of SPC training, as depicted in Table 6.2,
is divided into three levels and each will be trained with the respective level of
training materials.

For smaller food companies, a collaborative effort is suggested especially
collaborating with other organisations/businesses, customers or government
bodies/academic institutions. In a typical food manufacturing company,
the majority of training and learning takes place on the site, not in the
classroom. Therefore, a continuous improvement manager is necessary to

Table 6.2 SPC training programme.

Characteristics Level 1 Level 2 Level 3

Objective • Provide general
concepts of SPC
without technical
details

• Develop
problem-solving
skills and teamwork

• Guide the application of a
control chart and (out-of-
control action plan) OCAP

Participants • All employees • SPC steering team • SPC steering team, SPC
implementation team and
related personnel to the
selected process

Contents • Statistical thinking
• Quality tools
• Overview of process

performance
• Measurement

system

• Data quality and SPC
tools and the relation
of these tools to
current
QC/manufacturing
practices

• Theoretical and hands-on
approach to control charts

• Sampling and data collection
methods

• Capability analysis, OCAP
and emphasis on data
analysis and feedback action
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encourage supervisors and management to include quality concepts in their
training efforts.

6.4 Consultant

Training must be customised according to the company and planning it, is one
of the more time-consuming elements of the implementation. For a new SPC
user, management will typically depend on an external consultancy company,
as most of them have developed a comprehensive SPC training programme. At
this point, managers should select the consulting company, as there are vari-
ous types of training modules which the consulting company will offer that is
appropriate with the employees’ level of knowledge. The consulting company
may design the training plan for them to run the training at the food company.
The usage of the consultant can be replaced by an in-house trainer with increas-
ing maturity in using SPC in the business. Food companies are also suggested to
seek external advice from academic institutes. Local universities can facilitate
food companies in several ways in embarking on their CI (Continuous improve-
ment) journey, such as training (e.g. statistics and its applications), principles
of SPC, tools and techniques of CI. Student internship works on SPC or Six
Sigma projects supported by an academic mentor, and work with the knowl-
edge transfer programme. In the UK, Knowledge Transfer Partnerships (KPTs)
is implemented in the UK-wide with objective to help businesses to improve
their productivity, competitiveness and growth. This government-funded pro-
gramme is implemented to encourage collaborations between businesses and
the universities in the UK. Each of the KPT will involve three partners which
are the business/company, education institution or research organisation and
an associate.

6.5 Follow-Up in-House Training

Preferably, an in-house expert will lead the training by designing and plan-
ning the implementation programme. A strategic approach is to start small and
build up a bank of knowledge and experience. The SPC tools should be intro-
duced together with the existing methods of process control, which exist in
the company. Similar to a quasi-experimental approach, this allows the team to
make comparisons of the process performance between the new and old meth-
ods. Such comparisons will be effectively building the confidence of employ-
ees towards the advantages of implementing SPC. The success of improving a
few operations using SPC will rapidly establish the technique as a trusted and
capable method for understanding, monitoring, controlling and improving the
processes in the business.

With an effective training programme, follow-ups are viewed as vital not only
in validating the effectiveness of previous training sessions but also in updating
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new information related to SPC and process management. Follow-up train-
ing is typically followed up within six to eight weeks for a workshop of one to
two days. The follow-up training sessions are also effective in providing feed-
back on previous project efforts. The wider presence of top management and
senior management will further encourage the follow-up activities.

Key question: ‘How do we evaluate training effectiveness?’

6.6 Measuring Training Effectiveness

Each training session invests money, people and time; therefore, any organisa-
tion should and must evaluate the effectiveness of the sessions. Every train-
ing programme offered by the organisation must achieve positive results or
it should be modified until acceptable results are achieved. A training session
should enhance the method or process of executing a particular task of the pro-
cess; if not, the training is not effective. The assessment should be done upon
completion of the training and not necessarily as an end-course survey. One
of the effective approaches is using a cost–benefit ratio. Training is an activ-
ity of transferring knowledge from a learning environment to real practice.
Therefore, the evaluation criteria should be precisely focused on measuring the
effectiveness of the knowledge transfer.

• A realistic duration for training is one to two days with several follow-up
sessions, as the audience will start to lose concentration if it is longer
than that.

• Several days’ break between each session of the training, with a hands-on
experience being given.

• Do not overwhelm the employees, as this statistical business is new to
most of them.

Successful training indicates the participants effectively apply the knowl-
edge and display good motivation and skills gained in the training session
(Kontoghiorghes 2001). One of the approaches to evaluating the effectiveness
of training is the Kirkpatrick model. Kirkpatrick Evaluation Model developed
by Donald Kirkpatrick, and it has been used as a fundamental model for the
detection and targeting of training-specific interventions in organisations.
Kirkpatrick (1979) stressed that an appraisal of training should go beyond
direct reactions of attendees.
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Level 1: Reaction
• Level 1 solicits thoughts and suggestions of the learning experience following

a training event or course. The feedback from the participants identifies the
degree to which the experience was valuable, relevant and satisfying.

• Feedback is valuable for the trainers in evaluating the effectiveness of training
sessions and materials, participants’ opinions, and in continuously seizing
opportunities for improvement.

• Such evaluations, however, does not measure what participants have
learned but instead focuses on the interest, motivation and attention level
of participants.

Level 2: Learning
• Level 2 measures the degree to which the training achieves the target of the

session.
• Only by determining what trainees are learning, and what they are not, can

organisations make necessary improvements.
• The cognitive improvement of trainees was assessed at this point.
• Learning assessments can be in written assessments or role-plays to demon-

strate the participants’ skills.
• The assessment can take place as pre-training and post-training assessment

of the knowledge gained from the training sessions.

Level 3: Behaviour
• Level 3 assesses the behavioural/attitudinal change of the participants due to

the training – basically whether the knowledge and skills from the training
are then applied in their daily work environment.

• This involves assessment of the ability of the trainees to use their newly
learned knowledge or skills in the workplace.

• The assessment at this level depicts the reflection of how much the par-
ticipant was influenced by the training material. Please note that it is not
necessarily a direct assessment tool.

• A change in behaviour can be due to a variety of other reasons, such as an
individual’s reluctance to change.

• Similarly, this level of assessment involves both pre- and post-training mea-
surement of the participant’s behaviour.

Level 4: Results
• This is the level where management measures the overall training impact,

including financial or moral impact.
• Training results (measurable and tangible) include quality improvement,

variation reduction, cost reduction, increased productivity, employee
turnover, employee retention, increased sales, and elevated motivation.



�

� �

�

100 Statistical Process Control for the Food Industry

• The assessment enables managers to identify the critical return on invest-
ment of their training expenses.

• The most common difficulty is in identifying whether the outcomes are the
actual results of the training.

• This level involves assessing both pre- and post-event measurement of the
training objectives.

After a training session has ended, the SPC leader may assess the effectiveness
of the training session using the criteria depicted in Figure 6.5, which adapted
from the Kirkpatrick Evaluation Model. However, it is clear that the in SPC
implementation, one of the training session is to develop in-house expertise in
SPC. Therefore, the ability of the participants to teach others is critical not only
to expand the numbers of skilled employees, but also this shows the participants
understand and able to apply the knowledge and skill themselves. Another cat-
egory, which is return on investment is clearly important for the business to
implement only effective trainings as a strategic approach for business excel-
lence.

Training in SPC is viewed to be more effective when implemented in a par-
ticipative company in which management not only encourage the employees
to learn and apply the skills and knowledge they learned in training sessions
but also recognise or rewarding their efforts. Therefore, successful training is
dependent on the training design, facilitators, management support, and the
prevailing knowledge transfer climate.

6.7 Summary

• It is impossible to have a successful SPC programme without having good
teamwork commitment, as SPC highly relies on the input and participation
of a functional company workforce.

• The structure of the SPC team may include three sub-teams: top-
management team, steering team and SPC implementation team – each
respective team has different tasks within the SPC implementation.

• Each SPC team member should be assigned roles that are important to
ensure that the team is functional in the implementation of SPC, which
comprises the leader, sponsors, SPC expert, SPC coordinator, and users.

• It is important that team performance to be assessed and improved. Several
factors known to contribute towards team performance are deep strategies,
coordination losses, cohesiveness, group identity, and experience of working
together.

• The maturity of a team is viewed to be transformative (e.g. forming, storming,
norming and performing) in the long term.
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• As training sessions are vital to SPC implementation, structured and prop-
erly planned training is highly suggested. Commonly, SPC training will be
implemented in different stages according to different levels of position in
the company.

• The training sessions’ effectiveness must be assessed. One of the approaches
is the Kirkpatrick Evaluation Model, which comprises four criteria: reaction,
learning, behaviour and results.
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7

SPC Readiness Self-Assessment Tool

7.1 Ready . . . .?

A failure to establish sufficient readiness represented half of all unsuccess-
ful efforts towards organisational change

(Gurumurthy, Mazumdar, Muthusubramanian 2013)

Initiating the Statistical Process Control (SPC) programme in business indi-
cates that there is a demand for change from the common practice. Thus, man-
aging change is very important at each level. Moreover, it is more critical for the
management to assess the organisational readiness before planning to manage
the change. Nevertheless, The SPC implementation in the food industry is slow
despite the success of SPC in the manufacturing industry (e.g. the automotive
industry) (Grigg and Walls 2007a,b; Lim, Antony, & Albliwi, 2014).

Similar to other CI tools/techniques, organisational readiness is an essential
ingredient required for effective and sustainable use of SPC (Radnor 2011).
In general, the company-wide SPC application is challenged by the resistance
of employees to organisational changes (Surak 1999). Therefore, it is crucial
to consider organisation preparedness to undertake SPC, and this can be
determined by assessing its readiness level (Antony 2014; Lagrosen, Chebl,
and Tuesta, 2011; Smith 2005). The readiness assessment is an approach for
overcoming any resistance to change (a critical factor challenging the adoption
of the technique) (Holt et al. 2007; Kerlinger 1986; Smith 2005; Xie and Goh
1999). The readiness phase is similar to the ‘unfreezing’ phase conceptualised
by Lewin (1947), in which members of the organisation are encouraged to
relinquish, both physically and psychologically, existing practices for process
control and improvement.

Failure to assess employees readiness often cause the managers to spend
a considerable amount of time dealing with resistance towards change
(Abdolvand, Albadvi, and Ferdowsi, 2008; Antony 2014; Coch and French Jr.
1948; Lee and Lee 2014; Self and Schraeder 2009). By ensuring organisational

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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readiness before attempting to adopt SPC, the organisation does not need
coping mechanisms to deal with employees’ resistance during and after
the implementation of such a process (Coch and French Jr. 1948; Kotter
2008a,b; Kotter and Schlesinger 2008; Self and Schraeder 2009). Thus, creating
readiness for SPC adoption also encourages positive force and, consecutively,
significantly improves the adoption behaviours.

Get-set… go!
Regardless of the direction of changes, it is imperative to assess:

• The readiness of the people;
• The willingness to embrace change; and
• The capability to implement change.
• How ready people are for the change?
• How willingly people to embrace the change?
• How capable people to implement the change?

7.2 Concept of Readiness

The readiness concept has been an understudied topic until now; there is no
general definition of readiness given. Nevertheless, in organisational studies,
readiness is an important study under organisational change theories where
several researchers provide different definitions of readiness (see Figure 7.1).

Armenakis et al. (1993)Organisational change

• Readiness as the cognitive precursor to the behaviours weather to support or resistance

to the changes.

Bernerth (2004)A study of expanding understanding of 
change message

• Readiness as a state of mind reflecting a willingness or receptiveness for changing the

way one thinks

(Parasuraman, 2000) Technology readiness

• Readiness is people’s propensity to embrace and use new technologies for

accomplishing goals in home life and work

(Weiner, 2009)Organisational change readiness

• A state of being both psychologically and behaviourally prepared to take action (i.e.,

willing and able)

(Antony, 2014)Readiness of Higher Education Sector towards LSS

• Readiness of Higher Education Sector towards Lean Six Sigma

Figure 7.1 Concept of readiness.
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SPC readiness is defined as the organisational ability to accept and sup-
port the initiation of SPC as common practice for successfully implement
SPC and to sustaining stability of their processes.

7.3 History of the Readiness Concept

Originally, the idea of preparedness was directly linked to the context of
managers’ actions towards addressing the issue of employees’ resistance to
change. The primary findings by Coch and French (1948) suggested the idea
that managers could reduce their employees’ resistance to change. Moreover,
the term ‘readiness’ was pioneered by Jacobson (1957), which was presented
in a study emphasising on resistance to change. Furthermore, he stated that
‘there is no analysis of readiness and no extended discussion on successful
change’ despite the resistance to change had frequently been discussed. Thus,
it was suggested that ‘openness to change’ is a similar concept to ‘readiness’,
which should be viewed as one’s internal attitude that precedes behaviour
when supporting or resisting change. On the other hand, ‘resistance’ refers to
external behaviours or actions taken to stop, delay, or otherwise jeopardise
the successful implementation of an organisational change. Therefore, Holt
et al. (2007) reinforced the idea that readiness is a different approach to deal
with resistance, and should be conceptualised as the antecedent to behaviours
related to adoption or resistance of change.

Similar to SPC implementation, which was considered a new technology to
be adopted in the food company, resistance to change was discovered to be
the biggest barrier towards a successful SPC implementation in the industry
(Lim, Antony, & Albliwi, 2014; Surak 1999). Therefore, based on the organisa-
tional theories explained above, the ‘readiness’ phase is significant to reduce
the resistance to change (see Figure 7.2). Hence, a three-stage model of change
depicted that change must be initiated at the ‘unfreezing phase’, whereby the
organisation transforms the existing mindset and develops the motivation to
change. Actions thought to create readiness for change (i.e. unfreezing) include
brief a clear information to the organisation members of the current situation.
Apart from that, such actions thought also motivate their discontent with the
status quo, create an appealing vision of a future state of affairs, and foster a
sense of confidence that this future state can be realised (Armenakis, Harris, &
Mossholder, 1993).

Rusly, Corner, and Sun (2012) explained that readiness for changes has three
phases: (i) preparation for change, (ii) adoption of change, and (iii) institution-
alisation of change. They also highlighted the fact that ‘readiness’ consists of
both a state and a process, which was originally suggested in a study by Dalton
and Gottlieb (2003). Thus, the integration of innovation diffusion and organ-
isational change demonstrate readiness for change, as it is argued that both
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Figure 7.2 Positioning SPC readiness in SPC implementation.

Creativity Invention Innovation Diffusion Adoption

Figure 7.3 The innovation diffusion for change process.

theories illustrate the importance of individual beliefs in successful organisa-
tional change (Rusly et al. 2012) (depicted in Figure 7.3).

However, how does innovation diffusion relating to adopting SPC in a
company?

Based on ‘readiness’ studies through innovation diffusion (Rogers (1995), the
organisational innovation combines the development and implementation of
new ideas, systems, products, and technology.
• Clarke (1999): the diffusion process is the spread of a new idea from its source

of invention or creation to its ultimate users or adopters.
• Harcourt and Brace (2011): refers to innovation as the act of introducing

something new, in which a similar situation is depicted with SPC adoption,
where food companies will be replacing the traditional way of managing pro-
cess stability.

• (Ehigie and McAndrew 2005): in the innovation change process, the adop-
tion is led by the first introduction or implementation of an innovation,
which results from a diffusion process.
Therefore, in its core principle, SPC involves changes to organisational meth-

ods and practices to achieve the target of process performance. Similarly, Ahire
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and Ravichandran (2001) proposed an innovation diffusion framework of Total
Quality Management (TQM) adoption, representing TQM as a management
innovation.

7.4 An Approach to Assessing SPC Readiness in the
Organisations

The topic relating to organisational readiness is under-researched in the CI
(Continuous Improvement) literature. Organisational change theory posits
that greater readiness increases the opportunity that new techniques will be
implemented successfully (Antony 2014; Armenakis et al. 1993). Social cogni-
tive theory suggests that when organisational readiness for change is high, the
employees are more likely to initiate change (e.g. institute new practices such
as SPC). Herscovitch and Meyer (2002) cited motivation theory to argue that
when organisational readiness is high, employees will act to support changes
in ways that exceed their job requirements or expected role. Moreover, Kotter
(2008a,b) suggested that failure to establish sufficient organisational readiness
wastes half of all efforts towards organisational change. Thus, it showed that
the employees will exert greater effort in support of the change, and exhibit
higher persistence in the face of obstacles or setbacks during implementation
process (Bandura (1993); Weiner (2009).

The application of force field analysis (diagnostic process) is an approach that
is relatively quick and effective to determine the preparedness of the business
to apply SPC. As developed by Kurt Lewin, it is useful to focus on the variables
involved in planning and implementing a change programme.

Force Field Analysis

1. Provide cards/post-it notes to the participants (executives/senior man-
agers)

2. The participants will each list the factors that support and hinder the SPC
implementation.

3. Each card will represent an issue.
4. Together with the facilitator, the factors should be grouped, and several

themes will emerge.
5. Identify the strongest themes in supporting the implementation, critical

obstacles hindering it.

(Continued)
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(Continued)

Drivers Restraints

Need to reduce waste Resistance to change
Need to lower cost Focused on short-term saving
Process oriented Implement quick fix
Motivated employees Lack of support of all levels
Need process improvement Wrong perceptions of real problems
Require a systematic process control approach Lack of knowledge on quality tools

It allows the determination of the strongest points to promote the SPC
benefits in the company. Together with the benefits, force field analysis
facilitates the company to identify the major obstacles and challenges that
require attention to be addressed for a successful implementation.

7.5 Key Components of SPC Readiness

Another approach is to assess the SPC readiness through the key criteria as
shown in the figure below. A tool known as SPC Readiness Assessment Tool
was developed in a previous study for the purpose of focusing on measuring
the preparedness of food companies while implementing SPC (Figure 7.4).

Capable 

measurement 

system

Organisational 

culture

Urgency to 

change

Employee 

involvement

Top 

management 

support

Figure 7.4 Components of SPC Readiness.
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7.6 Top Management Support

Top management readiness is demonstrated by providing significant support
towards SPC implementation. The top management should be convinced that
SPC is a valuable instrument for improving process stability and capability
for the top management to depict continual active and enthusiastic behaviour
for the implementation. Two significant forms of support may occur in
ensuring the company is ready for a successful SPC adoption, which provides
a supportive climate and allocates necessary resources and investments for
SPC. Nevertheless, the most common pitfall for the implementation is the top
management has underestimated the commitment SPC requires or the top
management fail to understand their roles in adopting SPC.

7.6.1 Capable Measurement System

The purpose of measurement system analysis is to verify whether the qual-
ity parameters are measured accurately to detect changes when the SPC team
applies corrective action in improving the process. In general, the measurement
system in the industry has not been assessed, and most of the managers under-
estimate the variations caused by the measurement system. Poor measurement
system caused poor data quality. Thus, in the production line, the measurement
system directly involves several significant components that require attention
i.e. the employees, machinery and measuring tools. The mechanism of SPC is
reflected through the critical use of data from the processes, highlighting the
importance of having the most minimal error and variations in the measure-
ment system

7.6.2 Organisational Culture

We believe that most if not all of …failures of other such change
initiatives-are not failures of management. Rather, they may have
attributed to the fundamental, pervasive organisational CULTURE...

(McNabb and Sepic 1995)

Culture dictates the type of behaviour. It also establishes the methods the
problems are addressed, outlines how relationships are defined and supported,
and establishes how work is conducted (Schein 2010). Therefore, culture is
a crucial factor in all actions, operations, and relationships in the company.
Organisational culture is imperative as the causal factor for the preparedness
of a company towards the adoption of SPC. The culture of each organisation’s
quality management approach is unique and individual, depending on the
maturity of the organisations. The culture of organisations determines the
readiness for the acceptance of the philosophy underlying SPC. As such,
the managers should comprehensively examine their organisational culture
to increase the success while attempting to introduce any change in an
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organisation. The change involves alteration of employee’s decision-making
practices, interactions, and level of involvement in quality management and
performance assessment. If the organisational culture tends to reject changes,
any new initiatives will fail regardless of the top management intention and
plans.

7.6.3 Employee Involvement

The application of SPC inevitably utilises total employee involvement in the
day-to-day efforts for quality control activities. Thus, the employees who are
exposed to quality improvement activities have a better understanding of
the need to change their current practices to improve the acceptance of new
changes. For instance, it was discovered that weekly team meetings permitted
the employees to be trustworthy and open to changes. These meeting sessions
enable them to discuss the changes and their subsequent implications with
the manager. The employees with a higher level of participation and greater
communication skills responded more positively to change.

The current practice commonly reflects how the supervisors who get used
to the existing hierarchy and thus disapprove of the empowerment provided
to the employees, in the form of actions and independent decision-making by
the employees. Kotter and Schlesinger (2008) highlighted the crucial role of
training in empowering the employees and Kotter (1996) had broad empirical
support for this proclamation.

• A great example was reflected by Ford and its workers’ union (United
Auto Workers), whereby they created an effective training programme that
emphasised the change of corporate culture in Ford. Training is a practical
approach to develop a sense of responsibility and empowerment among the
employees.

• An empirical case study on organisational change at Honeywell Inc. iden-
tified that forming team ownership and an employee involvement base is
essential to assist in improving the change acceptance within the organisa-
tions (Paper, Rodger, and Pendharkar 2001).

Kerber and Buono (2005) suggested that ‘the changes by adopting continu-
ous improvement methods and breakthrough changes, is possible for motivating
employees to initiate and experiment with changing. Such an approach encour-
ages employees to lead, and this is essential for the change effort’ (Kotter 1996).
As such, there can be profound outcomes reflected from their attitudes as this
can provide them with some sense of responsibility for the change process and
assist in moving the change effort along at least listening to the employees and
allowing the employees to make decisions (Kappelman et al. 1993).
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7.6.4 Urgency to Change

One factor emerged as pivotal: a sense of urgency. Thus, top management needs
to be clear on the reason to invest in SPC implementation, which brought to
the main question: ‘Why do we need SPC?’ The food businesses usually apply
SPC due to reaction purposes, which mostly due to the requirement by the
customers or retailers. Typically, the companies that highlight the urgency for
SPC uptake would indicate that the top management is highly motivated to
improve the status quo – to seize opportunities, avoid hazards and eliminate
low-priority activities to operate smoothly (Kotter 2008a,b).

As this is one of the most challenging steps in Kotter’s eight-stage model
of change, it is crucial in empowering managers to explain the need for
change and tackle employee complacency (Kotter 2008a,b). A company must
begin by evaluating its competitiveness, market position, financial perfor-
mance and current technological trends before deciding whether to adopt
SPC (Appelbaum et al. 2012). The food industry is highly resistant to SPC
implementation due to fear and their unfamiliarity with statistical techniques.
Compared to the employees in other sectors, they are rarely required to apply
statistical techniques in their daily job (Dora et al. 2013a,b). Consequently,
fire-fighting remains the prominent problem-solving approach in this sector
(Hersleth and Bjerke 2001). Complacency is another significant issue in the
food industry, which many companies underestimate its consequences and
prevalence. It is critical to combat complacency and differentiates between true
and false urgency, which often confusing. True urgency arises if the managers
are highly motivated and passionate to seek relentlessly for opportunities to
improve their status. Therefore, food companies must develop a sense of true
urgency before they can adopt SPC. On the other hand, false urgency, which is
usually the result of pressure from top management or customers, often leads
to action, which does not address the root cause of the issues.

Common pitfalls

• Top management often underestimate the commitment required for
implementing SPC;

• Unclear vision for the implementation process;
• Expect quick results;
• Vision of the implementation is not communicated well to the employees;

and
• Provides little attention to the measurement system
• Too comfortable with current process performance
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7.7 Identifying the Readiness Level

In general, the top management decides on the readiness of a company
to implement SPC, where the judgements are mostly made based on their
personal experience. Table 7.1 showed the usage of standard SPC assessment
criteria to facilitate the company in making an objective decision on a holistic
view of the organisation readiness level.

7.7.1 How to Use the SPC Readiness Assessment Tool?

The company’s readiness score was compared to the Readiness Score Threshold
as shown in Table 7.2, which depicted in the empirical study on SPC readi-
ness as mentioned by Lim and Antony (2016). Thresholds to determine the
level of readiness was equivalent to the characteristics of Kaye and Dyason’s
(1995) quality control model (era 2), Dale and Smith’s (1997) quality manage-
ment implementation grid (level 5-Improver) and Dale and Lascelles (1997)
level 3-Tool pushers. Besides, Table 7.2 depicted that a score of 3 or above sug-
gests that the organisation is ready to embrace SPC. A score below 2 indicated
the need for remedial action. The average score of each readiness factor was
determined to get the grand average readiness score for the company.

Development of the SPC Readiness Self-assessment Tool
The criteria in the SPC Readiness Self-assessment Tool is derived from a
Delphi study. The study identified SPC readiness factors through two rounds
of interviewing the SPC experts, where consensus opinion was identified.
The study has validated the tool with multiple-case studies in the confec-
tionery industry. The details of the study can be referred in (Lim and Antony
2016).

• Table 7.2 depicted that a score of 3 or above shows the organisation is ready
to embrace SPC and should proceed to do so.

• The score in the Amber category, a score of 2 to 3 indicates that the com-
pany is not preparing to adopt SPC. Nevertheless, the company is expected
to be sufficiently prepared after remedial action is taken to rectify factors
with lower scores to improve the company readiness level. Typically, the cor-
rective action required in this category is minimal.

Example 7.1 The final category is an alarming category as the company is
significantly unprepared to initiate the investment in SPC adoption. Typically,
the company needs major corrective action where the intention to adopt SPC
should be put to a halt at this point in the final category.
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Table 7.1 SPC readiness self-assessment tool.

SPC Readiness Self-Assessment Tool

0 = never implemented,
1 = rarely implemented,
2 = occasionally implemented,
3 = often implemented and
4 = always implemented.
Top management support Average Score
T1 The management is ready to commit to SPC implementation (e.g. shut down

a highly unstable process for corrective action, and provide resources to
investigate and overcome the cause of the problem)

T2 Top management understands its role and commits to start implementing
SPC

T3 Top management demands regular (e.g. daily, monthly) process
performance reviews and holds monthly review sessions focusing on quality

T4 Top management support CI activities
T5 Top management visibly committed to SPC implementation
Capable measurement system Average Score
M1 The measurement system is available
M2 Employees aware of the critical processes
M3 Employees trained to collect data
M4 Appropriate measurement tools exist
M5 Guidelines are available for calibrating measuring equipment
Organisational culture Average Score
O1 Decision making is based on data
O2 Problems are addressed using a teamwork approach
O3 Process performance is measured using appropriate metrics (e.g. Cpk, Ppk)
O4 Regular meetings (e.g. monthly) are held to discuss quality problems using

data
O5 Employees’ accountability is respected, and blame culture discouraged
Urgency to change Average Score
U1 Top management communicates legitimate reasons for adopting SPC
U2 Confidence that the company will benefit from SPC implementation; it will

not just be introduced in response to customer demand
U3 Understand that SPC able to continually improve process performance
Employee involvement Average Score
E1 Employees trained in basic statistics
E2 Employees’ ideas and opinions are appreciated
E3 SPC facilitator hired (external/internal) to aid SPC adoption
E4 Employees understand the benefits of process improvement to the business

and themselves
E5 Employees involved in CI activities
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Table 7.2 The SPC readiness score threshold.

Level of
readiness Mean Description

>3 Ready
In the right state to initiate implementation

2–3 Moderately ready

needs to reassess the readiness factors that gave a low score
<2 Not ready

Most of the factors score very low, indicating that the
company may not be entirely prepared to commit to the
adoption and implementation of SPC

The company should continue with its plan to adopt SPC but

Bakers, Ready for SPC?

A company produced baked snacks under several major brands in the UK
and it produced digestive products, sweet biscuits and savoury snacks within
the UK. The company had tried to implement Lean. Nevertheless, the initial
implementation of Lean had little success as the implementation process failed
to progress. The employees of the company did not accept the change that was
introduced. One of the major issues with the production process is that there
was high variability in the production, creating unstandardized products. The
processes capability index was not assessed and the stability of the process
is still unknown. The top management decided to adopt SPC to improve the
process and to reduce the gap in high variability of products through the
Continuous Quality Manager. Therefore, the company decided to assess their
readiness to implement SPC. The Continuous Quality Manager completed
the SPC Readiness Assessment Tool form. The results are shown in the spider
graph below.

SPC Readiness Factors Attributes Average score

Top management support T1 T2 T3 T4 T5 2.6
Score 3 2 3 2 2
Capable measurement system M1 M2 M3 M4 M5 2.6
Score 2 3 1 3 4
Organisational culture readiness O1 O2 O3 O4 O5 2
Score 2 2 1 3 2
Sense of urgency U1 U2 U3 3.3
Score 3 3 4
Employee involvement E1 E2 E3 E4 E4 1.6
Score 2 1 1 2 2

GRAND AVERAGE SCORE 2.73
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1. The result shows the Readiness score of each attribute.
2. The organisation has a high sense of urgency to implement SPC due to the

high variation in the processes, which impacts the production efforts of the
business.

3. The organisation minimised involvement of employee, especially when
it came to improving the overall quality of goods produced. Most of the
employees are foreign workers who often face difficulties in understanding
and when communicating with managers. The employees are hesitant to
convey and communicate their ideas as there is no effective medium for
it. The employees perceive that the top management are not interested in
hearing their suggestions.

4. The organisation has yet to establish the stability and capability of the pro-
cess, therefore leaving a gap in the process capability value. The process
capability value however, is not one of the process performance’s measure-
ment criteria.

5. The readiness level indicates that the company is moderately ready for the
SPC implementation with an average score of 2.73 (falls under Amber cate-
gory). This readiness level indicates that although the organisation is unpre-
pared for the implementation, however, with minor corrective action, the
organisation should be able to achieve READY status for the implementa-
tion of SPC.

The outcome in Figure 7.5 reflects that the company has yet to achieve the
necessary preparedness to implement SPC according to the evaluation criteria

0

1

2

3

4

Top management

support

Capable measurement

system

Organisational culture

readiness
Sense of urgency

Employee involvement

Overall SPC Readiness score

Figure 7.5 Overall SPC readiness score.
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of the SPC readiness assessment tool. The analysis of results also revealed that it
is not sufficient to only have a sense of urgency, but to also aim for top manage-
ment support, measurement system capability, and employee involvement in
quality management efforts. SPC works best in organisations that are prepared
to empower employees and sufficiently train them (Deming 1986).

Readiness is just the beginning of the implementation process! The most crit-
ical phase is the implementation process which is often challenging. The man-
agers should have an implementation strategy to ensure that the SPC is not
just another fad in the company, but also a technique that can be continuously
applied in the business. The next chapter will provide an in-depth understand-
ing of implementing SPC using a roadmap of a food company.

7.8 Summary

• SPC Readiness Self-assessment Tool enables managers to invest in imple-
menting SPC convincingly.

• Food organisations struggle to adopt SPC because there is high resistance to
change and lack of guidance to implement the SPC techniques.

• Organisational readiness theory posits that readiness plays a critical role in
reducing resistance to SPC adoption.

• SPC Readiness Self-assessment Tool is based on five fundamental readiness
factors that are top management support, capable measurement system,
organisational culture, sense of urgency, employee involvement.

• SPC Readiness Self-assessment Tool provides a starting point and serves as
a checklist for food practitioners to ensure the preparedness of their organ-
isation before beginning the SPC journey. It may also help quality managers
to formulate strategies that will foster SPC’s long-term use in the company.
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8

Critical Aspects in SPC Implementation Process

8.1 Introduction

This chapter presents the principal aspects of the implementation process in
the food industry. The managers and Statistical Process Control (SPC) leaders
should understand the critical aspects of the implementation process, which
consist of:

• effect of company size and commodities
• SPC leader
• critical success factors (CSFs)
• barriers
• performance measurement

This chapter provided the opportunity to view the differences on the impact
of SPC implementation compared to the company that did not implement SPC
on the operational performances.

8.2 Key Findings from an Empirical Study in the UK
Food Manufacturing Industry

Area. England, Scotland, Wales, and Northern Ireland (Refer to Figure 8.1)
The respondents. Directors, Quality Managers, Production Managers, CI

(Continuous Improvement) Managers, General Managers, Six Sigma Black
Belt and Six Sigma Green Belt.

The results:

• 45% of the respondents implemented SPC in their current company.

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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Figure 8.1 Type and location of sample food companies in the UK.

Size of a food company and the adoption of SPC in the business: Refer
Figure 8.2

• 55.9% categorised as large, 27.11% as medium, and 16.95% as small compa-
nies.

• Among the respondents that had applied SPC, 3% were from small, 14% from
medium and 29% from large companies (Figure 8.2).
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Figure 8.2 Size of company and SPC adoption.

• There is statistical evidence that company size has a significant impact on the
adoption of SPC (Chi-square, p-value = 0.011< 0.05).

• SPC companies have been using the technique for about nine years on aver-
age, with a range of 2–15 years. Companies that had applied SPC for more
than 10 years were mostly large multinational companies.

• In the food industry, the size of a company influences the adoption of SPC,
potentially due to different levels of the quality maturity depicted by the
respective size of the company.

• The prominent reason restricting small organisations from adopting SPC
is lack of resources – particularly time, budget and personnel (Dora et al.
2013a). This lack of resources may force small food companies to prioritise
their quality techniques, thus resulting in more food safety activities being
practiced instead of advanced process control techniques such as SPC, due
to their obligation to comply with food laws and regulations. Hazard Analy-
sis Critical Control Point (HACCP) is one of the major quality certifications
used by the food manufacturing companies (FMCs) for the food safety pur-
poses. However, SPC, which operates almost in a similar manner, is less likely
to be applied in the food industry. This is also true for medium-sized food
companies, although they are more flexible, compared to small and large
companies, when it comes to adopting new techniques.

Type of commodities affected the adoption of SPC in the food industry

• There is statistical evidence that different type of commodities has a signifi-
cant impact on the adoption of SPC (Chi-square, p-value = 0.011< 0.05).
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Figure 8.3 Type of commodities.

• Figure 8.3 illustrates the type of company (SPC or non-SPC) according to
the food commodities, SPC implementation in companies processing fresh
products, such as fish, crustaceans, molluscs, fruit, and vegetables, signifi-
cantly lagging behind other commodities.

• SPC adoption is slow in the food industry, bearing in mind the fact that the
big wave of SPC implementation in western manufacturing companies began
35 years ago.

• Type of company (based on main products/commodities manufactured by
the company) has a significant impact on the adoption of SPC.

• It is largely due to the different levels of complexity involved in manufac-
turing the respective type of products, the shelf-life of the product and the
strictness/enforcement of food law to a certain type of food commodities.

• For instance, fresh food products typically involve fewer processes, which
give the impression to quality managers that such processes do not require
advanced techniques as the operational design centres on sanitation and food
safety, and higher production speeds through automation and product trace-
ability (Lamikanra 2002).

8.3 CSF of SPC Implementation

The idea that there are a few factors that can ascertain which decisions ensure
the success of a company was introduced by Daniel (1961). Later on, Rockart
(1979) elaborated on the idea of CSFs where he defines CSFs as the limited
number of key areas where satisfactory results will ensure successful competi-
tive performance for the individual, department, or organisation.
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Figure 8.4 Pareto analysis of CSFs in SPC implementation.

It is imperative to consider theoretical components in the existing SPC
implementation frameworks developed based on the CSFs listed in the
previous empirical studies (Noskievičová 2010; Kumar and Motwani 1996;
Does and Trip 1997; Dogdu, Santos, and Dougherty 1997; Krumwiede and
Sheu 1996; Antony and Taner 2003). Halim Lim et al. (2017) stated 19 general
SPC implementation CSFs were identified regardless of the industry, where
the CSFs were analysed using Pareto analysis in Figure 8.4.

Using Pareto analysis as above, the managers are easily able to prioritise
the CSFs they need to focus and to plan on a successful SPC implementation
strategically. Figure 8.4 depicts 80%, top management commitment and
training sessions are two critical issues in assuring the success of SPC in
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a company. However, in practice, each factor has different significance in each
company, and although the importance is understood, it does not mean that
the frequency of implementation will follow the same pattern.

8.4 Gap Between the Importance of SPC and the
Frequency of Actual Practice

The empirical study in the UK food industry identified real practices example
of the gap between the importance of the CSFs the practitioners perceived and
the seriousness of its implementation in the industry. The SPC users were asked
to rate the ‘importance’ and ‘practice’ of CSFs of SPC implementation accord-
ing to their experience in implementing SPC, where the importance and the
frequency of each factor practised were asked to be scored using a Likert scale.

Importance. The question involved here is how critical for the company to
apply SPC? Typically for the managers to answer this question, they have to
have a clear view on their current process performance and aware the existence
of SPC and its mechanism in process control initiative.

Practice. How much have we implemented SPC? Although the managers are
aware of SPC and critical in the business, it is not necessarily that the com-
pany adopts the technique as frequent as its importance to the business. This
may due to several barriers to SPC implementation, such as lack of sufficient
training, resistance to change, lack of management support, and other factors,
which are discussed further in Section 8.5 of this chapter.

The idea of determining a set of CSFs for managers to prioritise was intro-
duced by Rockart (1979). CSFs are defined as the limited number of areas that
are suggested to result in improved competitive performance, if they are satis-
factorily implemented (Rockart 1979).

Based on Table 8.1, top management commitment was determined as the
most important factor among the CSFs for SPC implementation, while project
management received the lowest mean value of importance. There are gaps
between the ‘importance’ of the factors and the degree of implementation
(practice), where ‘importance’ was found to have a higher mean score for every
CSF listed.

• SPC implementation will have a higher potential to fail and to be ‘short-lived’
in a company when the top management show no support towards the SPC
adoption in the organisation.

• The level of support by top management differs for each company. Convinced
top management ensured resources such as time, training, and employees
were made available.

• The commitment of top management in a company is exemplary and reflects
the seriousness of the top management towards the adoption.
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Table 8.1 The rank of CSFs according to its importance and frequency in practice.

Factors Importance Practice

Top management commitment 1 1
Reliable measurement system 2 6
Understanding of statistical thinking 3 7
Leadership 4 2
Continuous training sessions 5 8
Empowerment 6 5
Availability of SPC expertise 7 9
Prioritisation of process 8 3
Project management 9 4

• As there is still confusion between top management and leadership roles,
Kotter (2008a) differentiates between the two by explaining that manage-
ment produces consistency, while leadership produces movement.

• Among the supports which that top management can portray in the SPC
implementation, are:
∘ allocate sufficient financial support;
∘ offer training sessions to the selected staff and follow some of the SPC

training sessions;
∘ allocate a sufficient number of staff;
∘ nominate an SPC leader;
∘ offer employees empowerment; and
∘ provide a reward and recognition system.

As the food industry is known for its challenging nature to accept new
management technology, a changing agent that leads towards implementation
should be nominated. The empirical study revealed that an SPC leader is
responsible for implementing and strategically planning on the sustainment
of SPC in the company. This SPC leader is given the authority to make SPC
implementation related decisions and must be diligent, enthusiastic and
passionate about SPC implementation.

It is useful for top management to understand who is commonly respon-
sible for leading and spearheading SPC implementation in the food industry
(Figure 8.5). The posts of SPC leaders in an organisation are as follow (Abdul
Halim Lim et al. 2017):

• Most common SPC leader in the food company are quality managers
(20.34%) and technical managers (6.78%) to manage and lead their SPC
programmes.
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Figure 8.5 Common SPC leader in the food companies.

• Quality managers typically were trusted with the responsibility for managing
all quality issues in the company, as they are expected to have more knowl-
edge and experience on quality compared to other personnel, despite the
complexity of the food processes (Hubbard 2003).

• The SPC leader is responsible for motivating team members, reducing the
blame cultures, assigning tasks, guiding employees to use the technique,
securing sufficient resources and making sure the project is delivered within
the expected timeline.

• The SPC leader can be viewed as a change agent in the organisation.
• Planning SPC training programme is one of the main tasks of the SPC

leader.

8.5 Common Barriers to SPC Implementation

The top three barriers discussed in the literature are the resistance to change,
lack of sufficient statistical knowledge, and deficiency of management support.
More details on the barriers to SPC implementation in the food industry are
listed in the Table 8.2 and the details are as follows:

Resistance to Change
• Current food organisations have not fully accepted the need for CI tech-

niques
• Fear of failure
• Complacency with current performance

Lack of Statistical Knowledge
• They are unfamiliar with the use of advanced statistical techniques.
• Decision-making based on data is not a customary practice in the food

industry.
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• SPC is perceived as being too advanced for the food industry.
• Multivariate control chart application is too challenging for the shop floor

employees to handle.

Lack of Management Support

• Resistance to provide sufficient resources;
• Lack of management awareness on SPC;
• Improvement project activities are not of the highest priority;
• Managing directors do not appreciate the value of SPC; and
• Lack of encouragement for employee involvement.

Poor Measurement System

• Lack of awareness towards the importance of capable measurement system;
• Lack of maintenance;
• Lack of training to measure; and
• Lack of standard procedure to measure.

Lack of Practical Guidelines

• There is no practical manual for food manufacturers to initiate SPC imple-
mentation.

• Lack of manual on choosing and using quality tools.

Lack of Employee Empowerment

• Most of the food companies do not welcome suggestions and opinions from
employees for quality improvement purposes.

• No standard operating procedure for the employees to investigate any issues
which occur.

Lack of Trained Employees

• A study in a high-volume production facility that applied extremely rigorous
SPC abandons the technique due to lack of in-house expertise.

• Many statistical techniques are perceived as too advanced for untrained staff
in the food industry.

• Lack of knowledge about the tools.

Lack of Experience

• Lack of experience in using quality tools obstructs quality improvement ini-
tiatives in food companies.

• The sense of quality of the operators is still low.
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Table 8.2 Barriers towards the SPC implementation.

Barriers Rank

Insufficient training sessions on SPC implementation 1
Employees lack awareness of SPC and its benefits 2
Lack of top management support 3
Poor measurement system 4
Lack of a data collection system 5
Lack of experience in quality improvement tools/techniques/methods 6
Lack of knowledge for SPC implementation 7
Lack of ability to apply SPC in the real world 8
Lack of systematic and practical guidelines for SPC implementation 9
Resistance to accepting SPC as a process improvement technique 10
Lack of employee empowerment 11

Costly Technique

• SPC is perceived as a luxury approach due to training and software require-
ments for its application

8.6 Process Performance Measurement

The success of an SPC implementation has a close link to process performance
measurement. The success of SPC implementation is crucial for its continuance
where process performance can be viewed as evidence. Companies that have
applied SPC were measured by their process performance on product quality
and operational criteria, rather than on business performance criteria such as
customer satisfaction and customer loyalty. This study accentuates the poor
process performance measurement, especially the lack of process capability
indices’ application (e.g. Cp/Cpk and Pp/Ppk) as process performance mea-
surement. The encouraging results obtained from the SPC users compared to
non-SPC companies shows that SPC has an advantage in operational perfor-
mance measures (e.g. waste reduction, defect rates, rework rates). The respon-
dents were also required to rate the process improvement level achieved by
their company in Table 8.3, by using a Likert scale (1 = Very poor, 2 = Poor,
3 = Fair, 4 = Good, 5 = Excellent).

These results reveal that the performance metrics commonly used in the
food companies were customer satisfaction (64.41%) and customer complaints
(62.71%). Most respondents agreed that waste reduction is the most significant
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Table 8.3 Process performance.

Process performance
measurement

SPC
companies

Non-SPC
companies

Mann-Whitney U test
(Asymp. Sig)

Waste reduction
(Over-fill/giveaway/under-fill)

4.64 3.32 0.000*

Product consistency 4.32 3.67 0.004*
Customer complaints
reduction

4.24 3.48 0.000*

Competitive advantage 4.14 3.79 0.273
Defects percentages reduction 4.12 3.18 0.001*
Productivity improvement 4.09 3.43 0.002*
Rework percentages 4.08 3.20 0.002*
Company image 4.06 3.92 0.276
Quality awareness 4.05 3.53 0.044*
Customer loyalty 3.94 3.90 0.975
Process cycle time 3.95 3.51 0.052
Cost of quality 3.90 3.36 0.054
Customer satisfaction 3.52 3.34 0.180
Pp/Ppk* 4.27 N/a N/a
Cp/Cpk* 4.17 N/a N/a

N/a, Not available; Cpk/Cpk and Pp/Ppk not relevant to non-SPC companies.

advantage gained from SPC implementation, followed by improvements in
product consistency. ‘Under-filling’ is a crucial issue in food products as it
relates to consumer trust, and breaching this measurement would lead to
customer complaints and penalties for breaching food regulations (e.g. Weight
and Measures Act 1979). Hence, the most typical strategy for overcoming
such a problem is by exceeding the target volume (over-filling), which leads to
wastage of raw materials.

Table 8.3 also demonstrates that SPC companies have better process perfor-
mance scores for all performance metrics compared to the non-SPC compa-
nies. Through Mann-U Whitney test, there are significant differences between
SPC and non-SPC companies about waste, product consistency, customer com-
plaints, defect rates, productivity, rework percentages, and quality awareness.

The gap analysis was not carried out for any process capability index (Cp, Cpk,
Pp, Ppk) as the pre-requisite to carry out process capability analysis is that the
process must be statistically stable, and this cannot be confirmed for non-SPC
companies (Brannstrom-Stenberg and Deleryd 1999; Castagliola and Vännman
(2007); Ittner and Larcker 1997; Montgomery 2012).
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Most of the food companies measured waste, scrap and productivity (yield
or throughput) as the performance measurement of their processes. The pro-
ductivity is calculated differently in each company: either by:
(1) taking the total number of good products; or
(2) integrating other factors such as reworks, energy and raw material.

Theoretically, productivity has been classified to total factor productivity,
partial factor productivity and multifactor productivity, which each involved
different factors for the calculation.

8.7 Summary

• This chapter comprises SPC’s application in the UK food industry and
emphasised on the critical dimensions, such as CSFs, barriers, the SPC
leader, challenges and the impact of SPC on process performance measure-
ment. An empirical study in the UK food industry is used to provide the real
practice information with regards to the implementation process and assist
by providing an example from an empirical study in the UK food industry.

• The adoption of SPC was highly influenced by the size of the company, where
large companies are more capable of investing in training and hiring facilita-
tor to aid their employees to use SPC, compared to the smaller companies.

• The high resistance to change, lack of training related to quality improvement
and a shortage of statistical knowledge and skills has acted as the constraints
to the SPC implementation in this sector, where lack of training is found to
be the most common barriers.

• In order to gain successful SPC implementation, the study confirms the criti-
cal factors are; top management commitment, effective training programme
and reliable measurement system.

• Sufficient training reduces the reluctance to adopt SPC and enables the food
industry personnel to implement a successful SPC technique.

• Availability of SPC leader is found to be crucial and may sometimes view
as the change agent, not only to manage the pilot project but also to lead
the deployment of SPC in the company under the food quality management.
Compared to non-SPC companies, SPC companies were observed to have
higher performance levels, which is especially significant in terms of waste
reduction, product consistency, customer complaints, defect rates, produc-
tivity and rework percentages.

• The evidence is now emerging to show that SPC provides benefits to the
food manufacturing industry (FMI), in a similar fashion to Deming’s chain
reaction model. The Deming chain commonly starts with process variability
reduction and ends with the companies surviving, staying in business and
improving the ability to return on business investment (Deming 1986).
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9.1 A Cookbook Approach

The mechanism of Statistical Process Control (SPC) is simple but effective and
powerful for quality control. Thus, it will support quality improvement effort
to a great extent if it is applied well. The critical quality parameters of the food
products are assessed after comparing the measurements or attributes of the
quality factor with the desired target value. The corrective actions need to read-
just, decrease, or eliminate the differences if deviations of the value are higher
than the acceptable control limit. For instance, food manufacturing factories
tend to be hectic. Hence, potential improvements are often ignored or over-
looked as there is no responsible person to identify and improve the process.
Therefore, the mechanism in SPC allows food businesses to observe analytically
what are the processes involved and identify the quality of the process.

Nevertheless, SPC implementation involves data collection and chart filing.
Besides this, it also requires a systematic strategy for its implementation. A
considerable amount of time and effort will be wasted by seeking cooperation
from the employees or redoing tasks if they were conducted incorrectly. The
SPC implementation roadmap contains five phases towards successful sustain-
ability of SPC implementation (Lim et al. 2015). Nevertheless, users should be
flexible in order to adopt the activities, tools, and methods according to the
capacity and capability of the company. This chapter guides the managers and
engineers to observe closely and follow a step-by-step process to implement
SPC successfully in the food business as depicted in Figure 9.1.

9.2 Phase Awareness: Sell the Program

An awareness of SPC marks a formal start and is considered as the appetiser
of the SPC deployment effort in the company. The most crucial step is to initi-
ate a technique regardless of how daunting the technique is. In the awareness

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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phase, the principal purpose is to educate and introduce staff and management
of the organisation on the reasons of SPC application in current practice, the
potential challenges and benefits of such implementation. Apart from that, it
also serves to develop a sense of urgency and create values for SPC application
in the company and to gain support from the top management.

9.2.1 Step 1: Top to Bottom

Once the food company implements the SPC readiness assessment, the cur-
rent state of process management is identified. Subsequently, it also indicates
the firm has committed top management supporting SPC. The commitment
from top management and leaders in the company needs to be confirmed at
the preliminary stage of SPC implementation. In general, the top management
displays their interest in implementing SPC at the initial phase. Nevertheless,
such passion and interest deteriorate throughout the implementation process
as most of them are expecting immediate results from the implementation pro-
cess. Thus, the commitment step is critical, as many food companies have failed
in their attempt to implement SPC due to the lack of commitment and sup-
port from the top management or lack of drive from the leadership towards the
initiative(Lim, Antony, and Arshed 2016) .

The activities suggested in this step are:

• Top management shows support by acquiring knowledge on SPC (i.e.
attending the awareness session, training on quality tools and techniques).

• Senior management needs to be aware of and acknowledge the current
true performance of the organisation by determining the quality costs.

• Communicate the scope, objectives and requirement of SPC implemen-
tation from top to bottom approach.

• Top management is supportive instead of being autocratic. Promote
employee involvement in quality improvement activities by authorising
process ownership to employees.

• Top management should ensure and confirm that there is no potential
change in the leadership of the company.

• Top management is readily able to continuously evaluate the progress of
the project and process performance related to SPC.

• Appoint an SPC leader to plan, lead and manage the SPC deployment in
the company.

Compared to the requirement for other quality management programmes
(e.g. Six Sigma, Hazard Analysis Critical Control Point (HACCP), Good Man-
ufacturing Practice (GMP), Lean), there is not much work need to be done for
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implementing SPC programmes in the business. Nevertheless, it is crucial for
the management to clearly understand the correct idea of SPC implementation.
In most cases, SPC failures are primarily due to a false understanding of SPC’s
purpose and intended outcomes, often by senior management. Therefore, the-
oretically, the senior management is committed to the implementation. In fact,
practically, they are evading direct involvement by delegating the responsibil-
ity to their subordinates. According to Dale and Shaw (1989)’s survey for Ford
Motor Company, the senior managers are not attending SPC training for sev-
eral reasons. The employees are incapable of making changes in the company
and also have to deal with the accumulated workload during their absence after
returning from the SPC training.

Is it a strict rule that SPC implementation cannot occur without top manage-
ment support? Would implementation still be successful if it is initiated by
using the bottom-to-top approach?

• In theory, yes, provided that the implementation starts from a ‘critical’
process, which subsequently be explained in the ‘Initiation’ phase, specif-
ically at the Process Prioritisation step. Nevertheless, from the author’s
experience in real practice, there is hardly evidence of successful story of
companywide SPC implementation without top management buy-in.

The competency level of the employees affects the SPC implementation suc-
cess. Hence, the selection of top talent team members, especially the leader,
is crucial (Davie and Ryan 2005; Hersleth and Bjerke 2001). The SPC leader
should at least acquires several skills, such as a being logical and analytical,
perseverance, excellent project management skills, and zeal in the use of SPC
tools. The primary reason is that top talent is a significant consideration during
the implementation process. As such, better outcomes can be achieved as tal-
ented people are capable of leading and passing on knowledge to others in the
company (Snee and Hoerl 2003).

SMEs have the advantage of having faster communication across the business
due to their flat layer structure and less functional hierarchy (Maneesh 2010).
Thus, a communication plan should be developed for all senior management
and employees to be aware of the quality improvement efforts and to under-
stand the reason for the implementation. The top management may inform the
employees of their intention of SPC adoption through emails, bulletin board,
company’s web page, or meetings. This step is considered complete when the
top management is supportive to commit to SPC and understand their role
towards a successful SPC implementation and intention to adopt SPC.
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9.2.2 Step 2: SPC Awareness Sessions

This step is viewed as the formal start of education about SPC in the com-
pany, i.e. an awareness meeting for the senior management of the company.
The objectives of the awareness sessions may be equivalent to the training ses-
sions (except it is much shorter in time, and requires less technical materials).
The general objectives are:
• to familiarise the senior management with the principal philosophy of SPC;
• to build a positive impression with respect to SPC adoption in the company;

and
• to emphasise the expected commitment and required for the SPC implemen-

tation to be successful.
The involvement of top management in the awareness session is to convince

the employees on the adoption of SPC. Such awareness sessions will secure
senior management commitment and faith in the initiative. Thus, it is impor-
tant to start SPC awareness session at the top of the organisation and be passed
down (employees training) through the organisation hierarchy to secure senior
management commitment for such implementation.

In the awareness session, the information below must be communicated:

• The linkage of statistical thinking in the process management practice
• Benefits of shifting from detection to prevention approach.
• SPC is a means to move from fire-fighting culture to process improve-

ment.
• SPC requires changes of management style with respect to the delegation

of tasks and employee empowerment.
• SPC is a technique used to establish process capabilities and the impor-

tance of such metrics is used as the process performance assessment.
• SPC is a technique to recognise, quantify, reduce and control variation.
• SPC is linked to food quality management strategy.

9.2.3 Step 3: SPC Training

It is crucial that everyone in the company is not only aware of the existence
of SPC, but also understands clearly the importance of SPC and how it can be
advantageous to the employees and subsequently for the company. Similar to
a top management awareness session, at this stage, SPC should be introduced
with emphasis on definitions, requirements, and benefits. In the food indus-
try, training for quality were highly sought after, (based on the result in SPC
case studies) with regards to food safety, which is encouraged to include in the



�

� �

�

134 Statistical Process Control for the Food Industry

Role of 

training

Increase 

awareness of SPC 

tools

Maintain in-house 

SPC expertise 

Establishing a 

continuous learning 

culture in the 

company

Support the sustainability 

of SPC implementation 

Reduce the resistance 

to SPC adoption 

Figure 9.2 Role of SPC training.

SPC module (for Level 1) within the training session or other training programs
under food quality management.

The current training session mainly focuses on the technical aspect (control
chart construction, sampling, interpretation of the statistical results), neglect-
ing the managerial aspects, which often causes the failure of SPC implemen-
tation (Hoerl 1995). The most ineffective approach is to provide all the infor-
mation in one training session. However, to provide training at each step along
the implementation process will cost the company extra time and money. The
purpose of SPC training (Figure 9.2) should be clear and well-communicated
to the employees.

Ensuring the module of the training matches the level of employees’ knowl-
edge is essential in the food industry as the workforce were reported to have low
level of knowledge and statistical skills. A survey distributed to the employees
in a company will always reveal special skills, knowledge, interests, and moti-
vations of employees and this information could be used to enrich the role
of employees in SPC. In order to increase its effectiveness and efficiently use
the resources (time, money), the level of SPC training depicted in Figure 9.3 is
divided into three levels.

For smaller food companies, they were suggested to collaborate with other
organisations/business, customers or government bodies or academics insti-
tution for training and support the initial phase of the adoption as the most
prevalent resource constraint is financial (Dora et al. 2013a).
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Food companies are also suggested to seek external advice from consulta-
tion companies or academic institutions. Local universities are able to facilitate
food companies in several ways to embark on their CI journey such as trainings
(e.g. statistics and its applications), principal of SPC, tools and techniques of
CI; student internship work on the SPC or Six Sigma project supported by an
academic mentor, work with the Knowledge Transfer Programme.

9.3 Phase Preparation

Based on the first findings in the literature, successful implementation requires
cautious preparation (Oakland and Tanner 2007). The key important points
relating to the efforts of preparing for the implementation process are shown
in Figure 9.4.

9.3.1 Step 4: Corporate SPC Vision Create/Creating a SPC Corporate
Vision

Top management needs to create and clearly communicate the vision and mis-
sion statements for SPC implementation. SPC should be linked with the com-
pany’s food quality management (FQM) system to improve food quality and
maintain food safety (Kolesar 1993; Stuart, Mullins, and Drew 1996; Vander-
spiegel et al. 2005). It is the top management responsibility to draw the direc-
tion for SPC deployment in the company complete with a clear target, people
involved, time and budget allocation for the deployment.
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9.3.2 Step 5: SPC Team Establishment

Appointing an SPC leader is the first step in developing the SPC team. Thus,
it is the obligation of top management to appoint an SPC leader who has a
great passion for quality improvement with a sense of urgency in relation to
the initiation of SPC (Morgan 2006).

Some roles of the SPC leader:
• A change agent.
• Chair the team meeting.
• Issue instructions required to complete the project.
• Assign tasks to the team members.
• Maintain a continuous application of SPC.
• Develop a strategic plan for a companywide SPC deployment and sustain-

ability.

Leaders must have tte following attitude:

• Positive attitude;
• Initiative–willingness to dig in and get started;
• Ambitions–always broadening view, developing new skills, and willing-

ness to take a risk;
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• Self-confident–a competitor, one who gets the job done;
• Courage and willingness to train a successor;
• Flexible–not set in his ways;
• Resilient–ability to bounce back;
• Stamina and mental attitude to cope with endless streams of stress;
• Ability to judge people and how to develop people;
• Goal setter–long range plans including budgets and deadlines, collabora-

tor;
• Imaginative, creative, with great self-discipline.

One of the SPC leader’s responsibilities is to establish an SPC team. Team-
work is an important element underlying SPC philosophy (Deming 1986). The
development of a team is a critical obligation for SPC leaders and top manage-
ment to select the team members and equip them with knowledge, authority,
and commitment. The team establishment depends on the size of the com-
pany as a small company may consist of the top management team and SPC
implementation team (i.e. integration of SPC steering team and action team).
Thus, large companies should be able to develop a bigger team. Furthermore,
the multi-disciplinary team works well in expanding SPC due to its ability to
capitalise on the knowledge diversity of the team members, to encourage col-
laboration for better problem solving, innovative decisions and to the extent of
engagement in the implementation of proposed solutions. Chapter 6 provides
further guidelines for team formation.

9.3.3 Step 6: Develop Strategic Plans for the SPC Implementation

SPC in the food industry involves a complex process and raw materials, which
requires people to work together and often under time pressure. Besides, such
a complex process also requires an efficient and effective process for products
that have a tight margin. Meanwhile, it also requires attention to detail and
careful planning for the implementation to be a success (Dora et al. 2013a,b).
Thus, the SPC steering team has the responsibility to commence the intro-
duction, development, and planning of the implementation process (Does and
Trip 1997).

This step formulates SPC strategies in line with the vision and mission set
up by the top management. Such planning should cover several aspects such
as people, time, tools, training, activities, and resources for the pilot projects
(Clute 2008). This step is to ensure that the implementation of SPC can be oper-
ated within the company and availability of facilities and resources. The targets
of this strategic plan are:
• to ease the SPC adoption in the organization;
• to guide and manage the implementation process;
• to ensure the right people and resources are involved at the right time;
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• to increase the success of SPC implementation; and
• to convince the top management as the blueprint of their investment is

demonstrated in the plan.
The food companies may view the element of an SPC implementation strate-

gic plan as guided by the SPC Implementation Roadmap in this book and adopt
it in the respective companies.

9.4 Phase Initiation

The pilot project is crucial when it comes to providing clear and objective evi-
dence on the benefits of SPC implementation to the company and subsequently
to capture the attention of top management team. Typically, a pilot project
can take from three months to more than a year, depending on the complex-
ity and size of the process (Does and Trip 1997). If this is the starting point of
the implementation, the positive outcome should be communicated to the top
management (return to phase A). The company-wide institution of SPC is not
possible without top management support and commitment.

9.4.1 Step 7: Process Prioritisation

Initial control charts should be implemented for the product characteristics or
processes perceived to be crucial or critical to the business. Sources such as pro-
duction reports, failure cost, and customer complaints can assist in identifying
the problem areas and selecting one area to focus. Identification of potential
project brings potential improvement in a process that will result in a signifi-
cant breakthrough.

Typically, the team considers both ‘one factor’ (number of defects) and
‘multiple-criteria’s’ to choose a good initiation project in the food industry.
Therefore, a set of criteria must be developed and should be based on realistic
metrics that are easily or readily measurable. The creation of the criteria
should also focus on the critical-to-quality, critical-to-cost, critical-to-delivery,
and critical-to-responsiveness by the food companies. Therefore, the core
SPC team may use prioritisation matrix and develop its template according
to the respective food businesses to secure the easiness and motivation for
prioritisation for the purpose of accommodating the rapid movement in the
production site and tolerating with the shortage of statistical skills of the
employees in the food industry (e.g. Microsoft Excel). One of other option for
multiple-criteria optimisation is by using Analytic Hierarchy Process (AHP).

The success of the pilot project would act as a model for the rest of the
company to follow. It is desirable that the finance department is involved from
the commencement of the project to guarantee that the cost-benefit analysis
is conducted for each SPC project and savings are, in fact, reflected in the
bottom-line.



�

� �

�

Roadmap for the Deployment of SPC 139

When implementing AHP, one must able to provide sufficient and relevant
information to:

• thoroughly represent the problem;
• consider environment surrounding the problem;
• identify the attributes that contribute to the solutions; and
• identify the personnel of the company associated with the problem.

Nevertheless, AHP will become difficult to be implemented if there is insuf-
ficient background information of the case.

9.4.2 Step 8: Process Description

During this step, the SPC team should examine the selected project by mapping
the project boundaries. The team members map the process in detail by num-
bering the process steps coherently following the real situation of the process
(Rungtusanatham, Anderson, and Dooley 1997). Similar to HACCP guidelines,
this step can be conducted by using process flowchart, process map or Value
Stream Mapping (Hurst and Harris 2013).

Several approaches to carry out process prioritisation:

• Pareto analysis (singular criteria/requirement)
• Prioritisation matrix (multi-criteria)
• QFD (Quality Function Deployment) and AHP (Analytic hierarchy pro-

cess) (multi-criteria)

It is advisable to assign more than one team member for mapping the
process in the manufacturing plant to avoid biases and to improve accurate-
ness. This step is completed when the selected process is defined in terms of
its performance, process description forms with process step numbers and
names, key sub-processes, and other information relevant to the objective of
the project. Apart from that, the team also discovers the key processes that
influence the critical quality parameter and measures the defects and waste
currently generated relative to those processes during this step. Thus, in this
step, some improvement opportunity can be detected by comparing different
work methods, different operators, different shifts and engineering informa-
tion (Does and Trip 1997). Moreover, other quality tools that can be applied
include group voting, nominal group techniques, Value Stream Mapping and
multi-vari charts.
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9.4.3 Step 9: Process Synthesis

This step identifies critical process parameters and describes the main prob-
lems related to their effects (the problems should be process related). Food
companies face difficulties with identifying critical process parameters on the
scientific and quantitative basis (Luning and Marcelis 2006).

Some of the processes in the food industry are complex due to the char-
acteristics of the ease of deterioration, and the end product of one method
of food processing can be the raw-material for other products. The critical
parameters of the product should be investigated by the team. If the team has
a long history with the product, the experience of the people involved may
provide a big help in the brainstorming session to identify ‘what are the key
factors/parameters which impacted on the quality of the selected process?’. Up
until now, the step is very similar to any conventional method of using expe-
rience in decision-making. Decision-making based on experience has a major
drawback in terms of its poor evidence in statistical analysis.

It is noteworthy to highlight that there is a risk that the team might jump
to conclusions after detecting several possible causes of the problem at this
stage.

In this step, the authors suggest the managers may invite the more experi-
enced employees with the process to brainstorm their ideas through several
session of cause–effect analysis. At this point the team will have several poten-
tial factors that could have an effect on the quality of the process. If there are too
many cause–effect factors to be assessed (e.g. more than 100), it is suggested
to prioritise and to choose the most important critical and frequently effected
or the relations need to be prioritised using Pareto analysis (refer Chapter 5) or
multi-voting approach (each of the team members will rank the factors based
on criticality). Design of Experiment (DOE) is one of the effective techniques
used to identify the critical parameters in a process, which always take place
after several potential factors identified from the brainstorming session. (Dal-
giç, Vardin, and BelibaÄŸli 2011; Hung and Sung 2011). The output of this step
is the SPC team has identified the critical point at which to plant the control
chart application, and its critical parameters were identified. It is strongly sug-
gested that the control parameters of the process are measurable and can be
monitored based on good quality of data.

9.4.4 Step 10: Measurement System Analysis (MSA)

The main limitations of current FQM practices are poor relevant monitoring
systems, lack of proper equipment and incorrect choice of measuring equip-
ment. The capability of the measurement system is assessed by identifying the
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variability of gauges or instrument. Data are required in the food companies for
many critical reasons including for food safety, product quality, legal require-
ment, customer service, cost control, and actionable cost. In Measurement Sys-
tem Analysis (MSA), the application of Gage Reproducibility and Repeatability
(GR&R) views variability from the perspective of the machine and variability of
people in using the machine itself, respectively (Hung and Sung 2011; Srikaeo,
Furst, and Ashton 2005). Most manufacturing companies follow the Automo-
tive Industry Action Group (AIAG) manual rule of thumb:

The company may require re-calibration of the equipment/machines,
preventive maintenance, update to the latest model of manufactured machines
and increased training of operators as corrective actions for incapable
measurement system (Kovach and Cho 2011; Srikaeo, Furst, and Ashton
2005). Typically, the food companies encounter the issue of having altered
or destroyed samples during the testing process and they cannot be retested.
Hence, these companies have to be considered by using destructive GR&R
experiments. Thus, the key parameters for the GR&R should be operators and
machines.

< 10%

Acceptable 

10% to 30% May be

acceptable

>30%

Unacceptable

9.4.5 Step 11: Control Chart

This step is the foci of the SPC implementation to understand the process
variation and process mean, detect or avoid the out-of-control situation. The
next steps are constructing control charts and interpretation of the control
chart (Hayes, Scallan, and Wong 1997) (refer to Figure 9.2) once critical
process parameters or Critical Points (for HACCP) have been identified.

In terms of sampling methods, the sample size for control chart, 25 or more
subgroups or more than a 100 individual readings provide a sufficiently good
test for stability (Montgomery 2012). The Operating Characteristic curves are
helpful in selecting the sample size. For the frequency of sampling, the typical
strategies available are: (i) to take small but frequent samples, or (ii) take large
samples but less frequent. The selection process is depicted in Figure 9.7 and
the selection of the right control chart is critical to prevent a false alarm signal
(Montgomery 2012) (Figure 9.5).

It is also useful to distinguish between Phase I and Phase II methods in the
application of control chart (Woodall and Spitzner 2004). Phase I of a control
chart is a retrospective analysis where the process data are gathered and anal-
ysed all at once. The purposes are to confirm reliability and to monitor future
production to determine the state of the (control or not in control) produc-
tion. After the process has been stabilized, and the process data are steadily
represented for the in-control process performance, phase II starts with the
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Post-construction
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Figure 9.5 Steps for control chart construction.

application of a control chart to monitor the process by comparing the sample
stylistic for each successive sample to the control limits. Shewhart’s control
charts are commonly utilized, since they are easy to construct, interpret, and
are effective in detecting the arch and sustained shifts in process parameters
and outliers and measurement error (Montgomery 2012).

Nevertheless, in practice, process parameters are commonly unknown or
unspecified. For such cases, phase 1 analysis is applied to bring the process
in control. Later, phase II control limits are calculated using the set of the
data from the ‘in control’ process (reference data or calibration data).

Shewhart’s mean and range chart is identified as the most applied control
charts in the food industry. For instance, many food productions that run the
small-batch processes use application of short-run SPC charts. As the food
industry involves complex processes, it is a good practice to maintain and
update the information on the control charts involved:
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• Keep the total number of control charts applied in the process.
• Keep records for each type of control chart (attribute or variable control

chart).
• Record the place in the process where the control charts were applied.

Therefore, typical SPC program will initiate the attributes control chart, as
most of the control charts will be implemented at the end of the production line
that can be finished product or semi-finished product. Practically, if the control
charts are implemented effectively and new information gained, the applica-
tion of attribute charts will be reduced whereas x and R charts will increase. As
more information is provided regarding the process, the control charts will sub-
sequently be applied at the critical parameters of the process that caused non-
conformities. Typically, at this point, x and R charts will replace the attributes
charts applied earlier.

The out-of-control signals can be identified by adopting decision rules
for Shewhart control charts, published in West Electric Handbook (1956).
Chapter 5 states the other decision rules for control charts. Typically, the
employees used simple tools for analysis, such as trend graphs, histogram,
Pareto chart, and scatter diagram;. Nevertheless, occasionally a more compli-
cated technique, such as AHP, Taguchi and DOE, requires the knowledge of
the experts.

9.4.6 Step 12: Establish Out-of-Control-Action-Plan (OCAP)

It is recommended that the root cause of the problem be investigated, and
to solve it by using a standard guideline in the procedure of eliminating the
assignable cause (Fortune, Reid, and Miller 2013; Grigg and Walls 2007b). At
this point, it is crucial that the top management communicate their official sup-
port on the empowerment of the employee in taking corrective action towards
the OOC process. The SPC team in the company should develop their own
Out-of-Control-Action-Plan (OCAP) based on the environment of the com-
pany to accommodate their resources and employees’ knowledge and skills to
conduct the corrective actions. OCAP is an output-oriented alternative, which
is in the form of the flowchart showing a sequence of activities that can pre-
scribe actions to remove special causes (Figure 9.6) (Montgomery 2012).

OCAP is the primary step in driving the food companies to adopt
double-loop learning through SPC implementation. Senge (2006) explained
such an approach to learning is required to achieve organisational learning.
Constructing OCAP contributes to a better-organised decision-making pro-
cess and promoting employee empowerment culture. Apart from that, OCAP
becomes a significant knowledge base for the SPC action team members (Hood
and Wilson 2001). The operators and engineers that are directly related to the
process should be provided direct authority for collecting data, interpreting
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Figure 9.6 Out-of-control action-plan.

and stabilising the charts as they have the knowledge of the process. OCAP is
not a static document, therefore it should be updated and revised reflecting on
how much the team learned about new information about the process.

Food companies need to be cautious and ensure that food safety and food
regulation is not compromised with the change or corrective action taken.

9.4.7 Step 13: Process Capability

Process capability is rarely applied in the food industry as the measurement
to assess process performance. As a result, many food companies fail to
understand the concept of process variation when process capability analysis
criteria have not been implemented after the process stability is achieved.
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The importance of this step (process capability analysis) is to determine
whether the process is able to meet customer specifications. For instance, the
process capability should be calculated to quantify the ratio between tolerance
width and process inherent variation (Cp index) and the effect of this ratio
due to the variation and the deviation of the position of the process mean
from the target value (Cpk index). Furthermore, the process capability analysis
measures the variability of a process based on these assumptions. Apart from
that, the process is in the state of statistical control and the data follow a
normal distribution (Montgomery 2012). The number of non-conforming
products may be predicted and the usage of the histogram may provide the
level of statistical control needed since the process is stable (in statistical
control) (Does and Trip 1997; Özilgen 1998).

In the food industry, data do not necessarily following a normal distribution,
but mostly the non-normal distributed process. There are various approaches
to deal with the non-normal data such as data transformation to normal
data, an extension of the definitions of the standard capability indices to
a non-normal distribution, modification of the capability indices. As such,
these approaches can be appropriate for the common families of distribution
(Pearson and Johnson families) (Montgomery 2012).

9.4.8 Step 14: Reflection

The pilot project is not considered complete until the target achieved and a
team of financial auditors signs off. Reflection of the pilot project is significant
to assess the initial SPC implementation in the company, which involves
the evaluation of process performance, financial savings, and SPC action
team activities (Antony and Taner 2003; Does and Trip 1997). Furthermore,
the accounting representative is advised to participate in this process to
measure cost benefits from the project. Cost savings gained from the SPC
implementation project should be determined to communicate or announce
easily the success or failure of the project to the entire company. The result and
the official reward for their results should be announced and communicated
during the meeting with all SPC steering teams and the SPC action teams.

The most important activity is to assess the feedback, suggestions, critique of
the activities and approaches adopted in the project, and to incorporate such
information in the next project plan. Therefore, the project stakeholders and
all the SPC team members should participate in this particular step. The infor-
mation in this step should be a valuable source of information for the next SPC
projects, which will be conducted by several other SPC action teams. More-
over, the maturity of SPC implementation in the company will be able to be
measured through this step.
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9.5 Phase Institution: Company-Wide Implementation

This phase is outlining the activities involved in applying SPC to other pro-
cesses or departments of the company. The company should publicise the out-
come of the project, widen the number of participants for training sessions, and
promote the opportunities to implement SPC in the non-production depart-
ments so that the culture of statistical thinking and CI is embedded within the
organisation.

9.5.1 Step 15: Communicate the Success of Initial Project

Communication is an activity of conveying information and knowledge, and
it is ranked among the key factors contributing to the success of the process
improvement. Awareness and recognition towards SPC implementation are
achievable through effective communication of successful SPC projects. For
instance, financial savings and other outcomes generated by the pilot project
should be communicated throughout the companies. Financial advantages are
the effective language to convince the top management towards the implemen-
tation of SPC. Apart from that, several communication strategies are available
in most of the food companies such as a newsletter, bulletin board, company’s
webpage, intranet, etc. Critical information should be considered in this step
are: the ability to widely celebrate and share the success of pilot projects, the
appreciation from top management and the need to share the major challenges
and pitfalls during the implementation of the project.

The successful pilot project reduces the resistance of management and
employees towards SPC. Besides, it also increases the motivation of SPC
implementation within the organisation. In fact, communication should not
stop internally and must be extended to the knowledge of the suppliers.
Thus, a well-communicated successful improvement provides motivation and
incentives to improve the processes and subsequently to make continuous
improvement as the core culture of the business.

9.5.2 Step 16: Company-Wide Training

Based on previous empirical studies, the training should offer different levels
of training as the employees in the food industry acquire a big range of
knowledge level in CI and statistics in particular. Typically, in-house experts
lead this step through the SPC implementation plan of the company under
the FQM system. SPC training recommends inviting an external trainer and
to later build an in-house training to follow up on projects and workshops.
The most effective strategy for such training is to start small and to develop a
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bank of experiences and knowledge (Grigg 1998). Typically, a three-day SPC
course is followed within six weeks by a one or two-day workshop (Does and
Trip 1997). The training materials should focus on statistical tools, leadership,
change of culture, and wider attendance of employees from different types
of the department should be encouraged at this point of training sessions
(Efstratiadis et al. 2000).

9.5.3 Step 17: Progress Evaluation Systems

The SPC steering team is responsible for continuously monitoring the perfor-
mance of critical processes. Having good performance measurement induces
target areas with the opportunity of improvement, to be identified and has a
key role in communication (Oakland and Tanner 2007). This step is to ensure
SPC implementation does not stop only at the pilot project, but is continu-
ously applied in other quality improvement projects. In this step, the SPC team
should develop a standard procedure for reporting the project, to communi-
cate the good and poor results to the employees, to ensure the owner of the
processes are accountable to report on their own process performance, and a
monthly review for the on-going projects should be established.

9.6 Phase Sustainability

The sustainability phase accentuates on the efforts to continue reaping the
benefits from the implementation of SPC and learns from the previous
implementation phases that could be transferred, managed, and reacted
across the organisation on a continuous basis. The principal idea behind
this phase is to ensure the knowledge and other benefits generated through
SPC implementation are sustained on a long-term basis. Such efforts include
maintaining the in-house SPC expertise and providing motivation for other
employees to implement the technique.

9.6.1 Step 18: Maintenance of In-house Expertise

The results from the empirical studies revealed that the high employee turnover
causes difficulties for the food companies to maintain their in-house experts.
Sustaining SPC implementation is definitely challenging as the food industry
has limited employee expertise in statistical knowledge. SPC implementation
is imperative to ensure knowledge transfer within the organisation is actively
progressing to increase the number of in-house experts (Davis and Ryan 2005).
On the other hand, continuous awareness training session and workshops can
assist the company to achieve such objective (Bidder 1990; Hubbard 1999).
Thus, knowledge management is arguably critical in such situations to ensure
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the company develop in-house expertise (Grigg and Walls 2007a). For compa-
nies that have not implemented SPC and do not have an SPC expert, an external
SPC facilitator should be hired to conduct training sessions and facilitate the
company throughout the implementation process.

9.6.2 Step 19: Towards Learning Organisation

The SPC implementation has a role in nurturing learning culture in the
company. Senge (2006) suggested that the notion of organisational learning
is through systems thinking, team learning, shared vision, individual mas-
tery, and the use of highly sophisticated mental models. Senge (2006) also
highlighted the need for organisations to become learners (e.g. single-loop
learners and double-loop learners) towards achieving organisational learning.
On the other hand, learning organisation recommended characteristics such
as open communication without fear or criticism, learning through teamwork,
employees’ empowerment for making decisions, action and result in focus and
wide learning opportunities (Denton 1998). Benchmarking and learning from
best-practice of internal and external competitors should continuously keep
the company in the momentum for CI (Mann and Adebanjo 1998). Thus, a
regular review session should be established monthly for on-going projects,
whereas the past performances should be subsequently updated together with
new information (Raper et al. 1997).

The five activities stated in this chapter as the key activities building learning
organisations are systematic problem solving, trials and experimentation,
continuous learning from experiences, transferring knowledge, and objectively
assessing the learning process. SPC implementation reflects on the situation of
double-loop learning by questioning the adequacy and quality of data, investi-
gation of the process variation, the governing variables to the process, appropri-
ateness of corrective actions through OCAP plan taken in response to the data.
Many researchers believed that the benefits of learning organisation towards
food companies are that learning becomes a mainstream activity, constant
learning leads to continual change and learning facilitates response to change.

9.6.3 Step 20: Reward System

One cause of failure in deploying and sustaining SPC is that the ignorance of the
management regarding the fact that the deployment of SPC can lead to unin-
tentional improvements in intrinsic reward. In fact, the reward system should
be designed to appreciate and motivate the employees. Through the reward
system, the employees are able to show their commitment to quality and seek
opportunities to involve in the SPC implementation. Apart from that, such
a system also attracts and maintains the people with knowledge and exper-
tise. By doing this, they show the skills and abilities required to achieve the
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strategic goal of the company to create a better process performance and subse-
quently superior organisation. Below are the key suggestions for the managers
to develop a reward system:

• Identify and communicate with the group of employees that the reward pro-
gramme will be developed;

• Communicate with the employees on the criteria or performance that will
reinforce the company goals;

• Outline the key measurements of the performance based on the individ-
ual/team previous achievement;

• Avoid intangible criteria that will lead the system to favouritism;
• Propose appropriate rewards that continuously motivate the employees;
• Communicate clearly the programme to the employees.

9.7 Summary

• The roadmap for SPC deployment in the food industry involved five phases
(Awareness, Preparation, Initiation, Institutionalisation, Sustainability).

• The programme should be initiated by selling the technique from top-to-
bottom through awareness sessions and effective training sessions.

• SPC leader should be the change agent, and SPC team should be spearhead-
ing the SPC deployment in the company, driving the implementation, while,
it is the company effort to ensure the processes are in use of statistical control.

• A successful pilot project is essential in feeding the motivation of the employ-
ees to involve in SPC implementation and increase top management buy-in.
Pilot project should be representative of the most critical process in the busi-
ness.

• Different levels of training should be planned and strategised according to
the different level of employees in the business.

• In order to apply SPC beyond process control activity, corrective action and
feedback system must be implemented.

• Sustainability of the SPC programme in the business can be included in
organisational learning culture.
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10

Case Studies

This chapter disclosed the case studies gathered from research and literature.
Each case study is described in brief, focusing on the application of the specific
expediting process control approach it illustrates, including the approach to
choose pilot projects, the control of key quality of the process attributes, and
the application of various type of control charts served for different types of
data. This chapter displays how SPC has been successfully applied in several
different situations.

The details and situation of the cases are varied, however in general each will
provide the background of the cases, the data and suitable type of charts. The
charts are interpreted, and interesting points are discussed in the case study. It
is not necessarily to understand the calculation and detail calculations to ben-
efit from this book. Implementing SPC in the organisation, it only requires a
few number staff to understand the theory and formulae on the calculations of
control charts.

10.1 Application of the Control Charts in the
Industries

Control charts are typically taught in the classes and mostly when teaching
the theory of SPC it is understandable to find the data for the control chart
are the easiest to be understood. Theoretically, normality is expected in the
food processing data; however, this is rarely the case in the food industry. In
the real-world data, neither SPC nor any other technique is the solution for
all problems, where other quality tools may be handy in solving the problem.
Ensure the data collected relates to the critical quality characteristics for the
process, if they fail to do so, there is a potential that the usage of SPC will lead
to ineffective corrective action. Processes in the food industry involved com-
plex living and consequently display variability on processes and practices. It is

Statistical Process Control for the Food Industry: A Guide for Practitioners and Managers, First Edition.
Sarina Abdul Halim Lim and Jiju Antony.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
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very rare for the organisation to fully understand and predict what is happening
or going to happen in a process.

10.2 Case Study 1 Monitoring Fish Product Packaging
(Grigg, Daly, and Stewart, 1998)

10.2.1 Problem Statement

In the food industry, although food safety is the prominent quality criteria,
another criterion that has an impact towards the regulation is the control of
weights and measures of the products. The weight and measures are critical
as failure in conforming so, potentially to cause financial loss. The typical
situations in the filling process which relates to the out-of-control situation
are underfill and overfill. If it is overweight, the food producers will be faced
with loss costs per unit giveaway. If it is underfilled, the food producer has
the risk of providing underweight products to the customer, which they could
be penalised for violating the regulations weight and measures. The Trading
Standards Officer (TSO) tests the sample of packages using the Average System
the requirements encapsulated under the ‘three rules for packers’ (refer to
Appendix C).

10.2.2 Processes

Based on study by Grigg et al. (1998), a medium-sized fish producer based in
Scotland uses a pre-checkweigher using SPC system outlined by the guideline
in the DTI (Department of Trade and Industry) Codes of Practice. The system
was designed to be manual and effective, where in order to operate the system,
it is not essential for the staff to acquire high statistical knowledge. The system
required input from only one staff member to operate the system. However,
there are quantifiable cost-benefits in terms of the control of product overfill
and the less easily quantified costs of the consequences of product underfill.

10.2.3 Sampling

For the initial study stage, the average fill level of the process (x) and inher-
ent variability fill of the packing level (standard deviation, (s) or ranges (R)) is
estimated. This stage is important in establishing the system process mean and
variability. Generally, a larger sample size, n, provides better discernment on
the differences between groups. Unfortunately, fish are expensive samples; the
larger the sample size, the more expensive the data collection is likely to be.
A rules of thumb suggests a sample size at the initial stage is appropriate with
n = 4 or 5 (Montgomery, 2012). The larger the sample size, the chart will be
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more sensitive to process changes. In this stage, a minimum of 200 packages
are collected in the subgroup size of 5 at the interval of 30 minutes, making to
the total of 40 subgroups.

In rational subgroup sampling, consecutive products produced are used for
testing.

10.2.4 Type of Data

As the data collected in this case is net weight and it is measureable it therefore
provides continuous data (refer Table 10.1). The overall mean fill of the pack-
aging is referred to the mean of the 40 subgroups. As the sample size for this
case is 5, it is appropriate to apply an Xbar-R chart (refer to selection of control
chart in Figure 9.7).

Table 10.1 Net weight data set (gram).

Sample, i Mean Sample, i Mean

1 364 361 360 361 360 21 354 361 360 372 366
2 360 362 368 361 364 22 374 374 370 367 372
3 357 364 358 361 361 23 376 377 374 364 371
4 364 362 361 367 358 24 365 375 374 370 362
5 351 365 361 367 358 25 364 362 370 367 367
6 356 364 362 360 359 26 377 376 377 362 382
7 358 359 360 367 365 27 354 367 358 366 350
8 365 357 362 368 364 28 363 356 352 360 357
9 357 361 365 361 363 29 369 360 351 353 359
10 362 363 358 362 360 30 369 361 355 365 357
11 366 369 360 363 362 31 361 364 362 361 360
12 367 358 363 362 362 32 371 365 377 372 351
13 357 364 361 362 365 33 360 371 365 364 373
14 369 371 363 362 362 34 365 366 370 365 367
15 360 358 363 362 360 35 357 370 360 364 365
16 367 380 361 348 364 36 358 367 365 361 357
17 352 354 377 362 353 37 358 357 360 370 363
18 376 365 351 367 363 38 357 382 354 361 373
19 366 361 365 363 363 39 370 361 358 372 377
20 369 371 364 367 371 40 371 358 356 358 360
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10.2.5 Construction of the Control Chart

In the Code of Practice guidance, the three types of control chart suggested
in the guidance are Run chart, Mean and Range control charts, and CUSUM
charts. Based on the type of data, Mean chart and Range chart are the most
appropriate charts that fit the purpose to monitor the current processes. In
order to monitor and control the average value of the key process variable, e.g.
package weight, a mean chart is applied. The lower control limit is to detect
underfill. On the variability chart, the main control limit concerned is the upper
control limit to identify high variation of the process.

Formula to calculate mean and standard deviation of the process fill:

x = (360 + 363 +… 361)
40

= 363.54

s = (1.6 + 3.2 +… 6.0)
40

= 5.06

R = (4 + 8 +… 15)
40

= 12.80

10.2.5.1 Determine the Target Level
The process involved is the filling process of the fish cans. The allowable condi-
tion for the filling process based on the angle of regulators are: the process able
to fill in the can within the target quantity or minimum target quantity. Objec-
tively, only one side of the control limits are critically needed to be controlled.
Despite underweight of the packages being of primary legal importance, high
giveaway through overfill of the packages is to be avoided in food packing for
economic reasons. For the weight variability charts, it is critical to control the
upper control limit is critical to prevent it not becoming too high. The lowest
value of the limits is highly preferred as the lower value of the variability, the
less inconsistent of the process; it is indicating that the more stable process is in
the production. The variability of the weight is due to a large number of factors
and can be product specific.

The team should update Phase I control charts parameter estimates period-
ically.

10.2.6 Interpret x − R Chart

• The mean chart (Figure 10.1) depicts that the process of the filling in this
product consists of a high giveaway as most of the points plotted above the
upper control limit. Commonly the food packer will decide to adjust the
charts initial level (phase I monitoring).
Action plan. Implementing Phase I of control chart: Resample to estimate
the process parameters before implementing the control chart for real-time
monitoring. A large number of the out-of-control situation may be due to
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Figure 10.1 X-bar chart.

the incorrect measurements and of readjustment of the process by opera-
tors. The later factor is the reason for out-of-control situation as the target
weight is 350 g. It is common in the food industry to overfill or oversupply
the packages as an economic strategy to avoid any regulation breach.

• There is an apparent shift of variation level after sample 21, where the vari-
ation level has fluctuated a more than the previous data points. Refer to
Figure 10.2 (starting sample 21).

• Action plan. the non-random unusual points of variation should be investi-
gated in the case that non-standard data has been included. Commonly, the
factors causing variation in the processes are due to the equipment capabil-
ity and food quality characteristics such as the texture of the product and
presence/non-presence of discrete particulate materials in the end-product.

• At the sample number 16, there is a presence of an out-of-control value on
the range chart as it shows the process standard deviation of 11.5 g and range
of 32 g. From the Table 10.1, the lowest value in the sample is 248 g which
compares to the previous data points; it does not represent the non-standard
nor inadequate weight of the package. However, there is a very high weight of
the sample, which is 350 g indicating there are 30 g of give away in the packet.

• Another two points are high value, depicting the process data is not a purely
chance occurrence.
Action plan. The process should be investigated especially on the non-
conforming sample as fish is an expensive product for the producer. The
investigation should identify the reasoning of the non-conforming sample
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in order to remove the sample from the data set. Then, repeat all stages and
calculations of the initial study as the sample with the out-of-control value
wheel affected the subsequent calculations of target bill control.

10.2.7 Conclusion

The monitoring and control activities through the control charts are able to
reduce give away, and unnecessary rejections at the checkweigher process,
where the package weights are controlled before this stage. Apart from warning
the employees against the violations of control limits, the other key feature
of the control charts is predictive. The charts can be the tool to display trends in
the subsequent sample and alert the process owner to the risk in violations, and
non-random variation. As the charts are established and constructed, sample
data may be taken on an on-line basis until the limits need to be recalculated.

10.3 Case Study 2 Monitoring the Sausage Production

10.3.1 Problem Statement

In order to understand and analyse the main problem of sausage production,
voice of the customers have been collected and analysed through Pareto
analysis to prioritise the main issues and problems. The marketing depart-
ment has provided a survey on the customer complaints on the sausage.
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The characteristics that are considered as defective sausages are due to the
bland flavour, rancid, poor texture, broken sausage, too oily, opening of bag,
pinholes, and air pockets.

10.3.2 Processes

The sausage is processed and prepared from meat, fat, and spices and it was
prepared following a specific recipe. It is imperative for the process owners and
businesses to fully understand the steps and details involved in their processes.
In this case, the company is reluctant to assign a technical expert in drawing the
flowchart; instead inviting all the people involved and who perform the process
on a daily basis. The flowchart identified the steps involve in sausage process-
ing; mincing, resting, kneading, filling, ripening, storage, and transportation as
depicted in the Figure 10.3.

Raw input control

Mixing and mincing
(1.3 cm–2.5 cm)

Spices; garlic; salt;
NaNO3, starter culture

Diced meat
(pH = 5.6–5.9)

Mincing
(1.3 cm–2.5 cm)

Resting

Filling
(2˚C)

Kneading

Tail fat

Ripening
17–18˚C

Storage

Final product quality

Transport

Figure 10.3 Flowchart of sausage production.
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Figure 10.4 Pareto analysis of consumer complaints.

The steps involved in the sausage processing are screened through to identify
the key process to be monitored. Flowchart or process mapping is a conve-
nient approach to identify the key processes involved in the production of the
products. In this case, quality control points are at material input and final
product control. One of the important points before the product arrived at the
consumers, final product quality control is a critical point that may assess all
critical quality characteristics prioritised in the Pareto analysis (Figure 10.4).

10.3.3 Sampling

Sausages were inspected at each shift for 15 shifts. The inspector recorded the
number of defective sausages in each shift. Note that the number of sausages
inspected varies in each shift.

Sample sizes for p-chart should be large >50, to be able to detect moderate
shift of mean.

10.3.4 Type of Data

In the food industry there are quality characteristics that are non-measurable
type which accordingly will be classified into two categories, which are in this
case the defective and non-defective sausages. As identified in the problem
statement (Section 10.3.1), the critical quality characteristics based on the
Pareto analysis, are not measurable. The data recorded in the process is
the percentage of non-conforming items after inspecting the sausages. The
management is interested to understand the trend of the sausage production
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Table 10.2 Data defectives sausages from the inspection.

Shift Inspected
No of
defectives Fraction, p Shift Inspected

No of
defectives Fraction, p

1 210 40 0.190476
2 220 28 0.127273 9 230 16 0.0695652
3 272 15 0.055147 10 271 17 0.0627306
4 120 23 0.191667 11 308 19 0.0616883
5 149 20 0.134228 12 258 20 0.0775194
6 208 21 0.100962 13 301 16 0.0531561
7 310 19 0.061290 14 250 14 0.0560000
8 172 15 0.087209 15 268 15 0.0559701

• The first column is the shift number.
• The second column is the number of sausage inspected.
• The third column is the number of defect sausages.
• The fourth column is the fraction of the defective sausages.

quality, which suggests the appropriateness of control chart application. In this
case, defective fraction refers to the ratio of the number of defective inspection
series to the total number of products that are inspected. Table 10.1 displays
the sample size, number of defective sausage and the calculated defective
fraction (Table 10.2).

10.3.5 Construct Control Chart

In order to assess the quality of the sausage products in fraction defectives in
each inspected shift, a p-chart is constructed. The chart is applied in the sit-
uation where a variety of product samples are inspected, also the frequency
of sampling in hourly, shifts or days. P-chart is applied to have a clear idea of
view of the products’ quality history base on the fraction defectives that are
expressed in percentages.

p-chart formula:

p =
Total number of defective units in the samples

Total number of the sample units

Control limits = p ± 3
⎛⎜⎜⎝
√

p(1 − p)
n

⎞⎟⎟⎠
Control limits portrayed the upper and control limits. The values of p

determined in the experiments between these limits with approximately 99.7%
probability.
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Before developing the control chart, type of control chart was chosen based
on the type of data and number of samples. The p-chart is constructed based
on the normal curve approximation of binomial distribution model.

In this case, as the sample size varies, the UCL and LCL are not straight lines,
but appear in step shapes. This is one of the important considerations of using
the chart as the plotting is in the percentage of defective regardless of the size
of the sample in each subgroup.

10.3.6 Interpreting the p-Chart

Figure 10.5 shows the p-chart sausages with p = 0.0840, or 6.39% the centerline
where the fraction defectives vary. The lower control limit and upper control
limit are populated and showed for each shift. The data points are the fraction
defectives for each shift in order to assess the process control of sausages pro-
duction. The figure also shows that there are two points outside of the control
limits at the first and fourth shift using the rules and the point that is exceeding
3σ upper and lower limit. The fraction defectives reside well within the con-
trol limits for the remaining shifts. However, the charts show after the eighth
shift, the fraction defectives are plotted less then centerline, which calls for
readjustment of the machine. At this point, the investigation of the assignable
cause should be implemented; corrective action should be taken following the
out-of-control-action-plan. Later, it is necessary to calculate modified control
limits for the next set of shifts, provided the out-of-control situation is due to
the assignable cause. The modified control charts are constructed using the new

151413121110987654321
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Figure 10.5 p-Chart of sausage production.
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p = 0.0691. On the other hand, if the value of p is known or targeted in advance,
this value of p is used directly to calculate the control limits instead of letting the
software estimate the mean value. The feedback action should be taken where
investigations at the out-of-control-point is critical. It was identified that new
contract workers are assigned at the shift number 1–2 and number 4–5, which
explained high number of defects. The out-of-control point due to this reason
also affects the process performance at shift number 2 and shift the number 5
where both points are closed to the upper control limit.

Activating all alarm signs increases the risk of false alarm.

10.3.7 Conclusion

• The processes for the sausage production are not statically stable as the pro-
portion of defective sausages was identified exceeding the control limit.

• The quality criteria for sausage production is unmeasurable which there-
fore the inspection is based on two categories, which are defective and
non-defective products (attribute data).

• Along the monitoring and control of the processes, several other quality
techniques are applied to improve the process and achieve stability of the
process (e.g. flowchart, Pareto analysis, cause and effect analysis).

• The advantage of using p-chart in this case is multiple key quality character-
istics can be integrated in one chart.

10.4 Case Study 3 Controlling Microbiological Hazards
on the Food Products

10.4.1 Problem Statement

• Hazard Analysis Critical Control Point (HACCP) is an approach used by
many for the food safety purposes. A rapid hygiene testing system through
adenosine triphosphate (ATP) Bioluminescence is implemented to monitor
and control the hygiene level of selected control points in the HACCP system
real-time data. Relative Light Units (RLUs) is the type of data that provide
the amount of microbial to determine the hygienic status through compar-
ison of the maximum RLU value (determined previous evolution tests) on
the Pass/Fail basis. In the conventional practice, such a system is able to pre-
vent the failed control point from the operation. However, the system unable
to provide warning when there is a potential for out-of-control situation in
cleaning the plant. Out-of-control situation is interpreted as the microbial
amount is too high, and then the plan view to be not properly cleaned.
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• In order to establish a statistical trend analysis instead of just Pass/Fail infor-
mation, SPC charts should be employed. Based on the conventional SPC
charts, the charts are unable to analyse the RLU data, as the size of the data is
equal to 1 (single measurement) and the data is not following normal distri-
bution. However, the data can provide useful information through the usage
of alternative charts that supports single measurement data (e.g. individual
chart, CUSUM).

10.4.2 Process

The process highlight is captured in the dairy farm. The CP identified is the
milk-filling machine and the process that is highly related to the food safety is
cleaning the machines.

10.4.3 Sampling

• The RLU data was collected approximately for three months and the data
were analysed to construct trend analysis for the process.

• Sample size, n = 1

10.4.4 Type of Data

• The data collected is a continuous data based on the value of RLU.
• The assumption to the usage of the chart is, the data is following normal

distribution, and it is even essential for the single measurement data. How-
ever, for exploratory analysis, normality assumption may not be applicable,
where in this case, the interpreting of the raw data should be done with
caution.

• Action can be taken by transforming the original data to that following nor-
mal distribution more closely.

• There are several options for the transformation from the Poisson distribu-
tion is by taking square roots of the data. The transformation is in order to
reduce the overall noise in the observation.

10.4.5 Construct Control Chart

In order to construct a control chart, in order to choose the appropriate type
of control chart, the type of the data needs to be identified (refer Figure 9.5).

10.4.5.1 Modification of the Data
There are options in modifying the data, which can be done through loga-
rithmic transformation and square root the raw data (refer to Appendix A).



�

� �

�

Case Studies 163

Normal

–100
0.1

1

5
10

P
er

ce
n

t

20
30
40
50
60
70
80

90
95

99

99.9

0 100

RLU

200

Mean

StDev

N

AD

P-Value <0.005

4.976

92

45.71

53.95

300

Probability Plot of RLU

Figure 10.6 Anderson-Darling Normality test.

Figure 10.6 shows that the raw data does not follow normal distribution as
through the Anderson-Darling test, p-val <0.005. The deduction is based on
the hypothesis:

• Hypothesis null. The data is following normal distribution.
• Hypothesis alternative. The data is not following normal distribution

Since the p-val is less than 0.05 at 5% level of significance, the hypothesis
null is rejected, which concludes the data is not following normal distribution.
Modification of the data is required to transform the data following normal
distribution. The modification is implemented using several types of transfor-
mation compared in the Tables 10.3 and 10.4.

Based on the comparison of the raw data and transformed data, the normal-
ity test through Anderson-Darling shows that both the raw RLU data and the
transformed square root data do not follow normal distribution. The control
chart is then developed based on the logarithmic transformation data. Individ-
ual chart and CUSUM plot and CUSUM control chart of the transformed data
are displayed in Figures 10.7–10.9.
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Table 10.3 Raw data and transformed data.

RLU ln Lg Square root RLU ln lg Square root

23 3.135494 1.361728 4.795832 147 4.990433 2.167317 12.12436
46 3.828641 1.662758 6.78233 13 2.564949 1.113943 3.605551
39 3.663562 1.591065 6.244998 12 2.484907 1.079181 3.464102
62 4.127134 1.792392 7.874008 15 2.70805 1.176091 3.872983
33 3.496508 1.518514 5.744563 14 2.639057 1.146128 3.741657
21 3.044522 1.322219 4.582576 76 4.330733 1.880814 8.717798
20 2.995732 1.30103 4.472136 28 3.332205 1.447158 5.291503
56 4.025352 1.748188 7.483315 29 3.367296 1.462398 5.385165
69 4.234107 1.838849 8.306624 44 3.78419 1.643453 6.63325
26 3.258097 1.414973 5.09902 15 2.70805 1.176091 3.872983
27 3.295837 1.431364 5.196152 16 2.772589 1.20412 4
24 3.178054 1.380211 4.898979 123 4.812184 2.089905 11.09054
22 3.091042 1.342423 4.690416 5 1.609438 0.69897 2.236068
69 4.234107 1.838849 8.306624 41 3.713572 1.612784 6.403124
42 3.73767 1.623249 6.480741 56 4.025352 1.748188 7.483315
97 4.574711 1.986772 9.848858 9 2.197225 0.954243 3
56 4.025352 1.748188 7.483315 82 4.406719 1.913814 9.055385
33 3.496508 1.518514 5.744563 22 3.091042 1.342423 4.690416
33 3.496508 1.518514 5.744563 22 3.091042 1.342423 4.690416
69 4.234107 1.838849 8.306624 63 4.143135 1.799341 7.937254
24 3.178054 1.380211 4.898979 85 4.442651 1.929419 9.219544
34 3.526361 1.531479 5.830952 34 3.526361 1.531479 5.830952
29 3.367296 1.462398 5.385165 158 5.062595 2.198657 12.56981
29 3.367296 1.462398 5.385165 164 5.099866 2.214844 12.80625
19 2.944439 1.278754 4.358899 155 5.043425 2.190332 12.4499
57 4.043051 1.755875 7.549834 79 4.369448 1.897627 8.888194
81 4.394449 1.908485 9 94 4.543295 1.973128 9.69536
99 4.59512 1.995635 9.949874 319 5.765191 2.503791 17.86057
43 3.7612 1.633468 6.557439 38 3.637586 1.579784 6.164414
80 4.382027 1.90309 8.944272 19 2.944439 1.278754 4.358899
68 4.219508 1.832509 8.246211 64 4.158883 1.80618 8
112 4.718499 2.049218 10.58301 50 3.912023 1.69897 7.071068
25 3.218876 1.39794 5 16 2.772589 1.20412 4
52 3.951244 1.716003 7.211103 25 3.218876 1.39794 5
24 3.178054 1.380211 4.898979 28 3.332205 1.447158 5.291503
35 3.555348 1.544068 5.91608 35 3.555348 1.544068 5.91608

(Continued)
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Table 10.3 (Continued)

RLU ln Lg Square root RLU ln lg Square root

15 2.70805 1.176091 3.872983 52 3.951244 1.716003 7.211103
47 3.850148 1.672098 6.855655 28 3.332205 1.447158 5.291503
104 4.644391 2.017033 10.19804 35 3.555348 1.544068 5.91608
53 3.970292 1.724276 7.28011 52 3.951244 1.716003 7.211103
51 3.931826 1.70757 7.141428 139 4.934474 2.143015 11.78983
34 3.526361 1.531479 5.830952 59 4.077537 1.770852 7.681146
17 2.833213 1.230449 4.123106 62 4.127134 1.792392 7.874008
62 4.127134 1.792392 7.874008 55 4.007333 1.740363 7.416198
23 3.135494 1.361728 4.795832 12 2.484907 1.079181 3.464102
123 4.812184 2.089905 11.09054 147 4.990433 2.167317 12.12436

Normality test for each of the transformed data in Table 10.4. (Refer to Appendix B).

Table 10.4 The data distribution for net weight fish packaging.

RLU Ln Lg Square root

Normality test <0.005 0.901 0.901 <0.005
Standard deviation 45.71 0.7404 0.3216 2.63

918273645546372819101

6

5

4

3

2

1

Observation

_

X = 3.726

UCL = 5.683

LCL = 1.768

1

1

Individual chart (Ln-RLU)

In
di

vi
du

al
 V

al
ue

Figure 10.7 Individual chart (Ln-RLU).
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10.4.6 Interpret the Charts

10.4.6.1 The Individuals Chart

Interpreting the trend may prevent any out-of-control event. Point of the
day 65 onward indicate the development of a potential problem, before it
occurred.

Considering the appropriateness of the monitoring scheme, a Shewhart
control charts for individuals is a good option due to its simplicity. However,
there are more sophisticated control charts such as CUSUM and exponentially
weighted moving average (EWMA) that are sensitive in detecting small
changes (Montgomery, 2012). Based on the Figure 10.5, the chart shows the
poor consistency of the readings where there are values which exceed the limit
of the arbitrary control limit value of the RLU, set preceding to the routine
use of the system on Day 60 and Day 74. The control chart shows that the
individual values exceed the limit but fails to indicate any significant adverse
trends. To develop the chart in the Minitab please refer to Appendix C.

10.4.6.2 The CUSUM Control Chart
The chart shows trend of the process, where it is easier to predict and indicate
if the process is going to be out-of-control before it could happen. The plots
in Figure 10.8 show there is a mean shift (points in red circle) which indicates
a potential out-of-control process. However, such plots are unable to clearly
indicate the limits that will indicate the process potential for an out-of-control
condition.

For Figure 10.9, the process is in control when the values are close to zero. If
the points in the chart move up and down, where the values will occur more
positive or negative will lead to the detection of special causes. Compared to
other types of charts, in the case of SPC, if there is a tendency of the points to
be above and below the centerline (zero line), there is a potential that the pro-
cess average has shifted and therefore, the process owner must investigate the
cause contributed to such a situation. Such situations may occur due to errors
in registering the data, instruments and machines are not calibrated equipment
operator error or error in the data collection technique.

Any point that exceeded the control limits indicate an out-of-control situ-
ation. The CUSUM chart in Figure 10.8, indicate out-of-control from at the
point 51, 54, and 59 for the lower control limit and from the point 72 to point 78
(upper control limit).

One of the alternative procedures of CUSUM is through the V-mask control
scheme proposed by Bernard in 1959. The chart contains plotted points (cumu-
lative sum of deviations of the raw data from the target) and V-mask (apply state
of control limits in determining the art of control points). However, according
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to (Montgomery, 2012). V-mask procedure for CUSUM is not strongly advised
to be applied due to its disadvantages:

• A practical approach by the industry, headstart feature is unable to be applied
through the usage of V-mask.

• It is difficult to determine how far the arm of the V-mask should extend.
• It is ambiguous to assign the α and β value.

One of the critical disadvantages of CUSUM is the underlying raw data are
lost. This is due the mechanism behind the construction of CUSUM control
charts based on the sum of the deviations of the points from the target value
that limits its ability to portray the underlying process behaviour.

Based on the control charts above, there is a clear advance warning that
Day 72 will be out-of-control. By using the control charts, fail situation as such
Day 72 onwards may be prevented if preventive action is applied on previous
days (e.g. increasing trend).

10.4.7 Conclusion

This case study suggests the potential of integrating SPC with HACCP system
in monitoring and controlling food safety, further enhance preventive prac-
tice that is preached in continuous improvement philosophy through a system-
atic trend analysis and the usage of data-based approach (control chart) as the
decision- making tool. This case study also demystifies the inappropriateness
of the application of control charts with the food industry data.
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