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THE POWER OF STATISTICAL
THINKING IN QUALITY IMPROVEMENT
Abstract: In the light of modern economic era and age
of globalization, proactive responding to new market
trends, through total quality management with focus on
quality improvement in products and processes, is an
imperative for the success in realization of business
activities by each organization entity. Continuous
quality improvement provides significant sources of
competitive advantages, outstanding business results,
and satisfaction of the needs and expectations of direct
customers, and all interested stakeholders.
Starting from the philosophy of statistical thinking,
which reflects in observation of the business activities
as a system (or a series) of interconnected, inherently
variable, processes, as well as the essence of the
Deming’s fundamental principle of quality: „Reduce
variation and you improve quality“, in this Paper is
presented and emphasized the importance of
understanding the key principles of statistical thinking
and their essential role and power in function of
continuous quality improvement.
Keywords: Statistical thinking, reducing variation,
quality improvement

1. INTRODUCTION
Essential features of the contemporary
environment in general, not just a business
one, are complexity and dynamism of the
factors that characterize it. The number
and significance of changes of economic,
technological,
political
and
social
character, set a new demands on the
management of modern organization.
Recognizing and understanding these
facts, through valid, scientific–based data
and information analysis, becomes an
essential prerequisite for formulating the
right answers and optimizing the behavior
of the organization according to its
capabilities and state of the environment.
In addition, in the process of adapting,
the fundamental change in doing business
is linked to the principles of the quality

management. Quality revolution resulted
in the TQM philosophy, and the total
quality became a key strategic resource.
The total quality is not some specific
condition or a stable situation, already a
way of functioning which assumes
continuous improvement and adaptation.
Various methods and tools for quality
improvement are one of the key elements
of the concept of total quality
management, in which a special place, in
general, belongs to the application of
statistical methods and philosophy of
statistical thinking. Since the statistical
thinking is an integral concept of many
software solutions, standards, successful
business frameworks, and management
initiatives (e.g. Six Sigma) for quality
improvement and business excellence, the
goal of this Paper is to emphasize: the
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importance of the concept of statistical
thinking, and the potential for quality
improvement
through
consistent
integration of elements of statistical
thinking and the essence of the TQM
initiatives.
The Paper, with introduction, consists
of four parts. In Section 2, are presented,
through the review of the most often cited
definitions, the key elements of statistical
thinking. In Section 3, the principles of
statistical thinking are discussed. The
application of statistical thinking for
quality improvement through appropriate
model, emphasizing the importance of
statistical knowledge is the content of
Section 3. In the last Section, the
conclusions and directions of future
research on the application of statistical
thinking are presented.

2. DEFINITIONS AND KEY
ELEMENTS OF STATISTICAL
THINKING
In the scientific literature, there is a
relatively small number of papers and
other types of publications dealing with the
concept of statistical thinking, its elements,
and fields of application. In contrast,
imprecise (too narrow, or even the
incorrect) use of the term statistical
thinking is very common. Traditionally,
this term has been used to denote the
simple application of statistical methods in
function of affirmation of statistics as a
science. However, with the development
of the quality–oriented management
initiatives there was a change in view of
the context and the role of statistical
thinking, i.e. a broader meaning of this
term in quality management was
promoted. In this context, the most
commonly used definitions of statistical
thinking are listed below.
Starting from the fundamental principle
of quality, put forth by Deming: Reduce
variation and you improve quality, Ronald
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Snee in his revolutionary paper “Statistical
thinking and its contribution to total
quality” [6, p.11], defined statistical
thinking as “thought processes, which
recognize that variation is all around us
and present in everything we do, all work
is a series of interconnected processes,
and
identifying,
characterizing,
quantifying, controlling, and reducing
variation provide opportunities for
improvement”.
According to the Glossary and Tables
for Statistical Quality Control, published
by the American Society for Quality
(ASQ) Statistics Division, statistical
thinking is defined as a philosophy of
learning and action based on the three
following fundamental principles:
· all work occurs in a system of
interconnected processes;
· variation exists in all processes;
· understanding
and
reducing
variation are keys to success [1].
The latest considerations of experts in
the field of statistics are aimed at defining
statistical thinking by emphasizing the
specificities of this concept in relation to
the fundamental determinations of
statistical literacy and statistical reasoning
[see, 2]. Generally, statistical thinkers
point out that statistical thinking is datadriven mode of thinking that includes the
elements of logical and analytical
reasoning.
From the above presented definitions it
is clear that statistical thinking, as a
process-oriented thinking, provides a
philosophical framework for quality
improvement that focuses on the
processes, identifying variation, and use of
relevant data to understand the nature of
variation. Ability to describe process
variation, and to take concrete actions for
their reduction or elimination, requires
knowledge of statistics as a science of
variation, including the procedures for the
application of specific statistical methods.
Typically, application of statistical
methods in the context of statistical
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thinking can produce analysis which lead
action and expected improvement.
Otherwise, statistical methods can be
ineffective
and
sometimes
even
detrimental to improvement efforts [5].
Figure 1, illustrates the relationship
between the elements of statistical thinking
that are critically important for a complete
improvement approach.

3. PRINCIPLES OF
STATISTICAL THINKING
Statistical thinking is a well–
established approach for solving real–
world organizational problems based on
the application of scientific methods and

postulates. In fact, statistical thinking
includes understanding and defining the
overall business activities as a system of
interconnected processes. Variation exists
in all processes, affect the quality of
outputs, and represent a barrier in efforts to
achieve business excellence. Hence,
handling variability properly is important
in order to achieve reliable and sustainable
quality improvement. In other words,
continuous quality improvement requires
proper and correct (statistically speaking)
understanding, analyzing, quantifying, and
reducing variation in processes, which
ultimately leads to maximization of
customer satisfaction.

Figure 1. Quality improvement using statistical thinking Source: [3, p.24]

Actually, the power of philosophy of
statistical thinking lies in the above
presented logic that reflects the essence of
three, interdependent, principles of
statistical thinking. Figure 2, illustrates the

main ingredients (processes, variation,
analysis, context knowledge, actions) and
fundamental principles of statistical
thinking
in
function
of
quality
improvement.

Figure 2. The ingredients and principles of statistical thinking; Source: [6, p.11]
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The first principle of statistical thinking
is that all work occurs in a system of
interconnected
processes.
Complete
business activities of all types of
organizations consists of a collection of
processes that are interconnected in the
form of the system that transforms inputs
into outputs for a specific purpose. The
generic framework of the process
orientation in the assessment of business
activities, known as the SIPOC model (an
acronym for its components), is presented
in Figure 3. Since the actions aimed at the

process improvement can be undertaken
only on the basis of available knowledge
about the process, unavoidable (necessary)
step in effective implementation of the
concept of statistical thinking is
identifying, understanding, measuring, and
analyzing
the
business
processes.
Generally, the basic assumption of the
business performance improvement is
based on understanding and exploitation of
the present (existing) potentials for process
improvement through the elimination of
identified sources of variation.

Figure 3. SIPOC: A process view of complete business Activities; Source: [adapted from: 4]

The second principle of statistical
thinking is that variation exists in all
processes. The concept of variation is one
of the fundamental concepts in statistics
and it can be defined and understood only
in statistical terms. Therefore, proper
description and definition of process
variation as well as the implementation of
specific actions in order to achieve process
improvement, requires knowledge of
statistical methods and creates a need for
statistical thinking. In certain situations
variation are desirable and have a value
which should be promoted (for example,
different abilities of the project team
members, a variety of different service
packages in mobile telephony, etc.). On
the other hand, there are situations in
which the source of improvements is
minimization of variability (for example,
frequent change of business partners,
extremely
obvious
fluctuation
of
personnel, etc.).
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Depending on the causes underlying
them, variation can be classified in the
following types [3].
Common-cause
variation is an inherent part of the
observed process. They are considered to
be normal fluctuations in the behavior of a
process. There are numerous causes of this
type of variation, but each of them,
individually, has a minor impact on the
movement of the critical (controlled)
characteristics of the process in relation to
the expected (average) value. Processes,
which are characterized by this type of
variation, are called stable or predictable.
Special-cause variation are temporary,
caused by some specific cause (an event)
of an external type compared to the
process in which the variation occur and
manifest. The causes of this variation do
not occur frequently, but have a large
impact on the expected value of the
controlled characteristic. Processes, in
which this type of variation occurs, are
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called unstable or unpredictable processes.
Structural variation is a type of variation
which is, like the common cause variation,
inherent part of the processes, and has a
predictable onset, but when plotted on a
control chart it looks like a special-cause
variation.
Off-target variation occurs

when a process is aimed at the wrong
target. In other words, process is off-target
if its average is not at the desired level.
Described types of process variation are
presented and illustrated in Figure 4.

Figure 4. Types of process variation Source: autors’ representation

The third principle of statistical
thinking is that understanding, analyzing,
quantifying, and reducing variation are
keys to business success. Understanding
the nature of variation is important because
the process improvement strategies differ
for each of described types of variation. As
a matter of fact, the approaches for
improving statistically stable processes
(which are characterized by commoncause variation) differ from the approaches
that are used for improving statistically
unstable
processes
(which
are
characterized by special-cause variation).
The improvement of statistically stable
processes is based on the reduction of
common-cause variation which entails the
use of the process–improvement strategy.
The improvement of statistically unstable

processes is based on the elimination of
special-cause variation which entails the
use of the problem–solving strategy. The
steps in implementation of these strategies
are presented in Figure 5. Obviously, both
strategies incorporate the key elements of
the statistical thinking [3]:
· Improving results by improving the
process;
· Diagnosing and reducing variation;
· Synergy betwen subject matter, theory,
and data;
· A sequential approach.
Generally, the source of process
improvement, which is based on the
statistical thinking approach, is the
elimination and/or reduction of process
variation. In addition, precise identification
of the characteristics of occurred variation
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enables making rational decisions about
courses of action aimed at the fundamental
and/or radical changes in the process.

4.

STATISTICAL THINKING
MODEL AND ITS
APPLICATION

After understanding the essential
characteristics of statistical thinking, the
question of its application in solving real
business problems arises. The basic
statistical thinking model includes several
key, iterative procedures, which provide a

conceptual framework for the overall
approach for improvement of the
processes.
The initial phase in the application of
statistical thinking model is identifying,
documenting, and understanding the
business process itself. After that, the
model follows a repeating cycle, which is
composed of the following elements:
Subject matter knowledge, Plan, Data,
Analysis. Variation plays a major role in
the presented cycle, which provides and
ensures the increase of process knowledge
[3; 4].

Figure 5. Steps in the implementation of the Process–Improvement Strategy and the Problem–Solving
Strategy; Source: [4]

Essentially, the root of this procedure is
previously available knowledge about the
particular
process
(subject
matter
knowledge or context knowledge) which is
the result of professional experience and/or
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specific academic research. On the basis of
the subject matter knowledge, within the
planning activities, the types of process
data, that need to be collected (which are
considered to be the most helpful for
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validating and/or refining of the initial
hypothesis, and of course available
knowledge about the characteristics of
process), are defined. Logically, once the
data is collected, their analysis begins.
Using the statistical approach and
statistical-analytical
apparatus,
the
identified process variation are quantified,
and then interpreted. In this way is
provided, through additional, better,
understanding of the process, not only the
increase of process knowledge, but also
the ability to improve process. On the basis
of new knowledge, towards business
excellence, the repetition of the above
described procedures, in the form of a new
cycles, follows. Besides these, the
additional usefulness of statistical-process
approach, comes from the fact that
business processes are not static
categories, already the dynamic systems.
Precisely, the application of statistical
methods makes it possible to determine
whether the process has suffered
significant changes during the period of
time
between
two
consecutive
investigative cycles.
However, the statistical methods
integrated into the context of statistical
thinking, can not, by themselves, result in
the desired outcomes and contribute to
identifying and understanding the nature of
variation. Success in using statistical
thinking and methods in problem solving,
process improvement, and cost reduction,
depends primarily on the fact whether they
are effectively and efficiently implemented
in the specific problem situation.
Practically, the successful implementation
of the key principles of statistical thinking
in function of making rational business
decisions, without statisticians and their,
not only statistical, but also the contextual
knowledge, is not possible.

5. CONCLUSION AND FUTURE
WORK
Presented considerations in this Paper
can be summarized in the form of the
following conclusion: “statistical thinking
will one day be as necessary for efficient
citizenship as the ability to read and
write”1. That day, for those whose guiding
star is total quality, has already come.
Therefore, the future work, of the authors
of these text lines, will focus on gathering
empirical data whose goal will be to
determine the extent to which the
managers
in
Serbian
business
organizations use the elements and
principles of statistical thinking in business
decision
making,
including
the
comparative analysis with the results of
similar empirical studies conducted in the
region.

1

H. G. Wells (1866–1946), an English writer,
and author of the listed quote. Retrieved from:
http://www.math.wpi.edu
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