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Abstract - The complexity of Healthcare Environment
directs decision makers to develop a standardized
Quality Management System that can be applied in all
healthcare areas. This paper will present an original and
novel approach (KB/ES coupled with AHP and GAP
analysis) for designing and implementing Lé6c in
QMHE. The KB system embeds GAP for benchmarking
(evaluating the existing practices with the benchmarked
ones), and AHP for prioritization of implementation.
The proposed KB system will benchmark the current
position of QMHE with the ideal benchmark one
(resulting from extensive evaluation by the
KB/GAP/AHP system of international quality concepts
in healthcare organizations).

Index Terms - Quality Management in Healthcare
Environment (QMHE), Knowledge Based System
(KBS), Lean Six Sigma (L6c), Analytic Hierarchy
Process (AHP), Benchmarking.

I. INTRODUCTION

According to the UK’s Department of Health, almost
£400 million is being paid in clinical negligence claims and
adverse incidents, causing nearly £2 billion per year of
losses [1]. As a result, the National Health Service (NHS)
has implemented a number of quality improvement
concepts, most recently 6o and Lean [2]. In the USA, the
National Committee of Quality Assurance estimates that
$3.6 billion had been paid as a result of preventable
hospitalization, which could have been avoided had the total
health care system operated at benchmark levels [3].

In Oman, the Oman’s Health Vision 2050 Report [4]
highlighted a number of challenges for enhancing and
developing health research which will impact on the Quality
Management of Healthcare such as: insufficient funds, lack
of research prioritization with the national plans, poor
coordination between Ministry of Health (MoH) and other
healthcare organizations within Oman, poor communication
of research results, limited research topics’ implementation,
insufficient follow up of the outcomes and immature
research culture among health care providers.
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As a results of these challenges, this paper presents a
Knowledge Based System (KBS) to assist healthcare
managers and practitioners during decision making in the
context of achieving excellent benchmark Quality
Management. This KBS will be developed through
integrating Analytical Hierarchy Process (AHP) and
Gauging Absence of Pre-requisite (GAP) methods as a
decision making tool.

A. Lean Six Sigma (L6o)

Six Sigma (6c) as a term refers to a statistical
measure of defect rate in a system. Sigma (o, also called a
Standard Deviation) is a measure that is used to calculate
the amount of variation of a set of data values from a mean
of the samples (following a Normal Distribution). As a
quality concept, 66 was coined by the reliability engineer
Bill Smith working at Motorola Company in 1987 [5].

Lean thinking emerged within Japanese automobile
industries after world war Il by Taiichi Ohno and associates
[6]. There is no agreement on a definition of Lean
production between the researchers [7]. According to
Lummus, et al. [8] Lean manufacturing concentrates on
waste elimination to reach competitiveness. Anvari et al.
[9] listed the main elements helping to the elimination of

this waste activities as: excess production, excess
processing, delays, transport, inventory, defects and
movement.

The integration of Lean and 60 aims to target each
and every opportunity for improvement in particular
organization and attempts to provide empowerment even at
the higher-level process analysis stages [6].

According to Sharma [10] 6 methodologies should
be used to aid and support the implementation of Lean in
the organization. When an organization plans to construct a
new framework for L6o, this framework should be strategic
and process focused, balanced between the two
philosophies,  balanced between  complexity and
sustainability and structured around the type of problem
experienced [6].

B. Quality Management in Healthcare Environment
(QMHE)

There is no agreement among reserachers to define
Quality Management in Healthcare Environment. Harteloh
[11] in his paper The Meaning of Quality in Health Care: A
Conceptual Analysis’ discussed how difficult it was to
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standadrize a definition for quality in healthcare. The
patient’s satisfaction has been used widely to measure the
quality of services provided in healthcare facilities.

Sloan, et al. [12] found seven important categories of
readiness factors of a successful launch of Lean in
healthcare which are: strong leadership support, finding
Lean with the strategic program, understanding what value
and customer groups be present in healthcare. Furthermore,
undertaking the end-to-end process view, staff training and
participation in Lean principles and methods, measurement
and reward systems aligned to Lean objectives, and
equivalent demand and capacity levels to increase flow.

C. KBS, GAP and AHP

The goal of Artificial Intelligence (Al) as a science
is to make machines think things that would need
intelligence if done by humans [13]. According to [14],
there is no standard definition of Al. He defined Al as ‘the
study of making computers do things that the human needs
intelligence to do’. Al has several techniques and methods
used for implantation.

One of the widely used techniques of Al is the
Knowledge Based (or Expert) Systems (KBS). Quinn [15]
defined an Expert System as ‘an interactive computer
program that asks the same questions a human expert would
ask, and from the information given to it by the user,
provides the same answer the expert would provide’. The
use of KBS will be covered later in this paper.

In any type of application, an audit should be
conducted to assess the gap between what actually exists in
a specific environment and the essential or desirable
prerequisites for effective implementation [16]. The
information needed to apply GAP could also be collected
from the wusers through the designed questionnaire
embedded in the KB. After the GAP analysis audit or
questionnaire, the Problem Categories (PCs) should be
recorded into two reports: all positive elements and
procedures (Good Points — GPs) already existing in one
report and all negative elements (Bad Points — BPs)
representing non-existence of data, poor systems in the
other report [17].

Saaty [18] defined AHP as a systematic analysis method
established for multi-criteria decision. Wang, et al. [19]
summarized the steps of AHP as: determining and
structuring of all elements influencing the decision-making
process, developing judgment matrices, computing of local
priorities and deriving alternatives’ ranking. The AHP
technique processes the complex decisions to a series of
pair-wise comparisons until it computes the prioritised
decision by giving a clear rationale for the judgements being
concluded [20].

Il. RESEARCH BACKGROUND

The report of an Expert Group on Learning from
Adverse Events in the NHS [1], The National Committee of
Quality Assurance [3], and The Report of Quality and
Patient Safety in Oman [21] show that the application of

existing Quality management Systems in Healthcare
Environment have not achieved the expected level of
success.

Consequently, this paper aims to present the
development of a Knowledge Based System (KBS) to assist
healthcare managers and practitioners during decision
making in the context of achieving excellent benchmark
Quality Management.

The paper proposes a conceptual framework for
QMHE which will be the model for designing a hybrid KBS
by integrating Analytical Hierarchy Process (AHP) and
Gauging Absence of Pre-requisite (GAP) methods. The two
methodologies are essentially required to optimize the
solutions obtained for the decision making.

The KBL66-QMHE system will then be arranged in
a decision level hierarchy in which the Key Performance
Indicators (KPIs) are considered. This process will be done
in order to produce KB production rules which are the
corner stone of the proposed system.

I11. THE NEW METHODOLOGY OF KB LEAN SIX SIGMA IN
QMHE

This paper focuses on suggesting a new methodology of
KBL66 in QMHE because there is no current methodology
that covers this issue of implementing L6c to assess
QMHE. Furthermore, the process of implementing the
suggested methodology will be explained by transforming it
into a structured model based on hierarchal decision making
levels. Such a step will aid in generating the necessary
modules that will be useful to produce the KBS rules which
will evaluate the L6c elements of QMHE with the support
of KB competencies.

A. Planning Stage

As it can be seen in Fig.1, to accomplish L66-QMHE model
the first step, as part of strategic level, formulates the
planning stage. This stage consists of healthcare
organization’s statement and healthcare quality dimensions.
Healthcare quality dimensions have been discussed and
illustrated in World Health Organization, Accreditation
Canada International, Joint Commission International and
NHS as part of several healthcare dimensions. ACI [22]
introduced eight quality dimensions in healthcare, as
follows: population focus, accessibility, safety, work life,
client-centered services, continuity of services, effectiveness
and efficiency. Comparing with ACI, the WHO report [23]
added equitability and excluded population focus and work
life. The selection of L6c-QMHE model dimensions
(patient- centered, accessibility and effectiveness) has been
taken after a process of comparison between literatures and
discussion with healthcare quality experts.

The clarity of goals, objectives and readiness
assessment are very essential in development of the
planning stage to look for the different aspects that affect
the main target. Poister and Streib [24] found that the most
frequently reported elements were the development of goals
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and objectives and the development of a vision for a future
followed by review of the organizational mission.

George and George [25] summarized approaches
to conducting a readiness assessment as: select the L6c
Champion, establish a baseline of the organization,
interview top management, engage key influencers and
assess the impact of what is found. As mentioned above,
the researcher is going to consider two main factors in the
planning stage: an organization’s statement and the
assessment of quality dimensions.

Strategic Level

Healthcare

Healthcare
quality
Dimensions

=
Verification, Validation and
Feedback

" organization’s
statement

Knowledge base L6o healthcare
quality system
Stage 1 : Planning

|

Fig.1, Planning Stage

B. Designing Stage

Moving to the designing stage, the first factor that
needs to be considered is healthcare Quality Management
standards. JCI has divided its standards into two sections:
patient-centered standards and healthcare organization
management standards. The first section focuses on
clinical quality and the second section focuses on
administrative part that includes Quality Management,
leadership and governance.

There is an entity (for example, a Ministry of
Health), an owner(s), or a group of identified individuals
(for example, a Board or Governing Body) responsible for
overseeing the organization’s operation and accountable
for providing quality health care services to its community
or to the population that seeks care. This entity’s
responsibilities and accountabilities are described in a
document that identifies how they are to be carried out
[26].

Leadership standards address the growing
international request for clarity regarding the roles and
responsibilities of health care organizations and their
leaders to deliver the supports and infrastructure needed to
drive excellence and quality improvement in health
service delivery. According to ACI [27], the leadership
standards are grouped into five sections that each address
a key leadership responsibility that organizations must
have in place as part of their pursuit of quality and safety.

Governance standard and leadership standard must
be integrated with L6c performance measures. As Fig. 2
shows, this stage will consider the most suitable L6c
elements with respect to governance standard and
leadership standard in order to generate L6c of QMHE.
Thus, this new product of integration has to be maintained
by a decision making process to conclude the application
conceptual design. This requires having a controlling
methodology that can activate two deliverables in KBL6g,
governance standard and leadership standard and the
benchmarks between the current practice and the desired
ones. The wide and positive use of GAP analysis for
benchmarking and AHP for prioritization has directed the
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research to integrate both methods into the KBL6G of
QMHE model.
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Fig. 2, Designing Stage

C. Implementation Stage

The third stage is the implementation which arises
under the operational level. In this stage, both allocating
resources and implementation of L6c are used to
accomplish the selected projects after passing the initial
assessments. In this stage, the KBS will assess how the
financial resources are allocated to cover human resources,
capital and consumable expenditures. WHO considers
human resources as one of three principal health system
inputs, with the other two main inputs existence physical
capital and consumables [28].

It can be seen from the model diagram in Fig. 3,
feedback acquired from discussion of research supervisors,
healthcare quality managers, presenting conference paper
(and receiving feedback) and using the knowledge of L6c
black belt and master black belt holders is input to refine the
model and accordingly the related development steps, as
part of the verification and validation process. This will
speed up the system development process and improve the
capability of implementing the KBL6c of Quality
Management in real hospitals.
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Fig. 3, Implementation Stage

D. Knowledge Based System (KBS)

The KBS is the source of the rules, facts, and
knowledge acquired from the human expert. The knowledge
in this base is typically represented in the form of
IF...THEN type KB rules, facts and assumptions about
particular problem the system is developed to solve [29].
The knowledge base is not static; as new knowledge
becomes available the knowledge base needs to be updated
[30]. The knowledge in the KB is combined with the system
via a process called knowledge representation[31] . There
are two general types of rules in KB: a definitional rule and
a heuristic rule. In a definitional rule, the inference engine
establishes a relationship between terms.

WCE 2017
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The following brief example shows the KB rules of
healthcare quality dimensions sub-module:

IF the healthcare organization is delivering
healthcare that is adherent to an evidence
base results (Yes: GP; No: BP-PC-1)

AND the healthcare organization is delivering
health care that is timely (Yes: GP; No: BP-
PC-2)

AND the healthcare organization is delivering
health care that is geographically realistic
(Yes: GP; No: BP-PC-3)

THEN the healthcare organization has a well-
defined healthcare quality dimensions

OR the organization statues is poor in respect to

healthcare quality dimensions.

The above KB rules are example of Healthcare
Leadership sub-module, where BP is Bad Point, GP is Good
Point and PC is Problem Category, as discussed earlier.
Such knowledge rules will be developed for all modules and
sub-modules in the three stages (Planning, Designing and
Implementing). It is expected that the final KBS will
contain around 2000 rules.

IV. CONCLUSION

This paper has presented new methodology of
KBL6c in QMHE which is used to develop the KPI
elements and process flowcharts that act as a roadmap to
generate the desired KB rules. Consequently, this will lead
to a comprehensive hybrid KBS that will be supported by
benchmarking  (GAP) and  prioritization  (AHP)
improvement techniques. The phase is extended to include
the designing stage, which includes the main area of this
research that deals with the core assessment components of
the KBL66-QMHE system (i.e., governance perspectives).
The final implementation phase considers the operational
side. Future research will consider further development of
this model into a practical KBS in Healthcare Environment.
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