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Abstract

The recent 2015 edition of ISO 9001 introduces a risk-thinking approach in its new section 6.1. Comparing
with previous editions of the standard, the main innovation is the need to address risk and identify
improvement opportunities within quality management processes. The aim of this work was to show how the
new requirements can be fulfilled. This was achieved through a case-study in an industrial company, by
applying a structured analysis to a specific management process. This paper describes a practical example,
demonstrating how this type of analysis can be applied to any management process within a companies’
quality system. Two methods were used; the first was Failure Mode and Effect Analysis (FMEA/FMECA),
and the second was a Hazard and Operability Study (HAZOP). In the latter case, the authors used the
designation QF-HAZOP to highlight the fact that this is a HAZOP study applied to the analysis of Quality
Functions. The current work is restricted to the study of main process (management function) “Sales”, for
which the analysis of a particular sub-process, “Sales plan development”, is herein presented and discussed
step-by-step, to give insight of details. Within “Sales plan development”, the results revealed 10 failure modes
that, in turn, can originate from 17 potential causes that were organized into 4 “sets of causes” because certain
failure modes share the same causes and require similar improvement actions; these are also pinpointed in this
paper. With regard to the main process “Sales”, this analysis disclosed 38 sets of causes that were categorized
by risk level, i.e., by their risk priority number (NPR), using a Pareto Diagram, to establish intervention /
improvement priorities. It was also found that, apparently, either FMEA/FMECA or the adapted QF-HAZOP
produce similar results. Both constitute useful approaches to fulfil the new requirements of ISO 9001:2015
Quality Standard.

Keywords: Quality, Risk analysis, Risk-based thinking, Quality management, ISO 9001:2015, FMEA /
FMECA, HAZOP.

Based on a previous British Standard, the

1. Introduction BS-5750, created during the 2nd World War for

Until the early 1990s, there were several  managing the production of ammunition, the ISO 9000
competitive standards associated with quality systems. series appeared in 1987, addressing Quality
The need to standardize procedures emerged at that  Management and Quality Assurance. Of this series, the
time, in order to contribute to reducing barriers to most relevant was ISO 9001, which consisted of a
international trade and increase efficiency, involving quality management model for organizations wishing
the various stakeholders and especially consumers. to certify their management systems. These ISO
This standardization was materialized with the creation standards are reviewed every five years by a
of ISO 9000. responsible technical committee in order to remain

current and effective. The new ISO 9001:2015 is the
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Table 1 Evolution of the ISO 9001 standard

Version Description

ISO 9001:1987 Based on specifications for Quality Management Systems, focusing on specific objectives of each organization,

oriented for the Manufacturing Process in order to create a rigorous process and stable production. Focused on
the product.

To modernize the previous version, the emphasis was reinforced on Quality Assurance through prevention and
evidence of compliance with documented procedures. Unfortunately, and following the image of the first
edition, companies tended to implement its measures through the creation of documentation, which led to
lexcessive bureaucracy.

The standard sought to make a radical change in thinking by introducing the concept of Process Management as
a centerpiece of the standard in the attempt of turning a “document system” into an “documented system". The

ISO 9001:1994

ISO 9001:2000
objective would be to increase the efficiency of the system by implementing performance measures. In this

review, the continuous improvement of expectations and customer satisfaction also had great prominence.

This review contains only minor changes. The aim was to clarify existing requirements and improve the
consistency of the approach, in parallel with other management standards (ISO 14001).

It was launched to reflect the good practices recently associated with quality management. Although there are
more strict requirements, the standard in general is much more flexible and has a greater integration with other
ISO management criteria, through greater involvement of top management and the introduction of risk analysis.

ISO 9001:2008

last version published and replaces the 2008 version.
The changes associated with this new edition require
companies to adopt a novel risk thinking approach
towards quality management (c.f- ISO 9001:2015). The
evolution of ISO 9001 underlying philosophy is
summarized in Table 1.

The requirements comprised in the ISO 9000
series are generic and applicable to any economic
sector, regardless of the type of product supplied.
However, the diversity of products manufactured,
services rendered, their specific aspects and the
characteristics of the organization, should be properly
considered during the design and implementation of a
quality management system (Pereira and Requeijo
2012).

The ISO 9001:2015 encourages organizations to
follow a sustainable development path, promoting
improvements that will reflect on their overall
performance. Specifically, this standard is intended to
introduce changes in the practice of quality
management on technological and increasingly
complex dynamic environments. Nevertheless, it is
necessary that the standard keeps being generic and
helps simplifying the implementation. An important
change in this new edition is the requirement to address
risk and identify opportunities, compelling managers to
identify actions that could potentially affect in a
positive or negative way any product or service and/or
jeopardize or enhance the whole performance of the
organization.

The concept of risk has always been implicit in
ISO 9001, but this revision makes it more explicit and

builds it into the whole management system. Within
this Standard (ISO 9001, 2015), two fundamental
objectives are, 1) to give confidence in the
organization’s ability to consistently provide customers
with conforming products and services, and 2) to
enhance customer satisfaction. In the context of the
Standard, “risk” relates to the uncertainty in achieving
these objectives.

To satisfy the new requirement, analytical
techniques will then be applied to identify and solve
any situations that may be harmful to the company and
should also give guidance on future improvement
actions. The notion of risk is now an additional concept,
not replacing the principles already present in the
previous editions. Risk is embedded in the foundations
of the standard, since it will be part of the planning
phase.

The “process approach” and the PDCA
(Plan-Do-Check-Act) philosophy remain two key
pillars. Therefore, risk management works towards
continuous improvement and preventive action.

From what was mentioned before it becomes clear
that the new 2015 edition produced a (new) gap that
organizations need to fulfil, namely with regard to risk
analysis of management functions.

The objective of this study is to show how the
new requirements can be accomplished by applying a
preliminary analysis to a specific management process.
The case-study presented was carried out in a flat steel
manufacturer (coils), in a Portuguese plant of a
multinational company.
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2. Methods
This section gives a brief explanation on the two
methods used and why they were selected for this trial.

2.1 FMEA - Failure Modes and Effects Analysis

Failure Modes and Effects Analysis (FMEA) is a
well-established method, which has been in use since
the beginning of the 1950s. Ever since, the method has
been extensively described in the literature (e.g.:
BS-5760:1991, Stamatis, 2003, ISO/IEC 31010:2009,
Awad and Yusof, 2012, Harms-Ringdahl, 2013).

Over the years, this analytical approach has
become a very important item among quality tools and
has been increasingly adopted worldwide, especially in
manufacturing industries (Awad and Yusof, 2012), thus
rendering it a popular approach among quality
specialists and managers.

This explains why application of FMEA was
considered the “natural” choice from the beginning of
this work. Additionally, the hosting company was
already acquainted with it for use in maintenance and
occupational safety management. Any readers not yet
familiar with this method can refer to a comprehensive
text-book specialized on the subject (Stamatis, 2003).

As its name suggests, the technique focus on
identifying component’s failure modes, their causes,
and their effects on a system (or process). It provides
inputs for corrective actions and/or monitoring
programmes.

There are variants of the method; consequently,
just saying FMEA does not define exactly what an
analysis will look like. The most common alternative is
FMECA - Failure Modes, Effects, and Criticality
Analysis, in which “Criticality” is a function that
allows estimating a “risk index” (RPN — Risk Priority
Number). This index is established using scales
(usually between 1 and 10) for rating severity of failure
(S), likelihood of failure occurrence (O) and ability to
detect the problem (D). RPN provides an extension to
the qualitative analysis; it is a decision factor that
delivers a relative risk ranking. The higher the value of
RPN, the higher is the potential risk.

There are several application areas of FMEA:
Design (or product) which is used for components and
products, System which is used for systems, Process
which is used for manufacturing and assembly
processes. More recentlyy, FMEA/FMECA has also
entered the application field of Service processes and
procedures (Stamatis, 2003). The method also has its
limitations, which include: 1) it can only be used to

identify single failure modes, not combinations of
failures, and 2) the studies can be time consuming and
therefore costly. The second constraint also explains
why this particular case-study, embracing a single key
process, was designed to serve as a “test”, or
“demonstration case”, joining analysts from the
company itself and from academia.

A multidisciplinary team applied the method (both
methods in fact). There was a “permanent” 5-members
team, composed by 3 academics with different
backgrounds and 2 senior technicians from the local
company, both in managerial positions. However, many
other participants, namely certain employees
performing the tasks and those responsible for the
processes under analysis, were enrolled on several
occasions for discussing the details and help deciding
the scores.

2.2 HAZOQOP — Hazard and Operability study

HAZOP is the acronym for Hazard and
Operability study, and the method consists of a
structured and systematic examination of a planned or
existing product, process, procedure or system. It is a
technique to identify risks to people, equipment,
environment, and/or organizational objectives.

The HAZOP process is a qualitative technique
originated in the 1960’s (Kletz, 1999). It is based on
the use of guide words, which allow the identification
of specific “deviations” in the intention of a system’s
function (ISO/IEC 31010:2009). These guide words are
simple words or phrases (e.g.: too little, too much,
wrong order, too late, too early, etc.) that are applied to
the intention of either a part of an installation or a
process step (Harms-Ringdahl 2013). HAZOP is
similar to FMEA in the way that it identifies failure
modes of a process, system or procedure, as well as
their causes and consequences. It differs because it
starts with the “deviation” to the intention and works
back to possible causes and failure modes, whereas
FMEA starts by identifying failure modes
(Harms-Ringdahl 2013, ISO/IEC 31010:2009).

The technique was initially developed to analyze
chemical processes, but it has been extended to other
types of systems and complex operations. Examples of
application within other fields are, for instance, the
development of SCHAZOP (Safety Culture HAZOP)
by Kennedy and Kirwan (1998), to analyze safety
management vulnerabilities, and to assist in the
improvement of safety management. Such adaptation
resembles the current challenge in this work, with the
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difference that the focus moves from safety
management towards quality management.
Another example is the HSE (2005)

human-HAZOP technique for the analysis of “human
factors”, or “human functions” in the management of
major accidents hazards.

In alignment with the variants above mentioned,
the authors decided to explore the use of HAZOP
within quality management functions, the reason it was
designated QF-HAZOP, to highlight this
application field.

new

3. Risk analysis of the quality function “Sales” -
Main results
This section is designed to present the main
findings of this work. Using the same reasoning as in
the previous section (methods), it is structured into two
sub-sections, one for each application case.

3.1 Results of FMEA / FMECA analysis

This case-study was carried out as a pilot
application case. It covered the “Sales” process, largely
due to the fact that this is a key process. Not only it
involves several functional areas, but it also requires
interaction with a large number of people in leadership
positions, rendering this process a quite comprehensive
one for a first trial. Roughly, the main process “Sales”
is divided into 10 sub-processes, namely:

. Sales plan development
. Soliciting orders and negotiation
. Identification of customer requirements

AW N =

. Capacity analysis and acceptance of customer
orders and/or contract changes

. Follow-up and customer information

. Expedition/ dispatch of orders

. Preparation and submission of documentation

. Sales analysis

. Complaints, treatment, and analysis

10. Evaluation of customer satisfaction

O 0 3 O W

Based on internal documents and several
brainstorming sessions, the research team (the
permanent team members) produced checklists with
anticipated failure modes, which were later validated
by the process owners. Not all the failure modes were
identified through these checklists; many others were
recognized as a result of proactive discussions with
those responsible for the process (within further
brainstorming sessions). At this early stage, it is
sometimes possible to identify opportunities as well,
because a failure represents a “deviation” from the

normal course of a standard procedure and, in certain
(rare) cases, deviations can also have positive impacts,
thus revealing an opportunity (see also Deviation
analysis by Harms-Ringdahl (2013) for instance).

The next step of FMEA consisted on the
identification of the effects. To systematize the process,
the expected (negative) effects were previously
classified into seven main categories:

. Non-compliant Product / Service

. Increase in cost

. Business loss

. Extended delivery time

. Loss of economic and financial flexibility

. Disruption of production capacity

. Others — to include special and less frequent cases

~N N B W N =

For identifying potential causes associated with
failure modes, two approaches were used. One of them
was the so-called SHELL model (or acronym), which
enables the categorization of the components that could
potentially generate risk. This model allowed to create
4 categories of causes divided into:

e Software — all intangible components, such as
norms, rules, regulations, etc., which represent the
normal “operational procedures”;

e Hardware — all technical systems, equipment. or
tools (e.g.: displays, controls, etc.);

e Liveware — refers to the human element of the
system (e.g.: operators, managers), who interact
with the other categories;

e Environment — includes the external influences
and other factors beyond the previous three
categories (L-S-H). These influences include
organizational factors, such as social or safety
climate, economic or commercial pressure, etc., as
well as the natural environment in which
operations take place.

The second technique used to identify potential
causes was the traditional Ishikawa Diagram. In this
case the diagram allowed relating causes-to-effects,
which facilitates filling in the FMEA table.

The analysis proceeded with the FMEA’s
evaluation phase. This comprised two different stages:
The Qualitative Analysis, which described the
functional analysis and identified failure modes, effects,
and related causes.

The second stage consisted on the Valuation of
Risk, where the severity indexes (S) are established, as
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Level Severity description Definition
1 Insignificant The failure does not cause any noticeable impact on service
2 Very low Failure can occur unnoticed, although with minor effects on service
3-4 Low Failure is noticeable and slightly affects the service beneficiaries
5-6 Medium Failure has undesirable consequences and let the unhappy the beneficiaries unhappy
7-8 High The mistake affects the service performance significantly
9 Very high The failure has serious consequences on service performance
10 Catastrophic Failure is unacceptable and / or irredeemable

well as the detection (D) and occurrence indexes (O).
Table 2 shows the criteria for evaluating severity.

The practical application of FMEA / FMECA is
illustrated next, in Tables 3 to 6, using systematically
the sub-process “Sales plan development” for
demonstration purposes.

Table 3 shows the ten “failure modes” identified
in this particular sub-process, together with the
corresponding “effects”. The list of failure modes
(n=10) is the “common denominator” used to link all
the tables (i.e., to link the sequence of results, from
Table 3 to 6).

The effects of any failure are, commonly, the
negative consequences on products and businesses.
These effects represent a poorly managed process or
organization and can be scored to measure the severity
of the failure. An extract of qualitative analysis and
valuation of risk (e.g.: severity scoring) is also shown
in Table 3.

Once failure modes and effects are identified and
scored for severity, the next step consisted in analyzing

failure mode are scored with an occurrence index (O).
This index helps identifying the most problematic
causes (i.e., those leading to a higher RPN), which
require priority improvement from a preventive
perspective.

In this study a large number of potential causes
were identified, some of which being associated with
more than one failure mode. The idea of categorizing
“causes” under the acronym SHELL, proved to be
useful, because it simplified the assignment of scores to
occurrence index (O). Higher scores were assigned to
the cause(s) more likely to occur, thus, identifying
which might give a higher contribution to its related
failure mode(s). Table 4 shows the results of “causes”
and “occurrence” for the failure modes under scrutiny
in this case-study. To avoid unnecessary repetition of
lines, the many causes found were grouped into 4
“sets” enough to accommodate failures with common
sets of causes.

Finally, the detection index (D) rates how likely
the control measures implemented by the company

Table 3 Application example for “Sales plan development”— failure modes & potential effects of failure (FMEA/FMECA)

Failure Modes identified (n=10)

Potential effect of failure S

- Stagnation in exploring new markets and customers

- Lack of monitoring the market price levels

Loss of economic and financial flexibility 4

- Lack of gathering customer information

- Sales history not available for a particular client Business loss 4
- Not using forecasts for customer needs
- Lack of information on availability of manufacturing capacit . . . .

. . .y . S Disruption of production capacity 8
- Insufficient manufacturing capacity for galvanized steel
- Inadequate distribution of sales volumes in the sales plan (by product, market,
customer )

) Increase in cost 4

- Not developing partnerships with suppliers
- Inefficiency in completing the company's orders

the “causes” related to each failure mode (Table 4). To
carry out this assessment, the potential causes of each

would preventively detect the failures and causes, as
illustrated in Table 5. The scores given assess the
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Table 4 Application example for “Sales plan development” — potential causes of failure (FMEA/FMECA)

Failure Modes (n=10) Potential causes of failure (n=17 causes; 4 sets of causes) O

- Absence of strategy to reach new customers

- Stagnation in exploring new markets and customers

- Outdated network for professional contacts

- Insufficient information about competition 1

- Lack of monitoring the market price levels

- Technology and Equipment (Insufficient techno. requirements)
- Insufficient data collection and processing of information

- Failure to communicate with the customer

- Lack of gathering customer information

- Insufficient data collection and processing of information

- Insufficient information about competition

- Sales history not available for a particular client . ) 3
- Poor assessment regarding the relevance of business
. - Technol d Equi t (Insufficient technological
- Not using forecasts for customer needs oy SRR (Insufficient technologica
requirements)
- Lack of information on availability of manufacturing - Inefficient information flow within the company
capacity - Unpredictability of orders (quantities / specifications) 7
- Insufficient manufacturing capacity for galvanized steel - Poor production planning
- Inadequate distribution of sales volumes in the sales plan - Bad data analysis and results calculation
(by product, market, customer) - Breach on procedures )
- Not developing partnerships with suppliers - Insufficient data collection and information processing
- Inefficiency in completing the company's orders - Unfavorable economic situation
Table 5 Application example for “Sales plan development” — control measures (FMEA/FMECA)
Failure Modes (n=10) Control measures * D
- Stagnation in exploring new markets and customers Monitoring the DC reporting
. . Monitori RU i 2
- Lack of monitoring the market price levels onitoring CRU index
ORG_17
- Lack of gathering customer information
- Sales history not available for a particular client ERP X3 2
- Not using forecasts for customer needs
- Lack of information on availability of manufacturing capacity ERP X3 6
- Insufficient manufacturing capacity for galvanized steel Portfolio balance
- Inadequate distribution of sales volumes in the sales plan (by product, market,
Sales plan
customer) )
- Not lopi rtnershi ith li
ot developing partnerships with suppliers ERP X3

- Inefficiency in completing the company's orders

* The control measures listed in this table use a company coding representation; most are administrative, software and procedures.

quality of the control measures applied, and unveil
which sub-processes have better control actions.

Once all three indexes (S, O, D) had been rated
for each item in the table, the next step is the
calculation of the respective Risk Priority Number
(RPN =S x O x D), which gives an estimation of the
global “risk index”: the higher the RPN, the higher is
the risk of failure. This is an important attribute of
FMECA, since it allows not only prioritizing the risk
level(s) within an ordinal scale, but also making
post-analysis comparisons between two consecutive

evaluations and estimating the level of “risk reduction”
after implementing corrective actions.

As already mentioned the several causes were
grouped and coded into “sets” of potential causes.

Table 6 illustrates this coding process (VAT 1 to
VAT 4) for “sales development plan”. It also shows the
relevant department associated with each failure mode
and the final risk score (RPN). From the table one
realizes that, in this sub-process, the set of causes
coded VATS3 is critical due to its very high RPN index
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Table 6 Application example for “Sales plan development” — final RPN values for “sets” of causes (FMEA/FMECA)

Code

(sets of causes, Department Failure Modes (n=10) RPN

see Table 4)

VATI Market Stagnation in. exploring new mark'ets and customers g
Lack of monitoring the market price levels
Lack of gathering customer information

VAT2 Clients Sales history not available for a particular client 24
Not using forecasts for customer needs

VAT3 Production Lack of 'information on 'availabili.ty of manufac'turing capacity 136
Insufficient manufacturing capacity for galvanized steel
Inadequate distribution of sales volumes in the sales plan (by product, market,

1
VAT4 Business customer) 16

Not developing partnerships with suppliers

Inefficiency in completing the company's orders

(336). In addition, both failure modes originate in the
Production Department.
In the main process “Sales” and its 10

sub-processes, a total of 23 specific activities

(management functions) were scrutinized. After
repeating the analysis to all sub-processes, and
considering all things, the “Sales” examination

revealed around 54 risk factors (failure modes) that
may arise from 38 different sets of causes, considering
that certain failures have common causes. The many
different causes (38 sets), classified by their respective
RPN, were subjected to a traditional Pareto analysis
(Figure 1), which helped to pinpoint the most critical
ones.

From Figure 1, and according to the well-known
20:80 principle underlying the Pareto law, the authors
considered that the five leading “sets of causes” should
be examined more carefully. These critical causes are
around 13% of the total number of causes, but
contribute to ~60% of total “risk level” (total RPN
index). After further analysis of these 5 -cases,
preventive /improvement measures were established, as
shown in Table 7. These measures define the future
path for improving the Sales process. Noteworthy, the
corrective actions identified in Table 7 comprise two
key components: “procedures” and “people”.

The management of the Production and the
Quality systems should be well adjusted to the
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Figure 1 Application example. Pareto Diagram with RPN values for 38 sets of causes — Sales (all sub-processes)
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be taken involve increasing “awareness of those in

Table 7 Improvement priority actions (all sub-processes of charge of the daily checking and repacking activities”.

Sales) All these opportunities are related to the continuous
improvement ideology.

Item Improvement actions — Sales

VAT3 Monitoring and updating portfolios on a daily basis 3.2 Results of QF-HAZOP analysis

EXT4 lfDrevent.we mtamtenance and purchasing of spare parts With regard to the QF-HAZOP analysis, the risks
Sortfqulpmeln g trefor (0 S identified were basically the same of those found with

VAT16 o e BOal and montioring He process of RaNCINE  ENMEA/FMECA. This is possibly explained by the fact

complaints, monthly
PGES Strategic Stock (for standard specifications)
Increase awareness of those in charge of daily checking

that FMEA/FMECA was used first and the analysis
was comprehensive enough. In other words, it is
possible that the first method applied, whatever it is,
has a leading influence on the results of the second
application, since the problems (and potential solutions)
are already known.

Nevertheless, the HAZOP application carried the
authors to find out the specific intentions behind each
failure mode, as exemplified in Table 8. This
peculiarity, not used by FMEA, pushes the analysts to
extend their understanding of the failure modes.

There was no need to modify or change the
traditional HAZOP key-words, as they seemed to be
sufficient and good enough for detecting “deviations”
leading to failure modes. However, this might not be so
obvious if the HAZOP analysis had been carried out
first. Table 8 also shows an application example of the

FXPA

company’s reality.

Information and equipment should always be
available, minimizing bureaucracy and anticipating
problems. For instance, through “preventive
maintenance and purchasing of spare parts” and by
“improving the process of handling customer
complaints”, the overall performance is expected to
improve.

Moreover, the company’s strategy must be tailored
to market characteristics, in order to reflect the
business risks and, therefore, allow setting an
appropriate and well prepared response. To achieve this,
measures should be taken such as “monitoring and
updating portfolios on a daily basis”, as well as

i ' ) key-words.
defining and keeping a “strategic stock for standard Apparently, there is no evident advantage in using
specifications”. QF-HAZOP over FMEA/FMECA, with the exception

In addition, the workers skills should also be taken of clarifying the functions “intention”. By contrast, it

1nto. account, to ensure that Fhey are specialized and was felt that application of FMEA/FMECA was more
motivated for the work. In this sense, the measures to intuitive and that its ability to estimate a RPN number

Table 8 Application example for “Sales plan development” — extract of QF-HAZOP showing specific intention (in brackets)

Sub-process Key-Words Failure Modes

1 Sales plan development
1.1Company strategy

Market Less Stagnation in exploring new markets and customers
(Market search) Less Lack of monitoring the market price levels

No Lack of gathering customer information
Costumers . . . .

No Sales history not available for a particular client
(Organizing customer information) No Not using forecasts for customer needs
Operational Less Lack of information on availability of manufacturing capacity
(Monitoring manufacturing capacity) — Less Insufficient manufacturing capacity for galvanized steel
1.2 Budget

Different Inadequate distribution of sales volumes in the sales plan (by product,
Business market, customer)

No Not developing partnerships with suppliers
(Negotiation and Strategic Planning)  Less Inefficiency in completing the company's orders
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is useful to establish priorities. Nevertheless, one
should be cautious when dealing with RPN indexes, for
the ratings are (or can be) rather subjective. In any case,
in the authors’ opinion, the HAZOP approach is also
seemingly accurate for the purpose of this type of
analysis.

4. Concluding remarks

This paper described a piloting case-study that
shows how to comply with the new edition of Standard
ISO 9001:2015, which now requires risk analysis to
quality management functions. The illustration case
presented here covered the management process
(function) “Sales”. The analysis allowed the
identification of 54 failure modes that were thoroughly
examined with two different methodologies.

After applying QF-HAZOP it was felt that
FMEA/FMECA has an additional strength related to its
ability to rate failure modes and their specific causes.
This allows establishing priorities for corrective actions
and pinpointing opportunities for intervention.
However, care must be taken, since any evaluation step
based on ratings, can be quite subjective. The use of
FMEA is likely to increase in the future, for there have
been recent attempts to convert traditional (i.e.,
paper-based or spreadsheets) Process FMEA into an
open architecture Process FMEA web-based system
(Awad and Yusof, 2012). The same authors argue that
this more dynamic web-based tool can further assist in
analyzing and solving problems quickly and effectively

All in all, both approaches were considered
adequate within this new field of application, i.e., to
analyze and assess potential risks in quality
management functions.
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