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Abstract. Improvement measures should be seen as a sine qua non condition 
for improving operating efficiency. The measures may vary in nature and 
range from minor process enhancements to continuous improvements. 
Improvement measures were selected and evaluated by the FMEA process 
methodology which helped identify irregularities and their causes as well as 
indicate which irregularities are most likely to hamper proper process 
performance. In defining the relationships, reference was made to the 
requirements of the ISO 9001:2015 standard [1]. Process performance 
disruptions were assumed to reduce the efficiency and effectiveness of task 
performance and, most importantly, put process participants at risk of 
property damage and health impairment. Particular emphasis was placed on 
occupational safety with a view to reducing the damage caused by failures 
to secure adequate working conditions. It is only after the scope of analysis 
has been extended to include criteria related to occupational safety and the 
ability to ensure worker-friendly working environments that an organization 
gains the ability to rectify the related errors and, ultimately, attain 
compliance with ISO9001:2015. 

1 Introduction  
Whenever irregularities occur in any field of business, improvement measures become 
imperative. Improvement may be seen as the achievement of a greater capacity to satisfy 
requirements. Improvement measures need to be aligned with the specific nature of the tasks 
at hand with proper account taken of any inconsistencies and the viability of the 
improvements that are undertaken [2, 3]. 

The goal in assessing improvement measures by identifying the potential benefits is to 
provide a rationale for their application. A crucial factor is the practical viability of the 
improvement measures and, ultimately, the ability to attain improvements in every area that 
is of importance for ensuring the efficient operation of an organization. This presumption 
may be applied to working conditions, which are at the heart of this paper and which underpin 
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the operation of processes [4, 5]. The working environment may be seen as a critical area for 
innovation and improvements that contribute to creating better conditions for process 
performance [6]. 

Process efficiency hinges on the effort exerted to improve process functionalities. To 
achieve it, one needs to carefully select measures based on their evaluation in view of critical 
aspects of deployments that are essential for the efficient overall operation of an organization 
[7].  

Once working environment issues have been incorporated into the scope of improvement 
measures, it becomes necessary to recognize human factor requirements. The human factor 
can be characterized indirectly in terms of an organization’s ability to provide its employees 
with optimal conditions for operating in the working environment. Ultimately, therefore, 
ensuring adequate conditions for the operation of humans in the working environment will 
become a systemic requirement that critically affects process efficiency. FMEA enables one 
to identify irregularities and propose a loss reduction strategy [8]. 

The application of process FMEA helps identify the root causes behind the emergence of 
barriers that prevent the satisfaction of requirements associated with specific processes (such 
as manufacturing). Such factors may be linked to pivotal issues affecting the performance of 
processes such as the operation of production facilities, machinery and equipment [9, 10] as 
well as the conditions for implementing production processes. Process FMEA may also be 
employed to shape working environments [11, 12] and consequently, in connection with 
ergonomic requirements, ensure worker comfort [6]. Such comfort, in turn, is bound to boost 
the ability to carry out processes. Such considerations should be recognized as one the areas 
for improvement listed in the 2015 edition of the ISO 9000 series of standards. 

2 Improvement measures  

2.1 Nature of improvement measures  

Improvement measures may be defined as enhancements of the tasks carried out by an 
organization. Such measures range from the minor tweaking of processes to continuous 
improvements constituting part and parcel of the systemic approach to management [3]. The 
ISO 9000 standard [13] defines improvement measures as actions taken to make an 
organization more efficient. Such measures may help reduce the number of failures and 
complaints, boost production efficiency, cut operating expenses, etc. Once a non-conformity 
occurs, corrective action is required to remedy the problem and minimize its consequences. 
To this aim, an evaluation is in order of the need to remedy the non-conformities and, most 
of all, prevent their recurrence in the same or another location. The next step is to implement 
such remedies and appraise their effectiveness. Any improvement measures should 
adequately address the effects of any non-conformities that have been discovered [1, 14]. 

The measures taken should focus on ensuring the lasting success of an organization, 
defined as the achievement and retention over the long haul of the ability to accomplish the 
adopted objectives [11, 15]. Such measures should extend to all factors and conditions that 
influence the attainment of an adopted goal. Therefore, decisions must be based on factual 
evidence, which in turn makes it necessary to conduct a thorough study of the irregularity in 
question [16]. 

To ensure that improvement measures are effectively carried out and that the anticipated 
benefits result from an organization’s adopted operating strategy, it is often advisable to 
employ the tools and improvement methods that help select the proper improvement 
measures and properly evaluate improvement results [12, 14, 16, 17]. 
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2.2 Measures improving process operation  

Improvement measures are a sine qua non condition for improving an organization’s 
processes [18]. Improvement measures are only effective if they are consistent with the nature 
of any non-conformities. If chosen properly, such measures help carry out improvement tasks 
according to plan and in a duplicable manner based on scientific presumptions as well as 
gather such data and information as is necessary to select adequate improvement methods. 
To solve the problem effectively, one needs knowledge of the concerned process, access to 
proper identification and improvement tools and the ability to apply them. As improvement 
outcomes should be measurable, it is critical to define indicators that will enable an 
organization to e.g. identify the possible benefits, specify the verification timeline and assign 
responsibilities for specific measures [3]. Such methods include process FMEA which can 
be used to influence the quality of performing specified tasks [16, 19]. The fundamental aim 
in applying process FMEA is to raise error detection rates at early stages of process design 
and consequently generate savings on the cost of future improvement measures [14]. 

While conducting an analysis, one should bear in mind that its successful completion 
depends on the nature of the existing non-conformities. Therefore, improvement measures 
must be consistent with the nature of such non-conformities. The choice of improvement 
measures can only be correct if the issues at hand are properly analyzed so as to adequately 
define their characteristics. The tools employed must help find all significant issues that affect 
non-conformities and assess their impact [2].  

The FMEA analysis employed to define the nature of a problem may be carried out [16, 
17]: 
� Systemically, in which case processes will be addressed in their entirety as a system made 

up of subsystems which in turn comprise their own lower level subsystems, 
� In a problem-centered approach, in which the analysis extends to all areas in which 

irregularities are found. 
This helps identify the problem in areas of significance for improvement measures. The 

improvements entail rectifying discrepancies between the existing and the desired states. 
They may also be seen as a way to increase process effectiveness and efficiency. One result 
of improvement measures is the elimination of irregularities which stand in the way of 
process operation. 

Process performance verification can be described as the assurance of [16, 17]: 
� Proper process planning that helps answer the question of what is the appropriate course 

of process operation that guarantees the fulfillment of requirements, 
� Proper process performance, especially where such performance and the achievement of 

the desired improvement outcomes are at risk, 
� Achieving improvement outcomes regardless of the non-conformities faced. 

The FMEA technique is a teamwork-based method which can be used to detect, prevent, 
eliminate and control potential process errors [18]. Its application helps consistently and 
lastingly eliminate process weaknesses. This is achieved by recognizing the real causes of 
irregularities and employing adequate preventive measures of proven effectiveness. 

An additional option of using process FMEA relies on the principle of “continuous 
improvement” and specifically on successive analyses of the process which help identify 
irregularities (failures) and make adjustments and adopt solutions that effectively eliminate 
the causes of defects. Such analyses may also give rise to new ideas for measures that improve 
the operation of processes. 
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3 Choice and application of improvement measures  

3.1 Process FMEA methodology as a method of identifying and selecting 
improvement measures  

The evaluation and choice of solutions suited for the process FMEA methodology requires a 
three-staged sequence of actions [3, 14, 16, 17]: 

• Stage 1 covers a preparation which involves defining the process relationships that arise 
in the course of performing a specified task. This typically entails a prior breakdown of the 
task into processes or elementary operations on an as-needed basis. To ensure that the 
measures taken are effective, it is critical to employ teamwork and adopt as many 
presumptions as possible that will enable the organization to properly analyze the process at 
hand. 

Despite the breakdown, processes should be viewed as a complex amalgam of 
subsystems, each of which comprises its own lower-level subsystems. One should recognize 
that each part of the system plays its specific role. A proper breakdown reflecting to the 
complexity of the system makes it possible to commence the analysis at any level, which is 
particularly important when dealing with complex processes. 

• Stage 2 represents the process FMEA analysis proper. At this stage, the organization 
needs to identify any potential process failures. A failure is defined as any improper operation 
of a process, i.e. such process performance as does not lead to the desired outcome. Failures 
of this kind are described with reference to their type, impact and cause. A failure cause is an 
improper operation of a lower level subsystem. Its impacts affect a subsystem of a higher 
level. 

Once an organization has identified the sequence of events that trigger the occurrence of 
a failure, it is in a position to assess the likelihood of the failure in specific processes, specify 
the rate of failure detection prior to process completion and prior to the occurrence of the 
adverse effects that influence the next sub-process and assess the significance of the failure 
for the proper operation of processes and for process performance outcomes. This kind of 
numeric evaluation comes on a scale from 1 to 10 depending on the severity of the impact of 
a given criterion. 

Descriptions of evaluation criteria and examples of tendencies in the evaluation factors 
which influence the numerical scores are summarized in Figure 1. 

Once calculated, the numbers describing a failure’s impact on the end result of a process 
can be used to arrive at the failure risk priority number (RPN = O × D × C), which ranks on 
a scale from 1 to 1000. The selection of critical process failures is possible by reference to 
the number representing the priority of the failure risk. High failure risk priorities point to 
the need to take preventive action aimed at modifying process performance. 

• Stage 3 concerns the adoption of and supervision over preventive measures. Stage 3 
focuses on completing the tasks identified at Stage 2. The findings of analyses are used as a 
basis for modifying processes with a view to eliminating failure causes or mitigating their 
impacts. 

In order to carry out improvement measures, it is critical to define the necessary means, 
identify persons responsible for taking action and define the related timeline. Commonly, 
costing figures are additionally provided with an eye to establishing the benefit to cost ratio 
[14, 20]. 

The indicator (priority number) identified at Stage 2 is used to define the sequence of 
improvement measures in the order of criticality. The higher the indicator, the more severe 
the concerned failure. Where differences between criticality levels are minor, more subtle 
criteria should be used to rank failure causes. In such cases, it is recommended that 
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component evaluations be used as ranking weights starting with failure severity, followed by 
failure occurrence frequency and failure detectability [17, 21]. 

 

 
Fig. 1. Description of evaluations employed in the process FMEA method. 
Source: Own research based on [14, 17, 21]. 

3.2 Applicable of process FMEA to select improvement measures (example)  

The methodology described in Section 3.1 was applied to assess the criticality of failures and 
the choice of improvement measures in a company that carries out welding work. The 
procedure helped link process disruptions with such effects as reduced labor efficiency, lower 
performance accuracy, material waste and employee health impairment. 

The analysis focused on the process of tank cover welding. Such welding was conducted 
in a manufacturer of pressure containers that comply with harmonized European legislation, 
including Directive 2014/68/EU [22]. The company has been awarded permits to 
manufacture pressure containers from Polish supervisory authorities, including the Office of 
Technical Inspection (UDT).  

A critical precondition for producing weld joints of satisfactory quality is to put in place 
a proper technological regime covering the entire welding process. Due to the nature of the 
work, there is also a risk of workers being poisoned by the gases and fumes from electrode 
melting, which will result in a substandard joint. 

The evaluation was conducted by a team appointed by the company’s management. Its 
members were in-house technological engineers, constructors and occupational health and 
safety experts. Also employed in an auxiliary capacity was an external expert tasked with the 
methodological supervision over the evaluation process. The irregularities involved and the 
severity of their impact are shown in Table 1. 
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Table 1. Irregularities assessed and evaluation scores  

Item assessed: the process of tank cover welding  
Evaluation aspect: Evaluation criterion: 
Function  Effect Failure Cause Prevention Detection O D C RPN 
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Table 2. Process evaluation indicators after the application of improvement measures. 

 Employed improvement measures increasing the ability to perform 
the process of welding tank cover 

Evaluation criterion: 

Preventing the occurrence of 
defect causes  

Detectability of defect causes  O D C RPN 

a) Ensuring effective ventilation at 
workstation and making the use 
of PPE mandatory 

Adoption of control and 
monitoring principles and their 
application 

4 5 9 180 

b) Ensuring proper parameters and 
compliance with technological 
joint welding regimes  

Adoption of control and 
monitoring principles and their 
application 

3 7 8 168 

4 Possibilities of and potential benefits from applying the process 
FMEA method  
Due to the universal nature of the process FMEA method, it is applicable in practically any 
industry in which a high degree of reliability is required. The use of the method is 
recommended particularly at the stage of designing difficult-to-control processes and during 
their performance for the purposes of improvement. A significant benefit of the process 
FMEA method is that it can be employed in the manufacturing operations of any kind, 
wherever inefficient processes may result in substantial losses [20]. This benefit can be 
attributed to the method’s nature. The evaluation that forms a part of the method can only be 
appropriate if extensive information has been gathered about the facility in question [14, 16, 
19, 21]. 

The research has found the need to examine links between the factors that are critical for 
process operation and any improvement measures. This is necessary for the FMEA to 
produce the expected benefits. 
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The ability to rectify a problem classified for priority (with an RPN) depends heavily on: 
� The likelihood of the occurrence of the causes of a specific defect, 
� The detectability of the causes of such a defect, 
� The ability to apply measures that eliminate defect causes and are well suited for the 

company’s operating methods, 
� Access to resources required to deploy measures that eliminate defect causes, 
� Defect significance for the relevant process. 

Irregularity analysis should begin with indicating the nature of any irregularities. These 
are commonly described as the inability to perform a vital function. This step is followed by 
a causal analysis aimed at identifying the root cause of the issue [2, 23]. 

The steps taken in analyzing a problem and the measures adopted to rectify it are shown 
in Figure 2. 

 
Fig. 2.  Steps taken to identify and rectify irregularities. 
 

The potential benefits depend on the approach taken [14]. In the problem-centered 
approach, analysis is extended to all areas in which irregularities were discovered. The 
drawback of this approach is its limited capacity for correcting potential risks throughout 
process performance. The analysis is limited to the risks which have already surfaced and 
attracted attention. An inexperienced evaluation team may easily overlook the risks that are 
rare but nevertheless generate severe consequences. The advantage of the problem-centered 
approach is the simplicity and conciseness of the analysis it involves [17].  

The systemic approach makes the analysis general as well as more transparent. The 
approach is better at identifying such potential risks in the process as have not yet surfaced 
or that are relatively rare [17]. The systemic approach requires a well-trained evaluation team 
and strict compliance with the adopted procedures. 

Regardless of which approach is taken, the FMEA method does not generate new 
solutions. All it does is point to the parts of the process that are critical and suggest why it 
seriously hinders efficient performance [3, 11, 19]. This requires engineering (and also 
technological) knowledge, the awareness of standards and legal regulations and experience 
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working with the processes at hand. It may be viewed as a key resource to be used in carrying 
out improvement measures.  

Some of the most significant areas of management in today’s enterprise are quality, 
environment and occupational health and safety. By incorporating the above occupational 
health and safety requirements and issues into the management system, an organization will 
gain the ability to view the problem as an interdisciplinary area of improvement. An essential 
part of the improvement is to modify not only process performance but also the environment 
in which the process takes place. This follows from ISO 9001 which emphasizes the 
importance of focusing not only on process implementation but also on ensuring that the 
conditions for process performance are adequate. A study of the case discussed in section 3.2 
shows that failures to ensure an adequate working environment, use personal protection 
equipment and ensure correct process specifications (proper technological specifications for 
welding) will all lead to the same consequences, i.e. the production of leaky tanks. By 
adopting proper prevention and control measures that guarantee the detection of defects, the 
manufacturer will accomplish the same result, which can be described as improved process 
effectiveness. This has been demonstrated by the process assessment results shown in Table 
2. The resulting benefits can be evaluated by comparing the results of process assessments 
(RPN) carried out before and after improvement measures (see Table 1). In both case a) and 
case b), the measures taken have helped reduce the risk of tank dysfunctionality (caused by 
leaky joints) by a factor of ca. 3, i.e. down to an acceptable level. 

The acceptable and unacceptable ranges of non-conformity as well as suggested measures 
to be taken to maintain or improve current status have been summarized in Table 3. 

Table 3. Acceptable and unacceptable ranges of non-conformity [24, 25]. 

RPN value  Level of irregularity  Suggested measures 
Acceptable irregularity range 

(0 – 200) Minor (tolerable)  No process improvements are necessary  
�200 – 500) Mild (moderate)  Process improvements are recommended  
<500 – 800) Medium (significant)  Process improvements are necessary  

Unacceptable irregularity range 
<800 – 1000> Major  Processes must be suspended until 

improvements are made 
  

The assessment methodology requires that specific causes of irregularities be identified 
by independently describing the relevant processes [26, 27]. Simultaneous evaluations 
carried out at multiple process points will reveal a number of issues associated with process 
impacts on workers. 

The requirements in these fields are often mutually complementary. Therefore, to identify 
issues, one needs to employ methods and tools that make it possible to gain a global 
perspective on the issue at hand [6, 12]. One such tool is process FMEA which helps [7, 12, 
27]: 
� Recognize the factors that hinder the satisfaction of requirements or disrupt processes; 

such factors may be associated with the conditions that affect process operation and that 
are vital to their improvement, 

� By consistently identifying and eliminating failures in e.g. production processes, applying 
the right preventive measures and avoiding the process failures that have been identified 
on a preliminary basis but that remain unknown, it is possible to achieve the state of “zero 
failures” [21], 

� Identify problems encountered at various stages of process performance, 
� Utilize the process approach structure which enables one to link inputs (such as data and 

information) with outputs (such as decisions). 
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Without a doubt, one of the drawbacks of the method is that it often leads to wrong 
conclusions unless the evaluation team employed is highly experienced. To relate the issue 
at hand to working conditions, one needs to account for the relationships between man – 
technical item – working environment in the process in question. An inexperienced 
evaluation team may find it difficult to define the problems clearly and link them correctly 
with specific aspects of process performance [4, 20, 26]. To obtain objective conclusions, it 
is not enough to demonstrate the direct impact of given risks. What needs to be done as well 
is to look into the risk of the existing irregularities generating further effects (losses) at a later 
time. As losses of this kind usually follow a definable loss emergence pattern, timely 
improvement measures will help effectively break the cycle of problem escalation. 

5 Conclusions 

Early on (in the early 20th century), the FMEA method continued to gain popularity in an 
ever greater number of applications in preparing complex processes in astronautics, nuclear 
engineering and aviation. By today, the scope of its use has grown substantially. FMEA is a 
preventive method which helps identify defects and their causes sufficiently in advance. 
Organizations relying on complex manufacturing processes employ FMEA to identify issues 
associated with many areas of their operations. This is particularly critical where multiple 
problems coincide in such varying fields as: 
� Ensuring continuous production at a required efficiency level, 
� Maintaining technical machinery and equipment in proper working condition, 
� Managing the impacts on the environment as well as on occupational health and safety,  
� Assuring the required quality of products and services, 
� Ensuring the activities are sufficiently profitable. 

No matter how complex an organization’s processes are, it is always possible to identify 
issues having the greatest influence on final outputs. The approach helps detect key problems 
and assess their impacts. In the case discussed in section 3.2, the requirement must be met to 
describe: 
� The effects of the company’s inability to produce tanks that meet the desired functionality 

specifications, 
� The way in which the defects render the organization incapable of achieving the required 

functionality, 
� The immediate causes of defects as well as the underlying causes of defect occurrence, 
� The possibility of employing improvement measures, 
� The conditions in which a defect can be detected, the likelihood of its detection and the 

measures available to prevent defect occurrence. 
In this process, the organization will also detect defects having the most adverse impact 

on process efficiency and effectiveness. Such impacts include the risk of health impairment 
and, in the most extreme cases, life-threatening risks. 

Process FMEA helps identify potential threats to process performance. The method 
should be recognized as useful for recording and monitoring/observing measures aimed at 
averting any potential impacts. If used properly, FMEA will lower process costs while 
ensuring the required efficiency and quality. Where ISO 9001:2015 applies, process FMEA 
helps identify issues and make improvements against a range of requirements which translate 
into process efficiency. As a consequence, the conditions needed for adequate process 
performance will be created. 

In addition, organizations rely on simulations to help define the potential effects of 
improvement measures. However, significant limitations must be taken into account in 
applying such techniques. 
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To ensure that evaluations are objective, it is critical to obtain information on the nature 
of irregularities as well as their causes and effects. The identification process needs to be 
conducted in a way that ensures that all irregularities are detected and properly described. 
During an FMEA analysis, account must be taken of the long-term consequences of the 
occurrence of specific types of errors. 

The use of the FMEA method in process analysis brings into focus a number of 
requirements that could be overlooked without such comprehensive analysis. These include 
requirements associated with the management of the working environment that help ensure 
working conditions that are friendly to production floor workers. Where a broad approach to 
an issue is critical for the fulfillment of systemic requirements, process FMEA will 
significantly facilitate the evaluation and selection of best improvement measures. 
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