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Purpose: The aim of the work was to propose the integrated decision method with quality
techniques to precision identify the root of the problem.

Design/methodology/approach: The proposed method was integrated methods as the Ishikawa
diagram, 5SWhy method and AHP method. An idea of the proposed method was improving the
process of identifying the problem by using a new mixed-method, ie. after Ishikawa diagram
the methods SWhy and AHP.

Findings: It was demonstrated, that it is purposeful using the proposed mixed method
(ie. qualitative and quantitative) to expand the horizon of identifying the root cause.

Research limitations/implications: The limitation is the subjectivism of the entity using the
method, which is revealed during assessing the causes of a problem. Therefore, future works
will be based on the minimalization of subjectivism by using the fuzzy Saaty scale.

Practical implications: The proposed method is a new approach to analyse different types of
problems and support the process of solve decision problems. Therefore, this method can be
practice in service and production enterprises to identify the root of product incompatibility.
Social implications: Using the method allows improving the process of making the decision
about causes of the problem, and limits the possibility of wrong decision about the source of
the problem.

Originality/value: The proposed method was used a new proposal of mixed-method, ie. it was
used integrated the Ishikawa diagram, 5SWhy method and AHP method. The presented method
is some kind of a new approach to identify the root of the problem.

Keywords: quality management, mechanical engineering, incompatibility of product,
improving the quality, mixed method.
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1. Introduction

Analysis of incompatibility of product which are made with using the quality management
instruments allows effective quality management of product and also making adequate
improving actions (Liu et al., 2017; Pacana, Czerwinska and Siwiec, 2018). As part of using
quality management instruments, it is possible to analyse the causes of occurrence this
incompatibility (Pacana et al., 2019; Siwiec, Bednarowa and Pacana, 2020; Siwiec et al., 2019).
That it would be possible, it is necessary to use the appropriately selected instruments,
where a primary is Ishikawa diagram (Liu et al., 2017; Pacana, Siwiec and Bednarowa, 2019).
The Ishikawa diagram allows identify the potential causes of a problem and because it is
creating in a graphical way (in a form so-called fish), the analysis of the problem is easier (Luca,
2016; Silva et al., 2019). Analysis of the problem by the Ishikawa diagram relies on to analyse
the relationships of cause and effect (Meyer, 2003), where it is possible to identify the potential
causes and main causes of a problem. Therefore, in the aim of identifying the root of the
problem, the diagram often occurs with using the 5Why method (Pacana, Siwiec and
Bednarowa, 2019). The mentioned method SWhy is an instrument to identify the root of causes
(Braglia, Frosolini and Gallo, 2017). This method involves asking “Why?” into a moment of
identifying the root of the problem, which generate the reduce or eliminate the occurs the
problem in the future (Lindhard, 2014).

The literature review is pointed out that the SWhy method, which is a qualitative method
and has character of decision method (making a decision about root cause), was not extend as
part of the effective analysis (at the same time qualitative and quantitative) (Kawalec, 2014)
in order to precise identify the root cause. In turn, according to literature sources, using the
mixed method to solve the problem (ie. integrated qualitative and quantitative method to solve
one problem) allows eliminating the restrictions of individual methods, and also the precision
of results at a given stage of the analysis (Kawalec, 2014; Molina-Azorin, 2016; Shorten and
Smith, 2017). It was concluded that the SWhy method is still of interest (Braglia, Frosolini and
Gallo, 2017; Lindhard, 2014; Pacana, Siwiec and Bednarowa, 2019), but the precision of
pointed the root of cause as part of this method not was improving, which is a gap in making
effective analyses of quality problems, for example as part of traditional sequence of Ishikawa
diagram and SWhy method.

Therefore, the aim of the work was to propose the method, which in effective and precise
way, will allow on identify the root of the problem. This method was a sequence of the Ishikawa
diagram and the 5SWhy method which was integrated with AHP method (Analytic Hierarchy
Process), which is a multi-criteria hierarchical method, effective in criteria analysis, among
others about the qualitative character) (Horvathova, Copikova and Mokra, 2019; Iwanejko and
Rybicki, 2008). As part of the testing of the proposed method, the porosity cluster on the
mechanical sealer was analyzed, which was identified by the fluorescent method (FPI) in
service and production enterprise localized on Podkarpacie.
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2. Subject of the study

The subject of the study was mechanical sealer, having application in fluid retention in
technologies, among others flight (Uszczelnienie mechaniczne). The mechanical sealer was
from 410 alloy, which is not being martensitic stainless steel that has been hardened (Stone,
Alexandrov and Penso, 2018). The choice of mechanical sealer to analyze it was resulted from
relatively often identify on it incompatibilities, ie. porosity cluster. Also, the choice resulted
from problematic analysis of the incompatibilities of casts, which results from differences in
individual casting processes (Chokkalingam et al., 2017). At the same time, the root cause of
the problem was not clearly identified. Additionally, the enterprise in which the problem
occurred, it was sought to still develop, which is possible in the context of making effective
actions having in aim the eliminate or minimalize the occur of incompatibility of problem.
Therefore, it was considered that as part of testing the proposed method, it is possible to analyze

of incompatibility porosity cluster on the mechanical sealer.

3. Method

Proposed method was integrated methods ie. Ishikawa diagram, 5SWhy method and multi-
criteria method of hierarchical analysis of decision problems (AHP). Idea of proposed method
was improving the process of identify the incompatibility by sing mixed method (ie. qualitative
and quantitative). In the proposed method, by the Ishikawa diagram, the potential causes of the
problem were identified, which were pointed during the brainstorm among selected workers.
From the potential causes, the main causes were selected. Next, the main causes were analyzed
by SWhy method in order to identify the indirect causes. In turn, in order to identify in a precise
way the root of the problem, the 5Why method with the AHP method was integrated, as part it
the analysed in a detailed way (numerical) all indirect causes for given root causes. Thanks for
this, it was possible pointed in unequivocal (based on weight obtained) the root cause.

Application in proposed method the sequence of Ishikawa diagram and next the SWhy
method resulted from proven effectiveness these methods in identifying the potential causes,
main and root causes (Pacana et al., 2019). In turn, integrated the SWhy method with the AHP
method, resulted from the qualitative character of the SWhy method (Molina-Azorin, 2016;
Shorten and Smith, 2017) and so from limits in precisely pointed the root of the problem.
Additionally, analyze of the problem by both methods (SWhy and AHP) has a decision
character (Saaty, 2007), ie. making decisions about the causes of the problem. In turn,
the effectiveness of the decision process generates the quality of precision of pointed the root
cause (Shin, Lee and Son, 2015). Also, the results of the integrated method (5SWhy and AHP)
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are results of mixed method, which, as indicated in literature sources, is more effective than the
results of the SWhy method, which is only qualitative (Kawalec, 2014; Molina-Azorin, 2016;
Shorten and Smith, 2017). Therefore, it was concluded that it is appropriate to integrate the
5Why method with the AHP method to achieve a precision (calculated) by identifying the root
of the problem.

Proposed method was complex from five main steps. In order to test the proposed method,
it was analyzed the problem with porosity cluster on the mechanical sealer, which was identified
by FPI method in service-production enterprise localized in Podkarpacie.

First step

In the first step of the method, the aim was precised, which was to identify the root of the
porosity cluster on the mechanical sealer.
Second step

In the second step, the Ishikawa diagram was created. The problem (porosity cluster) was
pointed in the main part of the diagram. Next, the categories to analyse the problem were
selected, which was mainly categories of Ishikawa (rule SM+E), ie. man, method, machine,
material, management and environment (Luca, 2016; Meyer, 2003; Pacana et al. 2019).
Next, to each of the categories, the potential causes of the problem were noted, from which the
main causes were selected (Ulewicz, 2003).

Third step

In the third step in the aim of identifying the root of the problem the analysis by the SWhy
method was made, which were next integrated with the AHP method. Therefore, to the problem
of the porosity cluster, the main causes were pointed (identified as part of the Ishikawa
diagram). Next, to the main causes the ,,Why?” question was asked in order to identify the
indirect causes (Shin, Lee and Son, 2015). Analyse of the problem by the SWhy method was
ended at the moment in which all indirect causes were identified, which was resulted from the
character of the proposed method where the root cause was identified in process of analyse by
the AHP method.

Fourth stage

Next, in the fourth stage, with the aim of identifying the root of the problem, the causes
were analyzed by the AHP method. This stage was divided into six steps.
First step

In the first step, the assessment of the main causes of the problem was made (ie. the weight
— influence the cause of occurrence the problem). In this aim by the scale proposed by Saaty
(creator of the AHP method), ie. 1-9, the entity using the method awards grades of main causes,
where the grade 1 — the causes least important, 9 — absolutely the most important (Stoltmann
2016).
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Second step

In the second step, the assessment of indirect causes of the problem was made (ie. the weight
was determined, it is the influence of indirect cause on occurrence the problem). The grades
were granted by the entity using the method, by the Saaty scale (1-9).
Third step

In the third step, the main causes were compared in pairs, and next the indirect causes, which
were identified for main causes, and were noted in the Saaty matrix. There is always a value of
1 on the diagonal, which means that the causes of the problem are equivalent. In turn, above
the diagonal of the matrix is the value of the comparison of causes, and the reverse value of the
comparison (Stoltmann, 2016).
Fourth step

In the fourth step, the weights of the main causes and indirect causes (which were identified
for the main causes) were calculated, where the obtained the sum of main causes weights have
to be equal 1 and also the sum of indirect causes for each of main cause have to be equal 1,
which proves the correctness of the calculations (Stoltmann, 2016).
Fifth step

In the fifth step, it was checked whether the results obtained did not violate the principle of
constancy of preferences (1-3) (Horvathova et al., 2019; Stoltmann, 2016):

k
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where:

Amax — coherence factor,
n — number of causes (main or indirect),

r — average random index value for n according to Saaty.

Full compatibility of results is achieved when Amax = n, CI = 0, CR = 0. However,
the compatibility of results is acceptable for Amax near n, for CI <0,1 and CR < 0,1 (Stoltmann,
2016; Siwiec, Bednarowa and Pacana, 2020). If not obtained full or acceptable compatibility of
results, which resulting from incoherent giving grades, it belongs repeat the process shown in
the fourth step until to the moment achieve full or acceptable compatibility of results.
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Sixth step

In the sixth step, it is necessary to multiply the weights of main causes by the weights of its
indirect causes, and next show the maximum weights of indirect causes which belong to the
main cause, so the causes which in the greatest influence on occurrence the problem.
Fifth stage

The fifth stage, so the last stage of the proposed method concerns of indication the root of
the problem. The root of the problem according to the proposed method, is the cause which

among indirect causes identified in the fifth step has the greatest weight.

4. Results

As part of testing the proposed method, in the first stage precised the aim, which was to
identify the root of porosity cluster on mechanical sealer. The incompatibility was identified
during the fluorescent method in the service-production enterprise localized in the Podkarpacie.
An example of an occurrence of the porosity cluster on the mechanical sealer is shown
in Figure 1.

Figure 1. An example of the porosity cluster on the mechanical sealer.

Then, in the second stage, in order to identify the potential causes of the problem with the
porosity cluster on the mechanical sealer, the Ishikawa diagram was created (Figure 2).
Of the potential causes showing on the Ishikawa diagram, the main causes of porosity cluster

were selected during the brainstorm, ie. bad mass quality, bad quality of form and impurities.
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In the third stage, the analysis of the problem with the porosity cluster by the 5Why method
was made (Figure 3). Using the SWhy method, only the indirect causes of the problem were
identified, without indicating the root cause, which was identified in the proposed technique
using the AHP method. Therefore, in the fourth step by the AHP method, the main and indirect
causes were analyzed. After giving an assessment to main and indirect causes in Saaty scale

(1-9), there were compared in pairs (Table 1).

Table 1.
The results of the compared in pairs the main and indirect causes of porosity cluster

bad mass quality permeability water ;:nlgoldmg bad additions bad parameters
permeability 1,00 0,86 1,20 2,00
water in molding sand 1,17 1,00 1,40 2,33
bad additions 0,83 0,71 1,00 1,67
bad parameters 0,50 0,43 0,60 1,00
Sum of grades 1,14 1,33 0,95 0,57
Weight 0,29 0,33 0,24 0,14
Amax =n=4 | CI=0 CR=0
bad quality of form bad storage crude form damaged badly flooded
bad storage 1,00 0,29 0,67 0,50
crude form 3,50 1,00 2,33 1,75
damaged 1,50 0,43 1,00 0,75
badly flooded 2,00 0,57 1,33 1,00
Sum of grades 0,50 1,75 0,75 1,00
Weight 0,13 0,44 0,19 0,25
Amax n =4 | CI=0 | CR=0
pollution tl;:;t]f:j:l ;.llg:)gr shavings metal filings cont?;‘:)lllslated
not cleaning the hall
floor 1,00 1,50 0,60 0,43
shavings 0,67 1,00 0,40 0,29
metal filings 1,67 2,50 1,00 0,71
contaminated tools 2,33 3,50 1,40 1,00
Sum of grades 0,71 0,47 1,18 1,65
Weight 0,18 0,12 0,29 0,41
Amaxn=4 | CI=0 | CR=0
Root cause Bad mass quality Bad form quality Impurities
Bad mass quality 1,00 1,40 2,33
Bad form quality 0,71 1,00 1,67
Impurities 0,43 0,60 1,00
Sum of grades 0,71 0,18 0,71
Weight 0,47 0,12 0,47
Amax n =3 | CI=0 | CR=0

Then, the analysis of results was made, in aim to check the stability of preferences.
The average random index according to Saaty, which was chosen was equal r = 0,58, for the
main causes, ie. n = 3 and also r = 0,9 for the indirect causes ie. n = 4 (Stoltmann, 2016). It was
shown full compliance of results (ie. Amax = n, CI = 0, CR = 0), so it was possible to made
further analysis of the problem. Therefore, the weights of the main causes (ie. bad mass quality,

bad quality of form and impurities) by the weights of indirect causes were multiplied (Table 2).
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Table 2.
A set of weights of indirect causes and choice the root cause

Cause Weight Ranking Maximum weight
Bad mass quality 0,47 Root cause
Permeability 0,13 2
water in molding sand 0,16 1
bad additions 0,11 3 water in molding sand
bad parameters 0,07 4
bad quality of form 0,33 Ranking
bad storage 0,04 4
crude form 0,15 1
damaged 0,06 3
badly flooded 0,08 2
impurities 0,20 Ranking
not cleaning the hall floor 0,04 3
shavings 0,02 4
metal filings 0,06 2
contaminated tools 0,08 1

The indirect causes, having the maximum weights, so the causes which in the greatest
influenced on the occurrence the porosity cluster were: water in molding sand (weight 0,16),
crude form (weight 0,15), contaminated tools (weight 0,08). According to the proposed method,
the root cause of the porosity cluster was water in molding sand, having the maximum weight
among indirect causes. The root of the problem (water in molding sand) belongs to the main
cause ie. bad quality of form. The result of the integration of the SWhy method with the AHP

method 1s shown in Figure 4.

5. Discussion and summary

The effective using the quality management instruments as part of the analysis of the
incompatibility of products increases the likelihood of reducing or eliminating these
incompatibilities. It is often making by the Ishikawa diagram and the 5SWhy method. However,
after the literature review, it was concluded that the precision of identifying the root causes as
part of these techniques is not improved, what is a gap in making effective analyses of problems.
The aim of the work was to propose the integrated decision method with quality techniques to
precision identify the root of the problem. This method was sequence of the Ishikawa diagram
and the 5SWhy method which was combined with the AHP method. An idea of the proposed
method was improving the process of identifying the problem by using the mixed method
(ie. qualitative — Ishikawa diagram, 5SWhy method and quantitative — AHP method). In order to
test the proposed method, it was analyzed the problem with porosity cluster on the mechanical
sealer, which was identified by FPI method in service-production enterprise localized in

Podkarpacie. By the Ishikawa diagram, the potential causes were identified, among which the
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main causes were selected, ie. bad mass quality, bad quality of form and impurities. Then, by
the SWhy method, the indirect causes of problem were identified, but the root of cause was
pointed by using the AHP method. After made the calculation it was shown that the causes
which in the greatest influence on the occurrence the porosity cluster were: water in molding
sand (weight 0,16), crude form (weight 0,15), contaminated tools (weight 0,08). The root cause
of the porosity cluster was water in molding sand, having the maximum weight among indirect
causes (ie. 0, 16). It was shown that it is possible to using the Ishikawa diagram and integrated
5Why method and AHP method in aim of better knowledge of the process and precise identify
the root of problem. In proposed method the mixed method was used (qualitative and
quantitative), ie. it was used integrated the Ishikawa diagram, 5SWhy method and AHP method.
The proposed method is a new approach to analyse different types of problems and support the
process of solve decision problems. Therefore, this method can be practice in service and

production enterprises to identify the root of product incompatibility.
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Figure 2. The Ishikawa diagram for the problem of porosity cluster.
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Figure 3. Using the SWhy method to identify the indirect causes of the problem with porosity cluster.
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Figure 4. Results of integrated the SWhy method with the AHP method.



