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Abstract: The article describes an innovative metrizable idea for systemic assessments of product
quality within the baking industry. Complex product quality analysis requires the employment
of metrizability criteria for factors that impact the quality of the product, and these are called
determinants. Therefore, such analysis is only possible with the use of systems engineering. A system
represents the potential of a manufacturing process, of major impact on quality. Composites of the
manufacturing process make up the determinants of bread quality, grouped into three sets: raw
materials, manufacturing technology, and manufacturing organization and technique. This paper also
contains methodological implications for the construction of algorithms for manufacturing process
potential determinants. Metrizable product quality assessment is a very important issue in the context
of its implementation in manufacturing companies. Its use allows for obtaining comprehensive data
on the quality status of a product. It is an important tool for analyzing and forecasting modern
quality trends. The method presented in the article is new, innovative, and practical; and its vector
representation may prove useful in Quality 4.0. The method could be an important point of reference
for managers, directors, and decision makers who must determine the best metrizability criteria for
systemic product quality assessments, and could prove useful in Industry 4.0 in the bakery industry.
The main value of the paper is the presentation of a new, extensive method for systemic assessments
of product quality based on vector analysis in industrial organization. We trialed the method in the
baking industry. We concluded that the method is a contribution to management science, especially
in the field of quality management, because this approach is not used in business and is not described
in relevant international literature.

Keywords: system; systems engineering; quality determinants; Industry 4.0

1. Introduction

The problems of contemporary industry lie in strict competition [1]. When competing
for customers, fundamental strategic parameters are the quality and price of each prod-
uct [2]. Those parameters are indispensable for customers’ decisions. Customers generally
tend to buy products which have appropriate prices and high enough quality for their
demands [3].

Increased social demand for quality made it necessary to develop new systems of
assessing quality [4,5]. Those systems should be developed to increase the possibility of
systems giving customers the value they need. To do this, we need methods which can
be used to measure the level of quality delivered to customer [6]. The literature treats
quality [6,7] as metrizable to only a low degree. They think that there are many problems
connected with the appropriate measurement of quality [8].

We think that quality management in any industry is only possible when we measure
the level of quality. Thus, on the basis on this assumption, the authors of this paper
attempted a systemic product quality assessment in the baking industry, by using a new
approach based on systems engineering [9]. We think that the baking industry is an
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interesting topic because it is widespread in all countries of the word, which makes a
study on it interesting for the international reader. Additionally, the intermediate stage of
technological development of this industry gave us the possibility to analyze an industry
with new technology, but also some outdated technology [10].

To give a good quality product to a customer, an organization needs to have an
appropriate production system. Therefore, we thought to use the systems approach to
quality management. A system is a universal primary model. The art of constructing
systems is called systems engineering [11]. A system entails the existence of a functional
whole, composed of a number of elements that are in mutual relations, and which are
needed for the whole to serve its function [12,13].

To implement a systems approach in manufacturing, we need to define all elements
influencing a system’s functioning. In manufacturing, practically all the elements (deter-
minants) which impact quality are associated with the manufacturing process and are
mutually dependent functionally [14,15]. Therefore, the role of the system in this paper is
served by the manufacturing process [16,17].

According to the authors Chia-Nan Wang, Thanh Tuan Dang, and Ngoc Ai Thy
Nguyen [18,19], the modern production process is the integration of intelligent, networked,
autonomous digital and physical technologies (such as the Internet of Things, robotics,
autonomous vehicles, and 3D printing) in the era known as Industry 4.0, which means
there are opportunities for innovation, the development of production lines, and above all,
the creation of intelligent factories.

In several studies, vector-based analyses has been used to resolve many problems re-
lated to the technical sciences. For example, one can find methods based on vector analysis
in acoustics [20], building planning [21], and other technical topics [22]. However, during
research using a large international database, we did not find any usage of vector analysis
in the industrial management field. We used this mathematical concept to prepare a new
method for systematic assessments of product quality. This method should be an interesting
contribution to the field because of its novelty and possible practical implications.

The main disadvantages of the previously used methods of quality assessment are
related to scalability, and because of that, they cannot achieve sufficient reliability and be
involved in complex data analysis. Some methods used for services were based on self-
assessment [23–25]. They can be used to check product quality in industrial environments.
Some industrial enterprises use methods based on quality indexes [25–30]. Those methods
are useful, but the use of vector analysis can allow a more complex approach with the
possibility of multidimensional analysis of the quality-related problems.

Therefore, our goal for this paper was to present a new systemic product quality
assessment method to be applied mostly in manufacturing businesses. We tested the
method in the baking industry. The baking industry describes businesses that offer bread
and associated products.

We had the following hypothesis:

Hypothesis 1 (H1). It is possible to use vector analysis to assess the quality of products in a
systemic way in the baking industry.

To realize the goal of the paper, we needed to identify and analyze factors influencing
products and their quality in the bakery industry. Factors that influence product qual-
ity vary across industries and sometimes even across product types [29,30]. The largest
variations are seen among product groups in the food industry and in industrial produc-
tion [31,32]. The authors chose the baking industry to define determinants of product
quality [33,34]. Bread is a product consumed by many customers daily, and therefore, it
requires special interest [35,36].

Regarding producing good quality bread, we should know that every manufacturing
process is affected by material and financial elements. Raw materials and manufacturing
technology [37–39], together with organization and techniques of manufacturing [40,41],
influence the quality of the product directly. Taking into account this setup, we present
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the influences of the individual factors on bread quality. This subject’s literature is limited.
Studies mainly focused on entry material determinants.

Within the entry material group, quality determinants are related to [42–44]:

(1) Quality of the entry materials;
(2) Composition of materials (recipe);
(3) Proper definition of efficiency norms.

Additionally, a very important factor influencing bread quality is the technology
each particular organization uses. Manufacturing technology has a positive influence on
product quality [45,46] as long as the following criteria are satisfied: proper parameters
are selected for the process; the adopted manufacturing processes are stable; and there
is control over process efficiency [47–49]. The organizational and technical factors are
related to the qualifications of staff and their involvement, the functionality and reliability
of manufacturing equipment, technical progress, sanitary and hygienic conditions, and
shipping and storage conditions [50–52].

The potential of the manufacturing process to improve bread quality may find its
metrizable representation in two forms: scalar and vector. Scalar measures of the potential
of the manufacturing process ought to be calculated with the use of statistical algorithms
and be based on well-developed areas of social and economic life [34,53]. Vector measures
are less known and require implementing algorithms that take into account weights, i.e.,
the impacts of the individual factors on the final quality of the product [54]. Such tasks are
the domain of new challenges of analysis and prognosis for modern quality trends [8,33].

Our idea for measuring manufacturing process potential, in the context of improving
bread quality, is presented as a state vector, whose three components are: entry materials,
manufacturing technology, and manufacturing organization and technique. Each of the
three vectors bears a different weight and content module, all of which are non-dimensional.

Very important to measuring bread production processes and bread quality is the
systemic approach. The systemic approach is needed for the description of a manufac-
turing process in order to improve the quality of the final product. Thus, our solution
should be useful in any manufacturing business. However, it needs to be taken into
account that the quality determinants ought to be defined on a branch-by-branch or
product-by-product basis.

2. Materials and Methods
Systemic Structure of a Manufacturing Process in the Baking Industry

The basic component of many people’s diets is bread. Bread plays an invaluable role
in regulating the work of the human digestive tract and constitutes a significant source
of the body’s daily energy requirements (approximately 25–30%). Bread was, is, and will
probably remain a product of primary importance in terms of nutrition.

The increase in social requirements regarding the quality of bread made it necessary
to introduce new system of solutions in which quality becomes a strategic goal. The
concept of quality is a term that is difficult to define unequivocally due to its subjectivity.
Customer requirements determine the level of product quality; hence quality is also a
multidimensional and interdisciplinary concept.

Due to the authors’ interest in the issues of bread quality, the most important articles
and websites related to the topic (micro and small enterprises in the bakery industry)
were analyzed.

Micro and small businesses in the bakery industry are crucial to the economic devel-
opment of Europe. They constitute over 80% of all functioning bakeries in Europe. They
are essential for the sustainable functioning of the economy and contribute to accelerating
economic growth.

According to the authors’ assessment, the Fourth Industrial Revolution and the in-
creased pressures of competition in the bakery industry market mean that an important
element influencing the improvement of the quality of products manufactured in the bak-
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ery industry is the formulation of new rules for the measurability (metrizability) of factors
that will affect the quality of the products, one of which is presented in this article.

The systemic structure of a manufacturing process is part of the structure of an
enterprise. Figure 1 shows a systemic structure of a bread manufacturing process with the
use of a model approach founded on system engineering.
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Figure 1. Systemic structure of a bread manufacturing process.

The operator manufacturing process activity space ÔP in the bakery is powered by
seven streams. The operator is identified with the manufacturing of the associated product
P̂. The activity of the operator ÔP in the input streams also causes inevitable losses Ŝ.

The input material of the system is composed of the energy stream φEa , material ele-
ment stream φMb

, manufacturing finance stream φFc, material stream φSd
, manufacturing

technology stream φTe , organization and technique stream φOf
, and timed activity and

correction stream φTKg .
Each of the above streams represents the number of relevant actions in time.
The types of activity of individual streams define the goal of the activity of the whole

system, i.e., product quality assessment. Streams are closely linked with the final product.
The number and types of input streams may change depending on the industry branch
under analysis.

The above leads to the conclusion that the representation of the potential of a product
is an integral part of a manufacturing system, and it should bear all the characteristics of
the system, understood as permanent activity in time and space.

3. Results
3.1. Components of the Manufacturing Potential

The description of the activity of the operator ÔP within the system presented in
Table 1 is of fundamental importance to product quality assessments. The description can
be delivered in three ways: heuristic, scalar, or vector [31,51].
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Table 1. Product (bread) components. Source: own elaboration.

Potential of the Manufacturing Process
→
Pp

Entry Materials
→
S Manufacturing Technology

→
T

Manufacturing Organisation

and Technique
→
O

Quality of the production raw

materials
→
S1

Selection of optimal process

parameters
→
T1

Staff qualification and

involvement
→
O1

Material composition
→
S2

Stability of the assumed

manufacturing processes
→
T2

Functionality and reliability of

machinery
→
O2

Proper setting of efficiency

norms
→
S3

Process efficiency control,
including: Technological progres

→
O3

- that of individual process

phases
→
T3

Hygiene and sanitary

conditions
→
O4

- that of interoperational

semi-finished product quality
→
T4

Storage and shipment

conditions
→
O5

This paper suggests the rules for scalar and vector descriptions. The vector description
of the activity of the operator ÔP is, in this case, optimal because of it taking into account
the weighs of the individual factor groups that influence the final product’s quality in the
manufacturing system. Therefore, the representation of the activity of the vector ÔP will be

the vector
→

Op within a rectangular coordinate grid of weight (x), and the content module
(y) takes non-dimensional values.

Table 1 presents the list of factors that influence the form of the vector
→
Pp. It encom-

passes three groups of activity of the operator ÔP. These are: entry materials, manufactur-
ing technology, and manufacturing organization and technique.

Entry materials are represented by the vector
→
S . Its components are represented by

the following vectors:

(1) Quality of the production raw materials
→
S1

(2) Material composition (recipe)
→
S2

(3) Proper setting of efficiency norms
→
S3

The three components are represented as vectors here. Modules of these vectors
should be calculated using statistical algorithms, adequate to the operational goals. The

final vector
→
S is represented as the sum of component vectors, as follows:

→
S=

→
S1+

→
S2+

→
S3 (1)

The vector
→
S can be seen in Figure 2.

Manufacturing technology, with the assigned vector
→
T, contains the following compo-

nents with their respective vectors:

(1) Selection of optimal process parameters
→
T1

(2) Stability of the assumed manufacturing processes
→
T2

(3) Process efficiency control, including:

- that of individual process phases
→
T3

- that of interoperational semi-finished product quality
→
T4

- that of the proper setting of efficiency norms
→
T5
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Figure 2. Component vectors
→
S ,
→
T,
→
O of the manufacturing process potential vector. Source: own elaboration.

The components of the vector
→
T should be calculated using statistical algorithms,

adequate to the operational goals. The final vector T has the following final form:

→
T=

→
T1+

→
T2+

→
T3+

→
T4+

→
T5 (2)

The vector
→
T can be seen in Figure 2.

Manufacturing organization and technique is the third factor of the manufacturing

potential, and is represented by the vector
→
O with the following component vectors:

(1) Staff qualification and involvement
→
O1

(2) Functionality and reliability of manufacturing machinery
→
O2

(3) Technological progress
→
O3

(4) Hygienic and sanitary conditions
→
O4

(5) Conditions for storage and shipment
→
O5

The vector
→
O is the sum of the five abovementioned component vectors and is repre-

sented as: →
O=

→
O1+

→
O2+

→
O3+

→
O4+

→
O5 (3)

The vector
→
O can be seen in Figure 2.

The vector components can be defined as vectors whose modules are calculated from
properly constructed statistical algorithms.

3.2. Normalized Form of the Manufacturing Process Potential Vector

The vector of the manufacturing process potential
→
Pp is the sum of the abovementioned

vectors
→
S ,
→
T, and

→
O (cf. Figure 2):

→
Pp=

→
S+
→
T+
→
O (4)

Further analysis of the assessment of the value of component vector modules will be
easier if formula (4) is normalized.
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In a rectangular grid, we receive—from vector
→
A on the x-axis and from

→
B on the y-

axis—formulas for normalized component vectors:
→
Sz,
→
Tz,

→
Oz, and

→
Ppz, the resultant vector:

→
Sz= Cs

→
A + Ds

→
B (5)

→
Tz= CT

→
A + DT

→
B (6)

→
Oz= Co

→
A + Do

→
B (7)

→
Ppz=

→
A + Dp

→
B (8)

Designations of concepts

Cs—First weight value (raw material weight) for C vector
→
Ppx ε[0,1] (x-axis)

Ds—The first normalized (raw material value) for the D values of the vector compo-

nents
→
PpY ε [0,1] (y-axis)

CT—second weight value (production technology weight) for C vector
→
Ppx ε[0,1]

(X-axis)
DT—Second normalized (value of production technology) for D values of vector

components
→
PpY ε[0,1] (y-axis)

CO—the third value of weights (weight of organization and production technology)

for C vector
→
Ppx ε[0,1] (x-axis)

DO—Third normalized (value of organization and production technology) for the

value of D of the vector components
→
PpY ε[0,1] (y-axis)

The normalized vectors are presented in Figure 3.
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Values of the coordinates on the y-axis come from statistical algorithms, and weight
values on the x-axis are based on experience and practice—in the case of this paper, from
the baking industry.

Taking into account the above, we can show the following relations:

DT + DS + DO = 1 (9)

CS + CT + CO = 1 (10)
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Dp = DT + DS + DO (11)

The final form of the manufacturing process potential vector
→
Ppz is:

→
Ppz =

→
A + (DS + DT + DO) (12)

The module of the normalized vector ought to be presented as:

Ppz
=

1√
2

√
1 + (DT + DS + DO) (13)

Taking into account the relations in (13), we arrive at the final formula for the normal-
ized form of the manufacturing process potential vector:

→
Ppz=

1√
2

[→
A + (DS + DT + DO)

→
B
]

(14)

The module of the vector
→
Ppz is as follows:

Ppz
=

1√
2

√
1 + (DS + DT + DO)

2 ≤ 1 (15)

The formula (14) is a vector representation of the manufacturing process potential.
The module of this vector defined by the formula (15) may be its scalar measure.

Scalar values in the formulas (14) and (15) were empirically adjusted based on research
and interviews with participants in the baking industry.

4. Discussion

The article’s concept of a metrizable product quality assessment has vast practical
implications. Its application will allow obtaining complex data on product quality. The
method is a new one; so far, such an approach has not been used in order to provide
metrizable product quality. It seems that, in particular, the introduction of the presented
vector representation may prove useful in Industry 4.0 and the so-called Quality 4.0.

The problem of the measurement of bread production quality requires detailed dig-
italization of all production processes. This will lead to the implementation of Industry
4.0 principles in this industry. The authors of other publications in the area of Industry
4.0 [55–57] often speak of the necessity of digitizing manufacturing process data so they
can be metrizable. In particular, literature on Quality 4.0 stresses the following issues of
data digitization and the metrizability of manufacturing processes [58–64]:

(1) The application of data science and statistics—allowing for the construction of product
quality models and the use of the full potential of methods such as the current paper’s
vector analysis of quality.

(2) Supporting technologies—sensors, measurement equipment, Internet of Things, In-
dustrial Internet of Things, and cloud computing.

(3) Big data—collection and analysis of large pools of data in real time,
(4) Artificial intelligence—the application of AI to make complex decisions based on the

collected metrizable data,
(5) Machine learning—allowing for the discovery of information patterns and heuristics

to be used in decision-making.

The issues of weights in the abovementioned Quality 4.0 were researched by the
team led by A. Carvalho [65]. This research also pointed to the need to collect, process,
and measure data in order to transform quality management towards Quality 4.0. Those
mentioned issues are also very important in the case of bread production, and we need to
address them to increase the quality of products.
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The novelty of the concept in this study comes from the application of an advanced
mathematical apparatus for the purposes of product quality analysis. However, practical
applications of this method will not be possible before the Fourth Industrial Revolution
because of the insufficient level of digitization of manufacturing processes [66,67]. Only
after the emergence of Industry 4.0 and Quality 4.0 with the accompanying phenom-
ena will the application of this kind of mathematically advanced method be possible in
business practice.

This publication focuses on the baking industry, but the method has potential for other
branches of industry, following adjustments.

The method of quality assessments can be used in the baking industry. There are some
methods used to assess product quality in this industry—for example, analyzing baking
quality [35]. However, those methods are directed only at the quality of some technical
aspects of the products. There is not in the literature a method assessing the all aspects
related to the functioning of the baking industry from a managerial and production point of
view. It is concluded that this method could be a contribution towards the transformation
of the baking industry, towards Industry 4.0. In Industry 4.0, we digitalize all data, and
analyze them using big data or artificial intelligence methods [65–68]. It is concluded
that this method based on real data from bakeries will speed up the implementation of
Industry 4.0 therein. To use the method proposed in the paper, we need to digitalize all the
production processes and managerial processes to obtain enough data to implement them
in the vector analysis. That digitalization will be an important step towards the Industry
4.0 implementation. The use of a systematic assessment of product quality based on vector
analysis can be a one of the analyses used in many organizations as an element of Industry
4.0 solutions.

The new rules of the measurability of factors formulated by the authors in the article
refer to a certain part of the gold standard method, and bread quality research is focused
on the following features:

(a) Nutritional value—determined by the general chemical composition,
(b) Palatability—determined mainly by the composition and quality of the raw materials

used,
(c) Healthiness—defined as the lack of risks to the consumer’s health,
(d) Attractiveness—determined by shape, color, and packaging,
(e) Durability—ensuring storage without quality changes,
(f) Freshness—equated with flexibility, smell, and taste of the bread.

5. Conclusions

The specialist literature has not yet produced a publication on the concept of a metriz-
able method of product quality assessment in the bakery industry. The authors, in the
course of writing the article, could not find, for comparison, other examples of comparable
research and publications. The concept analyzed in the article is new and innovative—it
can be used in a wide range of production processes (including Industry 4.0 and Quality
4.0). As we said, this type of analysis has not been used in management science, but the
vector analysis method itself has been used to analyze problems in technical sciences. This
conceptualization based on vector analysis was used in many technical analyses—for ex-
ample, in acoustics [20]. However, our analysis of international databases (Web of Science
and Scopus) suggests that the concept has not been used in management science. Due to
the specifics of managerial science, we could not just translate the vector analysis used in
technical sciences, but we prepared a new, extensive version based on the same mathemati-
cal concept (vector analysis) but adjusted to the specifications of industrial management
related problems.

The main value of the paper is the presentation of new, extensive method for systemic
assessments of product quality based on vector analysis in industrial organizations. We
used the example of the baking industry. We concluded that it is a contribution to manage-
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ment science, especially in the field of quality management, because this approach was not
hitherto used in business and is not described in relevant international literature.

The results of the paper support hypothesis H1—we conclude that it is possible to use
the prepared method in baking industry. It gives organizations the possibility to assess
their own products and also compare theirs those others’ products.

The metrizable idea of systemic product quality assessment is required for analysis
and prognosis of modern quality trends. The systemic approach to the description of a man-
ufacturing process in the context of improving final product quality allows the application
of the presented concept in any manufacturing business, provided that the determinants of
product quality are defined on a branch-by-branch or product-by-product basis.

The presented concept of a model of systemic product quality analysis has a metriz-
able representation in two forms. One of them, seemingly most adequately reflecting
the actual product quality, is the manufacturing process potential vector defined by the
formulas (4) and (14). This vector is in fact the equivalent to the state of quality. Its module
is defined by the formula (15). Vector [14] takes into account the dominant factors from the
manufacturing process deciding the quality of the bread, including the important elements
of managing a manufacturing process.

The method of defining the values of empirical factors in formula (15) needs further
development with research and financial outlays. In the future, the method will be used in
organizations in the baking industry to assess their production systems and compare them.
Additionally, this method can be modified and used in the other industries. Each industry
is different, and the method will need adjustment to the particular industry’s conditions,
but it is concluded that vector analysis-based systematic assessments of product quality
can be used in other industries. We shall prepare another version of the method for another
industry and attempt to report on its use in practice.
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