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LEAN PERFORMANCE EVALUATION OF DAIRY COW FARMING
PROCESSES WITH MATHEMATICAL MODEL DEVELOPMENT

Anomauia. Hayxku ynpaeninusa, 0coOMUB0 KOHMPONiHE, 3A3HAOMb GeIUKUX 3MIiH. Piznomanimui
Mmamemamukxo-cmamucmuuni ma IT-piwennss donomazaomes opeanizayisim po3eusamu c8oi cucmemu
ma ompumyeamu iONoGioHy IHopmayito 3i cmpyKmyp OaHux, MAaxKum YUHOM RIOMPUMYIOYU
epexmuene npuliHaAmma piwens ma opeauizayiuny OdianvHicms. Cilbcbke 20Cn00Apcmeo — ye
ocobnusa eanysv, aie i mym 0ilomb QYHKYIL YIPAGNIHHA, A CYYACHI 3aco0U mMa Memoou Cnpusiiomb
30iticnenHio  eghexkmusHnoi OisinvHocmi. Monoune cxomapcmeo € 0coOIUBO BANCIUBOIO 2ATY3310
CIIbCbKO20 20CNO0apcmea, 0e CUCmeMu KOHMpOJo po3podIAombes 8i0N0BIOHO 00 0COOIUBUX BUMOR.
Ha xommponineogy OisinbHicms cghepu cymmeso eniusae po3eumox 0ioxicumanizayii, wjo npusseeno 0o
Oinbw  MacuimaOHiwux ma OemanrbHIUX Nnpoyecié MOHIMOPUHSY MA OYIHKU epeKxmueHOCmi
ynpaeninua. bepeoiciuse YNpasuiHHsA MAKONC € ANCIUBUM MeMOOOM NiOBUUEHHS edeKmUBHOCTI
npoyecie ma op2amiz3ayiuHoi eqheKmueHOCMI 6 AcpapHOMY CEKMOpI, WO MONMCHA GUKOPUCMOBY8AMU
st onmumizayii npoyecis, GUAEICHHS HeNnompiOHUX Oill | 3a0e3NeUeHHsT HANEHCHO20 KOHMPOLIO
3a60anb. Takum quHOM, cucmemu KOHMPONIHZY NOBUHHI 8DPAXOBYEAMU BANCIUBICMbL OWAOIUBO20
MEHEOJNCMEHMY ™A CHPpUAMU OYiHyi NPoOyKmueHocmi opeauizayiunoi owaoausocmi. Y oOanomy
Q0CHIOJNCEHHT  NPeOCMABNeH0 MOoO0eb  OYIHKU — eheKMUSHOCMI  OWaodau8o20 SUPOOHUYMEa 3d
00NOMO2010 POWUPEHO020 NPUKAAOY, AKUU NIOX00UmMb 0151 OYIHKU HPOOYKMUBHOCE OWAOIUBO20
BUPOOHUYMEA OOCTIONCYBAHOT MONOUHOI hepmu. 3a60AKU OUHAMIYHO 3POCMAIOYUM | NPUOAMHUM 015
BUKOPUCTNANHA OaHUuXx, Modenb 30amua 3abe3neuyeamu Oe3nepepsHull 360pOMHUL 36 A30K U000
egexmugnoi pobomu Opeanizayii ma MONCIUBUX TMOYOK PO3GUMK) MdA 6MPYUAHHSL.

Knrouoei cnosa: owaonuse ynpagninms, oujaoiuuli KOHMpOJine, azpodizHec, OYiHKaA eeKxmueHoCHi,
Heuimxka 102iKa.

JEL Classification: Q12
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Absztrakt. A menedzsment tudomanyok, kiilonosen a controlling, széleskorii valtozdasokon mennek
keresztiil. Kiilonféle matematikai-statisztikai és informatikai megoldasok segitik a szervezeteket abban,
hogy fejlesszék rendszereiket és relevans informaciokat vonjanak ki az adatstrukturakbol, tamogatva
ezzel a hatékony dontéshozatalt és szervezeti miikodést. A mezégazdasdg specialis agazat, am a
menedzsment funkciok itt is érvényesiilnek, a modern eszkozok és modszerek tamogatjak a hatékony
miuikodés megvalositasat. A tejelo tehenészet kiilondsen fontos dgazat a mezégazdasagban, ahol a
controlling rendszerek a specidlis kovetelményekre valaszolva fejlédnek. Az agazat controlling
tevékenységet a digitalizacios fejlodés jelentos mértékben befolydsolja, amely hatasara a folyamatok
nyomon kovetése és a szervezeti teljesitményértekelés monitoringozasa kiterjedtebbé és részletesebbé
valt. A folyamatok hatékonysaganak és a szervezeti teljesitmény novelésére az agrar szektorban is
kivalo modszer a lean menedzsment, amely alkalmazasaval optimalizalhatok a folyamatok,
azonosithatok a felesleges tevékenységek és biztosithato a megfelelo feladatkontroll. Ezdltal a
controlling rendszereknek figyelembe kell venniiik a lean menedzsment jelentéségét és hozza kell
jarulniuk a szervezeti lean teljesitményértékeléséhez. Tanulmdanyunkban egy kiterjesztett
esettanulmanyon keresztiil fejlesztiink egy lean teljesitményértékelé modellt, amely alkalmas a vizsgalt
tejeld tehenészet lean teljesitményének értékelésére. Fuzzy hdromszog fiiggvényt alkalmaztunk a
vallalkozasok teljesitményének értékelésére, amely az adott paraméter értékét egy haromszog alaku
eloszlassal reprezentalja. A dinamikusan névekvo és felhasznalhato adatokkal a modell képes
folyamatos visszajelzést adni a szervezeti lean miikodeésrdl és a lehetséges beavatkozasi pontokrol.

Kulcsszavak: lean menedzsment, lean controlling, agrobusiness, teljesitményértékelés, fuzzy logic

Abstract. Management sciences, especially controlling, are undergoing extensive changes. Various
mathematical-statistical and IT solutions help organizations develop their systems and extract
relevant information from data structures, thereby supporting effective decision-making and
organizational operations. Agriculture is a special sector, but management functions apply here too,
and modern tools and methods support the implementation of efficient operations. Dairy farming is a
particularly important sector in agriculture, where controlling systems are developed in response to
special requirements. The controlling activity of the sector is significantly influenced by the
development of digitalization, which has resulted in the monitoring of processes and organizational
performance evaluation becoming more extensive and detailed. Lean management is also an excellent
method for increasing the efficiency of processes and organizational performance in the agricultural
sector, which can be used to optimize processes, identify unnecessary activities and ensure
appropriate task control. In this way, controlling systems must take into account the importance of
lean management and contribute to the performance evaluation of organizational lean. In our study,
we develop a lean performance evaluation model through an extended case study, which is suitable for
evaluating the lean performance of the examined dairy farm. We used a fuzzy triangular function to
evaluate the performance of enterprises, which represents the value of the given parameter with a
triangular distribution. With dynamically growing and usable data, the model is able to provide
continuous feedback on organizational lean operation and possible intervention points.

Keywords: lean management, lean controlling, agribusiness, performance evaluation, fuzzy logic

Problem statement. Controlling, as one of the key elements of management
disciplines, is currently undergoing a significant and comprehensive change. Various
mathematical and IT tools allow organizations to be able to extend their systems
holistically. The extraction of relevant information from the data collected by
information systems - along different structures - is essential to support management's
decision-making, which can thus contribute to a more productive and efficient
organizational operation [8]. The primary sector can be considered a special sector due
to many factors, but at the same time, the various management functions can be
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effectively applied in this sector as well. The use of strategic and operative
management methods clearly increases the efficiency of the sector. One of the most
significant sectors in the primary sector is the dairy sector. In the dairy farming sector,
the different controlling systems must provide solutions to specific challenges,
therefore the development of the controlling systems used in the sector is carried out
according to individual aspects. Well-functioning information systems developed for
organizations operating in the field of dairy farming help to monitor processes and
increase the efficiency of processes. The use of lean management can be considered an
effective management method for optimizing the processes typical of the sector. The
primary goal of lean management is to make processes more efficient, identify
unnecessary activities and ensure the necessary task control. Due to the fact that the
application and importance of lean management is becoming more and more
widespread in the industry, the controlling systems must also develop. Controlling
systems must no longer only cover the measurement and analysis of economic
performance and the support of strategic and operational decisions, but the information
provided by the controlling systems must also contribute to the evaluation of
organizational lean performance, and thereby the processes and to improve the
efficiency of the entire organizational operation.

In our research, we present a case study and model development, during which we
use the controlling system of a dairy farm to develop a performance evaluation model
using given key performance indicators (KPIs). The developed performance evaluation
model is suitable for evaluating the organization's lean performance, which provides
management with information about the efficiency of the processes. With the dynamic
growth and usability of the data that can be collected about the processes, the model is
able to provide continuous and accurate feedback on both the organizational operation
and the need for the possible improvement of the efficiency of the processes.

Literature review. Controlling is an activity and function that does not belong to
value-creating processes. Instead, it represents a specific set of activities, which are
formed based on the specific operational characteristics of the given organization. The
main purpose of controlling is to reveal the problems that arise in the organization in
different areas and with responsible managers. It provides solutions to problems so
that the efficiency, productivity and competitiveness of the organization can be
improved. By dealing with these problems, controlling contributes to the
organization's greater performance and success. Controlling is a function dealing with
financial planning, accounting, and decision support, the purpose of which is to help
organizations make appropriate decisions, optimize resource use, and ensure the
achievement of organization goals [1]. At the same time, controlling nowadays has to
use not only financial data, but also various non-financial data. As a result, in addition
to reports based on financial data, the inclusion of non-financial reports in decision
support has become significant [3].

Basically, controlling considers five different goals as primary, which are as
follows:

1. Goal orientation: This is one of the basic pillars of controlling activity, which
determines the performance of organizations and their various performance
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measurements and evaluations. Organizations must formulate strategic and operational
goals and constantly monitor their relevance in accordance with environmental
changes. Continuous monitoring of the realization and fulfillment of the goals is
therefore a particularly important task. Controlling supports management in defining,
following and evaluating goals so that the organization can achieve the planned results
[9].

2. Bottleneck: A bottleneck indicates weak points that can cause problems in
organizations if they are overloaded. These problems can be related to both production
and management. The bottleneck mostly refers to the company's capacity, i.e. the
factors that can partially or completely hinder production and development (for
example, human resources, capital, inventories, sales, etc.). The orientation of the
bottleneck means that these weak points must be identified. Planning and action
programs must be developed to reduce problems and increase efficiency and
performance. The identification and management of the bottleneck is crucial for the
effectiveness and sustainability of the organization. As a result, controlling helps the
organization to identify bottlenecks where problems or challenges may occur and
provides an opportunity for more efficient and effective operation [12].

3. Future orientation: An important element of controlling that focuses attention
on the future. Controlling deals with the analysis and evaluation of data and
knowledge acquired in the previous period, as these past experiences can influence and
predict the future. Future orientation means that controlling supports the work of
management in focusing on the future and taking appropriate measures to respond to
future challenges and opportunities. Based on the previous data and knowledge,
controlling helps in strategic planning and decision-making, and also promotes the
long-term successful operation of the company as a goal [16].

4. Cost-orientation: One of the outstanding goals of controlling, as one of the
most important tasks for organizations is to optimize costs. From the point of view of
effectiveness, reducing costs became the most important task. Cost orientation
therefore means that the focus of controlling is the analysis and optimization of costs
so that the organization can manage its resources efficiently and effectively. Cost-
oriented controlling helps the organization identify opportunities to reduce costs,
introduce more efficient processes, and thereby increase the organization's
competitiveness and effectiveness [1].

5. Decision orientation: One of the basic goals of controlling is to provide
support to the management in evaluating the current situation of the organization and
in making appropriate decisions. The methods of controlling help to compare the plan
and fact states and represent the current situation for decision makers. This enables
them to effectively evaluate the organization's performance and results. Based on
information and analyses, decision-oriented controlling helps decision-makers to make
the best decisions for the achievement of the organization's goals and for its
effectiveness. The properly built controlling system supports the organization's
decision-makers in making well-founded decisions by using the extensive data sets
collected about the organization's operation. Based on the available information and
analyses, decision-makers can make the best decisions [12].
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Controlling in the primary sector

The primary sector is constantly developing with the development of technology,
for example through precision agricultural technologies, biotechnological innovations,
sustainable farming practices and digital agricultural technologies [13]. The
controlling systems must also respond to this continuous development. With the
development of controlling systems, the monitoring of processes in the primary sector,
especially in dairy farming, can become more effective and efficient. Its production in
dairy farming presents many challenges for farmers. Controlling must be able to solve
these challenges, which can be answered primarily by developing cost control,
monitoring performance indicators, analyzing health data, and planning and
optimizing production processes [6].

The application of lean management is not widespread in the dairy sector, but at
the same time, indirect application of lean management can be observed. The
application of lean management can be clearly observed through the continuous
development of the sector's processes and the optimization of costs. At the same time,
nowadays, organizations must not only apply lean management methods, but must also
place a strong emphasis on lean management performance evaluation [5]. It can be
observed in the international literature that value-producing processes are primarily
evaluated during lean performance evaluation. The efficiency of the processes is
judged on the basis of the amount of losses. Losses are caused, among other things, by
product quality defects, unnecessary work and waiting times. When evaluating the
efficiency of the processes, they take into account how much value is created from the
available resources [10]. It is important to implement a culture of continuous
improvement in the organization, which plays an important role in the development of
processes [11]. By taking this culture into account, managers can better understand
which areas are most in need of change and improvement. The development of applied
controlling systems can also be considered a significant task in the primary sector. As
a result of the development, the direct application of lean management can be
encouraged and by expanding the applied performance evaluation systems, more
detailed information can be collected about organizational operations.

Research aim and objectives. The purpose of our study is to explore the
controlling system of a dairy farm operating in the primary sector, during which we
focus primarily on lean processes and performance evaluation. During the analysis of
the controlling system, the indicators considered as the basis of the performance
evaluation are explained. The purpose of this study is to explain that by developing the
organizational controlling system, the performance evaluation can be made closer to
reality through a more extensive analysis of the processes, thereby supporting
management decision-making with more detailed and accurate information.

Material and methods.

During our research, we conducted an extended case study [2]. The subject of the
case study was a small and medium-sized dairy cow enterprise operating in the Central
Hungary region. The organization currently employs 12 people, which includes the
management. We chose the methodology of extended case study analysis because we
could further develop the controlling system applied in practice with theoretical
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knowledge. The controlling system was developed by building a model, during which
the performance evaluation process became more extensive and closer to reality. The
controlling model we have developed enables the evaluation of lean performance, and
also helps the effective implementation of goals and the targeted planning of
interventions. The applied fuzzy logic can handle the subjectivity of the definition and
measurability of lean. Fuzzy logic does not define the values of the indicators with
exact values, but with intervals [8]. This approach allows us to evaluate the
organization's lean performance.

We conducted our research with semi-structured in-depth interviews, the subjects
of which were employees in the organization's leading positions. The semi-structured
in-depth interview methodology was used in order to explore the areas that the
interviewees would like to shed light on in relation to the research area. We set
ourselves the goal of mapping the indicators used in the organizational controlling
system and analyzing the evaluation process of the processes. After analyzing the
controlling system, our goal is to develop a model that, integrated into the controlling
system, is suitable for lean performance evaluation.

Results and discussions. We created a company-specific lean controlling model
based on the analysis of the relationship between the methodological elements and
indicators used in the revealed case study. The model strives to synergistically
integrate the advantages of the methods revealed in the literature and during the case
study, while avoiding the disadvantages already stated. The model corresponds to the
five basic controlling objectives formulated in the literature. By applying the model, it
becomes possible to perform lean performance evaluation, to achieve goals more
effectively and to define intervention points more precisely. The applied fuzzy logic
creates an opportunity to deal with the subjectivity that arises from the conceptual
definition of lean and the subjectivity of defining lean goals. Fuzzy logic does not
define exact values, but vaguely formulates the values of the indicators. This makes it
possible to evaluate the subjectivity of inferential processes.

Model conditions

The meaning of fuzzy is vague, as a result, the classification into a given set in
these systems is determined by membership functions. These functions illustrate the
value of a given linguistic terms [15]. The lean fuzzy concept is based on the fact that
lean is an indicator that does not have sharp boundaries that can be used to create
generic categories. "The lean level of the enterprise is better than the lean level of
enterprise B" or "The lean level of enterprise C is excellent” and "This enterprise is
acceptable from a lean point of view" [4]. Based on the previous example, membership
in a given set can be determined with the help of a function, this is fuzzification [8].
The next step in model development is the creation of the rule system, which performs
operations and conclusions with the help of individual language variables. As a result
of this process, an aggregate consisting of member functions can be created, which is a
basic element of defuzzification. During defuzzification, a fact value can be created,
and this can be considered the end result of fuzzy analysis [8] [14].

In our study, the classification of the lean index is defined as a fuzzy subset. To
formulate a fuzzy logic model, it is mandatory to define the universe (U), the elements
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(xi) U, where U={x1+x2+...xn}, and the fuzzy subset A, which is included in the set
U, where

A= {m} "

In most cases, the membership function of the fuzzy subset A is expressed by the
following:

nA: U — [0,1], which assigns to each element of x € U the degree of membership
of x ux in A: pA (X) = ux.

The most commonly used fuzzy logic operations are intersection, union and
complement:

e Section of two fuzzy subsets A and B: pANuB = minimum {pA (x), uB (X)}

e Union of two fuzzy subsets A and B: pAUpB = maximum {pA (x), uB (x)}

e Complementary: p A'(x)=1-p_A (x)[4] [14].

The lean KPIs used in the model and their aggregates can be interpreted as
subjective expert opinions. The reason for this is that there is no generally accepted
indicator system for lean performance evaluation, so the use of lean KPIs is subjective
and organization-specific. As a result, the significance of lean KPIs' contribution to
achieving lean performance can also be determined subjectively, but this was not done
within the framework of the current research. As a result, all KPIs are included in the
model with the same weight value. However, this problem resulting from the lack of
prioritization can be handled and counterbalanced by the evaluation along the intervals
applied by fuzzy logic. But only if the distance between the intervals belonging to the
classes is large.

In the model we have created, we use data from the past period as a standardized
norm to classify the performance evaluation of lean. The standardized norm used in
the model can be used to illustrate how lean performance has progressed compared to
the past. It is important to emphasize that in the case of models from a controlling
point of view, the plan values would be more appropriate, but the examined
organization does not currently have exact plan values that we could use effectively.

Steps of the model

The lean controlling conceptual model we developed is built from the following
steps:

Step 1: Among all the KPIs of the organizational controlling system, the
indicators that have an influence on lean effectiveness must be defined and formulated.

Step 2: Determining the historical data of the organization's lean KPI indicators
and placing the indicators in a structure.

Step 3: Determination of ratios based on the plan-fact analysis.

Step 4: Evaluation of ratios from plan-fact analysis.

Application of model steps:

Step 1: Among all the KPIs of the organizational controlling system, the
indicators influencing lean effectiveness and lean goals must be defined and
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formulated. These indicators should be used during the further analysis. Table 1 shows
the lean KPIs that influence lean effectiveness, which were used by the organization
examined in our case study. These can serve as recommendations, but in addition to
them, many company-industry-lean specific indicators can be defined.

Table 1.

Lean performance evaluation KPIs

No. | KPI Name Calculation form
1. | Profitability income (HUF) / expenditure (HUF)
2. | Better health status replacement rate (%)
3. | Improve milk yield milk yield (kg) / cow (pcs)
4. | Improve utilization of feed feed units / cow (pcs)
5. | Higher yield feed units / hectare (ha)
6. | Less storage loss used quantity / stored quantity
7. | Better performance of milk quota gross margin (HUF) / quota (kg)
8. | Less labour uses hours / milking cow (pcs)
9. |Foot diseases foot disease / cow
10. | Mastitis mastitis / cow
11. | Feed consumption feed (kg) / sold milk (kg)
average milk (kg) / cow daily milk production a
12. | Average daily milk production lactation period 305 by correcting it for the day

Source: own editing

Step 2: Organizing the organizatiom's lean KPI indicators into a structure, at
hierarchical levels. During the arrangement in the structure, it is necessary to define
the aggregation method for creating the indicators at higher levels. The aggregation
method in the model is the average calculation. In our model, we define only one peak
indicator, but regardless of this, any number of intermediate aggregates can be defined
when applying the model.

Step 3: Determination of ratios based on the plan (past)-fact analysis. By applying
the plan (past)-fact analysis, it is possible to standardize the various indicators in the
form of percentages. The plan value in the model means the past value. So the purpose
of the model is to illustrate the development compared to the past in a standard form.
If the indicator expresses a cost, then the additive inverse of the value of the ratio must
be classified on the evaluation scale.

Step 4: Evaluation of ratios from plan-fact analysis

The standardized norm (ST 1) is based on the subjective evaluation of deviations
compared to specific past data. According to the threshold values set by the
organization, the ratios can be classified into five classes. The threshold values of the
classification are based on a subjective choice and can therefore be interpreted as
fuzzy logic. The following fuzzy triangle membership function was determined based
on the results of the semi-structured in-depth interviews. The function used for
classification is structured as follows:
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2)

The following five classes can be defined for evaluating the effectiveness of the

organization's indicators.

Critical
Not acceptable
Acceptable
Good
Excellent

<3

Critical
Not acceptable
Acceptable
Good
Excellent

<3

Critical

0,85 0,9

Source: Own editing

. << 0,95

>1,1

Mot Acceptable

0,95

(1,0; 1,05)

gj

- € [0,95;1,0)
S
€ (1,05; 1,1]

Acceptable

1

Good

Figure 1: Membership function (1ST)

Excellent

1

3)

The function works as a calculation methodology that can be used to evaluate and
classify different KPIs, aggregate indicators and lean index values. Classification is
based on conceptual definitions (linguistics terms). When applying the conceptual
definitions of the classes, it is not the value recorded on the scale, but the threshold
values and the standardized norm that are decisive. The threshold values of the
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function were determined based on the results of the case study, but these are only
approximate values. In order to define the threshold values more precisely, it is
necessary to take into account company specifications and the subjective and unique
opinions of decision-makers on a wider and deeper level.

Conclusions and prospects for further research. Lean management is an area in
agriculture that can have a big impact on the organization's performance. The reason
for this is that while the application of lean is already a competitive criterion in the
secondary and tertiary sectors, it can be a competitive advantage in the primary sector.
In our research, we created a model using an extended case study methodology, which
can serve as a general model for monitoring the lean performance of dairy cow farms.
The model is based on fuzzy logic, along which subjectivity becomes manageable, and
creates fuzzy numbers for human decision-makers that are easy to interpret and
appropriate decisions can be made based on the information. The purpose of the model
Is to evaluate development in a standardized way. One of the main advantages of this
is that lean goals are not precisely defined for organizations in the applying industry,
so instead of pre-defined plan data, they can use already existing past data to judge
progress and lean performance.

However, one of the main disadvantages of the model is that the model cannot
handle different extreme values effectively. Its extreme values distort the effectiveness
of the membership functions, thereby reducing the accuracy of the model. Another
disadvantage is that only fuzzy numbers are defined in the model, and as a result, it
only serves as an approximation for the objective evaluation of exact values. This
corresponds to the criticism of Giangiacomo (2017) [7], according to which the
method does not give an accurate enough answer in terms of the formalization of
inferential processes. Another disadvantage of the model is that it only partially meets
cost orientation as a basic controlling goal.

We defined the following as further research opportunities:

e The exact determination of the weight values of the model can be a bottleneck
task, especially in the case that the threshold values of fuzzy categories are not wide.
The fuzzy AHP model can be an excellent methodology for determining weight
values.

e Expanding the model with other classification methods and standardized norms.
Among these, the dynamic comparison to mean values created by mathematical
methods can be an excellent tool.

e Extension of the model with additional indirect lean KPI indicators.

e Clear disclosure of cost impacts for each KPI.

In addition to lean performance evaluation, the model can be used in many other
areas. Such areas include the evaluation of investment portfolios, projects and various
human resource performance evaluation systems.
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