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THE IDENTIFICATION OF KNOWLEDGE MANAGEMENT
TOOLS IN THE CONTEXT OF THE RANGE
OF FUNCTIONALITIES OF COMPUTER SYSTEM
KATARZYNA DOHN, ADAM GUMIŃSKI
Faculty of Organisation and Management, Silesian University of Technology

Based on questionnaire surveys conducted in selected mechanical engineering industry enterprises the authors presented users’ expectations in the
range of created system supporting knowledge management. The analysis
was carried out to determine the IT tools which are necessary in the process
of building the system supporting knowledge management. Based on undertaken investigations the conception of the functional range of the system supporting knowledge management was given to potential users of the system.
Keywords: knowledge management, functional range of IT system, specificity of mechanical engineering industry enterprises.

1. Introduction
It is not the intention of the authors to define again the concept of knowledge
and knowledge management. The literature provides a lot of definitions and classifications of the knowledge and tools of its transformation [2, 8, 10, 13, 14, 16, 17,
18, 19, 22, 23]. The objective of the article is to introduce the kind of empirical
studies related to the role of knowledge in production enterprises and the requirements in the creating process of the system supporting knowledge management in
the real research objects. The authors pointed out that this aspect is neglected in the
literature. It is very interesting not only from the point of view of emphasizing
relationships that exist between the theory and business practice, but primarily due

to the fact that a huge disproportion between the expectations of management practitioners concerning functionalities of the systems supporting knowledge management and their actual potentiality, resulting from the interpretation of the
knowledge concept. Based on undertaken investigations, carried out in selected
mechanical engineering industry enterprises the level of knowledge and level of applicability of selected knowledge management tools have been identified. On this
basis, taking into account the requirements and needs of potential users of the system supporting knowledge management some specific IT tools was discussed.
2. Knowledge categories in production enterprises
The undertaken investigations have provided the empirical view in terms of
the way companies perceive knowledge. On this basis the knowledge was determined in the following categories:
the knowledge of the users of products, goods and services or assets that
give the strength to the organization in the market - market knowledge,
the knowledge of experience, creativity and skills in management processes and the leadership of people in the organization - focused on human
knowledge,
the knowledge of the way how the organization operates: processes and
standards, leadership and management, culture and values related to the activities and operations of the company - the infrastructure knowledge,
the knowledge of products of mental processes in the organization, which
legally belong to it, such as its name, logo, brand, product designs, trade
secrets - knowledge related to intellectual property.
Fig. 1 presents the interpretation of knowledge categories according to managers’
point of view in selected mechanical engineering industry enterprises.
Market knowledge refers to a firm’s knowledge about customers’ needs and
behaviours, as well as competitors’ behaviour [5]. It results from the systematic
organizational processing of market information, including acquisition, interpretation, and dissemination, and represents a firm’s cognitive map of its customers and
competitors [4, 12]. Firms collect market information either through conventional
marketing research activities or from external contacts, such as distributors and
suppliers [7, 20].
The knowledge focused on people is the most important component of the
knowledge category. Haines and Goodhue [9] indicated that the more capability
and knowledge clients had, the more clients involved themselves and participated
in the project team, resulting in more effective knowledge transfer. As O’Dell and
Grayson [15] argued, IT human capability is much more valuable than IT infrastructure in knowledge transfer. While Park, Shin Im, and Kim [11] define client IT
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human capability as a positively associated with knowledge transfer from vendors
to clients.
With regard to the category of the infrastructure knowledge as it relates to the
procedures, skills, and ways to handle all the technical assets necessary for the
realization of various business processes. It also reflects the management methods
and techniques used by the managers of these companies among others in the process of project management. It can therefore be concluded that the key piece of the
knowledge infrastructure are the processes and related process assets. The processes describe how different tasks are to be executed and encapsulate the knowledge
of the organization needs for efficiently performing that task. Hence, another key
element in knowledge infrastructure for the project realization process is databases
which store the knowledge of the realized projects in the past.

Users of:
products
goods
services

Market
knowledge

experience
creativity
learning

standards
management
culture

Human
knowledge

Infrastructure
knowledge

brand
product
designs
knowhow

Intellectual
property
knowledge

KNOWLEDGE CATEGORIES
Figure 1. Interpretation of knowledge categories.
Source: own preparation

The knowledge connected with the intellectual property concerning mainly
mental processes and often is connected with the category of tacit knowledge. This
knowledge category is generally difficult to determine from companies’ point of
view and as the result it should be codified.
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3. The overview of tools for building information systems supporting the
knowledge management in polish companies
The literature gives various authors’ interpretations of the taxonomy of systems supporting knowledge management. J.G. Bernard [1] identifies three types of
knowledge management systems generators:
knowledge repositories, which provide document and information databases, search engines, and intelligent agents,
expert directories, such as yellow pages and knowledge maps,
collaborative tools, such as groupware, email, listserv, newsgroups, chat,
and conferencing.
B. Sostaric [21] presents a detailed list of tools, on which systems supporting
knowledge management are built:
Internet / Intranet - dealing with the communication in the transmission of
knowledge through corporate portals, content management services (content management systems), e-mail or mailing lists,
groupware systems - systems which allow the free flow and sharing of
knowledge,
document management systems (document management) - to collect and
search for documents and access to the track record of changes by individuals,
systems automation (workflow) - the source of information of organizational processes in an organization,
databases and data warehouses – the technology that allows to collect current data and historical data on which the reports are prepared,
systems for data analysis (data mining) - systems to explore the relationships between stored data in the databases’ and data warehouses’
knowledge,
videoconferencing – the tool for the transmission of tacit knowledge,
help-desk - saving and sharing the knowledge accumulated in the process
of solving problems, combining specific solutions allows for the creation
of new knowledge,
distance learning (e-learning) – the meeting of experts at a distance allowing the transfer of knowledge to courses’ participants,
decision support systems, management information systems - applications
fulfilling the function of planning and decision-making, which enables
managers to make strategic decisions,
expert systems - systems that contain the knowledge base and inference
rules in order to solve problems.
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As part of the R&D project1, undertaken investigations have been conducted in selected mechanical engineering industry enterprises including, inter
alia, the specification of the tools supporting knowledge management (Table 1).
Table 1. The acquaintance and the applicability of selected tools of knowledge management in Polish mechanical engineering industry enterprises
Tools supporting
Acquaintance Applicability Planned use
Unplanned
knowledge manageof the tools
of the tools
of the tools
use of the
ment in MEIE*
[%]
[%]
[%]
tools [%]
Internet
100
100
Intranet
100
78
20
2
Extranet
92
0
0
0
Portals
84
2
24
74
Videoconferences
87
5
12
83
Newsletters
54
28
52
30
Meetings
100
100
Data warehouses
76
15
80
5
Document management
89
80
20
systems
24
12
50
38
Decision support

systems
Group working supporting systems

12

CRM systems
45
ERP/MRP systems
89
E-learning
7
Content management
2
systems
Expert knowledge posi0
tioning systems
Artificial intelligence
0
systems
Own systems of
2
knowledge management
* mechanical engineering industry enterprises

1

10

38

52

30
80
5
0

69
20
55
23

1
1
40
77

0

12

88

0

9

91

0

89

11

The project „The computer system supporting management in the range of knowledge
management in mechanical engineering industry enterprises” is financed from public science funds in the years 2010-2013 as the research project No. 03-0112-10 /2010 dated
09.12.2010. The main objective of the project is to build the information system supporting
knowledge management in Polish mechanical engineering industry enterprises.
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The undertaken investigations proved that the level of information knowledge
of knowledge management tools is not very high. It is also confirmed by the very
low percentage of the use of these tools. The conducted observations also show that
the surveyed enterprises considered as a key success factor the characteristics and
composition of the teams creating the enterprise (human capital) rather than technical resources. This is due to, inter alia, from the fact that they are characterized
by flat organizational structures and of the "open" door policy, with the focus on
cross-training and the development of interpersonal networks. It does not mean the
lack of willingness or interest in the possibility of having their own information
system for the collection, storage and processing of enterprise’s knowledge enterprises related to the external and internal resources.
4. Expectations of mechanical engineering industry enterprises in the range of
functionalities of the system supporting knowledge management
The undertaken investigations in selected mechanical engineering industry enterprises allow to determine the specificity of analyzed enterprises and hence, different in terms of functionalities, features and working out system’s requirements.
It was found that analyzed enterprises of mechanical engineering industry could be
characterized as follows [6]:
lathe and assembly production is discrete and highly complex,
large share of unitary production, including the production of large machines, primarily as a make to order,
the activity of analyzed enterprises is particularly sensitive to an economic
situation change, vulnerability to recession is stronger and more violent
than the reaction to an economic recovery,
in the medium term production activity is characterized by a relatively large
uncertainty and variability in exploited capacity (in terms of size and structure); the results are: the excess of capacity for machinery and the deficit in
employment,
the activity of enterprises requires high technical and organizational competences of personnel, especially in the preparation of production (constructors, technologists, workers of production units),
in unitary production the profitability is affected by a great deal of different
factors of low stability, particularly the order book, the parameters of the
contracts with customers (unitary price can be very volatile), the parameters
of contracts with suppliers and subcontractors (prices also can be very volatile),
for the execution of profitable contracts and also not to comprise of unprofitable contracts, extensive knowledge about production costs, production
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capacity, inventory storage and supply capabilities and knowledge of potential suppliers and receivers (as extensive as possible the list of subcontractors and suppliers, information about their reliability, costs, willingness
to cooperate, negotiation potential) is required.
Taking into account the characteristics of the enterprises in the process to adapt to
the individual needs of the enterprise the future system’s user (especially in medium-sized enterprises) expects software vendors providing some organizational best
practices, not only the implementation of pre-existing solutions, which may be
incorrect or not responding to the new possibilities offered by the computerization.
In fact, the specificity of the enterprises is not in any case immutable and is not of
overriding priority, which should not be disturbed. This may be an unnecessary
problem, which should be changed. Software company may have a better
knowledge of the existence and relevance of various organizational solutions (especially in the typical areas of activity) than the potential user. In addition, the
studies have shown that the surveyed enterprises might be interested in building a
simple decision support system based on the analysis of available materials needed
to produce a given product. For example, if the material specification shows that
the available parts are only 30%, it means cancellation (postponement) of production. However, if there are more than 50 - 60% of the parts, it is a recommendation
to take up production.
The undoubted benefits that enterprises can achieve by implementing the
working out system are:
improving the image (the value) of the enterprise in relationship with contractors (strategic clients, collaborators, potential investors etc.); coherent,
reasonable long-term strategy of knowledge management to improve the
company's image,
ability to avoid irrelevant activities (premature, too large scale, too risky),
and to avoid the associated expenses which would not benefit,
the use of emerging opportunities that can benefit - not necessarily large,
but rather of little risky, not intensive,
ability to avoid losses related to handling knowledge ("leaks", loss of
"stealing" employees),
ability to build the competitive advantage in the long term,
ability to avoid an (unreasonable) inaction in the area of knowledge management, which in the long run may lead to a breach of the competition
step.
5. Conclusions
Taking into considerations the needs of investigated enterprises and the experience of the team working out the system supporting knowledge management it
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could be stated that the above-mentioned system should be of an uncomplicated
structure, but so advanced in terms of functionalities to be profitable i.e. benefits
from its use should exceed the expenditures related to the operation and development. The evolutionary expansion and modification of the system should be mainly
focused on the knowledge databases. The working out system should be focused
mainly on the acquisition of information quality, poorly structured, and the tasks
performed by the system should be supported primarily by the application of appropriate knowledge management tools. A key problem in the initialization phase
will be to develop methods for the collection, processing and distribution of
knowledge in this system. The structure of the knowledge handling procedures
should be so general and flexible that there was no need to make changes in an
evolutionary phase of the system development. The final step in the initialization
phase is to define the tasks for the operation of the system and the determination of
recipients of the working out system.
The publication is financed from public science funds in the years 2010-2013 as
the research project No. 03-0112-10 /2010 dated 09.12.2010.
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THE CONCEPTION OF THE SYSTEM SUPPORTING
MANAGEMENT IN THE AREA OF KNOWLEDGE
MANAGEMENT IN ENTERPRISES OF MECHANICAL
ENGINEERING INDUSTRY
KATARZYNA DOHN, ADAM GUMIŃSKI, MIROSŁAW MATUSEK,
WOJCIECH ZOLEŃSKI
Faculty of Organisation and Management, Silesian University of Technology

The paper presents the conception of the system supporting management
in the area of knowledge management in mechanical engineering industry enterprises. Specified conditions and assumptions for the construction of the
working out IT system were given. The detailed structural range of the information system was discussed. Additionally, the authors presented the universal tool, knowledge network system KNS, which is useful in dealing with
qualitative information, which frequently occur in knowledge management.
Keywords: knowledge management, network knowledge system, structural range of
information system

1. Introduction
The development of IT tools for supporting knowledge management is the
important element for improving the effectiveness of management, primarily in
production companies, which use high-technology solutions in which the product is
dedicated to well-defined recipients [11, 13, 14]. The sophisticated system of internal processes in these companies [2,3] requires the use of solutions that support
knowledge processes such as the knowledge extraction, knowledge collection,
knowledge transfer and knowledge use in the activity of an enterprise to support to

make best decision demanding processing both quantitative and qualitative [9, 10,
15]. The present access to the knowledge of high value for authorized users is the
key factor of the knowledge management system.
In the context of this article the conception of the system supporting
knowledge management (the acronym SSKM) was presented. This article presents
the assumptions of this conception and the scope of the structural range of the system. Working out the conception is an important step in the realization of R&D
project "The computer system supporting knowledge management in mechanical
engineering industry enterprises".
This paper presents the problem of supporting users in the working out system
to use the knowledge efficiently i.e. editing, structuring and organizing of
knowledge. Knowledge is significantly different from the data, which usually contain information about individual objects. The data is well-structured information,
which can be simply organized. Knowledge management is more complex. There
are at least three reasons for occurring problems: the need to save the information
of very different form and content, the lack of a predetermined structure of information and the difficulty in handling qualitative information. To solve these problems, the knowledge network system KNS is described in the article. In the KNS
system determined the standard store of knowledge in the form of elementary objects that combine formal structure consistent with the possibility of recording the
various types of information.
2. Assumptions of the conception of creating system supporting knowledge in
mechanical engineering industry enterprises
Determining the functionality of information systems should be based on the
insightful analysis of the processes involved in knowledge management in mechanical engineering industry enterprises. The survey and personal interviews with senior managers in selected mechanical engineering industry enterprises, conducted in
2011, have established the basic assumptions of the construction of the SSKM
system in these companies [2]:
the activity of analyzed enterprises is focused on the execution of contracts
with specific requirements of individual customers (production unit, mainly
big machines as production on request), which means that the main "axis"
of the SSKM system is to support knowledge processes related to the preparation, implementation and monitoring of contracts,
due to the fact that the activity of the analyzed enterprises is particularly
sensitive to changes in economic conditions (sensitivity to the economic
slowdown is greater) and influenced by many factors of low stability, in
particular the order book, parameters of contracts with customers, parame-
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ters of contracts with suppliers and subcontractors, it is necessary to make
the system be able to assess the validity of the contract at the stage before
signing the agreement [1], including economic and technical criteria,
high degree of uncertainty and variability in the level of production capacity requires the dynamic use of available resources, and this is closely related to the effective management of knowledge processes, mainly in the collection, transfer and use of knowledge,
executed contracts require high competence of the company’s employees
both technical and organizational, as well as the cooperation with external
experts, which makes it necessary to support competency management and
allocation of human resources within the SSKM system.
3. The structural range of the system supporting knowledge in mechanical
engineering industry enterprises
For the purpose of building the system, the general structure of the work realized in the framework of the contract in mechanical engineering industry enterprises was determined as follows:
1. Initial making the offer bid - to determine whether the enterprise is
able to realize the contract. If so, the additional task is to determine
the estimated price (where the experience in the realization of similar
products in the past plays a huge role).
2. Making the offers bid - after acceptance by the customer of the estimated product price, the construction and technology department offered, based on the assumptions, the required construction, technology and design. The above-mentioned information is directed to the
purchasing department, which identifies potential suppliers of materials and components needed for production. From this base, with the
addition of labour costs, there is the valuation of the whole product.
3. Realization and monitoring of the contract implementation - after
signing the agreement between the firm and the client the contract
implementation begins i.e. the contract specification of construction
and technological requirements are analyzed, the purchasing department place orders for supplies and/or for processes outsourcing and
start up the production based on internal resources. At the same time
the control of realized tasks is performed.
At each of these stages one of the key tasks (often ignored in practice) is risk
management, which has been included in the units shown in Figures 2 – 5.
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The identification of knowledge areas used in the implementation of the contract was investigated in the form of targeted interviews with companies’ representatives (the owners, company directors, managers responsible for the development of new products and technologies to be implemented (e.g. construction and
technology department, production preparation department). The questions in the
survey related to the use of instruments to support knowledge management are
divided into the stages i.e. locating, acquiring, codification and transfer. Respondents are questioned about the company’s future i.e. the assessment of desired state
of supporting knowledge actions in the execution of the contract. Detailed results
and the discussion were presented in previous articles [4,5,10].
Based on the survey results, the interviews suggested the separation of the key
areas of knowledge in the assignment of its members (Table 1). With regard to the
identified areas of knowledge, respondents evaluated the use of customers’
knowledge very low. At the same time the desired level was rated very highly. It is
important, therefore, according to the respondents, the need to improve the process
of acquiring knowledge from customers. Customers are a very important source of
knowledge acquired in the course of using the product.
It should be noted that the cooperation with other organizations (in gaining
knowledge about suppliers and competitors) were assessed at a very low level. The
respondents emphasized that the reason is the lack of trust in the partner, lack of
funds, but also the bad experiences of such cooperation in the past.
Respondents emphasized the need to record the problems in the projects and
the ways of their solving. It is very important that in the future projects often involved other employees. It is required to strengthen enterprises to maintain (collecting, updating, disseminating) an electronic documentation. The problem in
analyzed firms is the lack of software, which would allow employees to manage
products’ documents in different versions. The problem was reported by both designers and workers responsible for the client after the sale of the product. Such
knowledge is needed not only in the product design and its development, but also
in activities such as the after-sale service, maintenance and repair.
As a result of undertaken analyses the architecture of the system supporting
knowledge management in mechanical engineering industry enterprises was given
(Fig. 1). The key objective of the SSKM in mechanical engineering industry enterprises is to ensure the efficient and effective collection, processing and exchange of
knowledge in the process of preparation, implementation and monitoring of contracts.
In figures 1-6 the structure of the SSWM is presented. The structure includes
the following units:
„SUPPLY”
 „Suppliers’ Analysis”,
 „Analysis of Supply Parameters of Contract Realization”,
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 „Risk Management of Supplies for Contract Realization”.
„PRODUCTION”
 „Analysis of Contract Realization Validity”,
 „Risk Management of Contract Realization in the Production Area”.,
„DISTRIBUTION”
 „Clients’ Analysis”,
 „Service”,
 „Risk Management of Contract Realization in the Distribution Area”,
„SUPPORING PROCESSES”
 „Contracts’ Databases”,
 „Risk Management of Contracts Portfolio”,
 „Analysis Tools Supporting Knowledge Management”,
 „Human Resources Management”,
„SYSTEM CONFIGURATION”.
Table 1. Key knowledge areas in the process of a contract realization in mechanical engineering industry enterprises

Knowledge area

Knowledge of contracts

Board
of
directors

Project
Manager





Sales
and
Marketing
Departpartment

Construction and
Technology
Departpartment

Supply
Departpartment

Production
Departpartment

Service

Knowledge of processes













Knowledge of good
practices



















Knowledge of contracts’
realization





Knowledge of resources
and knowledge sources







Clients’ knowledge and
knowledge of clients







Knowledge of experts





Knowledge of suppliers/contractors





Source: [4a]
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SYSTEM SUPPORTING KNOWLEDGE MANAGEMENT
IN ENTERPRISES OF MECHANICAL ENGINEERING INDUSTRY (SSKM)

SUPPLY

PRODUCTION

DYSTRIBUTION

SUPPORTING
PROCESSES

SYSTEM
CONFIGURATION

Figure 1. The structure of System Supporting Knowledge Management dedicated
to enterprises of mechanical engineering industry
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Figure 2. The structure of the unit “Supply” of System Supporting Knowledge
Management SSKM
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Figure 3. The structure of the unit “PRODUCTION” of System Supporting Knowledge
Management SSKM

DISTRIBUTION

CLIENTS’ ANALYSIS

RISK MANAGEMENT OF
CONTRACT IN THE AREA
OF DISTRIBUTION

SERVICE

CLIENTS’
DATABASES

COMPLAINTS’
DATABESES

IDENTIFICATION OF
RISK FACTORS

ACQUISITION OF
CLIENTS’
INFORMATION

COMPLAINTS’
CONTROL

RISK ASSESSMENT

MULTICRITERIA
ANALYSIS OF
CLIENTS

REACTION TO RISK

Figure 4. The structure of the unit “DISTRIBUTION” of System Supporting Knowledge
Management SSKM
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Figure 5. The structure of the unit “Supporting Processes” of System Supporting
Knowledge Management SSKM
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Figure 6. The structure of the unit “System Configuration” of System Supporting
Knowledge Management SSKM
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4. The network knowledge system
In the proposed SSKM system the majority of recorded and processed information are the qualitative information in the form of texts, drawings, diagrams,
graphs, calculation formulas, addresses and other knowledge objects. These
knowledge objects are clearly different from the information processed in a standard relational database management system. Important IT tools supporting information management are knowledge systems. In order to achieve the substantial part
of the tasks executed in the SSKM system was created the network knowledge
system NKS, which will be used in the above-mentioned units. The NKS especially
enables splitting the information (mainly qualitative) into elementary knowledge
objects and editing, structuring and organizing, and the convenient access to
knowledge. The knowledge is significantly different from the data, which usually
contain information about individual objects. The data are well-structured information which is simple to organize. Knowledge management is more complex. The
main reasons of problems connected with knowledge management are as follows:
1. The necessity of registering the information of very different form and
content.
2. There is no predetermined structure of information. In the qualitative information processing it is important to structure the information, especially
the establishment of relations "whole - part" and "generalization - specialization". The creation of such relationships requires the interpretation of information and it cannot be done automatically.
3. Difficulties in operating of the qualitative information. In the qualitative
characteristics, as opposed to quantitative characteristics, the isomorphic relationships cannot be attributed to the relation of the majority of the set of
real numbers. The consequence of this is, among others, the lack of the algorithmic information organization (determining the order and the selection) based on formal criteria.
To solve the above-mentioned problems it is necessary to take the following actions:
determining certain writing standards of knowledge in the form of elementary objects, which combine the formal structure consistent with the possibility of recording the various types of information,
the disposal of IT tools enable to determine relationships of superiority- inferiority among the elementary objects of knowledge,
the disposal of tools supporting the valuation of the qualitative information.
Evaluating of objects with quality characteristics is based on assigning
the numerical value to the object. The valuation is one of the most important
methods of structuring poorly-defined quality problems, enabling the
creation of a quantitative homomorphic model representing the qualitative
problem.
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The created system is based on a single, universal structure, so-called the network knowledge system NKS. It enables operating of the knowledge presented in
the form of standardized elementary objects. These objects can be combined relationship superiority- inferiority to any structure. The elementary object in NKS
combines the formal structure with the possibility of recording various types of
information (numerical, text, graphic and other even more complex). The structure
of elementary knowledge objects allows assigning different attributes: description
and interpretation, classification and valuation, verbal and numerical (e.g. serial
number, date of updating, the source of information, assessment of the validity,
reliability rating), characterized by actual information.
In the knowledge system of the general application, which is the NKS, the
basic language representation is a verbal description. The description in a natural
language is particularly useful in presenting qualitative information, poorlystructured, reflecting sequential (e.g. discursive) mental models. The rich vocabulary (the lexicon) of natural language can offer complex information in a compact
form. The wide field of meaning (semantic polymorphism) of many natural language expressions enables creating associations and expressing intuition concepts,
which are difficult to present in a different way, for example in the form of formal
languages. Such structures are linguistic metaphors, parallels, analogies, homologies, exemplifications and others. The descriptive language, however, has limited
use in the presentation of quantitative information, multi-dimensional information
about objects (eg, spatial), as well as information about the complex, nonsequential dependences (e.g. network).
The network knowledge system can complement the verbal description of any
object of MS-Office. It can be a picture, audio file, video sequence, MS-Word document, MS Excel spreadsheet etc. In particular, it is possible to attach objects found
in other IT tools supporting knowledge object management: pairs comparing interactive system, rule expert system and dynamic research simulation system [16].
The elementary knowledge object is stored in a database record with the following structure:
I. The substantive information of a knowledge object:
1. The label (name) – a text field up to 255 characters (typically 100
characters).
2. Basic verbal description (content) – a note field.
3. Any object of MS-Windows – OLE object.
II. The describing and interpretation attributes:
1. Numerical attributes A1 A5 – numeric fields.
2. Text attributes At1 AT3 – text fields, up to 50 characters.
Moreover, the record contains auxiliary fields associated with operating
of the system. There is also the possibility of additional fields.
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Records containing elementary knowledge objects can be linked by relationships of superiority - inferiority, creating a network structure (a directed graph).
Each record can be linked to any number of parent and child records. It is possible
to establish the relationship forming a loop. It is also possible to register free records, not linked to other records.
5. Conclusions
The presented conception of the system supporting knowledge management
SSKM in mechanical engineering industry enterprises was working out on the basis of the recognition of the needs to provide necessary functionalities based on
undertaken surveys and direct interviews with senior managers in selected mechanical engineering industry enterprises.
That conception is focused on supporting decision-making processes in contracts’ realization. The structure of the SSKM results from the need to provide
comprehensive support of knowledge processes in the preparation, implementation
and monitoring of contracts for their effective execution. Contracts corresponding
to specific customers’ requirements need to be an individual approach using enterprise’s knowledge resources in a way to support the implemented business processes. The effective accumulation of knowledge and its processing requires the
use of appropriate methods and their algorithmization at the stage of working out
of the SSKM system.
In the knowledge management the qualitative information is very important.
The paper presents the network knowledge system NKS, which is the IT tool supporting the operation of knowledge objects. It will be applied in the system supporting knowledge management in mechanical engineering industry enterprises.
The publication is financed from public science funds in the years 2010-2013 as
the research project No. 03-0112-10 /2010 dated 09.12.2010.
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This article was focused on issue of Ukrainian agricultural producers’
data analysis. The main tendencies of Ukrainian agrarian sector development
were discovered and shown in this study. It was detected that the size of
agricultural enterprises is growing in Ukraine and it leads to the negative
results in the social sector. The main reason of enterprises growing process
was shown. It is connected with some institutional advantages which
specified by enterprises size growing.
Keywords: the efficiency of agricultural production, scale economics, agricultural
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1. Introduction
The vector of the Ukrainian agricultural sector reforming and development
remains extremely important issue and generates heated discussion in society. On
the one hand, we are proud that Ukraine is a big player on the global food market,
exports significant amounts of grain production. On another hand the food security
of Ukraine remains unresolved problem. Significant amounts of animal products,
gardening, etc. are imported (including the products, which are traditionally
produced in Ukraine). In addition, many questions are focused around the issue of

social development of the village. The absolute majority of the rural social
development indicators are significantly lower than similar indicators in city [1].
We can assume that the vectors of economic and social development of rural are
more likely opposite. Therefore, considerable interest for us represents direction in
which rural areas are developing and the structural changes that are occuring in
Ukrainian agriculture.
From the beginning of 1991, the active discussion about the reforming of
agricultural sector is going in Ukraine. When the Agrarian Reform had been
lunched, it had been considered, that exactly farmers had to create the basis of
agricultural production in Ukraine [2]. The former chief of Agrarian economics
institute T. Sabluk mentioned: “Especially this type of management is appropriate
for Ukraine because it had been tested by the international practice” (European
model of agricultural production). However, author had not discussed the
institutional conditions for farming development and external impact on this
process. For comparison, in the U.S.A. 2.6% agricultural producers in 2007
produced 58.7% of all agricultural commodity products [3]. It is clear that in
accordance with the international practice, farming is not a guarantor of food
security, and the productivity efficiency of large enterprises cannot be questioned
[4]. Recently big agrarian enterprises proved their efficiency as grain producers.
But some researchers noted: “It is impossible to conclude about the benefits of
some form because the period of their activity is too short…”. Therefore, the main
task of small farmers is “... to find their own niche in agriculture ...” [5].
The numerous Ukrainian studies paying attention to the most effective
commodity producing forms’ choice between farming, enterprises and households.
The agricultural land market does not exist in Ukraine. The problem of land price
determination (the main topic of the Ukrainian agricultural economists’
discussions) is resolved by administrative (not market) methods. The future reform
should open the land market and allow selling or buying the lands. It could
happened that because of low land price, main part of householders’ lands would
be transited to powerful agricultural enterprises, which are most effective
producers currently. Such scenario could be the reason of deepening of the rural
social problems [6]. However, for analysing the benefits of various forms, most of
Ukrainian studies are using only indicators of economic efficiency of production.
The objective function of each company defined by profits or profitability
maximization [7]. In contrast, not enough attention paid to the risks of agricultural
productivity and reactions of producers on them, while this criterion is essential in
the case of uncertainty inherent in agricultural production (state agricultural policy,
weather and price fluctuations).
For example, in the case when maximum economic efficiency is achieved by
highly specialized agriculture enterprises, the negative impact of risks on the result
may endanger the food security in Ukraine. Neglecting hazards and reaction on
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them may result incorrect estimation of economic efficiency parameters, as was
shown in the research of Bokusheva R. and G. Hokhman [8]. The authors noted
that in accordance with the experience of the world agricultural producers crop
failure risk minimization or profitability maximization on the given level of
significance should be choosing as the target function.
In the study of M. Roberts and N. Kay on example of USA was shown that
the total numbers of agriculture companies has certain limits, and the structure of
enterprises (number of large, medium and small) has clear tendency to the size
increase. Variation of the structure happens almost due to the external shocks
(natural and market) that influence on the productivity efficiency. Moreover, the
positive shocks (good weather condition, high yield) leads to increasing of small
farms number in the productivity structure, negative shocks (lean years, natural
disaster) lead to increase of large enterprises number. The process of the
production restructuring has more stationary features [9]. The term “scale
economy” exists in the modern economy. It shows the enterprise size influence on
production efficiency [10, 11].
Therefore, it is important to analyse the Ukrainian agricultural production
transformation process, and to find which type of companies now has more
benefits in terms of economic efficiency and risks. The purpose of this paper is to
analyse the process of structural changes. We have to take into account unfinished
institutional reforms, imperfect agricultural markets and governance. The research
is based on statistical and econometrical analysis of agricultural business unites
main input and output production characteristics.
2. Used information
Development of the Ukrainian agricultural production was considered in this
study based on the official data of the “State Statistics Service of Ukraine” (SSSU).
Information covers all agricultural companies that reports according to the form of
reporting “50-sg” in the years 2007-2010 [12]. The total number of agrarian
enterprises that represents sample is between 9000-9180. Each company was
represented by the following information agricultural land area (ha – hectares),
arable land area (ha), cultivated land area (ha), yield (cwt – centum weight 100 kg.)
production costs (thousand UAH), cost of sales (thousands UAH), the total cost of
sales (thousands UAH), volume of sales (cwt) sales (thousands UAH). Each
enterprise was anonymous, it was impossible to determine its development. In
2007-2010 there was information only about wheat production, in 2010
information was about wheat, barley, corn, oats, sunflower, rapeseed and sugar
beet production. For data analysis it was used IBM SPSS Statistics package.
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3. Results of analysis
Firstly, we did selection of enterprises in accordance with x0,1 quartile of
arable land in 2007-2010 years (the sample of 10% of enterprises with the largest
area). According to the distribution function, it was the companies with the arable
land size more than 3795 ha in 2007. Grouped data is presented in Table. 1. The
calculations showed that in Ukraine exists a stable tendency of the large enterprises
number increasing. The number of enterprises with the arable land area more than
3795 hectares increased in 13.8% from 2007 to 2010. In fact, 10% of agricultural
enterprises in Ukraine are controlling 42.9% agricultural areas.
Table 1. Ukrainian agriculture producers consolidation dynamics
Years

2007

2008

2009

2010

Number of 10 % largest arable land holders
Part of largest arable land holders in total
number of enterprises, %
Arable lands in use of largest land holders,
millions hectares
Part of arable lands in enterprises use
Part of agricultural lands in enterprises use

829

913

929

943

Changes in 2010
compare to 2007
13,8 %

10 %

10 %

10 %

10 %

-

6,03

6,9

7,12

7,6

26 %

38,97 %
37,88 %

40,57 %
39,7 %

41,55 %
40,7 %

43,69 %
42,9 %

4,72 %
5,02 %

Source: own calculation based on SSSU data

In order to complete the process of the largest land users’ group formation, we
need only a land market in Ukraine. Because of the legal restrictions on the
agricultural land market, the price of land remains unknown. These issues are
keenly debated in scientific circles, but the fact of market absents impeded the
agriculture development and negatively affected on rural development. During the
analysis of international studies, it was shown that the large commodity company’s
size growth is the result of the negative economic shocks or natural disasters [9].
Under incompleteness of institutional reforms, imperfections of government
regulation and instability of the financial system, farmers are under the influence of
negative economic shocks that enhance weather risks inherent to agricultural [13].
Under the shocks influence, the consolidation process is an effective form of
counter negative shocks action.
The structure of enterprises profitability that produced from 1 to 7 crops in the
year 2010. As criterion of profitability, we consider the net profit per 1 ha of
production. The sales revenue (UAH), total cost of sold production (UAH), area of
crops (ha) were taken into account during the calculation. UAH exchange rates
were approximately 10-10.5 UAH/EUR and 8-8.2 UAH/USD during the years
2010-2012. The area of crops remains unknown because of lack of information, but
we know the volume of sales (cwt), total area of crops (ha), yield (cwt) and output
cost (UAH). To calculate the area of sales we use yield and full spending per 1
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hectare (UAH). The net profit per 1 hectare is presented in the frequencies chart
(Figure 1.A). On the figure data is grouped with fixed (1000 UAH) increments of
profit. Histogram was constructed from 6936 data points (2244 points were
rejected because different reasons). Average net profit per 1 ha in 2010 was 680
UAH, and the standard deviation was 1371 UAH, it caused a significant variation
of the sample (minimum is - 13.1 thousand UAH per 1 ha, up 37.8 thousand UAH
per ha), the coefficient of variation is 202%. Because of this, increment of grouping
had been chosen too high (1000 UAH / ha), and all low-profitable enterprises were
"absorbed" in the first group. Therefore, to get a meaningful result from sample
was not possible.
To be able to implement a graphical representation of distribution we made
the transition of profits to a logarithmic scale. Thus, the frequencies for businesses
with annual revenues that are range from -1 to 1 UAH per hectare are calculated
separately. The calculated net profit on logarithmic scale is on Figure 1.B.

Figure 1A. Histogram of frequency
distribution of net profit per 1 ha in 2010
year (linear scale)

Figure 1B. Histogram of frequency
distribution of net profit per 1 ha in 2010
year (logarithmic scale)

Transition to the logarithmic scale allows us to reduce the increment of
histogram grouping criteria and clarify the main features of the unprofitable and
profitable enterprises distribution. There were two main categories of enterprises
producing from 1 to 7 crops (two-modal distribution): unprofitable enterprises with
maximum frequency at losses 240-320 UAH (30-40 USD) per 1 ha and profitable
with maximum frequency at profits 1600-2000 UAH (200-250 USD). In addition,
pursuant to the distribution function (which was calculated separately) unprofitable
agrarian enterprises accounts up to one-fourth of all enterprises in Ukraine. Similar
calculations were performed separately for the production of wheat during 20072010. Results showed that there is no dynamics of the number of unprofitable
enterprises reducing, and their share, which in 2007 was one-fourth, does not
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changed in 2010. It means that in the Ukrainian agrarian sector structural changes
are undergoing slowly, it leads to some improvement in production efficiency, but
the share of unprofitable enterprises remains significant.
The total list of risks inherent to agriculture in developed countries was shown
in the well-known study of Dana Hoag [14]. The list of risks that exist in
developing countries substantially bigger, but we will focus only on the risks of
productivity and profitability.
Let us explore the issue of profitability and risks from two different points of
view: arable lands size and spending per 1 ha for one crop. We started from
expenses (UAH) per 1 ha of wheat in 2010. Data was grouped according to the cost
for 1 ha with increment in 500 UAH from 0 to 5500 and more UAH. Then
Ci average production expenses of i “cost group”. The weighted average yield
(cwt/ha); weighted average spending for 1 ha of crops (UAH), the average price of
production realization (UAH / cwt), standard deviations and the number of
enterprises were shown at Table 2.
Table 2. Data grouped by spending per 1 ha
Average
Average
Average Average
No.
Number of spending
price of
Risks
Upper and
crops
yields in
of
enterprises per one ha
production of 0 net
lower limits
lands, ha cwt per ha
group
in groups in UAH
realization profit
(st. dev.) (st. dev.)
(st. dev.)
UAH/M.T.
357,3
152,6
10,69
1
0 - 500
70
820,63
5,97%
(355,4)
(284,5)
(6,87)
816,0
255,4
14,46
2
500 - 1000
533
931,0
1,48%
(126,0)
(319)
(6,65)
1290,7
382,4
18,70
3 1000 - 1500
1290
988,9
0,21%
(137,3)
(494,6)
(6,52)
1759,7
488,4
22,91
4 1500 - 2000
1747
1024,0
0,02%
(145,1) (1370,8)
(6,55)
2248,1
566,8
27,86
5 2000 - 2500
1477
1058,4
0,07%
(142,4)
(770,9)
(8,70)
2725,3
765,6
31,22
6 2500 - 3000
1057
1111,9
0,01%
(148,7) (2095,5)
(8,16)
3233,8
667,4
33,18
7 3000 - 3500
625
1130,0
0,01%
(144,7)
(804,5)
(8,89)
3724,2
788,7
36,39
8 3500 - 4000
335
1167,0
0,01%
(143,2)
(1444)
(9,46)
4233,2
652,3
37,63
9 4000 - 4500
171
1132,0
0,01%
(140,3)
(916,9)
(9,72)
4774,3
843,8
39,95
10 4500 - 5000
119
1164,0
0,00%
(156,5) (1892,5)
(9,29)
5175,0
969,9
42,16
11 5000 - 5500
73
1229,0
0,00%
(143,8) (2585,3)
(8,72)
6691,3
495,9
41,37
12 5500 - inf.
110
1260,0
0,45%
(1701,0) (986,9)
(15,82)

Source: Own calculation on the basis of SSSU data
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Risks of Distribution
negative
function
profit enterprises in
groups
17,69%
19,59%
19,32%
19,12%
22,34%
20,55%
30,39%
31,80%
49,04%
54,57%
49,76%
77,09%

0,92%
7,93%
24,88%
47,85%
67,27%
81,16%
89,38%
93,78%
96,03%
97,59%
98,55%
100,00%

Number of elements in in each group remains significant (at least 70), it gives
backgrounds to confirm that calculations are representative. It was found that there
is a relation at 0.01 level of significance between the spending per 1 hectare and
increasing of arable lands size (defined after additional calculations). With the
rising of costs per 1 ha average yields is increasing (correlation coefficient is 0.608
at the significance level 0.01) and average selling prices is increasing. Thus, after
investing more money in each ha of production, the producer expect to have better
harvest and sale his products at the higher price, which will ensure profit.
Every enterprise is planning to sell their products at the price that equals to the
average price in each group i – p i . Then, income for j enterprise in i cost group,
with crop yield yij is:

EI ij p i yij ,
Expected income from 1 ha of wheat crops for i cost group:
EI i p i y i ,

(1)
(2)

where y i is expected yield for i cost group. Standard income deviation (when
prices are fixed) is:

( EI i )

pi

( yi ) ,

(3)

where (yi) is a standard yield deviation in group i.
Risk could be estimated as the probability to get zero income from 1 hectare (have
a zero yield) – PR( EIij 0) ,or as the probability of getting income less than
average costs (Ci) for 1 ha of crops – PR( EIij

Ci ) . If income distribution law is

normal:
0) Φ( x' ) ,

(4)

Ci ) Φ( x' ' ) ,

(5)

PR( EI ij

PR( EIij

where Φ(x) is Laplass function:
1
2

Ф( x)

x

e

t2
2 dt ,

Ф( x) 1 Ф( x)

(6)

0 EI i
Ci EI i
, x
(7)
( yi )
( yi )
Calculated parameters of risks were recorded in the table 2. As we can see the
risk of getting zero yield decreases monotonically and is almost below 1% for all
types of businesses. Exceptions are the first two groups, where the costs per 1 ha
do not exceed 1000 UAH (125 USD). Low cost level is the reason of high-level
dependences from natural risks.
where

x
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The risk to get income less than the cost of production (to get negative profit)
increasing monotonically in accordance with exponential trend (coefficient of
determination 0.946, table 2). It should be mentioned that in the first 6 groups
where costs are less than 3000 UAH per 1 ha, the risk to get negative profit is less
than 28%. Nevertheless, the agricultural sector found it as the highest permissible
level of risk that was subconsciously chosen by most agricultural enterprises in
2010. 81.6% of companies (according to the distribution function) decided to spend
less than 3000 USD per 1 ha of wheat in 2010. It means that exactly this part of
agrarian business operates under the level of risk less than 28%.
Let us find the average risk of loss in wheat production for Ukraine in 2010.
Average yields in Ukraine was yij 27.98 (cwt/ha), standard deviation of crop yield
was (yi) 10.5 (cwt/ha), average production cost for one ha was Ci 2490.5
UAH, average selling price of 1 cwt of wheat was p i 108 .8 UAH [15]. When
we had substituted the data into the formulas (7, 6), we obtained that the risk of
revenue less then cost for 1 ha is PR(EIij Ci) 31.39%. We assume that one yield
concentration of production (monoculture) is too risky in Ukraine.
There is a correlation between the selling prices and production cost.
It corresponds to the logarithmic tendency with a coefficient of determination 0.97.
It is shown at the Fig. 2.

Figure 2. The prices dependence on production expenses per 1 ha

Financially powerful companies have direct access to the export of
production, higher selling price and low price variability. It indicates that
competition on the market is not perfect. The producers with the preferential right
of entrance to the foreign market (direct export of their products) have significant
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economic benefits against the small producers and can reach positive profitability
even with high variability of prices on the Ukrainian market.
Let analyse the changes in losses risk of enterprise that produces more than
one type of crop depends on the arable land size (from 1 to 7 crops, list of crops
was shown above). We grouped the data by the arable land size with step 200 ha
(200 ha for the first 20 groups and increasing step up to 7500 for another groups).
We have 23 groups with the number of elements at least 75 companies. For risk
assessment we use profitability of each group: Ri
deviation of profitability

EI i Ci
100 % , and standard
Ci

( Ri ) in i group (Normal distribution supposed) . The

risk of negative profitability for different categories of enterprises is

P( Ri

0) Φ( x' ' ' ) , where x' ' '

Ri
. The risks and profitability calculations for
( Ri )

each separate group are shown in Fig. 3.

Figure 3. Average profitability and the risks of losses depend on the area of arable land (for
1 up to 7 crops).

The calculations clearly observed monotonic tendency of increasing
profitability that depends on the size of arable lands and the risk decreasing.
Logarithmic trend describes this dependence with coefficient of determination
R2 0,43, but model is significant at the 5% significance level according to the
criteria of Pearson and Fisher (P 0,0007 and F 15,87). In addition, significant
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are the coefficients of regression equation (at the 5% level). Thus, diversification of
production by growing more than one crop significantly reduces the variance of
return in each separate group and leads to the monotonically decreasing risk of
losses (risk of negative profitability).
4. Conclusions
In the context of not completed agrarian reform and not existed land market in
Ukraine, structural transformation of agricultural production has already been
going for 21 years. After the collapse of the command-planned economy, lands
redistribution had not led to the expected results – Ukraine had not become farming
country. Rather the existence of three different forms of land-using (farms,
householders and agrarian enterprises) creates the list of problems that negatively
affected on Ukrainian rural development. Ukrainian village in the absolute number
of indicators is significantly behind the city.
Currently the structural transformations of agricultural production are
undergoing in Ukraine. Appears the tendency of production consolidation by the
large farms and agricultural enterprises. The largest of them – “agro holdings”
exacerbate the social problems of the village. Normally they use highly skilled staff
from the city and increase unemployment level in rural [16]. It was revealed that
the economic justification of the agricultural producers’ consolidation (except
increase in their efficiency) is the reducing of risks and increasing of expected sale
price. Normally, the large enterprises have powerful financial support and direct
access to the world food market, where prices have less variability than in the
Ukrainian food market. It proves the inequality conditions on internal Ukrainian
market for the different companies.
Besides the agricultural producer consolidation, a quarter of all companies
produced from 1 to 7 crops in 2010 remained unprofitable. The analysis of loss and
profits structure of enterprises that cultivates only one crop (wheat) showed that
there is no trend of reducing of unprofitable enterprises number. Therefore,
consolidation of production in the context of all companies does not lead to the
rapid increase in the expected economic benefits and economic changes. In
particular, specialization of production on one crop (wheat) and increasing of costs
on it causes significant variability of profit. It leads to increasing of losses risk. For
multi-crops production situation differs significantly. Profitability is increasing
monotonically, and the risk of losses is decreasing monotonically.
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EVENT LOG STANDARDS IN BPM DOMAIN
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Automated Business Process Discovery (alias Process Intelligence, Process Analysis, Workflow Mining or Process Mining) includes methods,
standards and tools to support the discovery and analysis of operational business processes. Paper aims to review ongoing standards for storing and managing event log data, which is starting point for process mining, and verify in
what range chosen standards meet the needs of event log analysis. We discuss CWAD, BPAF, PROV-DM, PROV-O, MXML, SA-MXML, and XES
formats. Findings of the paper are based on the literature review and analysis
of selected software.
Keywords: automated business process discovery, process intelligence, process mining, event logs standards

1. Introduction
Integrating Business Process Management (BPM), Data Warehouses and
Business Intelligence (BI) is one of the emerging trends in Business Informatics
[1]. BI refers to the traditional systems that assist managers in making decisions
based on the facts of the business data stored in Data Warehouses. In the context of
BPM, Data Warehouse covers event logs, and analytical systems perform event log
analysis, in the similar way, in which traditional BI systems perform analysis of
data from databases. All these circumstances cause the need for standardization in
event log in BPM domain. Recent evolution of event logging could be one of manifestations of the trend, which was mentioned above. Let us notice, that event logs

refer not only to the BPM domain. Application domain, as well as the purpose of
an event log, the addressed the targeted business layer and the logging type decide
about what kind of events are logged, which event data is considered, and how
events are technically represented depends [2]. J. Becker at al. classified event
formats into four domains, i.e. Business Process Management (BPM), Complex
Event Processing (CEP), System Interoperability (SI), and IT Security. Generally
speaking, there are two main resources for standardization efforts in this area, i.e.
business represented by standardization community like W3C, Workflow Management Coalition (WfMC), etc., and academic community represented by IEEE Task
Force on Process Mining. Apart from that, there are many proprietary process log
formats.
In principle, for each domain mentioned above, data mining/process mining algorithms could be applied (see: references to selected conference papers [5, 11]).
In this paper, we focus on a BPM domain, in which the main role in academic community seems to have IEEE Task Force on Process Mining. The aim of this article is
to present the selected data log formats, and verify in what range chosen standards
meet the needs of event log analysis.
2. A brief history
Process logs files are available in the BPM systems since the late 1980s, and
early 1990s [14]. Most BPMS used proprietary formats for log representation,
which causes difficulties in attempts to use event logs in Business Activity Monitoring (BAM) and process mining. The first attempts to standardize the process logs
are the effect of an effort of Workflow Management Coalition (WfMC). In 19961998, WfMC proposed Common Workflow Audit Data (CWAD). In [13], zur Muhelen put some examples of audit trials on the base of CWAD model, including tables from IBM MQSeries Workflow, Staffware 2000, and Carnot Process Engine. In
2008 – 2009, WfMC proposed XML audit data format, inspired by CWAD, called
Business Process Analytics Format (BPAF). Accordimg to Paul Buhler [4], in 2011,
JBoss RiftSaw BPEL engine became the first substantial BPAF implementation in the
world, mapping Apache ODE (Orchestration Director Engine) events onto BPAF. In
2012, RiftSaw BPEL engine was implemented in JBoss SwitchYard service delivery
framework, and JBoss Overlord, which is a SOA Governance platform that provides
a new Business Activity Monitoring (BAM) capability with a Gadget-based interface. In 2012, Provenance Working Group in World Wide Web Consortium (W3C)
works on development of Provenance Data Model (PROV-DM), and Provenance
Ontology (PROV-O) standards. Both refer to the provenance concept, and aimed in
providing provenance information with the data in a semantic framework.
Academic community proposed its own way to standardize process logs.
In 2005, a group of researchers from Technische Universiteit Eindhoven (TU/e),
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proposed Mining XML Format (MXML). In 2007, on the base of EU-funded SUPER project, TU/e community proposed Semantically Annotated Mining eXtensible
Markup Language (SA-MXML). In 2009, Christian Günther et al. from TU/e, and
Fluxicon Inc. proposed Extensible Event Stream (XES) format, adopted in 2010 as
the Task Force on Process Mining standard. In parallel with the work of standardization in the field of event logs, TU/e community worked on software for process mining, resulted in developing ProM framework.
According to Michael zur Muehlen et al., the first mention of the use of the logs
for the purposes of analysis comes from 1996 [13]. In 2012, IEEE Task Force on
Process Mining released a Process Mining Manifesto, which describes three basic
types of process mining, referring to the efforts of TU/e community, i.e. discovery,
conformance checking, and enhancement. Process model discovery relates to constructing complete and compact process models able to reproduce the observed behaviour of the process instances. Conformance checking means diagnosis on the base
of observed reality in the sense of checking whether the modelled behaviour matches
the observed behaviour. Process model enhancement is the projection of information
extracted from the logs onto the model, to make the tacit knowledge explicit and
facilitate better understanding of the process model. This understanding of process
mining dates back to the time of developing in 2003 α-algorithm by van der Aalst,
Weijter and Măruşter from TU/e [12].
3. Event log standards
Among the most important event log standards specified in [2] (see: Table 1.),
we chose BPAF, CWAD, PROV-DM, PROV-O, MXML, SA-MXML, and XES for
detailed exploration.
Common Workflow Audit Data (CWAD) was released for standardisation
process audit events by WfMC in 1996 (first published version of CWAD 1.0 is dated of 1 November 1996). In 1998, WfMC released CWAD Specification 1.1 (22
September 1998). According to the WfMC reference model (Fig. 1), workflow engine captures events occurred in processes, activities, and manual work, and persist
them in a form that complies with the abstract CWAD model, which defined not how
the data should be stored, but what information was to be gathered and made available for analysis. Motivation for event logs auditing was recovery, proof of process
execution, visualization of the flow of expired process instances, compensation,
Business Process Reengineering (BPR). So as to implement the CWAD model, corresponding database table was needed.
The Common Workflow Audit Data (CWAD) structure consists of a prefix, a
body and a suffix (see: Fig. 2).
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Table 1. Classification of event formats
Domain

BPM

CEP

Event formats

Standarized by

Business Process Analytics Format
(BPAF)

Workflow Management Coalition (WfMC)

Provenance Data Model (PROV-DM)

World Wide Web Consortium (W3C)

Provenance Ontology (PROV-O)

World Wide Web Consortium (W3C)

Common Workflow Audit Data
(CWAD)

Workflow Management Coalition (WfMC)

Mining eXtensible Markup Language
(MXML)

Academic community / van der Aalst et al.

Semantically Annotated Mining eXtensible Markup Language (SA-MXML)

Academic community / Werner Janush, Anna Karla Alves
de Medeiros, Wil van der Aalst, Peter van der Brand, Ton
Weijters (TU/e)

Extensible Event Stream (XES)

IEEE Task Force on Process Mining / Christian Günther
(TU/e- Fluxicon)

RuleCore Event Format (RCEF)

ruleCore

WebSphere Business Events XML
Format (WBEF)

IBM Corporation

Common Base Event (CBE)
SI

IT Security

IBM Corporation initiative. Standarized by OASIS under
WSDM Event
Format (WEF)

Common Event Expression (CEE)

The MITRE Corporation

Web Services Distributed Management
Event Format (WSDM WEF)

OASIS

Common Event Format (CEF)

ArcSight

Intrusion Detection Message Exchange
Format (IDEMF)

Internet Engineering Task Force (IETF)

Incident Object Description Exchange
Format (IODEF)

Internet Engineering Task Force (IETF)

Distributed Audit Service (XDAS)
Common Audit Event Record Format
(XCAERF)

The Open Group

Event Metamodel and Profile (EMP)

Object Management Group (OMG)

Source: own preparation on the base of [2]

In this sense, database transaction concepts, on the base of CWAD model, could
be extended for workflow purposes, and data structure could be enhanced to accommodate proprietary attributes (see: [13]). The body part of the data is variable depending on the event type that caused the audit trail to be written. Recorded events
related to the state changes: instantiation, start, and completion, and could be
caused by a change to the process instance, activity instance or a change to a work
item. The audit data consistsed of three kinds of information: Basic, Discretionary
and Private. A process instance can have a parent process instance called initial pro296

cess instance in the data model. An activity has an application associated with it. A
user has a corresponding domain and a corresponding node (network location). A
process instance and an activity instance can have attributes. The attributes are of a
certain data type and have a value and a length. A process instance, an activity instance and a work item have a state at a certain point in time.

Figure 1. WfMC reference model. Source: WfMC

Zur Muehlen et al. proposed audit trial table structure and data mart structure
for the CWAD model [13].
Business Process Analytics Format (BPAF) history dates back to the
2000ties. Version 2.0 of BPAF, released in 2008 by WfMC, was extension of
CWAD version 1.1 in the sense of XML Schema for Audit Data Events. Version 2.0
R1 introduced revised states for Audit Data Events, alignment with Process State
Model, and WS-Human Task (23 April 2008). In Version 2.0 R2, released 8 December 2008, State Model Graphics and Legend, Information of Event Data Format, and
Information on BPAF State Model were added. The structure of events in the BPAF
notation includes the event ID, a reference to the process model, the process instance
and its state, the name of the process and activities, information related to the activities, information about the previous state action or process, and additional business.
This extended information could be applied to social data analysis, in the sense of
identification the structure of relations between actors in the process, and traditional
data analysis derived from statistics, machine learning and artificial intelligence, in
the sense of their exploration of the processes.
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Figure 2. CWAD structure. Source: [13], and WfMC

Modelling the process dynamics on the base of BPAF data is based on the concept of state process model. Similar solutions have been implemented in
BPEL4People and WS-HumanTask. In BPAF, state process model is defined in
terms of activities and processes. We can distinguish the initial state (running instance) and final state (completed instance). The process (or action) may be ready to
run, suspended, executed, cancelled or terminated. The event log can save the status
of the process in terms of running / completed at a general level or at the detailed
level, and in this way enabling the analysis of the dynamics of the process or activity.
Provenance Data Model (PROV-DM) and Provenance Ontology PROV-O,
introduced in 2012, deal with the problem of from where an entity originated, how it
was produced and what has happened to it since creation [9]. Workflow could be
described as an entity, and in this sense its provenance could be expressed in PROVDM. Having workflow described in PROV-DM, it is possible to perform provenance
analysis, e.g. detecting duplicate records in workflow results [3]. PROV-DM specification, referring to the Web resources, includes a schema (Figure 3), consistency
constraints and interface rules to the schema, and a language for recording provenance facts.
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Application of PROV-O enable performing the following analysis: business
process compliance [4] (determine that execution was compliant with a higher level
BPMN model of understanding, verification, that participants correctly followed a
choreography protocol), regulatory compliance (with mobile process participants
executing distributed lightweight workflow applications we can aggregate the events
into a coherent history – the merging of the semantic graphs does this naturally),
process mining (use of advanced pattern matching against semantic business process
events to accomplish process mining and/or identify workflow patterns), and context
aware process execution (enable greater use of sense and response techniques for
process agility).

Figure 3. PROV schema. Source: [9]

Mining XML (MXML) started in 2003 as an academic initiative to share a
common input format among different mining tools [12]. Defining MXML was the
first step towards the creation of a repository on which process mining researchers
can test their algorithms [16]. MXML was defined in [17].
According to the schema for the MXML format (Figure 4), Workflow Log contains one or more Processes with additional Data, and information about the Source
of the log.
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Every Process has zero or more Process Instances, and every Process Instance
has zero or more Audit Trail Entry, which in turn have Workflow Model Element Id,
Event Type, and optionally Time Stamp and Originator information. The event type
is related to the state of the task, i.e.: schedule, assign, reassign, start, resume, suspend, auto skip, manual skip, withdraw, complete, ate abort, pi abort and unknown. It
is possible also to log additional information.

Figure 4. MXML meta model. Source: [17]

Semantically Annotated Mining eXtensible Markup Language (SAMXML is a semantic version of the MXML format, introduced in 2008 by TU/e
community. Elements of SA-MXML (apart from Audit Trail Entry and Time Stamp)
have an attribute (model Reference), which refers to ontologies with the defined process concepts, and represents semantic description of process. SA-MXML format is
backwards compatible with MXML format.
eXtensible Event Stream (XES) was introduced in 2009 by Christian W. Günther from Fluxicon Process Laboratories – a spin-off of the process mining research
done at TU/e. According to the schema for the XES format (Figure 5), process (Log)
and track (Trace) of the process are defined by their elements (Event). Classifier,
defined through a set of attributes, refer to the events. The extensions are defined in
the sense of concept, life cycle, organizational, time, and semantic, and are used to
define a set of attributes on any levels of the XES log hierarchy.
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Figure 5. XES meta model. Source: [18]

4. Application comparison
Software tools for process mining are still in its infancy. The flagship product
of academic community is Process Mining (ProM) framework. List of currently
available process mining algorithms, implemented in ProM, is impressive (there
are more than 100 packages containing more than 400 plug-ins available, and
each plug-in refers to control-flow mining techniques, the organizational perspective, mining less-structured, flexible processes, the verification of process models,
verification of Linear Temporal Logic formulas on a log, performance analysis, log
filters, etc.: http://www.promtools.org/prom6/). Most of them are experimental and
with mainly scientific importance.
There are two spin-offs recruited from TU/e community, i.e.: Fluxicon
(http://fluxicon.com/) (Nitro, Disco) and Futura Process Intelligence – acquired by
Perceptive Software. The tools originated in TU/e environment, explore MXML,
SA-MXML, and XES standards, while the other vendors use proprietary format.
The most common formats used in software packages are MXML and XES.
In fact, the domain specific requirements are not fullfield. For instance, two promising approaches - BPAF and XES, can represent specific even type in BPM.
BPAF is used for state models and process audit events. XES has a flexible structure which allows for modeling business events. It is one of the reasons the vendors
supports own solutions [19].
Table 2. Comparison of tools delivered by vendors with used standards
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Software

CWAD

BPAF

PROVDM

PROVO

MXML

SAMXML

XES

ARIS Process Performance
Manager (Software AG)
Perceptive Software
(Perceptive Process Mining)

Y

Disco (Fluxicon)

Y

Interstage Automated
Process Discovery (Fujitsu)

Y

Nitro (Fluxicon)
ProM (Academic)

Y

Y

Y

ProM Import (Academic)

Y

Y

Y

QPR Process Analyser/Analysis (QPR Software)

Y

XESame (Academic)

5. Summary and conclusion
This article focuses on the Common Workflow Audit Data (CWAD), Business
Process Analytics Format (BPAF), Provenance Data Model (PROV-DM), Provenance Ontology (PROV-O), Mining XML (MXML) and Extensible Event Stream
(XES) as the standards that are currently the most expressive and the easiest for integration with the monitoring and diagnosis level of BPM life cycle.
Complexity of data: distributed, heterogeneous data from software and hardware components, several types of logs: networks, databases, servers, applications;
and heterogeneity of data log formats: proprietary data formats, standardization
problems, manpower costs to configure, maintain and tune collector/adapters, specific code needed for each format, difficult to correlate for end-to-end problem diagnostics; instrumentation: cost for ownership of all formats analysis tools, complexity
to interoperate several analysis tools, standard compliance – all these obstacles
course the problems in developing process mining systems.
Currently, process mining algorithms are limited to discovery, conformance
checking, and enhancement (see: Process Mining Manifesto, http://www.win.
tue.nl/ieeetfpm/). In the future, process mining algorithms could be extended for
emotional process analysis [12], provenance analysis [9] and semantic analysis.
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THE CONCEPTION OF DECISION SUPPORT SYSTEM FOR
ASSESSMENT AND MANAGEMENT OF AMBIENT AIR QUALITY
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Assessment and management of ambient air quality is carried out in Poland at local, regional and national level. A variety of informatics tools is increasingly being used in various areas of this issue. The paper presents the
preliminary conception of an integrated system for supporting decisions undertaken by various institutions. It presents the legal, organizational and
technical conditions governing this type of processes in Poland and potential
users of the system, its functions, anticipated sources of the processed data
and information. It has an indication of the possible technological solutions,
including the potential tools and modules included in the proposed system.
Keywords: Decision Support Systems, Air Quality Assessment, Environmental Management, Air Pollution Control

1. Introduction
Decision Support System (DSS) can be defined as an interactive, conversational, flexible, and adaptive computer system that helps decision makers in solving problems related to the decision-making process. This process consists of several interdependent phases [1]:

analysis - identification of the problem, data collection, gathering knowledge
from experts to clarify the issue in order to further its definition and, if possible,
to determine its structure,
project - exploration or modeling problems, their analysis, the accumulation of
knowledge about the possible solutions,
selection - selection of solutions from the set of alternatives,
implementation - implementation of the selected plan.
Advanced informatics tools, including Decision Support Systems, are increasingly
often used in environmental protection, including air quality area. Process of designing such systems should contain integration of the various scientific tools for
analysis of information, which support planning and management processes in the
field of air quality. An important feature to consider is a relatively large and diverse group of people involved in these processes. Developed DSS are based on the
integration of air quality modeling subsystems within the system for supporting
various activities, such as control of emission sources, monitoring of ambient air
quality and controlling of compliance with existing standards, assessment the impact of pollution on human health and the environment. Issues to be considered
include:
variety of sources of information (data collected from the multi-annual results to
automated systems for the pollution monitoring),
a wide range of spatial scales, from street canyons to the whole country,
a wide range of time scales, from short-term episodes to annual and long-term
trend analysis,
dispersed and mobile sources of emissions with various types of periodic variations,
various factors regulating emissions and its variability, such as direct legal conditions or complex human reactions and behaviors [2].
In Poland, there are systems for air quality monitoring, operated within the State
Environmental Monitoring and supervised at regional level by the Voivodship Inspectorates for Environmental Protection (VIEP). Some of them also use mathematical modeling systems for air quality assessment and GIS (Geographic Information System) tools, primarily for illustrating results of measurements, modeling
or information on emission sources. The main goal of the paper is presentation the
possibilities (conception) of new tools that, using modern information technologies, would allow for more efficient and more reliable analysis and interpretation
of data obtained from measurement systems and other sources. The use of this type
of system could support different types of decision-making related to the operation
of measurement systems, performance assessment of air quality and air quality
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management. The possible development and implementation of the proposed solutions could broaden the analytical capabilities of the teams involved in the assessment and management of air quality.
2. Main air quality problems in Poland
Good health and well-being require a clean and harmonious environment where
physical, psychological, social and aesthetic factors are all given their due importance. The environment is thus not only important for its own sake, but as a resource for better living conditions and well-being [3]. Thanks to epidemiological
studies throughout the world confirmed the association between human health and
quality of ambient air, knowledge about this issues has significantly increased recently [4, 5, 6], but in some areas some pollutants still cause risk. In Poland the problem of air quality concerns mainly big cities but also in smaller towns and nonurban areas there are recorded concentrations exceeding the defined standards.
Sources of pollution are industrial facilities (point sources), but also car transport
(line sources) and, to a large extent, a source of municipal and household sector
(surface emission). The problem here are emissions from combustion in heating
systems, both in residential houses and public buildings. They result often in high
values of concentrations of selected standardized pollutants, e.g. particulate matter
PM10 and PM2.5 (smaller than 10 and 2.5 micrometers respectively), and polycyclic aromatic hydrocarbons, from which benzo(a)pyrene B(a)P has got established
standard. There are the most serious problem in ambient air quality in Poland with
those substances. Analyzing the results of measurements from the year 2010, it
should be noted that in the case of these pollutants in a substantial part of the
measuring stations were limit values exceeded [7]. For PM10 annual average value
is treated as the standard (limit value is 40 µg/m3). It was exceeded on 34 percent
of measurement stations. Even less favorable situation is in case of the other evaluated parameter, which is the daily average concentration. Permitted is 35 days in
year with the concentration higher than 50 µg/m3, which is assessed using the percentile indicator P90.4 of the annual series of daily concentrations. In 2010 there
were exceedances of the limit value specified for the daily PM10 concentrations at
about 75 percent of measuring stations for which it was possible to calculate the
percentile P90.4 (possibly due to the sufficient completeness of data). Often these
were results several times higher than the limit value.
Generally, it should be noted that the highest concentrations occur in the
southern Polish in regions: Malopolskie, Silesia and Lower Silesia. However, high
values of PM10 and B(a)P is recorded in other parts of the country. According to
the rules, air quality assessment is performed in Poland, as in other countries of the
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European Union, in the Zones. The Polish law defines zones as: agglomeration
above 250 000 of inhabitants, cities with 100 000 and more residents and the rest of
voivodship. This gives currently 46 zones in Poland. When assessing the compliance with the standards, the Zone is assigned to the corresponding class: A - when
on the area of the zone there were no exceedances at any of the measuring points,
or C - the exceedance occurred in at least at one point. In 2010, for PM10, only
four zones (one agglomeration and three cities) have been classified as A. The remaining 44 zones obtained class C [8]. This shows the seriousness of the problem
of non-fulfillment of Air Quality Standards in Poland.
As for the other air pollutants for which there are standards, exceedances are
listed for ozone O3, affecting both human health and vegetation. In relation to other
substances there are exceedances at individual stations in the country, such as nitrogen dioxide in the centers of agglomerations, nearby streets with heavy traffic.
Very important issue is the presence of episodes of very high concentrations
of some pollutants, occurred in specific weather conditions, and increased emissions. Although they tend to be short-term (from a few hours to several days), they
may result in serious health consequences, especially for vulnerable population
groups (e.g. children, elderly people or suffering from diseases of the respiratory
system).
When analyzing changes in air quality during last ten years, it can be concluded that the concentrations of PM10 and ozone are clearly correlated with meteorological conditions in a given year (mainly the occurrence of days with extremely
low or high temperatures). In recent years, adverse conditions, and higher levels of
concentrations at the majority of Polish stations can be seen in the years 2003 and
2006 [9].
Various types of information systems gain an increasing role in the processing
and analysis of information on air quality, both in the process of the annual assessments (assessment compliance with the standards) and the analysis and forecasting of the causes and effects of short-term episodes. They can be used at any
stage of work of the measurement network and assessment systems but also for the
management of ambient air quality: design, implementation and monitoring of
actions to reduce the levels of pollutants in the air and reduce their negative health
effects. Many decision-making processes, taken at different levels of government
or local authorities can be supported through the use of information systems. The
article tries to present the initial concept of this type of system, which, through the
integration of different sources of information and the use of different currently
available technologies, would help different users in obtaining appropriate, consistent conclusions and make effective decisions.
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3. Legal basis and organization of air quality assessment and management
in Poland
Main legal acts, which regulate the rules of air quality assessment and management at the European Union level are as the following: Directive 2008/50/EC,
so called CAFÉ Directive [10] and Directive 2004/107/EC [11]. In addition, various regulations were published dealing with these issues, for example, the reciprocal exchange of information and reporting on ambient air quality.
Polish regulations in the described area are contained in the Act of April 27,
2001 - Environmental Protection Law in Section II (Articles 85-96) [12]. Detailed
implementing rules, which, among other things, transposed European regulations,
were issued in the form of relevant orders of the Minister of the Environment. They
define, among other things, the zones in which air quality assessment and management is conducted, methods and rules for the implementation of the assessment,
limit, target and alarm levels of pollutants in ambient air and the scope of information that should be reported to the national level or public.
The basic method of assessment is measurement of concentrations of pollutants in air using automatic or laboratory methods. Additionally, as supplementary,
mathematical modeling or methods of objective estimation can be used. Measurements in Poland are conducted under the State Environmental Monitoring, supervised at the national level by the Chief Inspectorate for Environmental Protection
(CIEP). Voivodship Inspector for Environmental Protection is responsible for carrying out assessment, including measurements, at regional level. He performs it in
its region with Voivodship Inspectorate of Environment Protection (VIEP), which
is headed by him. In some cases measuring stations included in the regional monitoring network, which is supervised by VIEP, are owned by other entities - industrial, research institutions, foundations or local government.
According to the current Environmental Law, VIEP forwards the results of the
assessment and classification of zones to the Management Board of the voivodship.
The Board is developing an air quality action plans for zones in exceedance of air
quality standards. The plans are adopted by the Regional Council and implemented
by local self-governments in designated zones.
If there is risk of exceedance of alarm, target or limit levels, the short-term action plan should be developed and implemented for the area. It aims to reduce the
risk of such exceedances and limiting their possible consequences and duration.
Air quality assessment and management in Poland is conducted at three levels, at which appropriate Decision Support Systems can be used:

309

national - including the assessment of air quality and health risks in the country,
the development of national forecasts and action programs, monitor their implementation and effectiveness;
regional (provincial) - including main assessment of air quality in the zones,
conducting monitoring networks, identification of areas, exposure levels and
causes of exceedances, execution, implementation and monitoring action plans,
public information;
local (city, municipal) - including local monitoring, analysis of investments
impact on air quality, deal with the episodes of high concentrations, implementing local actions and information to the public, etc.
4. Systems used for ambient air quality assessment
Variety of informatics systems are currently used to carry out tasks such as:
collection, processing, visualization and transmission of various types of data and
information. In automatic station with measurements concentrations of pollutants,
the results are collected and processed already in the station, in the so-called DAS
systems (Data Acquisition Systems). Hence they are transmitted to database of socalled CAS systems (Central Acquisition Systems), located in the most common
cases at the premises of VIEPs. These systems are used for collection, but also
processing, analysis and visualization of information. They support, for example,
verification and validation of the data. Popular office applications are often used
for the purposes of data analysis, calculation of statistical parameters and the reports’ preparation. Special modules have been designed and implemented to make
data available to the public via the Internet network. These systems present information about air quality (e.g. sojp.wios.warszawa.pl), and serve for fulfilling the
obligation to share public data from measurement stations. Some of these systems
have also features of presentation of the modeling and forecasting results. However
they do not give the possibility to do more advanced analysis using different types
of information, such as related air pollution sources or health threats.
Special software, which implements the mathematical models of the transport
and transformation of pollutants in the atmosphere, are used to determine the spatial distribution of concentration in the past and forecasted. In some institutions
GIS software is used for the purposes of visualization modeling and the results of
measurements, in order to, for example, determining areas of exceedances. It is
rather rarely used to perform complex spatial analysis, including those based on the
relationships between sources of emissions and the results recorded in the monitoring networks.
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The results of measurements and modeling, as well as results of zone’s classification, are collected and processed at the regional level in VIEPs. Then they are
transferred to the national level, to systems managed by the CIEP. After the relevant processes, the data sets are reported to the European level. Currently a new
national system for collecting and processing information about the air quality is
being developed. It is a part of EKOINFONET - the system of Inspection for Environmental Protection. It has been implemented using relational database management system, J2EE technology and Business Intelligence software.
Different systems often operate in a manner unrelated to each other, with no
mutual exchange of information. The integration of data flows in one or different
institutions, combined with the use of new tools and technologies for their analysis,
would allow ensuring greater consistency of information and more effective decision-making in a variety of specific issues of air quality assessment and management at various levels. This can be one of the purposes of the proposed system.
5. Potential sources of information
Various types of information should be processed in the frame of the proposed system, depending on the problem being solved and the level of work. Some
of the data is relatively stable, such as type of land use or location and characteristics of emission sources. Others by their nature are variable and depend on the conditions at the time. The set of potential types and sources of information is given in
the Table 1.
6. Potential users and functions of the system
Potential users of proposed system can be found first of all in the institutions
responsible for the assessment and management of air quality at various levels:
Voivodship Inspectorates for Environmental Protection, Chief Inspectorate.
It could be important also for decision-makers from Voivodship Boards and Councils or municipal offices. Other group of users would be research institutes or companies and offices engaged in processes of developing scenarios or projects connected with air quality. If the function of information dissemination via Internet
will be implemented, the group of potential users will contain the publicity, especially residents of the area covered by the system or persons professionally interested in this type of information, such as medical services.
Tables 2a, 2b provide a set of potential functions of Decision Support System,
and later a description of the functionality for health risk assessment is presented.
Proposed functions are often closely connected with each other.
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Table 1. Potential groups and types of information processed in Decision Support System
Group of
information
Monitoring
networks

Type of information
Location of monitoring station, characteristic of installed equipment, spatial
representativeness and methods of measurements.
Long-term (e.g. annual or multi-annual) validated data series: results of measurements obtained with automatic, laboratory and indicative methods.

Measurement
results

Sets of statistical parameters calculated from measurement’s results.
Provisional data: results transmitted from automatic monitoring stations in near
real time mode (NRT Data).

Air quality
assessments

Results of air quality assessments conducted in previous years (classification of
zones), areas of exceedances.
Results of objective estimation performed in previous years for the specific area.

Meteorological
information

Meteorological conditions (historical, current and forecasted).

Modeled air
quality

Spatial distribution of air pollution concentrations (historical, current and forecasted), e.g. from the external systems of mathematical modeling.
Land cover and land use (various thematic layers), 3D terrain models etc. – GIS
data

Land use
and emission
sources

Location and characteristics of the sources of air pollutants emission (linear communication, point – industry and surface - individual and municipal heating
systems etc.)
Emission data sets –values of emission of pollutants from individual sources or
selected type of sources from defined area.
Results of automatic monitoring of emission.
Communication system - characteristics and location of the road networks

Traffic

Traffic information (volume and structure of traffic, temporal and spatial variability) – from measurements (including the supplied up to date from automatic
measurements) or traffic models.
Results from the systems of traffic noise monitoring.
Information on completed or planned investments, such as air pollution mitigation measures (e.g., air quality plans and programs for the region or zone).

Scenarios,
plans

Plans of spatial development for the area.
Plans of the investments, e.g. introduction of new emission sources or changes in
current structure of sources, traffic scenarios.

Population
Other sources
of information

Distribution and structure of the population, including information about sensitive groups.
Orhtophotomaps, aerial photographs, satellite data.
Other…
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Table 2a. Potential functions provided by the Decision Support System
Group of
function
Measurement
data

Function
Support for analysis of data series, including their statistical treatment. The set
of available data analysis may include, among others: basic statistics, comparison of stations and parameters, correlation tests, time variations analysis.
Support for the verification and validation of measurement results, including
correlation analysis and search of dubious values.
Searching of potential errors of current operation of the monitoring system, by
searching a series of measurement irregularities on the basis of implemented
patterns, including statistical functions for analyzing of the time variability and
the correlation of internal measurements at the station and between stations.

Emission data
and sources

Analysis of information gathered in emission inventories.
Support for analysis of the impact of individual sources of pollution emissions
to the air quality in a given area (including the projected impact), e.g. impact of
industry or traffic lines (including road works).
Analysis of current impact of sources with use of e.g. emission monitoring,
traffic monitoring, weather condition measurements and automatic air quality
monitoring.

Monitoring
Network management

Analysis and decision support in the design and operation of the measuring
system for air pollution monitoring (e.g., supporting within the process of
station’s localization, analysis of representative areas of measuring stations, the
impact of emission sources).
Analysis of the network structure - assessment of the quality of work (e.g. with
use of geostatistical methods).

Air quality
assessment

Support for regional assessment procedures: checking compliance with air
quality standards.
Identification and characterization of the occurrence of concentrations above
certain standards, determining exceeding areas and population exposed.

Local air quality
management

Support for cities and counties in the assessment of compliance with the relevant EU and Polish regulations.
Analysis of near real-time description of the environment (air quality and noise)
and the state of traffic in urban areas.
Support for local decision makers in formulating policies and guidelines related
to e.g. transport activities.

Episodes

Analysis of high pollution concentration episodes: sources, extent and exposures.
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Table 2b. Potential functions provided by the Decision Support System (cont.)
Group of
function

Function

Modeling of air
quality

Analysis of the spatial distributions of air pollutant’s concentrations - historical,
current and forecasted.
Use of geostatistical tools and methods (Krigging, etc.), modeling with use of
geographically weighted (land use) regression. Use of prediction tools (like
neural networks).
Presentation of the external mathematical dispersion models’ results.
Support for monitoring and verifying of the models – comparison with the
results of the measurements, statistical analysis, etc.
Modeling of the current situation (called nowcast) - performed automatically
every hour, using delivered real-time meteorological information. Using of
measurement data for the needs of different data assimilation schemes in realtime air quality forecasts.

Plans and Scenarios analyses

Support for planning, designing and evaluation of strategies and actions to
control emissions and air quality management (investments or organizational
activities - for example: reduction of car traffic in a given area). Monitoring the
implementation and effectiveness.
Scenario analysis and forecasting (regular or done if needed), to evaluate the
effectiveness and costs of emission reductions actions.
Analysis of short-term action plans, evaluation of its implementation, and
monitoring of effectiveness.
Perform scenario analysis for determination of the effectiveness of environmental effects of the transport management systems. Post-implementation assessment - the impact on quality, keeping standards and public exposure.

Reporting

Reporting and providing information to policy makers and the public, e.g. using
Internet network and geospatial services (WMS, WFS). Providing current and
forecasted situation.

Health Impact
Assessment

Analysis and assessment of health risks caused by air pollution.

The communication of the complex relationship between air pollutant exposure
and ill health in a manner that is both simple and accurate is an important aspect of
created air pollution information systems, especially in the areas not covered by the
studies. Based on accessible air quality data available through Decision Support System with implemented Health Impact Assessment (HIA) methods decision makers
can provide estimates of the expected change in the number of cases (e.g. premature
mortality, hospital admission, urgent care visits, work loss and restrictions in activity) that might be expected from a specific change in air pollution. HIA defined as a
combination of procedures, methods and tools by which a policy, program or project
may be judged as to its potential effects on the health of a population, and the distri-
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bution of those effects within the population [13], mainly intended to provide political decision-makers with quantitative and qualitative information and evidence about
how any activities may affect the health of people. In respect of the health consequences of air pollution levels, HIA aims to elucidate current effects or, stated differently, the improvement in health that might be expected through reductions in air
pollution [4]. To analyze quantitatively the impact on health of ambient air pollution
in a chosen area (city, region or country), except of air pollution concentrations and
exposure gathered in dedicated DSS’s, is needed also the exposed population (very
often with division into age and gender groups or sensitive groups such as asthmatics, children or elderly), background health data (incidence of mortality and morbidity classified in common rules, e.g. based on International Statistical Classification of
Diseases and Related Health Problems - ICD) and dose–response functions (based on
epidemiological results elaborated function describing statistical relationship relates
ambient air pollution to a selected health effect).
Assessment of health benefits can be one of the important tool in decisionmaking. DSS with implemented HIA procedure allows link in quantifying the expected health effects associated with changes in air pollution (especially during pollutants episodes) and also based on broad estimate results, enables the public to increase awareness of the public health implications of air pollution. In this case, the
information can usefully be put towards providing cost-effective improvements in
public health. Furthermore, the assessment can identify threats and indicate new areas for research or monitoring. Quantitative estimates of the impacts of changes in air
pollution can be used to help prioritize the actions and policies, such as improve traffic management, setting of specific ambient air standards or control strategies (e.g. to
encourage a reduction in activities that contribute to air pollution). That kind of data
can help decision-maker with providing more explicit and comprehensible information for the public. Presenting data on air quality, e.g. using Internet network may
play an important role in the strategy of the institutions responsible for research and
analysis of issues related to air pollution. At the same time can perform the tasks of
education, by disseminating knowledge on pollutants, their sources and effects, as
well as promoting specific behaviors aimed at reducing emissions. The role of information systems may be important in the process of air quality management, such as
the implementation of a variety of preventive and corrective actions and monitoring
their effects [14]. What is more, if economic values are assigned to the health impacts, economic benefits can be determined for alternative air pollution reduction
strategies [4].
The system should integrate various informatics tools, technologies and data
from various sources into desired format. It can be implemented as independent,
tailor made application, which also uses possibilities of other software packages,
such as commercial GIS products with its extensions, and also open source GIS
software. Some of functions can be realized with help of advanced external tools,
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like statistical packages or modeling software. It has to be remembered that interface
of the system should be user-friendly and easy-to-use, what is one of the conditions
for its potential use, often by users without a lot of experience with IT technologies.
7. Summary
It is planned to carry out further research in presented range of functions and
perform partial implementation and demonstration of selected elements of the System. Such a system should be modular, allowing for its adaptation to the needs of
different user groups and enabling the development and including of new components. It is possible to include elements also related to the assessment of other environmental hazards that may have a common source with air pollution, like traffic
noise. Such solutions can be found in some already implemented Decision Support
Systems at the local (municipal) level (such as HEAVEN DSS [15]). Other systems
operating in selected areas of Europe, related to management of air quality, that perform certain functions from the list of proposed in the described system include
AirWare, AirQUIS [16] and ARIA. Designing and developing of the system presented in this paper will need close cooperation with people engaged in air quality assessment and management at various levels.
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In this paper authors want to find out what is the role of information in the
process of management, costs simulations and yields taking into account agricultural products. The study concerns Agrokoszty which is the Polish system of agriculture data collection. The authors want to exhibit how data is
collected, the way in which it is validated and evaluate how helpful this data
is in the decision management process. The technical aspects of the data collection system and the practical use of this data were additional elements taken into account.
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1. Introduction
Accurate information is a fundamental component of today’s decision-making
processes. Its quality depends first and foremost on the reliability of those who supply it and of IT systems that collect it [4]. Additional validation of the correctness of
stored data is an extremely complex process which depends on the purpose for which
they are collected. The aim of this paper is to describe the process of collecting and
managing agricultural information as well as using it further for research and decision-making at the level of the farm.
There are many systems for collecting and verifying data and then making them
available. In agricultural holdings, the most important information system which

includes all records and calculations concerning the past, the present and the future,
is agricultural accounting.Over the years, the system has undergone numerous content- and technology-related modifications; also the use of information supplied has
evolved.Recent changes in the accounting system resulted in the necessity to adjust
national agricultural statistics to EU standards; these tasks are fulfilled by the Polish
FADN. However, the scope of data collected in that system does not allow for calculating unit costs for particular agricultural products.Considering the expectations of
recipients, one should aim at collecting more detailed data, i.e. at the level of agricultural production activities, bearing in mind the purpose for creating the AGROKOSZTY. Despite many differences, the databases of both systems, i.e. of the Polish
FADN and AGROKOSZTY, are compatible with each other at many levels,which
allows for a flow of information.
It must be added that source data concerning the economic changes that take
place in agriculture periodically are collected by various entities.The format of
research is then adapted to the specific needs of recipients, which often makes the
results incomparable.This is because of the different scope of data collected, different concepts and terminology, and applying different calculation algorithms to
obtain the results.For the sake of the accuracy of analysis and drawing the correct
conclusions, it is necessary that research be uniform in its methodology, both when
collecting data and when generating results.Research into agricultural products
within the AGROKOSZTY system meets this condition, which is undoubtedly its
great advantage.
2. Organisation of research in the AGROKOSZTY system
The surveys of agricultural production activities in the AGROKOSZTY system are conducted on individual farms, selected from a representative sample.The
selected farms are located across the country and are under the surveillance of the
Polish FADN.Such an approach is applied so as to allow for supplementing data in
the AGROKOSZTY system with data from the system of the Polish FADN.
Data concerning the activity are collected with the use of forms designed especially for that purpose.Records are made in accordance with the methodology
adopted, which is described in instructions.External experts, i.e. advisors and coordinators who at the same time work in accountancy offices of the Polish FADN,
are involved in the activities related to keeping the accounting records.The offices
are located in Agricultural Advisory Centres across the country.Within the
AGROKOSZTY system, organisational procedures and the tasks of advisors and
coordinators have been specified in detail.It must be added that surveys are only
carried out with the consent of the farmer.
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3. It support for research in the AGROKOSZTY system
The surveys of agricultural production activities are supported by a computer
system called Agricultural Products Data Collection System. Its software is compatible with the structure of forms and was developed based on the guidelines established
on the basis of EU methodology in the context of the gross margin account. The programme allows for IT operation of research carried out for commodity crop production
(e.g. winter wheat), animal production (e.g. dairy cows) and the related noncommodity crop production (e.g. green forage from meadows).
Numerous calculating algorithms, constructed in the context of the profit and loss
account, as well as tests to check the correctness of data, form a multi-level system of
logical links not only within a single type of production activity, but also between those
activities.In general, the system makes it possible to register, control and aggregate data
about crop and animal production activities, to compare some of the data with records
from the Polish FADN system database, and to create output databases.

Figure 1. Organisation of data collection in the AGROKOSZTY system

The software of the Agricultural Products Data Collection System is available in
several dozen field units (accountancy offices).The programme is used by their employees, i.e. advisors (the operator role) and coordinators (the administrator role). Advisors
are responsible for maintaining ongoing contact with farmers, mainly through visits on
farms where surveys are conducted.The task of advisors is to feed the data registered in
forms into the programme, and then to control their correctness. Coordinators, on the
other hand, have a superior role: they collect data sets from advisors in a given area.They
are also obliged to constantly manage and administer the software and databases at the
level of the accountancy office –see Figure 1.
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3.1. IT system structure
The Agricultural Products Data Collection System is composed of four modules – see Figure 2. Each module is a closed sequence of commands which performs a specific task within the programme and operates independently of the other
modules.This makes it unnecessary to install all modules for every software user.It
was appropriate to adopt such a solution because not all users use all modules.For
example, advisors who collect data from farmers only use the module for inserting
and controlling source data (DOG), which makes the installation of other programme modules unnecessary.
The rights for users of individual modules have been strictly defined; the system
differentiates between rights for advisors, coordinators, and for the IAFE-NRI.Within
each module, each user is required to select an appropriate authorisation, relevant to the
task performed. Depending on the module, the following rights have been defined:
administration, data entry, generation of acceptable values (ranges), data aggregation,
creating databases.
The solutions presented guarantee an easy use of the programme and organisational order.They eliminate the risk that a user makes undesirable changes
through a module that is not their area of competence. Thus the software ensures
security and reliability.

Figure 2. Structure of the programme

The ZAK Module.Through this module, ranges established every year for the
activities studied are entered at the level of the IAFE-NRI. The ranges are acceptable
value ranges for parameters that describe individual activities. These include acceptable activity codes, VAT rates in line with applicable law, upper and bottom formatrelated brackets, as well as minimum and maximum ranges specified for a number of
features (variables) of each activity, e.g. minimum and maximum crop or the use of
different animal feedstuff per dairy cow.
The ranges are necessary for controlling the quality of source data fed into the
system. Their particular types are used in the subsequent stages of verifying data
correctness. The ranges are established or updated exclusively at the IAFE-NRI,
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and no unauthorised person may influence their definition and modification. Files
with up-to-date information for a given year are sent to coordinators to be entered
into the programme at the level of the accountancy office.Threshold values for
particular variables are specified in cooperation with experts from various institutions and agricultural universities, as well as on the basis of feedback directly from
the farms where surveys are conducted.
The DOG Module. This module is used by the advisor, who is the operator.It
allows for feeding into the programme the source data from forms collected on
farms. The data entered are then subject to control. After eliminating critical errors
which block further verification of data correctness, the data undergo several stages
of control. They are also checked against links between the activities of animal
production and non-commodity crop production. Through the DOG module, the
advisor is able to modify erroneous data, and then files with accurate data are sent
to the coordinator in the accountancy office.
The AGR Module. This module is used by the coordinator in the accountancy office, who controls the files with data sent by advisors once again. Then the
data are aggregated. Aggregation is a process of processing data through which, on
the basis of calculation algorithms, particular variables that describe the activities
studied are generated from the source data entered into the programme. Aggregated
data are sent to the IAFE-NRI for further control and processing.
The TWBAZ Module. Through this module, output databases are created for
particular activities at the IAFE-NRI, which receives the data from accountancy
offices and is the only user of this module.Three types of databases are created, i.e.
for commodity crop production, animal production and the related non-commodity
crop production. Databases are created on the basis of aggregated data received
from coordinators. It must be noted, however, that each data set is additionally
verified at the IAFE-NRI, independently of control carried out in accountancy offices. Some data are also compared with records in the Polish FADN database. The
TWBAZ module also allows for creating reports from data controls carried out
earlier at the accountancy office.
3.2. Data quality control
Every well-designed and properly operating computer programme should be
equipped with a system that controls the correctness and quality of collected data.
Also the AGROKOSZTY system software is equipped with relevant verification
tools. Data correctness control is carried out on multiple levels, i.e. at the level of
the advisor (the DOG module), the coordinator at the accountancy office (the AGR
module), and at the level of the IAFE-NRI (the TWBAZ module), thus ensuring
a high quality of data that describe particular production activities. It must be noted,
however, that in fact data are verified already on site, i.e. at the agricultural holding
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advisors who work in the field and contact the farmers directly, ensure the reliability
of data even before the latter are entered into the computer programme.
The process of control is composed of four stages, and its course is facilitated by
a testing programme which comprises numerous tests to check the data. At each stage
of control,there may be errors ofvaried significance, i.e.:
critical errors that preclude control at a subsequent level,
warnings, which allow for conducting control at subsequent stages when ignored
or clarified as to their cause.
Stage 1. The input is controlled for completeness and compliance with relevant
format ranges. At this stage, also the logical links between animal production and
non-commodity crop production are controlled.
Stage 2. At this stage of control, the values processed by the programme are
checked whether they fit in the acceptable ranges. This is done using the minimum
and maximum ranges established for specific variables. Considering the number of
ranges and the number of activities involved in the study, several thousand ranges
may be fed into the system every year.
Stage 3. This involves a comprehensive control module for animal production activity which employs tests that verify the use of different types of feedinstuffs per
animal and per 100 kg of net livestock production.
Stage 4. The purpose of control is to check the compatibility of selected data collected in the AGROKOSZTY system against data from the Polish FADN. At this
stage, control is only carried out at the level of the IAFE-NRI.
All stages of control end with generating an error report.Erroneous data are corrected, and when the ranges exceed the thresholds adopted yet the data are consistent
with the actual situation on the farm, it is possible to accept them. However, a comment is necessary then to explain the causes of the event. Accountancy office employees involved in research within the AGROKOSZTY system have organisational
and expert support guaranteed, which enables them to contact the IAFE-NRI team
through the Internet platform www.agrokoszty.pl.
4. Possible application of information generated within the AGROKOSZTY
system
The AGROKOSZTY system databases generate cost and income reports for
production activities. These may be generated according to different criteria for the
aggregation of specific variables and contain data with a degree of detail that depends
on the needs of recipients.
Reports are also prepared for the farmers who participate in research. These include the results of activity in a given holding as compared to the results for the same
type of activity in individual groups of holdings. On their basis, the farmer and the
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consultant that cooperates with them may recognize the strengths and weaknesses of
production that is subject to evaluation and analysis.
The results of surveys of production activities are a valuable decision-making
tool for the farmer, a self-employed entrepreneur who constantly makes decisions
regarding production and organisation that are often laden with risk. The greater the
access to information that facilitates making more suitable decisions, the lesser the
risk. Farmers have no influence on the changes in prices of agricultural products.
They can only analyse the changes that occur and make appropriate decisions, and to
a great extent their effectiveness depends on the knowledge they have. Costs play
a significant role as well, and their impact on the final financial result (income) is
considerable; in addition, they are a category influenced from within the holding and
thus depend on the farmer. This forces the farmer to obtain information about cost,
and – more importantly – forces them to take action to manage the costs.
Thus, in the production process the farmer is constantly accompanied by economic calculation – this consists in analysing the profitability of the activity conducted, i.e. in putting together the costs and effects of each of the available options,
comparing them and choosing the best one.
Three levels may be distinguished in economic calculation for agricultural
production activities in terms of the purpose the information generated is meant to
serve. Categories of income have been adopted as determinants for those levels, i.e.
gross margin, income from activity and income from activity for management – see
Figure 3.

Figure 3. The formula for calculatingparticular categories of income for production activities
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The first level of calculation is represented by the gross margin. That category
makes it possible to correctly evaluate the competitiveness of production activities,
as it includes the value of output obtained and strictly defined direct costs incurred. If
the calculation takes account of the change in the prices of the means of production
and prices of agricultural products, then the calculation will refer to the future and
allow for establishing the effects of changes on the farm.Calculating the gross margin
may help the farmer in making various decisions, e.g.:
the choice of activity and line of production, i.e. what to produce?
specifying the volume of output, i.e. how much to produce?
the choice of the level of production intensity, i.e. how to produce?
A second level of economic calculation is income from activiy, which is the
margin obtained by deducting both direct and overhead costs from the value of output.
This category is suitable for evaluating the results of production activities in the longer
term, assuming that the farm’s production capacity is maintained at the same level.
One must add that it is not the absolute values that are significant, as those may be
treated with some caution; rather, it is the direction of the changes that take place.
Calculations correctly show the tendencies in changes over time, e.g. the increasing or
declining profitability of production.
The third level of calculation is income from activiy for management. It is an
economic category clear of all costs of production, referred to in the literature as economic cost [5]. That income reflects the margin left to the farmer due to engaging their
own knowledge, experience, entrepreneurship and management skills in the production
process. Income may take a positive or negative value. Negative value proves that
economic cost was not covered entirely. Farmers may continue to produce below economic cost, yet they will not be able then to reconstruct their own capital when it wears
out, nor to achieve return on their own factors of production.
The results of economic calculation for production activities may be used in
a variety of ways and on a wide scale, depending on the goal defined. Analyses point
out phenomena and dependencies that are important from the perspective of the profitability of production, but also from the perspective of environmental protection and
the quality of products. They even indicate the supremacy of the technology that involves less intensive farming.Research has shown that lesser outlays for the means of
production contribute to a better use of land resources and its natural fertility, but
also of labour and tangible assets [7]. Research results prove that high intensity does
not ensure the highest crops or income [2, 8].
Analyses carried out on the output database for production activities allow, inter alia, for:
establishing the competitiveness and labour-intensity of production,
calculating unit costs of producing agricultural products, as well as the income that a farmer may obtain from a particular line of production,
establishing factors that determine the level of income,
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evaluating the impact of Common Agriculture Politic (CAP) mechanisms on the
economic performance of agricultural products,
performing various types of production and economic analyses.
Yet another way of using AGROKOSZTY system data is in short-term forecasting
of costs and income, as well as in medium-term forecasts. There is a change in the
focus of calculation from retrospect to future and anticipatory orientation. With the
use of regularities observed in the past, short-term cost and income forecasts as well
as medium-term forecasts are prepared for particular agricultural products [6].
Cost calculation is yet another use of databases, and it allows for process management [1]. Management then focuses e.g. on eliminating unnecessary actions that
entail specific costs without adding value. Cost management based on the processoriented cost calculation means making constant decisions on which processes to
wind up and which to develop from the perspective of obtaining income [3]. Such an
approach allows for assessing the real effectiveness of resource management and
specifying the costs of resources that have not been employed. The concept was developed in the United States towards the end of the 1980s.Over the years it has become popular also in Europe and in Poland. Although it is more widely used in other
industries, there have been attempts in recent years to apply it also to agriculture.
Cost calculation as a tool of management accounting is meant to inform rational
economic decisions. Access to precise and timely information on the costs of pursued
activity is a starting point for both operational and strategic decisions. The modern
(creative) management of the farm, based on knowledge, imagination, as well as
creativity and courage, should be supported by reliable information. Information,
treated as a strategic resource, should reduce the level of uncertainty involved in the
decisions made, facilitate developing contacts with the environment, support the
processes of change and provide advantage over competitors.
Publications, expert opinions and diverse studies on the costs of producing agricultural products and income obtained from them have a wide audience. They are
used by farmers and agricultural advisory services, decision-making centres that
shape agricultural policy, universities and various scientific establishments and
other institutions. Research results are an important premise in making various
economic decisions, and the details they provide allow for explaining the changes
observed.
5. Conclusions
For any type of activity, pure expertise becomes insufficient when faced with the
economies of scale. Collecting historical data has become important so that future developments may be predicted with greater probability. Databases, data warehouses and
other systems for managing data have become so common that today it is difficult to
imagine someone making management decisions without taking into account the his326

torical information. However, the exploration of knowledge that comes from the data
must be based on reliable sources. Agriculture is a field where the reliability of information provided is particularly significant for the development of the farm or for state
aid to agriculture. Unfortunately, the process of collecting agricultural data is very
arduous and costly. Human knowledge is the main source of information supplied.
Then, when the data have been obtained, they must be verified and systematised accordingly. The paper presented the whole process on the example of a system for the
collection of agricultural information that is already operative. It also presented the
possible uses of information collected.
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1. Introduction
The Management by Objectives (MBO) theory was developed and popularized in the mid fifties of the last century by Peter Drucker [5]. Through decades of
practice MBO system has been evolving dynamically driven by current needs of
the organizations using it, however its basic principles are still valid. Classic literature provides many studies, covering also polemics between supporters and opponents of MBO (see in [4], [6], [7], [11], [12]). Nowadays most large organizations
use centralized MBO model - based on setting ambitious but achievable strategic

objectives for entire organization and subsequent cascading them down the management structure, starting from Top Management down to the non-management
staff (so called top - down approach). Interesting approach to MBO system implementation can be found in a study of D. Mc Conkey [8].
Properly designed and fully implemented MBO system not only increases
motivation of the staff, but also effectively supports achievement of strategic goals
of the organization. It enforces efficient and accurate planning of resources and
activities, helps to focus attention on tasks crucial from the perspective of the enterprise as a whole, improves transmission of superiors’ expectations to subordinates and facilitates their subsequent enforcement. It also extorts cooperation between interdependent or internally competitive organizational units and has a substantial impact on the Management Information System’s (MIS) efficiency (clearly
defined individual responsibility scopes supported by a formal delegation of accurate powers and bonus system become strictly complied in day to day business
routine). Constant monitoring of performance makes MBO an excellent Early
Warning System, that enables management immediate detection of threats in the
budget execution at any level of organization and consequently taking corrective
steps to assure achievement of required results. One of the key benefits of the
MBO, however, is more fair (because based on pre-defined, clear and objective
criteria) annual appraisal of employees that influence directly their annual bonus.
Feeling of participation in decision-making created by the MBO significantly
strengthens employees’ motivation and creates among them belief that while performing works for the company they fulfill their own aspirations.
2. Conditions for MBO implementation in the bank
MBO system, as applied by banks, frequently has greater impact on the behavior of employees than the direct instructions issued by their superiors. In order
to assure full utilization of its potential, the system should cover next to the delegated tasks also the aspects of their self-initiation by the MBO participants.
Information system in a large financial institution is usually quite complicated, because it consists of a number of IT tools dedicated to specific functions maintained by fully independent teams. A multitude of systems often leads to inconsistencies in their data processing methodologies and, consequently, different evaluation of the same operations. Therefore, to ensure effective measurement in area
covered by MBO, most elements of the MBO model should be based on central
MIS information structures, which usually combines comprehensive financial ac329

counting data with detail measurements of management accounting. Key Performance Indicators (KPI) used by MBO are obviously based on various measures. To
ensure their comparability and additivity at different levels of the organization,
their so-called normalization is advised (e.g. their values converted into degree of
budget realization – expressed as a percentage or more common - in points).
In modern banking vast operational processes are still managed within historically shaped functions (e.g. Sales split by customer class: corporate, retail and private, independent risk and separate back office / support units), however, processes
performed by non-business units are more and more often running entirely regardless the basic governance structure. As examples may here serve units dedicated to
specific customers (e.g. requiring communication in a specific language), units in
charge of certain distribution channels (Internet, Call Centre, Indirect Sales network), or specializing in development and management of products (e.g. Consumer
Finance, Mortgages, Customized Corporate Banking Products), etc. Fully implemented MBO system should take into account not only existence of these responsibility centers and their impact on various areas of business but also formal and
informal relationships between them.
Typical MBO model covers a few thousand job positions - broadly defined
management and sales staff. Responsibility for maintenance of MBO process is
normally shared (as per competence) between several business support units, e.g.:
Business Controlling Units (in charge of setting KPIs, budget allocation
among the subordinate organizational structures and communication with
the participants of the MBO system),
HR Division (in charge of legal regulations underlying the system, maintaining personal information and payout of MBO bonus),
Finance Division responsible for the MBO as a whole (e.g. coordination
of all sub-processes related to MBO and ensuring the correct and fair
translation of the Bank's task into individual KPI sets of its employees).
3. Functional design of MBO application
3.1. Basic requirements
To ensure smooth operation of the MBO, its support by IT tools is required.
MBO is a process running along and across the basic organizational structure of the
bank and has to deal with many conflicts of interest between internal units (potentially mitigated by MBO targets – see [9], [14]). Classic MIS is not always able to
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provide all the information required by the MBO. Therefore, the MBO Application
should be on hand flexible enough to quickly and easily adopt the changes in the
organization and on the other hand rigid enough to strictly enforce on MBO process participants obedience to predefined system policies and schedules. Its design
should limit claims of highly influential managers on changes to the MBO system
itself dictated by their particular short-term interests. The Application should offer
to each group of its users a full feasibility for performing their MBO related roles
while fulfilling all the technical requirements for data security.
3.2. Model description
MBO covers all workers employed on a basis of management contract. An integral part of the above agreement (called “technical note”) is renewed annually
and includes a set of ca. 5 objectives measured by specific KPIs valid for a given
reporting year. KPI values are a part of management reporting provided either individually to the employees concerned (personalized information) as well as to the
Bank's organizational units (information free of confidential data) by the central
MIS on a monthly basis, which allows managers to assess the effectiveness of performance and immediately respond to potential adverse trends. The same MBO
plays a role of a classic early warning system. The final settlement of technical
notes is made after closing of annual accounts and directly sets the amount of the
individual annual bonus payable to each employee covered by MBO.
3.3. MBO process flow
Within the MBO process one can distinguish two groups of sub processes:
System-related processes that define the process itself (Setup of technical
parameters, Review of KPIs used in performance evaluation, Determining
business positions) or adopt MBO to changes in the organization (Update
of responsibility structures and employment data of MBO note holders),
Operational processes associated with MBO cycle (Determination of KPI
sets for business positions, Budget decomposition, Issuing technical notes,
Performance monitoring, Annual settlement and Appeal consideration).
Due to the timing of operational processes shaped by their strong dependency
on external processes (budgeting, external reporting) MBO process begins in September of the year preceding the reporting year and ends in September of the year
following the reporting year which means a full process cycle of 25 months. The
MBO Application must therefore simultaneously support three separate databases
possibly operated under different rules each. Issues above are shown in Figure 1.
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Setup of MBO System Parameters

Setup of Business Positions
Setup of KPI sets

Issuance of Technical Notes

MBO Performance Monitoring

MBO Annual Settlement

MBO Appeal Consideration

Following Year
MBO Process

Setup of Performance Standards

Current Calendar Year

Uptade of organizational structures and
personal data of employees on MBO

Previous Year MBO Process

Renewal of KPI Bluebook

Current Year MBO Process

Figure 1. MBO Cycle Overview

The primary role of MBO Application is to provide an efficient, reliable and
secure exchange of information between participants of the MBO process. Given
its role of Decision Support System (DSS) played for Top Management it should
produce ready for use executive reports in widely recognized format (e.g. powerpoint presentations).
3.4. MBO data flow model
Design of MBO Application should derived from identified decision-making
points in the MBO System and the actual flows of information between them. To
reflect diversity of roles played by and access to data granted to MBO process participants, the Application should offer its users personalized interfaces and ensure
very restricted access to confidential data.
MBO system parameters are determined at the strategic level, often involving
top management. They create a quantified framework within which the Application
collects, processes and provides the data to each participant of MBO process. It is
worth to highlight, that the Application may support the exchange of information
between the key players at the stage of determining and approving chosen system
parameters.
Typical flow of information and, consequently, the adoption of the basic parameters of the MBO system for a given year is shown in Figure 2.
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Settlements

Business Strategy, Financial
Performance

Best Practices and Past
Experience

Determinants of MBO System Parameters
Business Controlling
Departments

Finance Division

HR Division

Management Board

MBO System Parameters for a given year for MBO Application Setup
KPI-related

Process-related

System-related

•List of single KPIs available for
MBO
•Rules for technical note
composition

•Responsibilities of MBO process
participants /access rights
•Process Schedule

•Detailed performance assessment
guidelines
•Detailed Bonus Calculation
Algorithms

Figure 2. Set-up of MBO System Parameters

MBO KPI directory (so called “Bluebook”) contains a set of macrodefinitions
ready for use in KPI calculation by a central MIS. Every year new KPIs may be
added to the directory and existing KPIs may be modified as per current business
needs. MBO Application must assure here smooth exchange and versioning of
information and enforce timeliness of decision-making to allow time for required
technical modifications to central MIS before the new MBO cycle starts. Typical
flow of information aimed at renewal of MBO KPIs directory is shown in Figure 3.
Determining the typical responsibility scope of individual employees for the
processes running often irrespective of the basic organizational structure is a basis
of management accounting reflected in MIS. For MBO Application, however,
business position (i.e., homogeneous group of employees performing essentially
the same tasks on individual responsibility centers (e.g. portfolio of customers,
branch, geographic region, product group, etc.)), is only a parameter used in technical notes issuing, hence they are determined outside the Application.
Having the business position defined, as a next preliminary stage of the cycle (See
in [10]) MBO Application supports their enrichment with KPI sets (and weightings), which constitutes a base of synthetic KPIs (kept as a performance measure in
central MIS and analytically shown in a technical note). Similarly to Bluebook
renewal stage MBO Application must support here smooth exchange and versioning of information enforcing timely decision-making to allow time for technical
modifications to the central MIS before the new MBO cycle starts. Typical flow of
information at this stage is shown in Figure 4.
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Business Controlling
Departments

HQ Senior Management
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MIS Department
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Publishing updated KPI Bluebook (a list of KPIs
available for current year performance appraisal)

Delivery of historical values for New KPIs in current MIS
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Figure 3. Renewal of KPI Bluebook
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Governance

Responsibility Scope of MBO
Participants

Translation into desired Sets of KPI for each Business Position Identified
KPI Bluebook and
Business Position
Dictionary

Business Controlling
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Implementation of Agreed
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Finance Division

Compliance

Management Board
/Approval for Key Business
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Figure 4. Setup of KPI sets

Next stage in the MBO process, decomposition of the Bank's budget (see [3])
expressed as KPI standards for all the identified responsibility centers, emphasizes
the need for integration of MBO module with central MIS. MBO Application sup-
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ports here only final verification of the already accepted standards. This phase is
shown on diagram in Figure 5.

Past Performance

•Update of responsibility
structures as per current
business model
•Recalculation of past years
KPI database for all the
indicated responsibility
centres

MIS Department

Annual Budget

Business Controlling
Departments
•Cascading the budget
down the Responsibility
Structure and translating it
into Performance
Standards for KPIs
•Upload of Performance
Standards into MIS

Performance
Standards for KPIs

•Verification of the
Performance Standards in
MIS
•Setting tresholds
deviation from Budget
indicated in MBO System
Parameters

Finance Division

Figure 5. Setup of Performance Standards

The next stage of the cycle - issuing technical notes – requires from MBO
Application purely technical combination of data and parameters from central MIS
and HR systems as well as their distribution in predefined form (tables and official
technical notes) for acceptance among MBO participants. As annual targets are
accepted according to waterfall model applied on basic organizational structure, the
crucial functionality of MBO application at this stage, next to assuring timeliness
of the process and providing feedback on the status of individual notes, becomes
proper authorization of acceptance. These relationships are illustrated in Figure 6.
MIS
•MBO System Parameters
•Performance Standards for Responsibility Centres
•KPI Sets for Business Positions

Business Units

HR Division
•Personal and Employement Data
of MBO Participants
•Individual Bonus Amounts*)

Finance Division
MBO Techical Notes

•Approval of tTechnical Notes by
Direct Supervisors
•Acceptance of Technical Notes by
Employees

*) Data confidential

Figure 6. Issuance of Technical Notes

MBO performance is monitored on a monthly basis. KPIs are reported both in
their base and standardized form as components of synthetic KPIs (personal reports
for employees and per business unit in MIS). Next to the functionality of information sharing the MBO application (its analytical module) should enable creation
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additional queries to the central MIS’s KPI calculation modules that based on selected criteria in safe interaction with HR systems allow for producing forecasting
scenarios and multi-dimensional analyzes of performance (see Figure 7).
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MIS

•Basic KPIs
normalization
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Personalized
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Financial
Analysis Module

HR Payroll
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*) Data confidential

•Scenario Analysis on expected
performance as at the end of
reporting year
•Forecasting expenses due to
future MBO payouts
•Detailed current performance
analysis as per Responsibility
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•Analysis of the Effectiveness of
the MBO system

SR MGT
Presentation
•Executive Summary
to support
Estimation of MBO
Cost Provision

Data bases
/ extracts
•Sharing Results with
Business Controllings
to take any
corrective actions

Figure 7. MBO Performance Monitoring

Annual MBO settlement also highlights the importance of close integration of
the MBO tool with central MIS. KPIs dedicated personally to chosen employees
(mostly qualitative – see in [2], [13]) which were not monitored via MIS during the
year are collected using the information exchange facility of MBO Module by the
Central MIS, where synthetic KPIs are adjusted accordingly to supply back the
MBO Application with settlement data, which a safe interaction with HR systems
generates and provides the employees with the final MBO settlement. Data flow at
this stage slightly differs from the monthly monitoring solution, what is illustrated
in Figure 8.
After receiving the settlement report employees are entitled to the challenge.
Appeal handling should be fully supported by the MBO Application, which at this
stage helps to authorize and exchange information. The appellant and the successive participants of the Appeal process can, and even should attach to the standard
appeal form data obtained from external sources (including scanned documentation
in generally recognized format) to allow comprehensive consideration of the appeal. Business Controlling Units (within the agreed scope) and Financial Division
(without limitation) while considering appeals may use MBO analytical module
that allows access to the settlement of KPI for indicated unit in a breakdown to
individual transactions (depending on the gradation data provided by the central
MIS for this KPI), which in many cases allows complete consideration of the ap336

peal without the need of full verification of MIS data warehouse. Consideration of
the appeal results in an automatic response to the appellant and, if justified, corrected payroll passed to HR. The model of Appeal Consideration process is shown
in Figure 9.
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year closing to MIS

MIS

•Personal and
Employement Data of
MBO Participants

HR Employee Portal
•Measurement of
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qualitative KPIs

MIS

•Calculation of Basic
KPIs per Responsib.
Centre

•Normalization of Basic
KPIs per Employee

Senior
Management
•Delivery of individual
employee KPIs'
settlement to MIS

MIS
•Calculation of
Synthetic KPIs per
Employee

HR Payroll
Systems

MBO
Deployment Module

•Individual
Bonus
Amounts *)

•Production of
Settlement Reports

HR Payroll
Systems

HR
Employee Portal

•Payout of
annual bonus

•Publication of MBO
Settlement Reports
among employees

*) Data confidential

Figure 8. MBO Annual Settlement
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Portal
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the Appeal Process

•Sign-off of Settlement Report or Placement of Appeal
Employee and •Initial Review and Validation of the Appeal

Supervisor

Regional
Managers

Business
Controlling
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•Review and Validation of the Appeal by Heads of Business and HR
in Region
•Rejection of Appeals considered unjustified

•Verification of the Appeal from the procedural, data quality and
business perspective
•Providing additional written analysis or docummentation if
required
•Rejection of Appeals considered unjusified
•Verification of the Appeal from the procedural, data quality,
business and financial perspective
•Full scope analysis of the issues raised in Appeal
•Final opinion on Appeals (or when required - submission of
Appeal to the MBO Committee for final decision)

HR Employee
Portal
•Appeals are formally
answered by HR Division:
•Appeals considered
unjustified at any stage are
automatically withdrawn
from further consideration
•Appeals considered justified
by Finance or MBO
Committee are answered
and claims resulted from
them paid at the closing of
Appeal Proces

MBO
Committee
•Final Decision on Appeals
concerning non-standard
issues that are beyond the
competence of Finance
Division

Figure 9. MBO Appeal Consideration
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4. Conclusion
Functional requirements towards MBO supporting tool covered by this study
were drafted for a commercial bank, however they seem to be general enough to be
perceived applicable for any financial institution. Continuous developments in
information technology promote both progressive integration of information systems and successive elimination of paper documents (or their substitute – large
e-mail attachments) from organizations culture.

HR Kiosk
•Extended for MBO Area

MBO Analytical Tool
•Forecasting Scenarios
•Performance Analysis
•System Statistics

MBO Repository
•Process History (for Audit)
•Past years (5Y) Data incl.
Transactions' Details

DATA & Information Area

•Basic KPIs
•Normalized KPIs
•Synthetic KPIs

•Technical Notes
•Monthly Monitoring
•Annual Settlement
•Appeals

(covered by Central MIS, HR Systems and other)

KPI Calculation Engine

(e.g. Documents and data authorization
and sharing, Process Control: Scheduling
and Prompting )

Documentation
Engine

MBO Process Management and Conrol

MIS PROCESSES

(e.g. Source Data Collection, Non-MBO Reporting)

CENTRAL MIS

Figure 10. Key Components of Central MIS’s Functionality Supporting MBO Processes

Implementation of advanced management systems based on complex theoretical solutions (including MBO) requires its well-organized support by respectively
modified IT environment. In our experience, the biggest obstacle and difficulty
here is next to the proper design of linkage between created for different purposes
semi-integrated systems (multidimensional integration of information), frequent
reluctance of managers towards full transparency (that is striving to maintain full
control over supervised area by blocking effective flow of information to achieve
own particular goals). Overcoming these difficulties and full implementation of IT
support for MBO system dramatically increases efficiency of this tool in business
management. Thus, dedicated IT support (among others MBO Module being integral part of the central MIS) should assure timeliness of decision-making process,
increase transparency and reliability of supported processes, ensure data quality
control and proper audit trial in MBO performance planning and measurement
(values and points for each KPI). A concept of extending a central MIS by such a
functionality is shown in Figure 10. Particularly important component of the pro-
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posed solution is the computerized process of supervising and documenting the
flow of all documents related to the annual reconciliation, authorization and settlement of technical notes. Another important element is the MBO repository, which
should contain all the necessary business documentation and detail accounting data
structured by historical data management models valid in a current and past years
(for the period required by the legislation of the country concerned). However, all
the documents and information, necessary for the individual MBO process participant should be obtained via the HR Kiosk. This means that in case of doubt as to
the value of a chosen KPI delivered by MIS, user’s claim may be redirected accordingly, e.g. to the BI platform, where one can check detailed data used to calculate KPI value presented in the document.
Commercial banks in Poland are reluctant to share information both in terms
of the wider implementation of MIS and advanced management techniques as their
successful implementation gives them a competitive advantage. Therefore, such
information may be obtained almost exclusively during local conferences of young
scientists (see [1]), or at conferences organized by the worldwide suppliers of IT
solutions for its users. Anyway a key success factor in each case of implementation
is on one hand assuring consistency between factual processes (business and support) running across the company and their reflection in IT infrastructure under
implementation and on the other hand convincing people (especially line employees and middle managers) to the benefits of its implementation.
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