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ICT ADVANCEMENT INDEX FOR ENTERPRISE EVALUATION
CEZARY BOLEK, AGNIESZKA GRUDZIŃSKA-KUNA, JOANNA PAPIŃSKA-KACPEREK
Department of Computer Science, University of Lodz

The article aims the conceptualization and operationalization of the sophistication of ICT use at firm level focusing on selection of indicators and
measurement methods. Due to complexity of ICT implementation and adoption process, for constructive and detailed assessment, it is necessary to get
many indicators analysed. However multi-indicator approach can be unintelligible for non-professionals. Therefore, authors have decided to employ
composite indicator that can be synthetic form of enterprise ICT advancement measure as well as evaluation and comparison tool.
Keywords: ICT advancement measures, composite indicator

1. Introduction
Information and communication technologies (ICT) are widely used by organizations to enhance their competitiveness defined as ability to adapt to variable
environment and to react quickly enough to the changes. Presently, solely assets
and resources availability can be considered as insufficient to conduct business –
there is a need for effective and efficient system that handle them in more productive way then the competition. Such a system can work only within ICT environment. Strategic advantage however cannot be achieved by simply deploying new
technology. Application of ICT tools and further, their use and adoption in enterprise is multi-dimensional and complex process based on the combination of information technology and advanced management. It appears that sophistication of
ICT use indicate higher overall enterprise value and its attractiveness to potential

partners and investors. Moreover under current conditions of economic downturn
when enterprises consider cutting back on capital expenditure and delay systems
upgrades, assessment of their own computerization status quo would support them
in drawing up the correct strategy. When seen in this light developing of quantitative measure of ICT advancement for evaluation purpose seems to be justified.
Due to its complexity, ICT implementation and adoption process is difficult to
measure. It is necessary to get many indicators analysed for constructive and detailed assessment. The article aims the conceptualization and operationalization of
the process focusing on selection of indicators and measurement methods. However multi-indicator approach can be unintelligible for non-professionals. Therefore
authors are going to employ composite index that can be synthetic form of enterprise ICT advancement measure as well as evaluation and comparison tool. Main
difficulty in constructing final indicator is to make it universal, independent of such
enterprise properties as size, capital, economic activity, line of business etc. on the
one hand, and technology and enterprise information systems evolution on the other. As a result, considering factors mentioned above, appropriate selection of key
sub-indicators forms the article main issue.
2. Measuring of ICT at firm-level
Measurement of ICT stems from the studies conducted on information technology impact and value since late 70s of 20th century. Researchers have adopted
diverse conceptualizations of ICT artefacts extending beyond hardware and software to include range of contextual factors associated with its application within
organizations. Early studies were focused on justifying IT investments. Intensity of
IT investment was usually measured by variety of ratios based on expenditures on
computerization and financial performance indicators (e.g. turnover). Latest indices
take into account ratio of IT spending against not only revenues but also operating
expenses to get a more accurate measure of spending level than in the traditional
approach.
Another dimension of ICT value is its capability defined as ability to mobilize
and deploy IT-based resources in combination with other resources and capabilities. This resource-based view of the firm argues that value of IT may depend on
how IT is managed in conjunction with the others factors. IT creates competitive
advantage by leveraging pre-existing complementary human and business resources, and valuable scarce resources such as knowledge, reputation, organizational culture etc. [4]. ICT impact and value can be also evaluated from the information system success perspective. Drawing on previous studies Gable presented a
measurement model of enterprise system success. The model employs 27 measures
of the four dimensions: information quality, system quality, individual impact, and
organizational impact [7].
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Success of any IS cannot be achieved without engagement of all stakeholders
from top management to everyday users. ICT adoption/acceptance is a multifaceted
construct that affect sophistication of ICT use. It has been widely researched in
various contexts. Users’ attitude towards taking up word processors, spreadsheets,
electronic mail, database applications or LANs was examined in 80s, when their
usefulness was not so obvious as today. Studies on the adoption of ICT have employed range of models including Theory of Reasoned Action (TRA), Theory of
Planned Behaviour (TPB), Technology Acceptance Model (TAM), Motivational
Model (MM), Model of PC Utilization (MPCU), Innovation Diffusion Theory
(IDT) and Social Cognition Theory (SCT) and Unified Theory of Acceptance and
Use of Technology (UTAUT) [15].
ICT measures are used in different combinations to assess current status of
ICT development at national or firm-level. They are analysed separately [13], [3]
or constitute composite indicator.
3. Composite indicators
Composite measures are frequently used in quantitative research dealing with
complex concepts that have no clear and unambiguous indicator. In such a case it is
difficult for researches to develop single indicators before they actually do study –
measurements have to be based on more than one data item that give a more comprehensive and more accurate indication. But manipulation of several or even about
a dozen data items simultaneously could be complicated. Therefore quantitative
data analysis has developed specific techniques for combining indicators into a
single measure. Index (sometimes referred to as composite indicator [12]) rankorder the units of analysis in terms of specific variables. It allows for datareduction, summarizing and obtaining some more general dimension [1].
Composite indicators are very common in economic and business statistic.
They are used for measuring such multidimensional concepts as competitiveness,
sustainability, quality of life, information society etc. They are useful in identifying
trends, setting policy priorities and in benchmarking and monitoring performance.
The number of indices in existence is growing year after year (there are currently
more than 600 composite indicators developed by international organisations).
Proliferation of composite indicators is associated with their medial attractiveness
and easiness of use [12].
Index construction process involve some judgement: the selection of subindicators, choice of model, weighting indicators and treatment of missing values
etc. Arbitrary decisions can lead to miscalculations and pose the risk manipulation.
Composite indicators may oversimplify the reality treating in equal measure phenomena or objects that need additional distinction (e.g. developed and developing
countries, small and large enterprises).
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As far as sophistication of ICT use is concerned there are numerous studies
employing composite indicators. They pertain to different aspects of ICT development at international, national, regional and in the end firm-level. International
(International Communication Union, World Bank, United Nations Agencies) and
commercial organisations (Word Economic Forum, International Data Corporation) have developed the most popular indicators such as ICT Development Index
(ITU), ICT Diffusion Index (UNCTAD), Networked Readiness Index (WEF),
Knowledge Economy Index (WB) [14]. Their studies covers hundreds of countries
and indices comprise up to hundred items. They predominantly assess ICT infrastructure, its availability and use, but some of them have more holistic objectives
[8]. Comparative analysis of many indices with regard to different domains and
other criteria can be found in literature [2], [13], [8].
Particular researchers have used composite indicators to measure ICT development in their countries or regions [9], [10] to examine ICT impact on firm efficiency [11] and its interrelation with enterprise features [5], [6].
Recently it can be observed growing interest in employing indices for enterprise assessing. Some studies have put forward evaluation index models and tested
their validity through the application example [16], [17].
4. Operationalization of ICT advancement
Main difficulty in constructing final indicator is to decide what items should
constitute it. Due to the complexity of computerization process it is necessary to
analyze many factors to guarantee constructive and thorough evaluation. This
chapter discusses different aspects of enterprise ICT development.
Enterprise information systems have rapidly evolved over the last decade.
Basic transaction processing or office support systems no longer provided strategic
advantage to organizations. It could only be derived from close integration of ICT
with business processes. This triggered the need for system that could control all
major business processes (e.g., sales, accounting, finance, human resources, inventory and manufacturing) in real time via single software architecture on a client/server platform. Traditionally, enterprise information systems were limited in
their support for intra-organizational business processes, but global markets and
competition have forced companies to operate in a physically distributed environment. Therefore enterprise software is expanding its scope to link the enterprise
with suppliers, business partners and customers to build an integrated supply chain.
On the other hand growing popularity of various forms of outsourcing can be observed. They include hosting infrastructure (IasS) and/or software delivering as a
service (SaaS) by external providers and are often referred to as cloud computing.
Taking into consideration aforementioned trends authors have decided to embrace five dimensions of enterprise ICT advancement: computers and networks,
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database content and integration, enterprise ICT users, internal enterprise communication, digital security and last but not least IT expenditures.
Computers and computer networks
Demand for hardware depends on the profile of business activity and size of a
company. Moreover it is subject to enterprise strategy. Firm can maintain its own
computer infrastructure or it can employ one of the cloud computing services model. Thus more meaningful than the absolute number of devices considered as a
computer (servers, desktop computers, notebooks, PDAs, smartphones) that company owns, is its relation to the other variables such as number of employees or
range of usage. Computers interconnection is foundation of enterprise systems
integration and resource and information sharing. Company’s internal network
does not have to (and perhaps in some cases should not) be directly connected to
the Internet, but it can use Internet protocols to build intranet and extranet.
Internet use is also one of the main indicators of this dimension. It ranges
from simple presence on the Web to the participating in integrated supply chains
and e-commerce. At the basic level it is an access to company information via a
website, a social network site or auction portal. Than it comprises Internet marketing (including search engine marketing) use to promote enterprise products and
services. However with regard to ICT advancement it seems to be more important
what electronic services the company offers to its customers and business partners
and which services it uses itself; particularly those related to electronic transactions
(automated order placing and receiving) and exchanging of information with suppliers and/or customers in order to coordinate the availability of products or services to the final consumer.
Manually typed e-mails are excluded as they require checking the warehouse
and answering and thus cannot be processed automatically.
Although usage of e-administration services is examined in many reports (e.g.
GUS and Eurostat) authors initially have questioned its relevance. On one hand in
many countries some electronic services such as e-filing or sending statistical data
are mandatory for all or exclusively large enterprises. Additionally they exploits IT
tools offered by public authorities. On the other hand willingness to use optional eadministration services evidence the adoption of this form of administrative procedures and in consequence certain level of ICT advancement.
Database content and integration
For many years enterprise information systems have been mainly grounded on
database systems. Since the database architecture is frequently outcome of enterprise systems evolution it is not considered as a determinant of ICT advancement.
Authors suggest examining database content and the presence of integrated system
instead. Coverage of business fields by stored data demonstrates what processes
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have been or could be automated and present or potential software functionality.
Software categories are not enumerated explicitly. Their definitions can be ambiguous because many functions are often implemented by one integrated system or
several packages of software, qualified to different software categories, provide
similar functionality.
Furthermore authors argue that it should be taken into account to what extend
enterprise information systems support decision making at different level of management: from operational and tactical level to multidirectional analysis and strategic planning.
Internal enterprise communication
Electronic support for interpersonal processes appears to be salient feature of
ICT advancement. It ranges from unstructured communication offered by e-mail
applications through interactive collaboration by instant messaging, video and data
conferencing, document and storage space sharing and electronic meeting systems
to coordination and cooperation implemented by electronic calendars, project management applications and rigorous workflow systems.
Enterprise ICT users
Many surveys on ICT usage (e.g. Eurostat, GUS) ask questions about number
of employees using computers at least once a week. However not every employee
has to use a computer and even those whose job requires it, do it in different ways.
Office workers use applications installed on desktop computers whereas the computerized production lines personnel sometimes uses only specially customized
interfaces and sale representatives have remote access to stock control systems etc.
Therefore it seems reasonable to examine rather number of computers to number of
employees ratio, percentage of employees that potentially can use network or has
got mobile access to company’s IT resources than the absolute number of computer
users. As far as ICT diffusion is concerned percentage of organizational units using
IT tools in their everyday work appears to be appropriate measure.
Digital security
ICT development brings new threats to organizations. It is important if company is aware of these threats and tries to prevent them or at least minimize the
effects when problems appear. Authors suggest that developing and adopting computer security policy can be relevant indicator of sophistication of ICT use. Security policy define not only authentication, authorization and data and physical assets
protection mechanisms but it also should include training schedule for every employee, especially those, who have access to sensitive data. Security mechanisms
are implemented mainly by data archiving and encryption, setting appropriate ac92

cess rights for users’ accounts, using digital signatures and security software protecting company from malware and external attacks.
ICT expenditure
Growing trend to move towards subscription-base model with software delivered as a service and hosting of corresponding infrastructure convert capital expenses to operating ones. Therefore authors have decided to use rather ICT expenditure then investment measure.
5. ICT advancement index for enterprise evaluation
Creating composite indicators is a multistep process, where every phase is
characterized by its specificity. Each of these steps, however, should remain consistent with the concept developed in the initial phase: called developing a theoretical framework. The framework should clearly define the phenomenon to be measured and its sub-components containing individual indicators and weights that reflect their importance. Next steps are as follows: selecting variables, imputation of
missing data, multivariate analysis, data normalization, and finally formula forming
including aggregation and possible weighting.
All of these steps are fully described in the literature [12]. However, the vast
majority of the methods are based on an approach in which the first redundantly
selected variables to the multivariate analysis stage are reduced. Methods like principal component analysis (PCA), factor analysis (FA) and others allow revealing a
correlation between variables to reduce the redundancy. Next step, i.e. cluster analysis, forms the final set of sub-indices that are subjects to normalization and finally
weighting in order to obtain the final index. Weighing method is the most widely
used one for enhancement of individual factors in the final indicator and is to be
chosen to reflect statistical quality of data.
The disadvantage of the above methodology is the need for large statistics
sample for the selection and eventual elimination of variables, grouping and selection of weights, as statistical methods based on data redundancy can be used only
in such a case to ensure a sufficient level of confidence of the model. This is the
main reason why most of composite indicators rely on an equal weighing, where all
variables are given the same weight. This essentially implies to give the same “value” to components in the composite, but also can disguise the absence of a statistical or an empirical basis. For typical composite indicator:
I

i

wi xi

where xi is normalized variable and wi a weight attached to xi, with
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But when variables are grouped into dimensions (sub-indices) and those are further
into the composite, than applying equal weights to the variables may imply an unequal weighting of the dimension what can cause an unbalanced structure in the
final index.
However, the study on phenomena, that depends on the value of strengthening
co-operation of the tested subject in the context of the relationship and creating
indices based on them, shows that the simple model of weighted sum does not reflect the correct value of the measured value. In this work authors decided to propose a different approach, where the main index is divided into sub-indices with
the equal weighing, and the index is not a final outcome, but the weighed mathematical model of the relationship between the donors of the effect of different aspects, described by sub-indices. This approach can be found in the literature [5]
and has a non-linear nature. In the proposed model there are four sub-indices,
which are determined by using the traditional approach based on equal weighing
and data normalization [12]. They relate to the four dimensions described above:
computers and networks, database content and integration, internal enterprise
communication and digital security. Each of them can be in the range [0,1], and the
higher it is, the better enterprise implements those aspects. CIICT final index is divided into four components, which, despite the additive nature, consider non-linear
part of mentioned above sub-indices. Additionally measures of the other two dimensions described in the previous chapter are included: enterprise ICT users and
ICT expenditures:
CI ICT IS IC IM IN
(4)
i, k wi

IS – component in charge of the entire structure of the organization, connected
with the various elements making up the sub-indices,
IC – component describing the cooperative nature of individual elements within the enterprise,
IM – component representing the expenditure on ICT in the enterprise,
IN – component showing the share of active computers connected to the network structure in the enterprise.
As a result of the simulation and analysis of the impact of individual variables
relationships have been developed according to model creating, describing each of
the factors. The final formula that determines the composite index is as follows:
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CI ICT
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( PCon
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f SME (C ME )
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f SCC (

N CC
)
NE

(5)

The next section describes the individual components connected to the relevant aspects of use of information technology in enterprises.
IS component
Main purpose of IS component is to give information on the various aspects
of the use of mentioned above four groups. It is described by the sum of the following sub-indices: S1 - computers and networks, S2 – database content, S3 - internal
enterprise communication, S4 – security. Each of sub-indices is determined by a
sum of equally weighted measures represented by answers to the specific survey
questions. Variables can be divided into the three groups: dummy variables, represented by simple questions, where „yes” is given as 1 and „no” by 0, interval variables given in the range [0, 1] representing questions about percentage of phenomena, categorical variables resulting from questions whose answers should be classified as a categorical scale to obtain the result value in the range [0, 1]. The final
sub-index is determined according to formula:

Sk

1
Nk

Nk

xk ,i

(6)

i 1

where: Sk – category sub-index k = 1, …, 4, Nk – variables number of k sub-index,
xk,i – i variable of a k sub-index. The maximum value of a component may be
equal to 4.
IC component
IC component is usually related to the simple arithmetic average that allows
an assessment of whether the evaluated enterprises provide for certain dimension
of ICT. But weakness of one of the subsystems significantly reduces the quality of
the entire system. The resultant index which is a simple sum of the sub-indices
does not show that significantly underdeveloped system or even complete absence
of one of the aspects can, even in this extreme case, down the level of the composite index by 25% only. The use of the geometric mean can significantly weaken
the IC component when one of the indices is lower than the others. This gives the
effect of synergy of peer subsystems making the indicator value high only when all
the subsystems are on the same high level of development. To emphasize the
communication dependence in the mention relation, sub-indices are strengthened
by the Pcon variable, describing the share of computer connected to internal network
allowing resource sharing. Each value, which is calculated as an average may be in
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the range [0, 2], and such a range of values is the resultant average. In the view of
the fact that there is Ns sub-index to unify cooperative parts, the resulting average is
multiplied by Ns. This results in a range of IC component [0, 8].
IM component
IM component is designed to take into account an important factor which is
the operating and maintenance cost of the information system. In general, higher
costs imply a higher ICT advancement but this is not a linear relationship. Increasing level of costs over a certain level only slightly allows maintaining a high quality of the entire system. That is for:
IM

(7)

f SME (CME )

where: CME – ratio of IT maintenance and operation expenditures to all enterprise
costs, a non-linear function, describing the cost saturation effect that is given by:
C ME

L (1 e

f SME (C ME )

MEA

)

(8)

where: L – constant that specifies the level of saturation equal to 2, MEA – a constant value that specifies the saturation rate of growth function. The steepness of
the curve of growth function refers to the average level in the industry of the expenditure on maintenance and operations – CMEA. Assuming that the value of CME is
equal to CMEA function value should be 1, and for the CME equal to 1 (i.e. when all
the expenses are costs of IT) value of the function should be close to 2, after substituting into the formula above the above-mentioned criteria, the relationship should
look like:
C MEA
(9)
MEA
ln 1
2

what results in:
C ME ln 1
2

IM

L (1 e

C MEA

)

(10)

The value of this function is in a range [0, 2].
IN component
IN component is designed to take into account the number of computers connected to the network NCC referring to the number of employees NE, given by the
ratio: RCE

N CC
NE

. Function fSCC (RCE) must be characterized by slow growth for

small values of RCE, which has to take into account the fact that a small number of
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computers results in a low value of the index factor in the final formula. Moreover
a rapid increase in the value of RCE, close to the average value in the industry RCEA
and saturation to the level of L 2 for high values of RCE, which in this case is to
prevent the revaluation for enterprises, such as the training companies. Therefore,
the form of sigmoid function of fSCC (RCE) has been chosen for this component:
L

f SCC ( RCE )

1 e

(11)

B( RCE RCEA )

where: B is a factor of saturation speed function, that defines the rate of growth of
function at the inflection point, it means RCE RCEA. In this point the value of the
function is 1 and it is so, when the number of computers connected to the network
in the surveyed enterprise is equal to the average numbers of connected computers
in the sector.
To determine the value of B, the assumption can be made, that the change in
spending on IT implies the number of computers, which is a function of value index derivatives at these levels and they are similar to each other:
f SSC
f SME
(12)
RCE
CME
after that:

PME

L ln 12

f SME
CME

CMEA

(e

C ME
C MEA

1)
2

(13)

The derivative:

f SSC
RCE

BRCE

e
(1 e

BRCE 2

)

PME

and assuming that the fastest growth of the function will be effecting for RCE
then the dependence will be as follows:
B 4PME

(14)
RCEA
(15)

Ultimately determining the dependence allows B to be defined by the formula:

B

4L ln 12
CMEA

(e

C ME
C MEA

1)
2

(16)

The value of a function fSCC (RCE) is given in the range [0, 2].
After taking into account all the components, value of the final composite indicator can range from 0 to 16, where 16 represents the best possible score of the
enterprise characterized by advanced use of ICT.
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6. Summary and conclusion
Objective of the paper is to provide synthetic tool for enterprise sophistication
of ICT use assessment. Because of advantages of composite indicators and in spite
of their disadvantages authors have decided to employ this measure. Proposed index requires verification but presence of vast collection of data is its prerequisite.
Data can be obtained from official resources and diagnostic survey. The survey
will be addressed to senior managers or other decision makers with responsibility
to IT related issues. The questionnaire result will validate the appropriateness of
the model by revealing index value patterns for different enterprise categories
(hence the companies located in the same cluster should be characterized by the
similar index value).
Under conditions of growing competitiveness only those enterprises survive
on the market that have knowledge on their partners information needs and technologies they exploit. ICT Advancement Index can be synthetic form of communication enterprise current status in the field and evaluation and comparison tool as
well.
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HEURISTIC EVALUATION OF VISUALIZATION
IN THE SEMANTIC SEARCHING FOR ECONOMIC
INFORMATION.
PRELIMINARY ANALYSIS OF THE RESEARCH RESULT
HELENA DUDYCZ
Department of Information Technology, Wrocław University of Economics

Economic indicators provide much information concerning the functioning of an enterprise. Their usefulness depends also on decision-makers' comprehension of structural and semantic connections existing between indicators. Visualization of a semantic network in the topic map allows users to
more swiftly notice and understand various relations. The main goal of this
paper is to discuss the research on heuristic evaluation of visualization in the
semantic searching for economic information. This study consists of three
experiments with the participants. We used the two author’s applications of
the ontologies for return on investment indicator and for early warning system. In this paper we analyze and compare the results of these experiments.
Keywords: visualization, system usability, ontology, topic map, economic indicators

1. Introduction
To make optimal decisions, managers need very specific information. They
must analyse various economic indicators assessing the functioning of an enterprise. Data for these analyses are taken from different analytical applications. To
interpret an economic indicator, a manager should analyze relations between indicators and economic data which have influence on its value. However, available
information systems concentrate mainly on providing information reflecting hierar-

chic relations between examined indicators. Decision-makers expect also possibilities of inspecting rates on account of semantic associations existing between them.
Such an analysis of indicators can potentially ease and shorten the time needed,
inter alia, to identify chances of advancement and threats of breakdown related to
carrying out an activity.
In order to solve this problem we propose the usage of the topic map (TM) as
a model of knowledge about the analysis of economic indicators and the usage of
the topic map as a visual method which allows searching for economic information
based on the semantic network. The topic map standard [ISO/IEC 13250:2000]
enables the representation of complex structures of knowledge bases [3], and the
delivery of a useful model of knowledge representation [11, p. 174], where multiple
contextual indexing can be used. TM is a relatively new form of the knowledge
presentation (see [2]; [12, p. 30]). TM is a kind of combination of subject indexing
and semantic network knowledge representation [7] which contains a set of topics
and a set of associations between topics. The topic maps standard provides different ways to show various connections (including semantic). It allows displaying the
whole a semantic network (topics and associations) efficiently, as it is essential to
select the relevant information. Thanks to the visualization users can more quickly
notice and understand different structural and semantic relations. The semantic
search is more efficient than that based on the basic hierarchic structure [18, p.
1899] and the search for information basing on semantic connections in the topic
map has a positive influence on discovering information [16, p. 301]. TM can be
one of various tools for information visualization, which allows to search for information for decision-makers or by decision-makers.
This is our proposal of supporting the process of analysis of economic indicators:
1) to use the topic map which shows taxonomic and semantic relationships existing between economic indicators,
2) to use visualization searching based on a semantic network.
Our research concentrates on two essential issues: knowledge representation
in an information system, which would also enable to change tacit knowledge into
explicit knowledge, and the usage of visualization methods in searching information basing on a semantic network. The use of visualization techniques can help
to solve the problem, because “visualization offers a link between the human eye
and the computer, helping to identify patterns and to extract insights from large
amounts of information” (see [19, p. 139]). In the visualization, human factors (e.g.
interaction, cognition, perception) play a key role in the communication between
a human and a computer and therefore contribute significantly to the visualization
process (see [9, p. 50]). Fundamental factors for a good visualization interface of
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the application of the topic map are: the overview of the structure for the global
understanding of the structure and of the relationships within the hierarchy; the
ability to zoom and to select some nodes; and the possibility to use dynamic requests in order to filter the data in real time [8].
In this paper we discuss the research on evaluation of visualization in the semantic searching for economic information. The paper is structured as follows: in
the next section the visualization of a semantic network for searching information
is shortly described. In section 3, the design of the research is presented. In section 4, assumptions of the experiments are described. In section 5, the analysis of
the results of the research and conclusions are presented. Finally, in the last section
we give a summary of the work and indicate future research prospects.
2. The visualization of a semantic network for searching information
The issues of searching an information basing on a semantic network technologies is the subject of many studies and concerns various fields (see inter alia [1],
[17], [18]). It is caused by the users’ need to search information also on account of
contextual connections. In this approach the attention is paid on the role of the
visualization of a semantic network which is not only a tool for presenting data, but
also provides an interface allowing interactive visual searching information (see
inter alia [8]).
One of the methods enabling visualization of a semantic network is the topic
map, which is a semantic graph that contains definitions of a set of topics and a set
of association between topics (Figure 1). Visualization in TM allows navigation
from topic to topic in a highly interactive manner: interesting nodes can be put in
the foreground with zooms, translations and rotations. Users can delete inapplicable branches of the tree or expand interesting ones.
TM is a relatively new visualization form of the presentation of knowledge,
which puts emphasis on the data semantics and ease of finding desired information.
In this interactive visual process, an user is able to subsequently concentrate on the
interesting data elements by filtering uninteresting data, and focusing (zooming in)
on the interesting elements, until final details are available for an interesting subset
of the analyzed elements (see also [4, p. 1756]). Important stage in this process is
use of appropriate solutions, which allow to filter and zoom in (zoom out). The
topic maps can be easily used to represent financial knowledge about financial
measures, where graphical expressions can assure semantic information search and
interpretation for non-technically-minded users.
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Figure 1. An example of visualization of a semantic network of the system to analyze
economic indicators

3. The design of the research
The topic map application may be a useful tool in the visual searching for information for decision-makers. However, it requires carrying out a research. This is
our method of research, which consists of two phases and five stages (Figure 2).
Proposed procedure consists of the following main phases (see also [5, 132-134]):
1. Phase 1: Conceptualization of the ontology of economic indicators and creating
TM application. The goal of this study is verifying the concept of using TM
standard for the model of knowledge about analysis economic indicators. This
phase consists of the three stages. The results of this work are inter alia the following: the creation of the ontology for the selected analysis of economic indicators; the creation of TM application for a specific field of analysis of economic indicators; and the verification of the visualization of a semantic network in TM for searching and acquiring unique information on economic indicators.
2. Phase 2: Research on the usability of the visualization in economic information
retrieval in TM application. The goal of this study is verifying the usability of
applying the visualization of a semantic network in TM in searching and acquiring unique information in the analysis of economic indicators. This phase
consists of two stages. The results of this work are inter alia the following: the
evaluation of the usability of visualizing a semantic network based on TM;
solving the problem of a large number of topics in using TM as a tool enabling
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a visual exploration of a huge, complex and multidimensional data set. The research in this phase is carried out on the basis of the model proposed by
E. Brangier (the usage – adaptation – re-engineering cycle), “which highlights
how human adaptations (of the users) are a source of innovation to design new
uses” [6]. These studies enable to identify users’ needs precisely and may contribute to the development of innovations.
Between phases of proposed research method there is a feedback, i.e. conclusions
from the second phase influence both improvement of created a topic map application as well as procedure of creating the ontology and TM for the analysis of economic indicators. The results of this work are as follows:
1) creation of the ontology for the selected analysis economic indicators;
2) creation of TM application;
3) creation of the procedure of building TM applications for the ontology of the
analysis of economic indicators;
4) verification of the visualization of a semantic network in TM for searching
information on economic indicators.
In this paper we focus on the presentation of the research conducted in the second
phase (stage 4). In literature many methods of research and evaluation of the system usability and human-computer interaction are described (see inter alia [10];
[13]; [14]; [15]). The study of a prototype is conducted with the experts’ participation (e.g. heuristic evaluation, inspections, reviews, checklists) and/or users (e.g.
usability tests, eye tracking, evaluation by observation). We suggest two research
methods on the usability of the visualization of a semantic network in searching for
economic information. These are usability tests and heuristic evaluation.
Research according to presented research method was carried out thrice: twice
for the ontology for return on investment (ROI) indicator, then for the ontology for
early warning system. Conclusions from the first phase of the first research for ROI
indicator were used in creating the ontology and application of the ontology for an
early warning system, whereas the data obtained from the second phase of this
research were verified by carrying out studies for ROI indicator and for the ontology for an early warning system. The applications created for built ontologies differ
in scale of solution, which is important in verifying the usage of TM as a visual
tool in searching for information on account of semantic connections. In case of the
ontology for ROI indicator 44 topics, 6 taxonomic classes with relation of Subclass-Of type and 13 binary relations, whereas in the ontology for an early warning
system 142 topics, 23 classes with relation of Subclass-Of type and 20 binary relations were defined.
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Figure 2. Scheme of the design of the research on the visual exploration of information
using the semantic searching based on the applications of TM
Source: [5, p. 132]

4. Assumptions of the experiments
Before starting the research on system utility we created an ontology for economic indicators, built TM application in TM4L software and tested visual searching information. Setting about research with participants we decided to create an
application in Protégé 4.1 beta for ROI indicator and for early warning system,
because there were many difficulties with correct executing TM4L software in
operation system MS Windows 7. In Protégé 4.1 beta, there is the module OntoGraf which turned out to be sufficient to carry out the initial research, the aim of
which was to verify the usefulness of visual a semantic network in searching for
economic information.
The aim of the research presented in this paper is heuristic evaluation of using
visualization in semantic searching for economic information.
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Three experiments were carried out:
1) test 1 – for the application of an ontology for ROI indicator (so called: preliminary study),
2) test 2 – for the application of an ontology for ROI indicator,
3) test 3 – for the application of an ontology for an early warning system.
In the research (test 1, test 2 and test 3) potential users participate. The selection of the participants cannot be random, as they are to fulfil a double role. The
first one is to be a typical user, performing specific tasks in a topic map application
for ontology indicators (research using the usability testing technique). The second
role is to be an expert evaluating the usability of applied interface (research using
heuristic evaluation of user interface). None of them either searched information
basing on the visualization of ontology before or was familiar with the program
Protégé.
In the first research 42 persons aged from 23 to 30 years, who had various experience and knowledge concerning economy and analysis of economic indicators
as well as systems and information technology, that is with only computer education, computer science and econometrics education, economic education or noncomputer education, took part. In the second and the third research 14 and 46 persons, respectively, took part. In these two experiments the participants were 20-23
years old and had similar knowledge both of economic terms and computer systems. For the comparison and verification of the results of this study we have decided to conduct two tests for two different TM applications.
In these three experiments the duration of the introduction to performing tasks
by participants was similar (about 20-30 minutes), but the introduction differed in
content. The observation of users during the first test and analysis of the realization
of usability tests caused a modification of training and used vocabulary before the
next experiments. The second test was realized with lower number of participants,
because it was to be preparation for the test 3, in which participants were using
more complex application of the ontology for an early warning system. This experiment was to answer the question whether the training was substantially well prepared and whether modification of phrasing in tasks improved finding correct information. Such realization of experiments resulted from the proposed research
method.
In the research we used questionnaires which consisted of three parts:
1) tasks which participants of this study were to do,
2) criteria of an interface evaluation,
3) list of potential problems.
Used questionnaires differed only in the first part (i.e. task to be done), whereas in
the second and third parts they were the same.
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5. Preliminary analysis of the research result
The results of the study may be divided into two groups. First group comes
from the research using the usability testing technique. It concerns the correctness
of performing tasks by users and the evaluation of easiness of searching information basing on the visualization of the semantic network. These are the data
obtained from the first part of the questionnaire. The second part of the results
comes from the research using the heuristic evaluation of user interface. These are
the data obtained from the second and third parts of the questionnaire. In this paper
we will analyze the data acquired from the second group, which concern:
evaluation of interface usability,
identification of potential difficulties connected with used humancomputer interaction.
In Appendix Table 1 there is data obtained from the research carried out so far (test
1, test 2 and test 3). In the columns data in per cent were put for the following
number of research participants:
1) N = 102 – data involving all experiments;
2) N = 42 – test 1;
3) N = 14 – test 2;
4) N = 46 – test 3.
The data presented in the table shows that comparing to the test 1, in the other two
tests visual searching for information was much better evaluated. In the first research (N = 42), according to the criterion B, the dominant mark is unsatisfactory
(40%), and in case of criterion A – average (31%). There was also high percentage
of the answer unsatisfactory for the criterion C (26%) and D (33%). Significantly
better results were obtained in the second and third tests. In the second experiment
for criteria A, C and D there were no negative marks. In case of the third experiment for any of criteria there was no answer very unsatisfactory, and in case of
mark unsatisfactory for criteria A, C and D there were only 2% of such answers,
whereas for criterion B – none. Setting about the second and the third experiments,
we changed only the wording of the tasks (without changing their difficulty) and
the content of training for participants that preceded the realization of the tasks.
These changes were the consequence of both the results obtained from the first test
and observing participants performing tasks.
In conclusion, the second and the third studies’ participants much better evaluated adopted solution according to the four criteria. For all four criteria the dominant mark is satisfactory. We can notice the same by analyzing the column of all
participants. Looking at this data, this is important information, that there is very
small percentage of negative marks: unsatisfactory and very unsatisfactory. Two
conclusions result from this data. Firstly, the proposed way of searching for information can be a useful solution for decision-makers carrying out an analysis of
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economic indicators. Secondly, we should focus more on preparing better content
of training.
In Appendix Table 2 the data concerning identification of potential difficulties
connected to human-computer interaction is presented. Its initial analysis confirms
conclusions formulated basing on the analysis of the data contained in Table 1. The
modification of only the training and wording of tasks (they were clearer for research participants) significantly improved the evaluation of potential difficulties.
In case of test 1 (N = 42) for four difficulties (i.e. no. 1, 2, 3 and 4) the dominant
answer is: a small problem, whereas in case of test 2 (N = 14) in all seven difficulties considerably dominant answer is: no problem. In case of the third test (N = 46)
only for two difficulties (no. 2 and 3) there is similar number of marks no problem
and marks a small problem. In the other five difficulties the dominant answer is:
no problem. The positive information from the analysis of data for all the participants (N = 102), as well as for the test 2 and test 3 is significantly small percentage
of the answer an important problem.
Summing up, we can make the same conclusion as from the previous table.
Participants of the second and the third studies evaluated interface much better than
participants of the first study.
Results obtained from the research are quite promising in the context of using
a topic map to:
present knowledge on economic indicators,
search for information basing on the visualization of various semantic relations between indicators.
The research should be continued both on creating a topic map application for
analysis of economic indicators, as well as on evaluation of usability of such
system.
6. Conclusions and future work
In this paper we discussed the results of the research on heuristic evaluation of
the visualization in the semantic searching for economic information. The results of
the research can be found quite significant. They characterize the usability assessment of applying the visualization of the ontology of chosen economic indicator as
interface user – system in searching information with regard to contextual connections. An attention should be paid to the fact that before the second stage of experiment we modified only the wording of tasks (which did not change their difficulty) and the content of the training preceding performing tasks by research participants. These modifications resulted in much better evaluation of the application in
the following two experiments.
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The research will be continued in order to verify the creating of the ontology
in formal and substantive respect, by testing created applications. Then we
will verify the usefulness of applying the topic map standard as an interface for
visual exploration of data concerning indicators of assessment of functioning of
an enterprise and usefulness of the topic map application in analysis of economic
indicators.
REFERENCES
[1] Andaroodi, E., Andres, F., Ono, K., and Lebigre, P. (2004) Developing a Visual Lexical Model for Semantic Management of Architectural Visual Data, Design of Spatial
Ontology for Caravanserais of Silk Roads, Journal of Digital Information Management (JDIM), vol. 2, no. 4, December, pp. 151-160.
[2] Ahmed K., Moore G. (2006) Applying Topic Maps To Applications, The Architecture
Journal, http://msdn.microsoft.com/en-us/library/bb245661.aspx.
[3] Arndt H., Graubitz H., Jacob S. (2008) Topic Map Based Indicator System for Environmental Management Systems, http://www.iai.fzk.de/Fachgruppe/GI/litArchive.
[4] Atzmueller M., Puppe F. (2005) Semi-Automatic Visual Subgroup Mining Using
VIKAMINE, Journal of Universal Computer Science, vol. 11, no. 11, pp. 1752-1765.
[5] Dudycz H. (2012) An Attempt of the Heuristic Evaluation of Visualization
in Searching Economic Information in Topic Maps, [in:] CAiSE 2012 International
Workshops Gdańsk, Poland, June 2012 Proceedings, M. Bajec, J. Eder, eds., Lecture
Notes in Business Information Processing 112, Springer-Verlag Berlin Heidelberg,
pp. 130-142.
[6] Eilrich L., Andres F., Sillaume G., Backes M. (2009) Fostering User Experience in
Order to Improve the Quality of a Digital Library, Workshop on Advanced Technologies for Digital Libraries,
http://www.cacaoproject.eu/fileadmin/media/AT4DL/paper-04.pdf.
[7] Frické M. (2012) Logic and the Organization of Information, Springer, New York.
[8] Grand B.L., Soto M. (2010) Topic Maps, RDF Graphs, and Ontologies Visualization,
[in:] Visualizing the Semantic Web. XML-Based Internet and Information Visualization, V. Geroimenko, C. Chen (red.), Springer-Verlag, London, pp. 59-79.
[9] Jain R.K., Kasana R.S., Jain S. (2009) Visualization of Mined Pattern and Its Human
Aspects, International Journal of Computer Science and Information Security, vol. 4,
no. 1&2, pp. 48-54.
[10] Lazar J., Feng J.H., Hochheiser H. (2010) Research Methods in Human-Computer Interaction, John Wiley & Sons.
[11] Librelotto G.R., Azevedo R.P., Ramalho J.C., Henriques P.R. (2009) Topic Maps
Constraint Languages: Understanding and Comparing, International Journal of Reasoning-based Intelligent Systems, 2009, vol. 1, no. 3/4, pp. 173-181.

108

[12] Pimentel M.P., Suárez J., Caparrini F. S. (2009) Topic Maps for Philological Analysis, [in:] Linked Topic Maps. Fifth International Conference on Topic Maps Research
and Applications, TMRA 2009, L. Maicher, L.M. Garshol, eds., Leipziger Beiträge
zur Informatik, Band XIX, Leipzig, pp. 29-39.
[13] Sikorski M. (2012) User-System Interaction Design in IT Projects, Gdansk University
of Technology, Gdańsk.
[14] Sikorski M. (2010) Interakcja człowiek-komputer, Wydawnictwo PJWSTK, Warszawa.
[15] Tullis T., Albert B. (2008) Measuring the Use Experience. Collecting, Analyzing, and
Presenting Usability Metrics, Morgan Kaufmann Publishers.
[16] Won S., Oh S.G. (2008) The Effects of Topic Map Components on Serendipitous Information Retrieval, [in:] Subject-centric Computing. Fourth International Conference
on Topic Maps Research and Applications, TMRA 2008, L. Maicher, L. M. Garshol,
eds., Leipziger Beiträge zur Informatik, Band XII, Leipzig, pp. 301–310.
[17] Wurzer J., Smolnik S. (2008) Towards an Automatic Semantic Integration of Information, [in:] Subject-centric computing. Fourth International Conference on Topic
Maps Research and Applications, TMRA 2008, L. Maicher, L.M. Garshol (eds.),
Leipziger Beiträge zur Informatik: Band XII, Leipzig, pp. 169-179.
[18] Yi M. (2008) Information Organization and Retrieval Using a Topic Maps-Based Ontology: Results of a Task-Based Evaluation, Journal of the American Society for Information Science and Technology, vol. 59, no. 12, pp. 1898-1911.
[19] Zhu B., Chen H. (2005) Information Visualization, Annual Review of Information
Science and Technology, vol. 39, pp. 139–177.

109

APPENDIX

Table 1. The heuristic evaluation of the visualization in searching for economic information in economic analysis indicators
Breakdown of accomplishment of tasks (%)
The criteria for
assessment

A. How would
you rate the system in terms of
visual clarity?

B. How would
you rate the system in terms of
its functionality
(in the context of
searching information)?

C. How would
you rate the system in terms of
flexibility of its
structure and the
presentation of
information?
D. How would
you rate the way
of searching
information that
bases on the
visualization of
a semantic network?

Scale of usability
interface evaluation

All participants

Test 1

Test 2

Test 3

N = 102

N = 42

N = 14

N = 46

highly satisfactory

9

17

0

4

satisfactory

48

29

71

59

average

32

31

29

35

unsatisfactory

10

21

0

2

very unsatisfactory

1

2

0

0

highly satisfactory

13

7

21

15

satisfactory

43

33

43

52

average

25

14

29

33

unsatisfactory

18

40

7

0

very unsatisfactory

2

5

0

0

highly satisfactory

8

10

0

9

satisfactory

49

33

79

54

average

31

31

21

35

unsatisfactory

12

26

0

2

very unsatisfactory

0

0

0

0

highly satisfactory

8

7

7

9

satisfactory

47

36

86

46

average

30

24

7

43

unsatisfactory

15

33

0

2

very unsatisfactory

0

0

0

0
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Table 2. The evaluation of the potential problems with the usage of the visualization of the
semantic network in searching for economic information
Breakdown of accomplishment of tasks (%)
The list
of the problems

1. Understanding
how to navigate
the OntoGraf

2. Understanding
how to execute
tasks
3. Understanding
the relation between information
on the screen and
the executed operation

4. Finding necessary information

5. The difficulty in
reading information on the
screen

6. Too many colors on the screen

7. The necessity to
memorize too
much information
during execution
of the task

Scale of the problem
evaluation

All participants

Test 1

Test 2

Test 3

N = 102

N = 42

N = 14

N = 46

no problem

56

33

79

70

a small problem

39

57

21

28

an important problem

5

10

0

2

no problem

45

38

64

46

a small problem

51

55

36

52

an important problem

4

7

0

2

no problem

34

26

14

48

a small problem

56

57

79

48

an important problem

10

17

7

4

no problem

51

26

57

72

a small problem

41

60

43

24

an important problem

8

14

0

4

no problem

56

45

57

65

a small problem

36

43

29

33

an important problem

8

12

14

2

no problem

64

60

64

67

a small problem

26

24

29

28

an important problem

10

17

7

4

no problem

64

55

71

70

a small problem

32

36

29

30

an important problem

4

10

0

0
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PROJECT OF GENERATING NEW IDEAS PROCEDURE
IN RESEARCH INSTITUTES BASING ON SPANISH STANDARDS
UNE 166000 – 166004
ROBERT HALACZEK
Faculty of Production Engineering, Warsaw University of Technology (PW)

One of the most important problems of modern research institutes in Poland is a need to keep on the competitive market in the era of capitalist economy with very low expenditures of the government on the activities of scientific research (in comparison to the other European countries). In some countries like Spain local research institutes has developed solution which helps
them find funding and ensures Government that money are spend optimally.
Spanish Association for Standardisation and Certification (AENOR) has established a set of standards for R&D work. R&D units that use them are privileged in access to government’s financial resources for this type of activity,
because they describe how to manage such project by dividing it into phases
and provide the possibility of rational use of its results. Solution proposed in
this article was developed basing on those standards and the real experience
achieved during designing of this type solutions for two research institutes.
Keywords: R&D Institute, Generating idea, UNE, AENOR

1. Introduction
Most of Polish research institutes have been created in the age of PRL in different political and economic conditions. Those institutes generate costs, but from
the other side they are the main factor of the development of Polish economy,

many of them are still an important source of scientific and technological
knowledge.
Until the mid-70s of last century, they were the fastest growing division of
Polish science - budget and human resources since then has been steadily shrinking (nearly 50 % of scientific budget in 1991, only 27 % in 2007; over 200 institutes in 1995 and about 140 in 2009) [1]. Many of R&D institutes survived thanks
to finding new sources of income.
Nowadays there are three main sources of income for Polish R&D institutes:
Polish government, European Union funds and private sector. Presently first two
sources cannot account for entirety of budget because both of them have their own
priorities in the development of the various branches of science, so the only way to
keep solvency is to seek funds on the market by selling services, small batch production or providing consulting services etc.
There are different expectations of managing budget for each of those sources.
For example while buying resources for project realized from public funds R&D
institutes are obligated by law to use procedure specified in “Act on Public Procurement Law“ which extend time of procurement process and sometimes can
complicate such order in the formal way, forcing to use decision criteria described
in Act. During the realization of project financed by the market it is not necessary
to use this Act and sometimes purchasing criteria can be more efficient.
One of the requirements of successful business is use of management information system. There are numerous systems meeting requirements of vide area of
business, but there is no such system that meets exactly whole requirements of
R&D institute.
The author analyzed and described vision and requirements for such system
basing on his own experience gained while working with research institutes.
Collecting all of the ideas, including those impossible to make use of it
at a time (to make use of in the future)
Possibility to take ready to implement idea when financial resources for
this will appear
Accurate valuation (time and costs) of particular activities of whole
project
Possibility of clearing (settlement) all projects
Optimization of utilization of human and material resources
Optimization of costs
Possibility to improve leading projects and future procedures for such
projects (by giving accurate information)
There are many solutions, beginning from “shelf products” to big, customizable
systems like SAP or Oracle, but there are no enterprise solutions for R&D institutes, this article is an effort to describe a reference model of such solution.
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2. Spanish UNE
Some of European countries tried to standardize R&D&I activities. Spanish
Association for Standardisation and Certification (AENOR) developed set of the
UNE standards, which describes how R&D&I processes should be held by organisations.
These standards describe respectively Management of R&D&I: Terminology
and definitions for the R&D&I (UNE 166000:2006), Requirements for the R&D&I
project (UNE 166001:2006), Requirements for R&D&I management system (UNE
166002:2006), Competence and evaluation of R&D&I management systems auditors (UNE 166004:2003 EX)[2].
Providing those standards allows the research optimization, development of
technologically innovate processes based on well-known management system
structures.
UNE 166000 standard is recognized by the major Spanish organizations evaluating projects (CDTI, MCYT, etc..). The organization that holds certificate of compliance with these standards, shows that is investing in R & D & I and is managed
properly, therefore have a preference in access to funding from the government
(Spain) and EU funds [2].

Figure 1. UNE – General model of R&D process. Source: [6]

On figure 1 there is a general scheme described in UNE 16002:2006 for all
R&D organizations, regardless the size.
R&D process based on this model can be implemented with the 5 paths, but the
whole system is not the substance of this article, so there will be only short description of main way.
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Potential market initializes a start of procedure. Scientist identifies set of ideas
that meet new needs of the market, or improves existing process and procedures. It
is done by the use of appropriate actions (technology monitoring / technological
precognition / creativity / internal and external analysis). All ideas should be verified in point of technological and financial effectiveness. Positively verified ideas
should be included in repository of positive verified ideas. This repository is used
then to generate R&D projects what leads to innovation or “first draft of the project”. After solving all problems with the first draft, the next phase is “detailed
project” as prototypes and first tests. Those first tests give an opportunity to make
corrections, if needed, or leads to the beginning of “production tests”. After solving
problems of all previous phases the product is ready to sell.
Among many publications of European organization OECD there are at least
two that might be helpful in this case. “Oslo Manual: Guidelines for Collecting and
Interpreting Innovation Data” [4] and “Frascati Manual: Proposed Standard Practice for Surveys on Research and Experimental Development” [5].
Both of them contain knowledge about measuring condition of science, and
therefore can be a model for developing measurements that could be used in quality check and improvement procedures of management support system for R&D.
Additional advantage of using mentioned manuals is that measurements described
there are widely used by units controlling government and EU funds [3].
3. Management Suport System for R&D
Basing on documents mentioned before and author’s own experience, the author is working on project of Management Support System for R&D (SWZD
B+R). System consists of 6 logical modules:
- Generating Ideas (GenPom)
- Evaluation and selection of projects to implement (OWyR)
- Search for funding (PoFin)
- Develop research project plan (WykProjBad)
- Execution research project plan (WykBad)
- Project settlement (RozliczProj)
- additional system providing control and continuous improvement of
the way that research works are managed.
Main concept is that the each of the modules can be implemented as separate
part of the system, especially “Project settlement” should be exchangeable with
most known on the market financial and accounting systems. Despite of that each
module can work as separately system all of them together should create one compact system with:
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one login (single-sign-on)
once inputted information stays in the system, and there is no need to put
it again
easily switching across modules within one research project
configurable level of access for groups and individuals.
There is one new technology – ESB, for the first time described by Analyst Roy W.
Schulte from the Gartner Group 2002. In shortcut: all considered software has its
database interface and has a possibility to change the database on which is working. Even if changing of database wasn’t provided by the manufacturer, there is
always such possibility - maybe in such case there will have to be some more work
to be done. In all software included to the system database source will be switched
to ESB, which will have implemented methods to work with all of used systems.
ESB will store data in it’s own database.

Figure 2. Overall concept of SWZD B+R

Figure 3. Overall concept of SWZD B+R architecture
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Big advantage of such architecture is the fact that for each module there is a
wide selection of software on the market that can be used, furthermore in most
cases there is possibility to use good quality open source software. There may be
some sort of disadvantage by the fact that ESB module probably should be written
by scratch or bought and improved. Also other software used to cover functionality
of each module probably should be modified, but the alternative is to write whole
system from a scratch.
4. Module for Generating Ideas
During the cooperation with Research Institutes there were discovered some
common problems associated with generating ideas procedures:
- missing single repository of knowledge covering Potential Research Ideas
(PRI)
Many valuable information, that should be in such repository are on private discs, private paper notebooks, etc. Sometimes even authors loose
such information, wasting time on looking for it, or the information is lost
forever. If there was one single repository, with access levels, where scientists can decide whether they want to share this information, it could prevent from loosing data. Additionally it can be an impulse for someone
else’s work
- lack of (or not well defined) standards information flow of PRI
Sometimes valuable ideas are hidden in somebody’s desk, because scientist don’t know that his / her colleague is working on something similar
- lack of a comprehensive identification of the information needs of the different levels of management for the PRI
Management of research institute should have a possibility to know on
what problems their subordinates works. A list of problems can help with
creating development policy of his unit
- lack of standardization of formats collecting data in area of PRI
Even if we collect all mentioned data in one place now (put files into database, scan photos, drawings, hand writings and also put it into database) it
still would be useless for efficient utilization. Each piece of information
should be labelled at least by: author, project, key words and should be
searchable by it.
Requirements of the generating ideas procedure:
- information about who is the author of the idea / project
- information about team working on idea / project
- documentation of the individual contribution
- possibility of team or self-reliant work on project
- possibility of inviting chosen persons to work
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- possibility of setting up roles in the project and give permissions
- possibility of classify project as “working/draft” of “ready for assessment”
- possibility of viewing / searching all PRI subjects (with respective access
rights)
- keeping information about all PRI, those discontinued too
- possibility of evaluation PRI with given rules
- possibility of setting up automatic rules of evaluation
- classification of PRI within institutes dictionary
- giving statistical data like: number of PRI, average PRI per scientist, average PRI per worker, etc
4.1. Generating Ideas – general
Description:
Process starts when a scientist have an idea he wants to put into the system.
The first action that author must perform is to put basic information about idea, so
it can become a regular object in the system - potential research idea. After filling
the subject, assigning author or whole team, adding at least one keyword the idea
becomes an object in the system - "potential research idea".
Of course, all elements defined at the beginning can be changed later (at least
to the moment of achieving the specified stage in the system, which is after Generating Ideas module). The new object is the base on which the whole team can
work. The work means: online discussion, adding and editing materials, editing the
objectives of the project, scheduling meetings.
After the team decides if the project is ready to show to the public, they send
it for approval. A user or work team, who is responsible for approval can approve it
and move on to the next stage (research idea becomes potential research project
and leaves Generating Ideas module), or can send it back for corrections (with justification).
Input:
Idea
Output:
Potential research project
Notification
Dictionary:
idea – an idea in a scientist’s mind, which should be useful for Institute, and
he want to put into system
potential research idea – the first idea, usually at this stage a person works on
it, but the whole team can work together as well. The object have all attributes of a
research idea, but all of them (except subject) can be empty. After filling all required properties (like an author, a working team, key words from a dictionary, a
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subject, a description, etc), and switching 'research idea' to true it becomes a research idea
research idea - the same object as a potential research idea, but with filled all
needed attributes and switched to true ' research idea', in this form it is used at next
stage of general process.
potential research project - extends a research idea,
institutes dictionary - is the dictionary used in the Institute to index publications, books etc.
keywords - single keyword (position) in a dictionary
notification - this is a signal send to “control and improvement” procedure.
The signal informs that somebody performed specified in the definition of this
notification action.
enter new idea - process described in next point
work on the new idea - process described in next point
acceptance of the idea - process described in next point

Figure 4. Generating ideas

4.2. Generating Ideas – enter a new idea
Description:
The procedure starts with “enter subject”, after that author assigns key words
from Institute’s dictionary, then create a team which will work on the project. At
every stage of this process the author can stop and then continue next time.
Input:
idea
Output:
Potential research idea
Notification
Dictionary:
Enter subject – enter name of the project and couple words as description.
Person who filled this automatically became assigned as author of the project.
Assign keywords – procedure,that uses institute’s dictionary. Basically the
procedure gives a possibility to assign keywords. From this procedure it can be
called procedure to bring up new terms to the Institute’s dictionary.
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Create team – thanks to this procedure an author can add coworkers and set
their rights. For now there are defined two types of rights: read-only and readwrite, but this can be modified by adding new ones when it is necessary. Read-only
rights are used to set the visibility of the project, which will be visible only to the
users with appropriate rights. Read-write rights are used to add coworkers that can
work with the project.
Create potential research idea – until this action isn’t performed, the project
of research idea don’t have status “potential research idea” and coworkers cannot
provide changes.

Figure 5. Generating ideas – enter new idea

4.3. Generating Ideas – work on the idea
Description:
During that stage all members of the team are obligated to work on the idea
by reading all of the data put by coworkers, add comments, add / edit materials,
schedule team meetings. When author is assured that idea is ready, he starts the
work finishing procedure, which is a signal for the team to start the approval of the
project.
Input:
Potential research idea
Output:
Research idea
Notification
Dictionary:
Display information – all coworkers can display and read all information
about this particular potential research idea.
Add comment – all coworkers can add/edit comments (edit information) added
to a potential research idea.
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Schedule team meeting – by the connection with a unified calendar for all
workers of the institute, all of the team members can schedule a meeting with chosen people (date, place, subject, additional information)
Add / edit materials – all team members can gather additional information (articles, photos, etc.) into the project
Finish work – this procedure can start the author when he is convinced that an
idea is ready for acceptance.

Figure 6. Generating ideas – work on the idea

4.4. Generating Ideas – acceptance of the idea
Description:
When an author decides that research idea is ready, he puts it into approval.
The first step is a decision of a whole working team if it is ready to show dedicated
person for approval. A dedicated person checks for the idea and approves it or not,
always with justification.
Input:
Research idea
Output:
Potential research project (approved research idea)
Not approved research idea
Notification
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Dictionary:
Approval of the team – coworkers are informed that an author claims that a research idea is ready. Each of the team member has to check again all idea and decide if it is ready. All decisions have to be justified. Research idea gains a status of
approved by a team when all of the members approves it.
Approval of dedicated person - Next step is an approval of a dedicated person.
Dedicated person is the person responsible for approving research ideas into potential research project (it can be one person in the whole Institute, but it can be also
one person from the Institute’s unit). This person is also obligated to justify (at
least in a couple of words) his judgement. A non approved idea can be then modified by the team and then send again.

Figure 7. Generating ideas – acceptance of the idea

5. Conclusions
The main problem while developing module supporting generating new ideas
in R&D units is not in the need to create absolutely new software. On the market
there already is software, both commercial and non-commercial, which can be
implemented in this case.
Problem is in defining needs of those units, to ensure that:
- It will be really helpful tool that meets the needs of such units
- Developed process should provide possibility of control and improvement
process
- Process / model should be described at level of details that allows appropriate configure and modify existing software
- Integrate all of it with the rest of the system to make it whole work.
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Multi-criteria evaluation of complex phenomena is an important part of
decision problems. The multi-criteria evaluations are different types of difficulties, in particular, the multiplicity and diversity of the assessed phenomena, the multiplicity and the variety of diagnostic variables characterizing the
evaluated phenomenon, the difficulty to transform the quality characteristics
of quantitative traits, the difficulty of aggregating sub-criteria. This paper
presents selected models of multi-criteria evaluation corresponding to different decision-making situations. These models will be applied in the system
supporting management in the area of knowledge management in mechanical
engineering industry enterprises.
Keywords: multi-criteria evaluation, information system supporting knowledge management

1. Introduction
An assessment is a value judgment expressing the positive or negative attitude
to the subject of the assessment object (a person, a situation, an event). The idea of
"value" is a primary term [6]. To make the proper assessment it is necessary to
know assessment subjects and circumstances concerning the evaluation (Figure 1).
Therefore, in the evaluation process, there are two main components:

subjective component (evaluation in the strict sense), which determines the
value of objects according to the entity evaluation system, which is designed for evaluation.
objective component (assessment of objects), i.e. as the way of full information acquiring of the assessment objects and circumstances affecting
the evaluation. Information is not always accessible by observation or
measurement, it is necessary to obtain them by indirect methods, primarily
through expert assessment, the prediction based on experiences and mental models of experts [10]. In expert estimating, statistical methods and artificial intelligence methods (among others expert systems, neural networks) may be helpful [15].
Assessment objects are generally complex phenomena [13], which are described by at least one qualitative feature or at least two quantitative or logical features. Examples of complex phenomena can be personnel’s qualifications, the
competitiveness of products, the attractiveness of contracts. The assessment of
complex phenomena is the multi-criteria evaluation.
This paper presents the complexity of circumstances of a multi-criteria assessment process. To take into consideration these circumstances, it is necessary to
apply a number of different models of multi-criteria evaluations. In chapter 4 there
is the example solution supporting creating the ranking, which can be applied in the
information system supporting knowledge management in mechanical engineering
industry enterprises [6] working out in the framework of the R&D project, carried
out at the Institute of Management and Administration in the Faculty of Organization
and
Management,
Silesian
University
of
Technology
[1, 2, 3, 4, 5].
2. The assessment process and its circumstances
The general characteristics of the assessment process is presented in Fig. 1.
In multi-criteria assessment it can be specified the following circumstances:
1. The cardinality of the assessment objects set . It is not always necessary to
assess all subjects completely.
2. The variety of assessment objects. In some cases it is possible to divide all
assessment subjects into subsets of similar objects.
3. The cardinality and the uniqueness of assessing criteria, variability in time,
dependency on random factors.
4. The substantive aggregation circumstances of partial evaluations. There are
two basic types of aggregation: balancing and dominated by one evaluation.
The balancing aggregation applies when the unfavorable partial evaluation can
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be compensated by the favorable state of the other partial assessment. The
dominated by one evaluation aggregation refers to such cases when the resultant assessment depends on the worst (or the best) partial assessment. The
dominated by one evaluation aggregation applies in particular to the classification evaluation. In some multi-criteria evaluations may be more complex types
of aggregation, such as the deceptive aggregation (Table 1).
5. The ability to create patterns, which can be compared with the assessment objects. The source of patterns may be generally applicable standards, average
and marginal values characterizing objects. The assessment involving comparing to the pattern object (real or abstract) is largely independent of the subjective evaluation system of the expert.
6. The complexity of the assessment objects and the associated multiplicity and
the diversity of features characterizing these objects.
7. The measurement and observation availability of diagnostic features, the cost
of acquiring the information of the specific diagnostic features.
8. The accuracy and the clarity of determining of diagnostic features. Sometimes
the information cannot be immediately available and it should be acquired by
the expert estimation. The qualitative characteristics is difficult to express in
an unambiguous manner.
9. The purpose of the assessment process. In some situations, the thorough evaluation of all assessment objects (e.g. the periodic evaluation of employees) is
needed, but in most cases, for example in decision-making problems, it is sufficient to choose only one or a few of the best assessment objects.
10. The form of final evaluations. Objects can be characterized by the verbal description, by a few partial evaluations or by one aggregated assessment. It is
possible to create the ranking of the assessment objects (all objects or just the
top ones) or the selected groups (classes).
11. Requirements of the assessment process - the accuracy and the rightness of
assessments, the cost of the assessment process, the time of assessment, the
unitary treatment of all assessment objects (e.g. material procurement procedures).
12. Other situational circumstances, such as the repeatability of the assessment
process, the involvement of experts and others.
Taking into account the above-mentioned considerations enables the choice of the
appropriate assessment models and the proper design of assessment process.
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3. Models of assessment processes and procedures creating them
To overcome the difficulties of multi-criteria assessing, there are used different models and procedures for the whole evaluating process. In particular, the following solutions are applied:
the gradual assessment refining. Because of the type of evaluation such assessments can be distinguished:
- the evaluative assessment, in which the assessment object is assigned the
numerical value
- the classification assessment, by which the assessment object is included in
one of the classes,
- the descriptive assessment, consisting of the verbal description of the structure and the most characteristic features of the assessment object.
In the case of events with a high complexity and diversity it is often begun with
the descriptive assessment, then the classification assessment, and finally the
value assessment.
the selection of assessment objects which do not meet the certain circumstances.
Special cases of selection are:
- the rejection of assessment objects which do not meet the necessary conditions, it is generally easy to check.
- the multi-stage selection involving the gradual rejection these of the assessment objects which do not meet the most important and the most easily verifiable criteria. The disqualification of the assessment object can also occur
as a result of the preliminary simplified estimation. This concept is in a
sense similar to the strategy A-star.
- the rejection of dominated assessment objects, i.e. those which, under the
terms of each of the sub-criteria are worse than other assessment objects (in
the sense of Pareto optimization). The concept of Pareto optimality is very
general, but it cannot be applied in the case of the deceptive aggregation of
partial evaluations (Table 1).
the taxonomic assessment methods. The characteristic feature of these methods
is the assessment independence from the assessment system of the evaluator.
The comparative references are diagnostic features of the entire set of assessment objects achieved by appropriate statistical. The example of such a method
is proposed by Z. Hellwig Multi-criteria Comparative Analysis, in which one
sub-criterion (or some aggregates) is assumed as the leading criterion and the
other evaluation criteria are used to check the admissibility of the solution [11].
the comparing of assessment objects with the patterns. Creating patterns is not
always possible, especially when objects are characterized by a large variety of
the structural evaluation.
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the ranking, i.e. the determination of the sequence of assessment objects by
paired comparison method. The ranking may be the final result of the assessment process or the preliminary stage to make the value assessment.
the assessment in terms of individual criteria and the aggregation of the partial
evaluations. When evaluation criteria and the value of diagnostic features are
known the multi-criteria evaluation procedure can be carried out in two stages:
- making the partial evaluations, each of which includes only one criterion.
Such an evaluation may vary depending on one or more of the diagnostic
features.
- the aggregation of partial evaluations. It` is one of the most widely used
models of a multi-criteria assessment, particularly in the case of the algorithmic assessment process.
Evaluating the multi-criteria assessment is not possible without the participation of experts. There are two basic models of the participation of experts in the
assessment process (Figure 2):
the direct assessment is applied in particular when the relatively low number of
objects is to be evaluate, but these objects are different and described by many
diagnostic features, especially qualitative or in the case when it is difficult to
formalize criteria. The disadvantage of this assessment method is its high subjectivity,
the indirect assessment is based on the fact that experts make assessment procedures, and the direct evaluation of assessment objects is carried out algorithmically. Algorithmization for assessment is possible if the objects are described by
the quantitative and logic diagnostic features. The advantage is the uniformity
of assessment and the reduction of the expensive participation of experts, which
is of particular importance when there are a large number of objects. The formalized, algorithmic evaluation, however, may be less accurate, especially
when the assessment object has individual features that have not been taken into
account within the assessment procedure.
Important instruments for algorithmic assessment are evaluative functions
(Table 1) and the functions aggregating the partial evaluation. The most commonly
used evaluative functions are functions of one variable, which for each diagnostic
characteristics define the partial assessment. In a relatively simple assessment
models are also used evaluative functions of several variables, such as linear functions, which determine the aggregate assessment. The functions aggregating the
partial evaluation have the form similar to the function assessing many variables
(Table 1).
The set of evaluation objects
(homogeneous or diverse)

128

The choice of diagnostic features

The set of diagnostic features

The information acquisition of diagnostic
features values

The set of situational conditions affecting
the assessment criteria
(static and dynamic circumstances, deterministic and probabilistic)

The set of evaluation objects
(homogeneous or diverse)

The classification of evaluation objects

The entity whose value system is reflected
in the evaluation process

The sets of similar evaluation objects
The sources of the evaluation criteria

. . .

The identification of the evaluation criteria

The development of partial evaluations

The verification of the evaluation criteria
The set of primary partial evaluations
The set of evaluation criteria

The processing of partial evaluations – the
selection of objects evaluation, the aggregation of evaluations

The set of partial processed evaluations
The successive stages of
evaluation processing
Working out final evaluations

Figure 1. The general characteristics of the assessment process
The direct expert assessment
The set of evaluation objects
The sources of the evaluation criteria
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The working out of the assessment set
The evaluating experts

The set of auxiliary procedures
supporting the assessment

The verification of evaluations

The set of evaluations

The algorithmic assessment
The sources of the evaluation criteria

The creating of procedures
The experts creating of procedures

The set of evaluation objects

The verification of procedures
The algorithmic working out
of the assessment set
The set of procedures (the structure
and parameters of procedures)

The set of algorithmic working out
evaluations

The procedures of the choice of diagnostic features
The procedures of information acquisition of diagnostic features values
The procedures of classification
The procedures of evaluating
The aggregation procedures of partial
criteria and partial evaluations
The procedures of ranking
The procedures of the estimation of
assessment costs and assessment errors
consequences

The expert verification of evaluations
The experts verifying evaluations

The set of expert verified evaluations

Figure 2. The role of experts in the evaluation process
Table 1. Examples of evaluating functions
No.

The evaluating function Q
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1.

The maximizing function (Q increases with increasing x)
dQ(x)/dx > 0

2.

The minimizing function (Q decreases with decreasing x)
dQ(x)/dx < 0

3.

The optimizing function

4.

5.
6.

7.
8.

9.

10.

11.

dQ(x)/dx > 0
x < xopt
Q = Qmax
x = xopt
dQ(x)/dx < 0
x > xopt
The linear function of the cut-off
Q = a∙(x b) x ≥ b
Q=0
x<b
The linear function of many variables
Q = a1∙(x1 b1) + a2∙(x2 b2) + …+ an∙(x1n
The step function of one variable
Q = q1
Q = q2

x
x

bn)

a0, a1)
a1, a2)

Q = qn
x ≥ an
The logistic function - the function of both sides fulfilling
Q = 1/(1 + exp( a∙(x b))) a > 0
The non-deceptive algebraic function of two variables
Q = x12 + x22
x1= 0, x2= 0
∆x1 > 0, ∆x2 = 0
∆Q > 0
∆x1 = 0, ∆x2 > 0
∆Q > 0
∆x1 > 0, ∆x2 > 0
∆Q > 0
The deceptive algebraic function of two variables
Q = x12 + x22 2,1∙(x1 + x2)
x1 = 0, x2 = 0, ∆x1 (0, 1), ∆x2 (0, 1)
∆x1 > 0, ∆x2 = 0
∆Q > 0
∆x1 = 0, ∆x2 > 0
∆Q > 0
∆x1 > 0, ∆x2 > 0
∆Q < 0
The non-deceptive logic function of two variables
Q = x1 x2
Q(FALSE, FALSE) = FALSE Q(FALSE, TRUE) = TRUE
Q(TRUE, FALSE) = TRUE
Q(TRUE, TRUE) = TRUE
The deceptive logic function of two variables
Q = (x1
x2) ( x1 x2)
Q(FALSE, FALSE) = FALSE Q(FALSE, TRUE) = TRUE
Q(TRUE, FALSE) = TRUE
Q(TRUE, TRUE) = FALSE
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4. The assessment objects ranking by the intractive pairs comparing method
The direct assessment of numerous sets of information is difficult, and thus
significant errors occur. It is believed that in the case of 40 - 50 objects it is impossible to make the accurate evaluating, what is connected with the error of inconstant criticism. For a single assessment it would be necessary to keep in mind all
assessment objects, and this condition is difficult to meet. This difficulty can be
significantly reduced if the ranking is done by pairs comparing. The standard
paired comparison method, however, has the disadvantage of very labor intensive.
It requires the comparison of all pairs. To order a set of n evaluation objects, it is
necessary to undertake (n2 n) / 2 comparisons. The application of the belowmentioned method i.e. the interactive paired comparison method reduces the number of comparisons to below n∙log2n. The method is based on the combination of a
comparative assessment of two objects with the current sorting set. Thus it is not
necessary to compare all pairs, but only some of them. The choice of pairs and the
sequence of the comparison result from the sorting algorithm depending on the
answers given by the users in the previous comparisons [16].
There are a lot of sorting methods. In typical information applications, the effectiveness of the algorithm is determined mainly by the number of operations,
such as moving data and control [14]. However, in the expert comparing pairs
method, the primary criterion of optimization is the number of comparisons. The
method minimizes the number of comparisons is the merging with inserting method described by L. Ford and S. Johnson [12]. In the Ford - Johnson method the sort
of a set of n objects required in the pessimistic case F(n) comparisons, where
F(n) =

lg(¾k)

k = 1, 2, …, n

lg( ) means log2( )

(1)

The closed form of the sum can be expressed by the formula
F(n) = n lg(¾n)

2 lg(6n) / 3 + ½ lg(6n)

(2)

In comparison with the standard, the pairs comparing method resulting in the
considerable reduction in the number of comparisons. For example, to sort the set
of 100 assessment objects just less than 534 comparisons is needed instead of 4950.
The number of comparisons can be even lower in the following cases:
- the collection of assessment objects are pre-ordered. This situation occurs
when the ranking is carried out successively be a few experts,
- in the set there are a couple or a group of assessment objects, which are
evaluated equally because of the criterion of sorting.
The developed interactive pairs comparing system IPCS is the Ford - Johnson
method modified to enable in above-mentioned cases to reduce the average number

132

of comparisons, without increasing the number of pessimistic comparisons. The
user can select different options to modify the sorting method.
In large research projects in order to further reduce the number of comparisons, it should be considered the application of artificial intelligence methods for
managing sorting algorithms.
The conception of the current sorting of the set and the comparing of assessment objects in the order determined by the sorting algorithm is also useful in solving two derived problems:
1. The determination of a number of initial objects of the sorted set. In many
cases it is not necessary to order the whole set, but only the determination of the
number k of the initial objects, for instance the most important components. As a
result the number of comparisons is much less. This task can be accomplished using the first k phases of the tree insertion sort method [12]. This method for the
ordering a full set requires more comparisons than the Ford – Johnson method, but
the difference is not large. For example, for n = 1 000, F(n) = 8 641, and the upper
limit of the pessimistic number of comparisons by the tree insertion sort method is
8 977 (estimated based on Kislicyn’s formula). It derives from the same theorem
that the first 100 out of 1 000 assessment objects may be determined by making no
more than 1 890 comparisons.
2. The merging of ordered subsets. The sorting of large sets can be carried out
in three phases:
- splitting the set into subsets,
- subsets sorting,
- subsets merging,
The splitting of the set into subsets can be justified by the selection of objects
for the substantive assessment due to the competence of evaluating experts. Another reason for the splitting into subsets may be shortening expertise time due to the
parallel comparisons of subsets. In this case, the splitting should be done in such
a way that the size of the merged subsets was approximately the same. The result is
the reduction of the number of comparisons in merging process.
The choice of the method of merging two major sets depends on the number
of objects respectively m and n. When the value is 2/3 < m / n < 3/2 then the optimal method is the two-input merging method [12]. When m << n then the optimal
method is the merging with the binary search method [12]. The indirect method,
similar to the optimal, joining the two-input merging method and the merging with
the binary search method is the Hwang and Lin method [12].
The interactive pairs comparing method was applied to assess factors influencing the activity risk of a chosen average production enterprise [17]. To ranking
118 objects 358 comparisons were done. In case of the standard pairs comparing
method 6903 comparisons would be necessary.
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5. Conclusions
The multi-criteria assessment of complex phenomena is the important part of
decision problems. The proper design of the assessment process, ensuring efficient
and high quality assessment requires the consideration of a number of conditions
and the selection of appropriate of assessment models. The conceptions presented
in this article are used in the information system supporting knowledge management in mechanical engineering industry companies [7, 8, 9].
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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AWARENESS OF IT GOVERNANCE AND ITSM IN SMALL AND
MEDIUM ENTERPRISES IN WESTERN AND CENTRAL EUROPE
DARIUSZ PUT
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IT governance principles and ITSM methodologies are more and more
often used by contemporary organisations. Big companies are usually aware
of their advantages. But the question arises, if small and medium enterprises
are also familiar with these philosophies and methods, since there is a
considerable number of barriers hindering their implementation, e.g.:
complexity of methodologies, overwork, lack of awareness, lack of
knowledge of actual IT trends, lack of trainings offered to SMEs and natural
reluctance to changes. In this paper the level of IT governance and ITSM
awareness in SMEs operating on six regions in Western and Central Europe
on the basis of a survey conducted within them is analysed. Four criteria have
been taken under consideration: IT strategy, awareness of contemporary IT
trends, implemented or planned projects and methods of investment in IT.
Keywords: business strategy, IT strategy, IT, IT governance, ITSM, SME

1. Introduction
IT governance and Information Technology Service Management (ITSM) are
areas of IT concerning IT departments organization in enterprises. These related
terms are, however, defined differently:
ITSM is the area that focuses on defining, managing, and delivering IT services
to support business goals and customer needs. ITSM is broad term,
encompassing IT planning, delivery, support, and security. In contrast to the

traditional technology-oriented approaches to IT operations, ITSM is a discipline
for customer-defined, process-oriented IT services [3],
IT governance is defined as the organizational capacity exercised by the board,
executive management and IT management to control the formulation and
implementation of IT strategy and in this way ensure the fusion of business and
IT [1].
The service philosophy is the greatest distinction between ITSM and classic
IT management. ITSM tries to connect business processes with information
technology by defining IT-based services that support the operational business
processes. ITSM is more than just a management tool. In order to understand and
use it correctly, it is important to comprehend ITSM as an all-inclusive concept,
internalize and integrate it into everyday work. In practice, those responsible for IT
frequently spend their time on maintenance and provisioning tasks. That ties up
financial and personnel resources. The objective is to use ITSM to quickly attain
small successes which together enable reliable, targeted and cost-effective
provisioning of IT. Reserves that are freed up can be used for the development of
innovations.
A critical factor for ITSM is that IT services (such as saving documents or
creating invoices) are viewed as business process critical and thus require
investment to provide optimal support to business processes without wasting
resources (this is known as IT/business alignment). The challenge for each SME is
to bring business processes and IT into alignment and to define IT services that
reflect an optimum relationship between costs, benefits and risks. In ITSM, this is
attained by user-oriented service definitions.
There are numerous frameworks available for effective and efficient ITSM/IT
governance implementations. The most recognized are: Business Framework for
the Governance and Management of Enterprise IT (COBIT) [2], IT Infrastructure
Library (ITIL) [7], Microsoft Operational Framework (MOF) [8], HP IT Service
Management [4], IBM Integrated Service Management [5], eTOM and CalderMoir IT Governance Framework [6, 9]. They differ in the scope and extent and in
many cases are in overlapping relationships.
The goal of the INNOvation TRAINing IT Central Europe (INNOTRAIN IT)
project is to support small and medium enterprises (SMEs) in effective
implementation of ITSM by spreading knowledge of its advantages, preparing
them to employ appropriate solutions and organising free-of-charge trainings. The
project is carried out by research institutions from six regions in Western and
Central Europe: Poland (Malopolska), Austria, Czech Republic, Germany,
Hungary and Slovakia. One of the first tasks project partners set themselves was to
identify current situation as regards to knowledge and implementation of IT
governance and ITSM in small and medium enterprises in all six regions. Selected
results of this investigation are discussed in the paper.
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2. Research data
Within the project the questionnaire was conducted among several hundred
SMEs. It was expected to acquire knowledge of the degree of awareness of
contemporary IT trends among SMEs. Two hundred fifteen companies responded
to the questionnaire: 54 from Poland, 25 from Austria, 32 from Czech Republic, 54
from Germany, 33 from Hungary and 17 from Slovakia. Respondents were asked
to answer general questions, concerning their organisations (e.g. employment,
branches, turnover, number of employees in IT departments). Answers to these
questions gave information about size of enterprises, regions they operate, kind of
businesses they belong to and so on. The questionnaire contained also questions
concerning IT departments organisation and IT awareness in enterprises.
Among companies that responded to the questionnaire most were local firms
operating only on local markets (Poland – 44, Austria – 20, Czech Republic – 20,
Germany – 41, Hungary – 32, Slovakia – 10). The rest acted on a number of
markets: in a few regions, in all European Union and even all over the world. In the
paper the results concerning four issues are discussed:
connections between business strategy, IT strategy and IT architecture and also
impact of contemporary technological trends on IT strategies,
knowledge of contemporary IT trends, including IT governance and ITSM
methods,
implemented and planned projects concerning various IT aspects, including IT
governance and ITSM,
methods of IT investment planning.
3. The questionnaire results
3.1. IT strategy
A few questions concerned relationships between business strategy, IT
strategy, IT architecture and taking into account contemporary IT trends when
planning and organising IT departments. A percentage results of answers to these
questions are depicted in Table 1.
Answers show that most companies fit their IT strategies to business
strategies and IT architectures to IT strategies. IT strategy depends on business
strategy for 77.8% German companies, which is the best result among all regions.
In this respect, the worst situation is in Hungary, where only 7 out of 25 firms
(28.0%) answered positively. In the remaining regions IT strategy depends on
business strategy in more than a half companies: 66.7% in Czech Republic, 66.7%
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in Slovakia, 58.1% in Poland and 56.0% in Austria. Adjustment of IT architecture
to IT strategy declare 85.0% Hungarian and 84.8% German companies. Such a big
discrepancy between positive answers to the first and second questions in the case
of Hungarian companies may indicate either misunderstanding of this issue or
adjustment of IT architecture to existing IT strategy, although the last is elaborated,
in most cases, without reference to business strategy. In remaining regions the
situation is similar to each other. Adjustment of IT architecture to IT strategy
declare 71.4% firms form Czech Republic, 70.5% from Poland, 69.2% from
Slovakia and 68.2% from Austria. It should also be mentioned that, except for
Hungary, the percentage of respondents who answered positively to the second
question is higher than those who responded ‘yes’ to the first one. It means that, in
most cases, IT architecture is better adjusted to IT strategy than IT strategy to
business strategy.
Answers given to the question if technological trends are important in IT
strategy planning show that IT trends are rather significant (see Table 1). They are
not considered, which means that they are not much important or not important at
all, by 5.8% respondents from Germany, 12.5% from Hungary, 14.3% from Czech
Republic, 17.5% from Poland, 17.6% from Slovakia and 24.0% from Austria. On
the other hand, they are important or very important for 78.8% companies in
Germany, 77.5% in Poland, 60.0% in Austria, 58.3% in Hungary, 42.9% in Czech
Republic and 41.2% in Slovakia.
Table 1. Connections between business strategy, IT strategy and IT architecture and impact
of technological trends on IT strategy planning (in percentages)
Technological
Technological
Question
IT strategy is the
IT architecture is
trends are
trends are not
result of business
adjusted to IT
important or very much important or
strategy
strategy
important in IT
not important in IT
strategy planning
strategy planning
Region
Poland

58.1

70.5

77.5

17.5

Austria

56.0

68.2

60.0

24.0

Czech Rep.

66.7

71.4

42.9

14.3

Germany

77.8

84.8

78.8

5.8

Hungary

28.0

85.0

58.3

12.5

Slovakia

66.7

69.2

41.2

17.6

Source: own preparation on the basis of a questionnaire conducted within the INNOTRAIN
IT project
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3.2. Knowledge of contemporary IT trends
The next group of questions related to contemporary trends in IT and,
especially, ITSM: just ITSM but also virtualisation, security and compliance, cloud
computing and energy efficiency. Firstly, respondents were asked to answer if they
are familiar with these terms and then if in their companies projects concerning
these issues had been implemented or at least planned.
The results of answers to questions concerning the awareness of contemporary
IT trends clearly show better awareness of these issues in Western Europe then in
post-socialist countries (see Table 2). In Germany and Austria more than 75%
respondents (apart from one exception) are familiar with all investigated terms. In
remaining countries the awareness is less common, the worst situation is in
Hungary, where none term is familiar to at least half of respondents and in Czech
Republic, where, except for security and compliance issue, the situation is similar.
Both these countries occupy last two (fifth and sixth) places in every term rank (see
Table 2). On the other hand, discussed terminology is well known in Slovakia and
Poland, where only cloud computing is known by less than half of respondents.
Besides, this issue is the worst known in five from six regions. Only in Germany
the awareness of cloud computing is declared by more respondents than energy
efficiency. The best situation is in the case of issues concerning security and
compliance. In almost all regions surveyed this is the best known term apart from
Germany, where it occupies second place (the first is virtualisation) and Hungary
where it is a little less known than ITSM and the same as virtualisation.
Table 2. Number and percentage of respondents declaring knowledge
of contemporary IT trends
Term
ITSM

Virtualisation

Security and
compliance

Cloud
computing

Energy
efficiency

Poland

35 (64.8%)

36 (66.7%)

44 (81.5%)

26 (48.1%)

29 (53.7%)

Austria

19 (76.0%)

20 (80.0%)

23 (92.0%)

19 (76.0%)

20 (80.0%)

Czech Rep.

13 (40.6%)

13 (40.6%)

17 (53.1%)

5 (15.6%)

12 (37.5%)

Germany

45 (83.3%)

47 (87.0%)

45 (83.3%)

42 (77.8%)

40 (74.1%)

Hungary

13 (39.4%)

12 (36.4%)

12 (36.4%)

8 (24.2%)

14 (42.4%)

Slovakia

14 (82.4%)

13 (76.5%)

15 (88.2%)

6 (35.3%)

11 (64.7%)

Region

Source: own preparation on the basis of a questionnaire conducted within the INNOTRAIN
IT project
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3.3. Implemented and planned IT projects
Similarly to the knowledge of analysed IT areas, also percentage of
companies which implemented or planed to carry out projects in these areas is
diverse. In a few cases the difference between the number of implemented or
planned projects (see Table 3) and the knowledge of corresponding areas (see
Table 2) is puzzling. For example, only 8 respondents from Hungary declared they
were familiar with cloud computing, whereas 12 informed that a project on this
area had been implemented in a company and next one that it was planned. Similar
situation is in three other regions: in Czech Republic only 5 respondents declared
familiarity with cloud computing, whereas 18 informed about implementation and
one about planned project. In Austria 19 were familiar with cloud computing,
whereas 15 implemented projects and 5 planed, in Slovakia it is respectively 6, 6
and 2.
Similar situation is also in other investigated issues. In Austria, 19
respondents were familiar with ITSM but as many as 23 informed about projects.
In Czech Republic it was respectively 13 and 20, in Hungary 13 and 14. Similarly,
more declared greater number of projects then knowledge of corresponding issue in
virtualization (Austria, Czech Republic and Hungary), security and compliance
(Czech Republic and Hungary) and energy efficiency (Czech Republic and
Hungary). It means that employees know what is going on in their organisations
and they are aware of implemented projects, improvements and modern solutions
but they may have problems with understanding new implementations and may not
know how to use them. This may lead to not efficient usage of existing potential
offered by implemented solutions, because employees know they exist but they do
not have adequate skills and knowledge to use them properly.
Analysing the state of implementations or projects planned in individual
regions it has to be mentioned that the worst situation is in Hungary, which in the
rank of percentage of enterprises which implemented or planed projects in every
case occupies the last place. Also in Poland situation is not satisfactory, because in
this ranking enterprises from Malopolska occupy second to last place. On the other
hand, the best situation is in Austria (in every area the first place) and in Germany
(in four cases second place, in energy efficiency projects third).
What is interesting, only in Poland and Germany in every analysed area (and
in Slovakia in four out of five) having knowledge declare more respondents than
implemented or planned projects. This means that in these regions projects are
better planned and employees are acquainted with them and are able to use them
efficiently.
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Table 3. Number and percentage of companies currying out or planning implementation
of projects in five analysed areas
Term

Virtualisation

Security and
compliance

Cloud
computing

Energy
efficiency

implemented 15 (27.8%)

14 (25.9%)

10 (18.5%)

20 (37.0%)

21 (38.9%)

planned

12 (22.2%)

16 (29.6%)

22 (40.7%)

2 (3.7%)

4 (7.4%)

total

27 (50.0%)

30 (55.6%)

32 (59.3%)

22 (40.7%)

25 (46.3%)

implemented 13 (52.0%)

8 (32.0%)

5 (20.0%)

15 (60.0%)

12 (48.0%)

planned

10 (40%)

14 (56.0%)

18 (72.0%)

5 (20.0%)

6 (24.0%)

23 (92.0%)

22 (88.0%)

23 (92.0%)

20 (80.0%)

18 (72.0%)

implemented 12 (37.5%)

13 (40.6%)

7 (21.9%)

18 (56.3%)

15 (46.9%)

8 (25.0%)

10 (31.3%)

15 (46.9%)

1 (3.1%)

5 (15.6%)

20 (62.5%)

23 (71.9%)

22 (68.8%)

19 (59.4%)

20 (62.5%)

implemented 15 (27.8%)

12 (22.2%)

13 (24.1%)

19 (35.2%)

18 (33.3%)

planned

28 (51.9%)

30 (55.6%)

29 (53.7%)

18 (33.3%)

12 (22.2%)

total

43 (79.6%)

42 (77.8%)

42 (77.8%)

37 (68.5%)

30 (55.6%)

implemented

7 (21.2%)

10 (30.3%)

8 (24.2%)

12 (36.4%)

11 (33.3%)

planned

7 (21.2%)

3 (9.1%)

9 (27.3%)

1 (3.0%)

4 (12.1%)

total

14 (42.4%)

13 (39.4%)

17 (51.5%)

13 (39.4%)

15 (45.5%)

implemented

2 (11.8%)

2 (11.8%)

2 (11.8%)

6 (35.3%)

5 (29.4%)

planned

10 (58.8%)

8 (47.1%)

9 (52.9%)

2 (11.8%)

3 (17.6%)

total

12 (70.6%)

10 (58.8%)

11 (64.7%)

8 (47.1%)

8 (47.1%)

Projects

ITSM

Region
Poland

Austria

total

Czech Rep. planned
total

Germany

Hungary

Slovakia

Source: own preparation on the basis of a questionnaire conducted within the INNOTRAIN
IT project

3.4. Investment plans in IT
The next group of questions related to investment plans in IT and, especially,
factors that most influence them. Respondents might have indicated more than one
factor which could have been: corporate strategy, employee requirements, client
expectations or complains, reaction to immediate necessities or noted IT
insufficiencies and others. Results of this part of the questionnaire are depicted in
Table 4.
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Table 4. Impact of chosen factors on investment plans in IT
Term
Corporate
strategy

Employees
requirements

Clients
complains/
expectations

Immediate necessities
(IT insufficiency)

Others

Poland

28 (51.9%)

43 (79.6%)

9 (16.7%)

20 (37.0%) / 1 (1.9%)

1

Austria

14 (56.0%)

16 (64.0%)

14 (56.0%)

16 (64.0%) / 1 (4.0%)

1

Czech Rep.

16 (50.0%)

16 (50.0%)

5 (15.6%)

15 (46.9%) / 5 (15.6%)

0

Germany

27 (50.0%)

40 (74.1%)

34 (63.0%)

35 (64.8%) / 3 (5.6%)

1

Hungary

10 (30.3%)

20 (60.6%)

3 (9.1%)

13 (39.4%) / 7 (21.2%)

0

Slovakia

11 (64.7%)

10 (58.8%)

7 (41.2%)

7 (41.2%) / 1 (5.9%)

0

Region

Source: own preparation on the basis of a questionnaire conducted within the INNOTRAIN
IT project

The aim of this group of questions was to investigate, if investments in IT are
planned in advance, if they arise as the result of changes in organisations and their
environment or as a reaction to sudden problems and noted IT insufficiencies. If
investment plans in IT depend on corporate strategy it usually means that changes
are well prepared, implemented strategically and that it is a thought-out, long-term
process. But changes may be introduced also in response to reports made by own
employee or client expectations or even their complains. This strategy also may
produce good results, as far as necessary changes are made quickly and properly,
and client and employee remarks and comments are monitored constantly. If
investments are made as a result of immediate necessities, IT insufficiencies or
sudden problems, it usually means that there are no planned actions in this area and
that changes are made accidentally, mainly to eliminate various mistakes or
irregularities. This may lead to losing control of possessed resources and also to
arising confusion and difficulties in understanding IT mission and possessed
resources.
Analysing the questionnaire results (see Table 4) it should be noted that most
companies in all regions investing in IT have well thought-out scheme. Although
investments are the result of corporate strategy for 50–60% (apart from Hungary,
where this is only 30.3%), but many companies investing in IT take under
consideration employee requirements and client expectations. Furthermore, only
for small number of those who, as important criteria, indicated immediate
necessities or IT insufficiencies, this criteria was the only one. In all regions, the
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biggest or almost the biggest impact employee requirements have, whereas
significantly less pay attention to client expectations or complains.
It should be noted that the corporate strategy has the smallest impact on IT
investment plans in German companies, which, on the other hand, have the biggest
awareness as far as IT, IT strategy and new trends are concerned. For German
companies the biggest importance are own employee requirements, then client
expectations and complains and IT insufficiencies. The last place occupy corporate
strategy. It also should be noted that in German and Austrian companies all three
factors (corporate strategy, employee requirements and client expectations) have
similar impact on IT investment plans. In remaining regions (apart from Slovakia
where this value is comparable to German and Austrian companies) significantly
less attention is paid to client expectations and complains.
Data depicted in Table 4 show that the worst situation is in Hungarian
companies. In this region the least attention is paid to strategic planning in IT, the
least impact client expectations and complains have, relatively many companies
(39.4%) declare introducing changes as a reaction to IT insufficiencies, what is
more, for as many as 21.2% this is the only criteria.
4. Comparative analysis of investigated regions
To compare investigated regions, all four studied areas were taken under
consideration. Only these indicators were selected which could be classified as
stimulants. In strategy IT area three were chosen: connection between business
strategy and IT strategy, connection between architecture IT and IT strategy and
importance of technological trends in IT strategy planning (second, third and fourth
columns in Table 1). It was assumed, that insignificance of technological trends in
IT strategy planning is destimulant. In acquaintance with contemporary IT trends
area (see Table 2) and projects implemented or planned (see Table 3) all indicators
are stimulants. In methods of investment planning in IT area first three were
selected (see Table 4). It was assumed that a company should plan its investments
on the basis of corporate strategy, but also it should take into consideration
employee requirements and client expectations and complains. The indicator
informing that investment plans in IT depend on immediate necessities or IT
insufficiencies was classified as nominant, because it is difficult to unambiguously
declare it as a positive or negative phenomenon. On the one hand, investments in
IT if it is such a necessity may be positive because it decreases the risk of
overinvestment, on the other hand, especially if it is the only criteria, it is negative,
because it indicates that company has no long-term plans, which may lead to
accidental and chaotic decisions.
144

Table 5. Average values and ranks of regions in all analysed research areas
IT strategy
IT trends
Projects
Investments plans
Criteria
(C1)
knowledge (C2)
(C3)
(C4)
Factor
Factor
Factor
Factor
Rank
Rank
Rank
Rank
Region
average
average
average
average
Poland

68.7

2

63.0

4

50.4

5

49.4

4

Austria

61.4

3

80.8

2

84.8

1

58.7

2

Czech Rep.

60.3

4

37.5

5

65.0

3

38.5

5

Germany

80.5

1

81.1

1

71.9

2

62.4

1

Hungary

57.1

6

35.8

6

43.6

6

33.3

6

Slovakia

59.0

5

69.4

3

57.7

4

54.9

3

Source: own preparation on the basis of data depicted in Tables 1, 2, 3 and 4

To ensure identical impact of all four categories on synthetic value, in all four
cases an average from all selected indicators was calculated. Next, on the basis of
these averages, regions were ranked. Then, two synthetic values were calculated.
First as a sum of averages, so the impact of individual average on synthetic value
was significant (e.g. if one average was substantially less or higher than others, it
was reflected in synthetic value). Second was a sum of ranks, which ignored
impact of values on synthetic indicator. In Table 5 averages and ranks for all four
categories separately are depicted, in Table 6 synthetic values calculated for all
categories jointly are shown.
Table 6. Comprehensive indicator of awareness and usage of IT in analysed regions
Indicator

Values

Ranks

Region

Sum of
averages

Rank

Sum of
ranks

Rank

Poland

231.4

4

15

3

Austria

285.7

2

8

2

Czech Republic

201.4

5

17

5

Germany

295.8

1

5

1

Hungary

169.8

6

24

6

Slovakia

241.0

3

15

3

Source: own preparation on the basis of data depicted in Table 5
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As far as awareness and usage of IT in SMEs are concerned, both calculated
synthetic indicators show that the best developed are German and Austrian regions
(see Table 6). Moreover, synthetic indicator calculated as a sum of averages shows
that the difference between these regions and next Slovakia is significant (the value
of this indicator is: for Germany 295.8, Austria 285.7 and third Slovakia 241.0).
The second group form Slovakian and Polish regions – synthetic value calculated
as a sum of ranks shows that these regions are developed identically, whereas
indicator calculated as a sum of averages shows slight better situation in Slovakia.
Fifth place occupies Czech Republic, having significantly worse value of synthetic
indicator than fourth Poland (for Poland it is 231.4, for Czech Republic 201.4). At
the end is Hungarian region – the value of this indicator is significantly worse than
in Czech Republic (169.8). On the basis of these analyses, a conclusion may be
made that there is a significant discrepancy in individual regions development.
5. Conclusion
The results of the questionnaire conducted among employees in small and
medium enterprises, concerning awareness and usage of various IT tools and ITSM
methodologies in their organisations enable to draw the following conclusions:
in most cases (over 50%) enterprises adjust their IT strategies to business
strategies (apart from Hungarian region) and IT architectures to IT strategies,
enterprises pay attention to employing actual technological trends in IT
strategies planning (less than a half companies do it only in Slovakia and Czech
Republic),
in almost all regions (apart from Poland) the highest attention is paid to adjusting
IT architectures to IT strategies, lesser to planning IT strategies on the basis of
business strategies, architectures IT on the basis of IT strategies and to use of
technological trends while planning IT strategies,
significantly better awareness of contemporary IT trends is in Western Europe
(Germany, Austria) than in post-socialist regions; the worst situation is in
Hungary and Czech Republic where these issues are known by less than a half
respondents (apart from security and compliance in Czech Republic),
among all investigated terms in all regions the worst known is cloud computing
(apart from Germany where more respondents are acquainted with this term than
with energy efficiency),
in many cases enterprises declare more implemented or planned projects in
individual branches than acquaintance with the branch, which may lead to
conclusion that employees have not enough and adequate skills and knowledge
to effectively use solutions implemented in their companies,
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only in Poland and Germany the number of respondents declaring knowledge of
individual area is higher than the number of planned or implemented projects,
which may lead to the conclusion that in these regions projects are well planned
and employees are acquainted with them,
almost in all regions the biggest impact on investment plans in IT own employee
requirements have (apart from Slovakia where the biggest impact corporate
strategy has),
as far as synthetic view on knowledge and usage of IT governance and ITSM
methods is concerned, the best developed are German and Austrian regions, next
group constitute Slovakia and Poland, then Czech Republic and the worst
situation is in Hungary.
The results of the questionnaire show rather good knowledge of issues
connected with IT governance and ITSM in most analysed regions. One of the
reasons may be the fact that, although the survey was conducted among companies
operating on various business areas, the answers were given mainly by IT
department employees, because the questionnaire was related to issues connected
with IT.
The survey shows also significant difference between individual regions as far
as analysed issues are concerned. So, one of the main goals of the INNOTRAIN IT
project is to contribute to decreasing differences between these regions by
organising free-of-charge trainings and stimulating enterprises to cooperate in
innovative undertakings with organisations operating in different regions.
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PROCESS APPROACH TO THE EVALUATION
OF INFORMATION SYSTEMS EFFECTIVENESS
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In the article the concept of using the process approach to assessing the
effectiveness of information systems is presented. This method focuses on information systems supporting core business activities. An important feature
of the concept is to extend the assessment of both the systems – the information system and the production system, which are linked together by a
common process models.
Keywords: process approach, information system, economic effectiveness

1. Introduction
Globalization and technological progress are associated with the need to gain
and maintain a competitive advantage, including through the use of modern information systems supporting management systems. Firms often incur large expenditures on information systems. It follows an interest and a need to assess the economic effectiveness of such systems. There are many methods to evaluate the economic effectiveness of innovative solutions described in the literature, including IT
systems. These methods are often a subject of criticism. Their use in practice faces
many problems such as the assessment of effects on the side of system user
(receiver).
In the article a process approach for evaluating the effectiveness of information systems will be presented. Main (as verified by us) area of its application

covers the IT systems supporting core businesses, which results are addressed to
specific recipients, and are the subject of the sale. A typical, though not the only,
example of this are MRP II / ERP and SCM systems, in particular their production
management, procurement and distribution modules etc.
The scope of the evaluation of the new method includes both information system and production system (incl. logistics, etc.). The first one is treated as a supporting system, while the other as a system to be served. Key to the new evaluation
method is mutual relation of the two systems. Both systems are linked together
through a common process models, which on the one hand create a specification
for this information system while on the other hand these same processes are models (description) of production systems.
2. Effectiveness evaluation
Economic evaluation of IT projects is very important due to the very high financial investments, and the associated risks. This applies to both implementing
and the user companies. There are more than 60 different methods to assess the
economic efficiency of information systems described in the literature. New methods are arising constantly, which are often a compilation of existing ones.
While from the point of view of implementing company it is usually much
easier to evaluate the effectiveness of the implementation of the information system so far from the user's perspective it is not that simple. Introducer is aware and
knows what benefits can be expected even on the basis of his earlier experience. It
can also determine the timing and human resources needed to be involved in the
implementation of the project. Nevertheless, implementing company bears also the
risk and should carry out analysis of the potential risks associated with the customer to withdraw from further cooperation.
From the user's perspective much more important is the economic assessment
because he is the one, who invests large amount of money to buy the equipment,
prepare the infrastructure, purchase of software licenses, external consultation, staff
training, staff time devoted to the implementation work, additionally should be
consider inadequate system selection, inadequate understanding of the needs, a
failure of organizations to change, errors resulting from underdevelopment of the
solutions, the errors arising from ignorance of the new solution once it has started,
and many others. Large IT systems, and these are certainly ERP systems are not
only expensive, but also affect the way of functioning many areas of the company.
In addition, evaluation of the effectiveness is complicated by the fact that the effects of the implementation appear to be completely separate from the expenses
were incurred, and often it is difficult to correlate them with each other. Moreover,
there are also intangible benefits, which further complicates the assessment of the
information systems [7].
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The biggest problem with the defining the effectiveness of IT solutions is not
only a problem with the presentation of a tangible benefit, but also the fact that
very often the majority of the data needed for such statements is not recorded at all.
Judgements concerning effects that are immeasurable often result from confusion caused by the incorrect interpretation of the properly measured object, the
wrong idea of measuring, the wrong way to measure (e.g. improved access to information can be expressed in figures or in amount in the form as a faster time to
obtain information).
3. Process approach
Describing the process approach, it is necessary to focus on the key word
which is a process. The process according to ISO 9001:2008 terminology is defined as a set of interrelated or interacting activities, which transform inputs into
outputs. The actions require the allocation of adequate resources such as people,
machines, materials, tools, information, energy, etc. [4].
The general division of the processes due to the gradation of the aims and objectives of the system was proposed by S. Chajtman. He distinguished three groups
of processes [1]:
1. main (basic) processes – fulfilling key tasks of the system, by providing to the
environment products, which are the main output of the system,
2. supporting processes - to ensure and maintain efficiency of tools, equipment
and human labor in all processes,
3. information and control processes - that reflect and control the interfaces between parts of processes, these processes most commonly are defined as the
processes of managing and overseeing.
These three groups of processes are closely linked together with clearly defined relationship, which shows Figure 1. Elements of ancillary processes are supporting basic as well as management processes. However, elements of information
and control processes are closely connected with the basic and supporting processes. In the era of increased globalization effective management of business processes is becoming increasingly important to every organization.
Process approach according to ISO 9001:2008 means the systematic identification of processes and their mutual correlation and appropriate management in
order to achieve the desired result. Process approach is an effective way to organize
and manage activities to create value for customers and other stakeholders. Process
approach introduces horizontal way of management, exceeding the boundaries
between different functional units at the same time focusing attention of these cells
on achieving the main objectives of the organization [4].
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Management
processes

Main
CUSTOMER
REQUIREMENTS

AN EXTERNAL
CUSTOMER
SATISFACTION

processes
(główne)

Auxiliary processes
(supporting)
Figure 1. Types of bussines processes. Source: [3]

Process approach is successfully used in designing and implementation of information systems in the organizations can also be used to evaluate the effectiveness of these systems.
4. Information system and production system
The use of new IT technologies to improve processes was often reduced to automation and / or acceleration of the individual elements of the existing process.
This creates problems of communication between processes, and makes it difficult
to acquire and process data. Quite common practice was to equip and develop separate IT applications in different business units. The use of separate systems, often
running on different hardware platforms with different data structures were aimed
at optimizing internal performance. Nobody analyzed the total organization and no
one was responsible for the processes as a whole. Today, these companies are facing with the problem, which is the integration of the different parts of the process
into one coherent whole.
Most of the processes in large corporations have not been subject to detailed
analysis and any changes at all. In fact, many current processes are the result of a
series of ad hoc decisions made by the functional units that do not pay attention to
the efficiency and effectiveness of the whole process. Many processes have never
been measured. There are often not examined the entire process, only parts carried
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by separate entities. Individual departments optimize their performance, which is
not reflected in the improvement of the whole process.
Analysis of information technology should take into account how it supports
the business processes of the organization. However, thinking about business processes and streamlining them should be carried out having in mind opportunities
that information technology can provide.
The relationship between information technology and business processes can
be viewed as a recursive relationship [2].

How can IT systems support the
business processes?

Information technology
possibilities

Transforming the
business processes

How business processes can be
transformed using IT?
Figure 2. Dependence of information technology and processes. Source: own preparation
on the basis of [2]

In this article we will define the system as a set of elements extracted from the
environment due to the realization of a particular purpose. In this paper, we focus
on production and information systems. Both systems work closely together, supplying each other with data. However, there is a different nature of these tasks. The
information system is a system which provides services to the needs of the production system, that is why it is treated here as a supporting system, while the production system is being serviced and supported.
The production system is deliberately designed and organized as configuration of material, energy and information flows used (controlled) by humans in order to produce certain products (goods or services) to meet the diverse needs of
consumers.
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satisfaction

Output pointless:
defects
waste
pollution

Monitoring and measurement
Effectiveness of the process
Ability to achieve desired results

Efficiency of the process
The achieved results versus resources used

Figure 3. General process model. Source: own preparation on the base of [4]

The information technology system is defined as an information system that
performs its task using IT tools. The information system is a set of elements, extracted from the environment, in the form of data elements, the method of collection and processing, storage and transmission these data using variety of channels
and people [6].
Simplifying, it can be said that the information technology system is based on
the transmission of information using information technology. However, it should be
noted, that the information technology system is responsible for not only providing
information, but also for supporting business processes and decision making [5].
Diagram of connections and relationships between the various elements of the
information technology system is presented on the Figure 4.
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IT Technology
Information system
people, money,
information sources,
procedures for processing, storage and
sharing information

IT System
Information system
realized and
supported by IT

Business processes

IT Project

CREATES
Resources and activities consumed
and taken to create solutions

IT Solution
Business processes
supported by information
technology

Figure 4. Formation process of IT systems. Source: [5]

Relationship between information systems and business processes are indisputable. Therefore, it seems to be unnatural to consider and evaluate separately
information systems and production systems that execute business processes.
The relationships between information system and production system is explains at Figure 5. The production system is fed input streams, which include information from the information system, and which are necessary for the proper
functioning of the system serviced – operated. However, the output stream of the
production system in addition to physical products also includes feedback to the
information system, which without this information can not properly operate and
provide services to the needs of the production system.
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Plan

Information System
(Control System)

Production System

Productivity

Figure 5. Interdependence of the information system and the production system

5. A new method to evaluate the effectiveness of it systems
The new method is based on the process approach combined with the selected
method of assessing effectiveness. The method will be exemplified of ROI (Return
on Investment) although any other effectiveness measure can be used. The method
consists of several steps, which in part can be executed in parallel and partially
sequenced.
• Mapping the current state processes, dimensioning processes – assessment
of the initial situation.
• Analyse and improving processes.
• Modelling of the target state, dimensioning process - assessment of the future situation (ex ante).
• Designing DuPont scheme for ROI.
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• Developing a matrix representing relationship between processes and
DuPont diagram for ROI.
• Analysis of changes in the individual partial indicators.
• Analysis of the impact of the change sub-indices for the main indicator of
economic evaluation effectiveness.
The first step is to identify key processes and their decomposition into elementary processes and sub processes. This can be done by using pattern (reference
model) of such classification processes developed e.g. by SCOR or APQC. An
example of the result of processes decomposition is shown in Figure 6.
Main process
Process 1
Process 1.1
Process 1.1.1
Process 1.1.1.1
Process 1.1.1.2
Process 1.1.1.3
Process 1.1.2
….
Process 1.2
Process 1.2.1
Process 1.2.2
Process 2
Process 2.1
Process 2.1.1
….
Process 2.2
Process 2.2.1
Process 2.3
Process 3
Process 3.1
….

Figure 6. An example of decomposition processes
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In the next stage of the method, processes describing the current state should
be verified, paying attention to the processes which are stored in the computer system if they are compatible with the processes carried out in reality. On this basis it
is possible to build models of processes in the target state.
In parallel to steps presented above a decomposition of general measure ROI
on elementary factors shall be performed. For this purpose, it is proposed to use the
DuPont chart. It is widely known and used for a long time including to analyze the
ROI. This scheme has been designed by an engineer, Donaldson Brown, working
for the of DuPont in the 1920s.

Figure 7. The chart of F. Donaldson Brown’s return on investment formula.
Source: based on [8]

Diagram presented on the Figure 7 can be developed (in a more detailed way)
in any manner consistent with the specific needs and conditions (in particular: effectiveness measure).
The next step is to develop a matrix of relations between the described processes and DuPont chart showing the ROI. Thanks to this matrix it is possible to
study relationships and the impact of changes in individual elementary processes
on the value of the sub-indices and the main index. Possessing the results of the
evaluation of such processes, it is possible to associate the effects and expenditures
related to them, with the corresponding partial measures.
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Indicator 1
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1.1

Indicator
1.2

Indicator 2

Indicator
1.3
Indicator
1.3.1

Indicator
1.3.2

Indicator
2.1

Indicator
2.2

Indicator
2.3
Indicator
2.3.1

Indicator
2.3.2

Indicator 3

….

Indicator
3.1

….

…

Main process
Process 1
Process 1.1
Process 1.1.1
Process 1.1.1.1
Process 1.1.1.2
Process 1.1.1.3
Process 1.1.2
....
Process 1.2
Processs 1.2.1
Process 1.2.2
Process 2
Process 2.1
Process 2.1.1
….
Process 2.2
Process 2.2.1
Process 2.3
Process 3
Process 3.1
….

Figure 8. Matrix representing relationship between processes and DuPont
chart for ROI calculation

The application of a process approach in conjunction with the Dupont diagrams allows easy implementation of a number of methods to assess the economic
effectiveness of information systems. The article presents an example of the application of the method to calculate ROI. Directions how to use the method with other
measures of economic effectiveness evaluation are very similar.
The new method allows the identification the basic types of expenditures and
effects, and clear assignment them to the processes supported by the information
system and on the other hand, to particular locations in the production system,
where data concerning costs and effects can be collected.
The method allows conducting simulations of various conditions for projects
enabling the sensitivity evaluation of indicators to assess results of changes in project parameters as well as in the production system. The way of calculation effectiveness indicators can be easily implemented by using a spreadsheet.
This method can be used to conduct evaluation ex ante and to assess the current situation – during the implementation of the information system. The gradual
implementation of the information system interferes with processes carried out by
the production system. Owing to this new method it is possible to assess the impact
of occurring changes. Additional advantage of the method is the ability to evaluate
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how the implementation of the information system will affect the parameters that
characterize the functioning of the whole production system.
6. Conclusion
The method is a partial result of the project “Application of the Theory of
Constraints in IT Project Management” supported by the grant no 6ZR10 2008C/
07128 conducted in the Institute for Production Systems Organisation in 20092011 by the research team under guidance of prof. Krzysztof Santarek [7].
Initial studies suggest that the method is highly effective. It allows simulations (ex ante) the economic effectiveness, the study of sensitivity evaluation indicators caused by changes of system parameters (e.g. delays in the implementation
of the system, budget overruns, not achieving assumed operational parameters,
etc.). The essence of the method was explained on the example of the ROI measure, although it can also be used in the case of other measures of economic effectiveness assessment. An important advantage of the method is the simplicity of its
implementation, e.g. using a spreadsheet.
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The paper presents a knowledge conflict resolving in supply chain management systems by using consensus methods. Most often user independently
resolves this conflict by analyzing individual variants and taking a decision
which of these variants choose. It is time-consumption and process, which is
tied with risk of incorrect variant choice. To eliminate these inconveniences it
can be use the consensus methods. These methods allow the automatic determine by system one variant, that is presented to the user. Therefore, the
knowledge structure, which represents individual variants of solution, was
defined in article. This definition is necessary to determine consensus algorithms, which allow to resolving knowledge conflicts supply chain management systems.
Keywords: supply chain management, knowledge structure, knowledge conflicts, consensus methods

1. Introduction
In contemporary economic situation, one of the key fields of operation for
companies is the supply chain, since a well-defined and promoted product with
lowest prices and superb characteristic will simply not suffice [9]. Low margin as
well as consolidation and globalization of the market are all posing a serious threat
to a great number of companies, including those on Polish market. Competitive

advantage is more and more often becoming subject to efficient orderliness of
product supply with minimum expense, as well as proper customer service. That is
the reason why many companies are implementing supply chain management strategies. A supply chain is a logistic network composed of suppliers, factories, warehouses, wholesalers, distribution centers, retail outlets as well as resources, production in progress and ready-made goods that are transferred between them [10].
Supply chain management, however, is a series of actions taken for the purpose of effective integration of suppliers, manufacturers, warehouses and stores so
that goods is produced and distributed in the right quantities and to the right places,
in order to minimize expenses, meeting the needs in the right measure [10].
A contemporary supply chain is characterized by [10]:
- it ability to response quickly and satisfy rapidly changing demand,
- flexibility, the potential to adapt to an optimal cost-to-service level ratio,
- the ability to use company’s resources effectively,
- the competence to use all available information.
The reality of rapidly developing market forces companies to search for opportunities to build competitive advantage outside its structure, for individual effort
often proves to be insufficient to fully meet customer expectations. In order to meet
them halfway, companies are forced to conduct joint operations together with their
business partners.
The most important benefit gained in supply chain management is a significant decrease in numbers of inventories, both on the part of the supplier and the
customer. The traditional approach assumes supplying in large batches, which is
argued by the so-called economic amount of the batch. Additionally, suppliers
exercise discounts subject to the amount of a single delivery, which causes further
increase in orders. This in turn is the reason for large inventories both on the supplier’s part and the customer’s. Additionally, it is also the reason for an unbalanced
workload on the supplier’s production resources and the customer’s problems with
cash flow [6]. The supply chain should be managed to fit the JIT (just-in-time)
model, synchronizing production plans with frequent and relatively small supplies.
Such model triggers a number of positive effects, such as a decrease in the number
of inventories, more balanced workload of production resources and a decrease in
the need for resources, which in turn must be replaced by an increased need for
information [8]. Therefore, it is necessary to change production plans, so that it is
possible to co-ordinate them and acquire precise information on supplies (orders)
and invoices. Many companies use computer systems to gather information and
improve communication, both within the company structure and with business
partners. Recent years have shown a growing interest among companies in systems
aiming at integrating the SCM (Supply Chain Management). The said solutions are
used to accurately co-ordinate actions taken by business partners, which is usually
achieved through EDI (Electronic Data Interchange). However, professional writ161

ings on the subject point out more and more often that the systems should respond
to market demands dynamically, thus increasing the value of all companies participating in the supply chain [2]. In other words, SCM systems should operate in real
time, which is a difficult matter, considering the computing complexity of algorithms used in these systems and the fact that SCM systems are often based on ERP
(Enterprise Resource Planning) [4] data, creating the necessity to integrate flexible
analytical applications with rigid data-gathering applications [9]. Therefore, frequently the SCM system presents a number of different alternatives for product
transfer between various contractors and the user must make the final decision to
choose one of them, having performed proper analysis. It is a time-consuming process, where the user risks selecting the wrong alternative. Such situation is often
referred to as conflict of knowledge. However, if the chain management support
sys-tem is to facilitate dynamic and efficient management of the supply chain, conflicts of such nature must be solved.
Therefore in this article it is proposed to use consensus methods to resolve
knowledge conflicts and, in consequence, automatically determining one of the variants by system. This variant is presented to user and, in consequence SCM system
can be more elastic.
2. Knowledge conflicts in supply chain management systems
Conflicts of knowledge in supply chain management support systems result
from inconsistency or contradictions in the system’s knowledge [5]. If we assume
that the sides of a conflict are various alternative solutions generated by the system,
then inconsistency occurs when there is a given feature occurring or not occurring
within a given period of time in one of the alternatives, but another alternative contains no information on such feature. Contradiction occurs when a given feature
occurs within a given period of time in one alternative, but it does not occur in the
same period of time in another alternative.
Therefore, conflicts of knowledge occur when the same objects and the same
features are given different values by the sides of the conflict. Assuming that the
SCM system has generated various alternative solutions (for instance, resulting
from using different methods of supply chain management support), for example:
- to transport 5 kg of goods t1 starting at location m1 at 10.00 hours so that
the goods reach their destination m2 at 11.00 hours,
- to transport 10 kg of goods t1 starting at location m1 at 9.00 hours so that
the goods reach their destination m2 at 11.00 hours,
- to transport 15 kg of goods t1 starting at location m1 at 9.30 hours so that
the goods reach their destination m2 at 11.00 hours,
then conflict of knowledge applies both to the feature ‘quantity’ and the feature
‘time’.
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The conflict concerns values of features, therefore one may state, it results
from contradicting knowledge and its nature is multi-attribute and multi-value.
The paper [3] defines the following sources of conflicts of knowledge:
1. A fight over management of certain resources. A conflict occurs when one
side of the conflict thinks that the other side should not possess knowledge of a
given resource, while the other side thinks that such knowledge is rightful.
2. Conflict of ideology. It occurs when the sides of the conflict have different
beliefs on a certain matter. The said beliefs may result from the type of environment where a system works or from an established course of action.
3. The necessity to integrate different elements or units. If there is a need to
integrate a number of system elements into one entirety, a conflict occurs naturally
(for instance different structures of knowledge, different ways to present
knowledge).
4. Conflicts resulting from operating the knowledge management system.
A conflict occurs when neither side of the conflict considers itself responsible for
managing knowledge contained in the system.
Supply chain management support systems usually face conflicts stated in 1
and 3.
It is obvious that sources of conflicts of knowledge are vast, that is why many
projects have been launched to detect and solve the conflicts. However, the problem of using the method of consensus in solving conflicts of knowledge in supply
chain management support systems has never been discussed yet.
However, the concept specified in the article [12] assumes that the SCM system modules that concern suppliers, manufacturers, wholesalers, retailers and individual customers, generate different alternative solutions for each link of the supply
chain, based on information provided by transaction systems (e.g. ERP) and analytic systems (e.g. MES, CRM) and employing different criteria or methods of analysis (such as aforementioned: lowest price, shortest delivery time, nonlinear programming, genetic algorithms). The alternative solutions differ in terms of attributes and values for attributes. Therefore, the system faces a conflict of knowledge
among those alternatives.
Solving conflicts of such nature is very important, because only then the system can present correct alternatives. If the system ignores this aspect, the user may
experience problems with proper management of the supply chain.
The next part of the article will characterize the process of defining algorithms
for determining consensus.
3. The process of defining consensus determining algorithm
Essentially, consensus means agreement [7]. If the SCM system generates up
to a dozen alternative solutions, based different criteria or methods of analysis, then
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using the consensus method will help determine one alternative which will be presented to the user after-wards. The alternative does not have to be an SCMgenerated solution. It may be a totally new alternative created on the basis of existing alternatives (SCM-generated) [11]. Because of this, all SCM-generated alternatives can be considered. Such course of action allows, among other things, to shorten the time necessary to determine the final solution (the user does not have to
analyze each alternative and make their selection – the system will do it for them)
and to decrease the threat of selecting the worst alternative solution (since all alternatives are considered in the consensus method). Consequently, the supply chain
management process can be performed faster and more effectively.
What needs to be emphasized again at this point, until today the consensus
theory has not been used to support supply chain management. Let us note, however, that the results obtained from using the consensus method are a good representation of a given set of SCM-generated alternatives, because they take into consideration literally all the alternatives, while the methods of selection (one alternative
is selected among all alternatives generated by the system) consider only one alternative in large measure, while other alternatives are considered in small
measure.
The process of determining consensus is composed of three basic phases:
1. The First Phase includes thorough examination of the structure of the set
with all SCM-generated alternatives to determine the features that represent those
alternatives and the fields of their values. The structure is the arrangement of the
components and the relations between and among them, specific for a given system
as a whole. In other words, it is a set of features of a given alternative [1]. The
structures of these alternatives compose the structure of knowledge in the SCM
system.
2. In the Second Phase it is essential to define the function to compute the distance between the alternatives.
3. The Third Phase includes designing algorithms to determine consensus,
meaning an alternative that is located at minimum distance from all the other SCMgenerated alternatives (according to different criteria).
This article pays special attention to the first Phase of determining consensus, as only formal determination of the structure of knowledge in the SCM system
will allow to continue work at both stages that follow. Therefore, let it proceeds to
the formal definition of the structure of alternative, being the structure of
knowledge in the SCM system.
Definition
Following sets are given:
set of products
set of places

T {t1, t2 ,, t N } ,
M {m1, m2 ,, mL} .
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(1)
(2)

The structure of variants is called following sequence:
W { t1 , m p , mq , dtm p , dtmq , i1 , k1 , t 2 , mr , ms , dtmr , dtms , i2 , k 2 ,

, t N , mx , m y , dtmx , dtm y , i N , k N }

(3)

where:
p, q, r, s, x, y {1..L} ,
dtm p , dtmr ,..., dtmx - date and time of come out the places m p , mr ,..., mx
by products t1, t2 ,..., tn ,
dtmq , dtms ,..., dtmy - date and time of come in the products t1, t2 ,..., tn
to places mq , m s ,..., m y ,
i1, i2 ,..., iN - number of transport products t1, t2 ,..., tn ,
k1, k2 ,..., k N - cost of transports products t1, t2 ,..., tn .
If it is assume that:

T

{ product1, product2} , M

{enterpr1, enterpr2, enterpr3} ,

then an example of structure of variants can be following sequence:
W

{ product 1, enterpr 1, enterpr 2, 2012 08 01 10.00,2012 08 01 15.00,10,100.00 ,
product 2, product 3, product 2, 2012 08 01 11.00,2012 08 01 15.00,3, k 50.00 }

In this example product1 in number 10 must come outenterprise1 the first of august 2012 at 10.00 hour and come in to enterprise2 at the same day at 15.00 hour,
cost of a transport is 100, instead product2 in number 3 must come out enterprise3
the first of august 2012 at 11.00 hour and come in to enterprise2 the same day at
15.00 hour, cost of transport is 50.
Elaborated definition enable to present particular variants of solution at uniform
structure. It is complex, multiattribute structure. It is appears different types of data
at this structure.
If the variants structures generated by SCM are different or values of attribs of
these structure are different then at the system a knowledge conflicts appears. It is
necessary to go to second and next to third phase of consensus determining.
4. Conclusion
Employing the consensus methods to solve conflicts of knowledge in supply
chain management support systems enables to use the results from a number of
alternatives for supply chain management at the same time, so it is time-saving,
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because the system user does not need to wonder which alternative to select. It also
avoids analysis of each alternative, per-formed by the user. Consensus is a solution
that considers all alternatives generated by SCM system modules and uses them as
basis for determining an alternative that will be presented to the user. In other
words, each alternative contributes to the consensus. Consequently, this allows to
effectively integrate all elements of the supply chain as well as per-form proper
risk management in this field. Since the system automatically generates the final
version of the alternative solution using the consensus method, which shortens the
time for selecting the right alternative considerably, it is possible for the system to
operate in near-real time. It is also noteworthy that the use of the consensus method
enables to generate a satisfactory alternative for the user. Since the decision made
by the system is utilizable to some extent for the user, it becomes possible to ‘raise
the bar’ so that the decision becomes more and more utilizable. Because of this,
supply chain management may become more dynamic, which obviously influences
the operational effectiveness of each unit as well as the entire supply chain.
The structure of knowledge (alternative) defined in this article will allow to
conduct further research in the field, which includes defining the function to compute the distance between the structures, devising formal algorithms to determine
consensus, and creating a module that determines consensus in the SCM system.
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