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Introduction
Any enterprise, whether engaged in manufacture, logistics or any other field of business, faces the same challenge at the time of dynamic business environment, namely to deliver the right product at the right price and at the right time. Effective planning and management of resources (i.e. staff, means of transport, materials, raw materials, etc.) is an essential activity allowing to meet the objectives chosen by the enterprise efficiently and at the lowest possible cost. It turns out more and more often that enterprises nowadays need high-quality information systems that are able to quickly accept new market demands [1].
ERP systems, which have become the basic tool for promoting efficient management of enterprises, particularly those of manufacturing and commercial nature, can be described as the core of corporate informatics and all corporate information systems [8]. The ERP (Enterprise Resource Planning) system is a key application of the corporate information system; it provides records of corporate resources, solutions to common transactional tasks, it manages the entire life cycle of corporate resources and allows management and coordination of all available corporate resources and activities [7; 8]. Janíček and Marek [12] further define ERP as a comprehensive information system of organizations, covering activities related to manufacture, finance, accounting, supply chain, customer relationship management (CRM), human resources management, etc. Further definitions are provided by [1; 23; 21; 6; 13].
The main purpose of ERP systems is to integrate different applications used in the enterprise and covering information needs of individual departments into a single application, thus reducing the risk of inconsistency, ineffectiveness of processing and occurrence of potential errors in corporate data [27].
ERP systems were applied in the early 1990s and have since been further developed. They are characterized by stronger integration of production and financial modules [8]. ERP systems are based on the MRP and MRP II technology (systems to support material needs management) and integrate business processes including manufacture, distribution, accounting, finances, human resources management, project management, inventory management, service, maintenance and transport, allow accessibility, visibility and consistency across the enterprise [10].
Due to the constantly increasing requirements for integration of other corporate processes, today's corporate information systems are already second-generation systems, the so-called ERP II or Extended ERP [20]. Corporate practice requires better interconnection of internal processes with external processes, and modern ERP systems can cover a wide range of corporate processes today [27].
According to Komzák [16], the lifetime of one ERP system implementation is influenced by factors connected with the company's external environment. In most cases, the first major problems with the ERP system begin to appear five years after the implementation of the information system, and seven years after the implementation, enterprises already perceive the need for a new system. If overall failure of the ERP system occurs, such failure is, according to a number of experts, due to the selection of inappropriate software. The professional literature states a number of studies on the selection of the ERP system. The vast majority of these studies use mathematical approaches and heuristic methods to select the ERP system. For example, Chen and Lin [4] evaluate the ERP system performance using the method based on the stochastic-flow network model. Klos and Trebuna [14] use the Analytical Hierarchy Process (AHP) method to select the ERP system.
In this paper, the authors focused on the Data Envelopment Analysis (DEA) which they use as a tool to support decision-making on ERP systems. The aim of the presented paper is to evaluate the effectiveness of the ERP system using the DEA method, and to select the appropriate ERP system for implementation on the basis of that evaluation.
Data envelopment analysis
DEA is a non-parametric mathematical method of linear programming which uses multiple inputs and outputs to measure the relative efficiency, performance or productivity of decision-making units (DMUs). The term decision-making unit generally includes homogeneous units performing the same or similar activity which produces outputs and consumes inputs for their transformation [3].
The essence of the DEA method is mutually comparing decision-making units. A decision-making unit is described as efficient if there is no other unit that would achieve the same output with less inputs or higher output with the same number of inputs. Technical efficiency is thus achieved when the maximum output is achieved while using the minimum number of inputs. Technical efficiency of a decision-making unit is measured in relation to other analyzed units using the so-called efficiency score which is calculated on the basis of its distance from the efficiency limit. For all units, it lies either at or below the efficiency limit. Technically efficient units achieve the overall technical efficiency (TE) rates equal to 1; with inefficient units, the efficiency rate is less than 1 [5; 11].
DEA allows to choose from several models which can be used in specific situations. DEA models can generally be divided on the basis of two criteria: model orientation and the assumption concerning the type of returns to scale. The first Data Envelopment Analysis model based on the assumption of constant returns to scale was created in 1978 and is designated as the CCR model. Another frequently used model is the BCC model which is a modification of the CCR model for variable returns to scale [11].
Using the DEA method for selection of an ERP system
In studying possible approaches to the evaluation and subsequent selection of the ERP system, the authors focused on researching publications in which the DEA method was used for the ERP system evaluation and selection purposes. ERP systems were viewed as DMUs.
Stensrud and Myrtveit [24] proposed a DEA model operating with variable returns to scale to measure the productivity of 30 software projects. Lall and Teyarachakul [19] applied the DEA method to evaluate and subsequently select one of six possible ERP softwares. Koch [15] formulated two input-oriented DEA models, namely BCC-I and CCR-I, for the purpose of evaluating ERP systems used in Austrian companies. The aim of Ghapanchi et al. [9] was to design a method for selection of suitable ERP systems using the multi-criteria decision-making model. They presented the method on the example of a medium-sized Iranian petrochemical company. Tsai [26] examined effects of the implementation of the ERP system on efficiency of companies using the DEA method and Tobit regression. The research sample consisted of 59 Taiwanese companies that had implemented ERP systems between 1998 and 2003. Effects of the implementation were examined by comparing the efficiency score before and after the implementation of the ERP system. Sudhaman and Thangavel [25] analyzed the efficiency of 10 ERP projects created by a medium-sized IT company on the basis of qualitative criteria. For this purpose, they formulated a DEA model operating with constant returns to scale and identified the most effective ERP projects. Kyritsis et al. [18] uses the DEA method to analyze data from Greek brokerage companies and evaluates the use of ERP software to provide financial services.
Table 1 gives an overview of some of the most common factors used as inputs and outputs for Data Envelopment Analysis in professional literature.
Inputs and outputs used for selection of an ERP system 
	Author
	Inputs
	Outputs

	Ghapanchi et al. (2008)
	Estimated total costs
Estimated implementation time
Estimated risk
	Information accessibility
Improved integrity level among business operations/processes
Improved inventory levels and purchasing
Improved interaction with customers
Improved interaction with suppliers
Reduced direct operating costs

	Koch (2007)
	Total costs
Effort in person-years
	Duration of the introduction
[bookmark: _GoBack]Number of users
Number of interfaces
Implemented modules

	Kyritsis et al. (2018)
	Number of users of ERP systems
Average monthly cost of maintaining the ERP systems
Total memory storage capacity
	Estimated percentage of business processes executed through the relevant ERP modules
Annual net profits of the company

	Lall and Teyarachakul (2006)
	Complexity of implementation
Estimated cost of implementation
	Functional match
Vendor profile

	Sudhaman a Thangavel (2014)
	Project efforts
	Size of ERP software
Defect counts


Methodology
This case study was implemented in a fictitious medium-sized manufacturing company. For the Data Envelopment Analysis, 10 ERP systems or softwares were chosen to be tested. The DEA method evaluates the relative efficiency of each ERP system taking into account the set of input and output variables. Below, the definition of the set of DMUs is followed first by the identification of possible input and output variables and then by the construction of the input-oriented BCC-I model. After that, the model is applied to data to give an example of its use to evaluate the relative efficiency and subsequently to select a suitable ERP system for implementation.
Definition of Inputs and Outputs parameters
According to Kumar and Maheshwari [17], the criteria for selecting ERP systems can be divided into three categories: criteria related to the software itself (system functionality and reliability, range of services offered, performance efficiency, compatibility with other organizational systems, project costs, similarity of the system to the current equipment), criteria concerning the project implementation manager (the manager's skills, experience in the office, experience with IT management), implementation and consultancy criteria (reputation, experience, prestige of the vendor).
In the ERP system selection process, Wei et al. [28] proposes to take into account several groups of criteria concerning the increase of efficiency of the ERP system, which are minimization of overall costs, minimization of the implementation time, complete functionality, user-friendly interface, excellent system flexibility, modularity, high reliability of the system, ease of use, easy integration with other systems, upgrade options, customization/parameterization options. Furthermore, the reputation of the supplier/vendor, technical abilities and the provision of ongoing services have to be taken into account. It is also necessary to take into consideration the ease of implementation, organizational adaptation, readiness of the end user and the quality of the support system [22].
Attention is given below to defining inputs (I) and outputs (O). The metrics to be minimized are considered as inputs, while the metrics to be maximized are considered as outputs. In this case study, (I1) – Average implementation time for a medium-sized enterprise (months) – was chosen as the input metric. Because of the unavailability of data, the system implementation costs could not be considered as input, although in practice they play a significant role in the selection. The following metrics were considered as outputs: (O1) – The functionality of the ERP system that was rated by corporate experts using the five-point Likert scale (very low, low, medium, high, very high), (O2) – Quality of support (number of product consultants), (O3) – Maximum number of users. 
For the practical demonstration of the application of the selected evaluation approach, the authors chose ten representatives of ERP systems at random: US Oracle JD Edwards and Microsoft Dynamics NAV, and then only Czech programs BYZNYS Win, White Butterfly (Bílý Motýl), ALTEC Aplikace, QI, myGEM, Helios Green, FIS and K2 Information System. The input and output parameter values in Table 2 were taken from the website SystemOnLine.cz as of 19 August 2018 [2].
Input and output parameter values [2]
	ERP system
	Average implementation time for a medium-sized enterprise (months)
	The functionality of the ERP system (point scale)
	Quality of support (number of product consultants)
	Maximum number of users

	BYZNYS Win
	5
	4
	50
	250

	Bílý Motýl
	4
	5
	13
	45

	ALTEC Aplikace
	9
	2
	20
	100

	Oracle JD Edwards
	6
	5
	50
	5,000

	QI
	3
	5
	218
	100

	myGEM
	4
	4
	30
	150

	Microsoft Dynamics NAV
	4
	4
	550
	500

	Helios Green
	6
	4
	58
	457

	FIS
	6
	3
	10
	110

	Informační systém K2
	2
	5
	50
	600



With 10 DMUs, the maximum of 3 variables from the aforementioned inputs and outputs can be used according to [3]. Only one variable is considered as input, so the number of output variables will have to be reduced. For this reason, a correlation analysis was performed, both between the input and the outputs and mutually between the outputs, before the application of the respective BCC-I model. Based on the results of the correlation analysis, the use of the variable O3 was ruled out due to an indirect dependence with the O2 output (r = -0.06). To measure efficiency: the average implementation time for a medium-sized enterprise (months) was used as the input, and the system functionality (number of points) and the quality of support (number of product consultants) were used as the outputs.
DEA Model Construction
The paper assumes that ERP systems show variable returns to scale and that inputs are easier to control than outputs. That is why an input-oriented BCC-I model operating on the assumption of variable returns to scale is used for selecting efficient DMUs. This model can be written using the relation (1).
	





	(1)


Where ui ≥ ε, i = 1, 2, … r, ε – very small non-Archimedean number, vj ≥ ε, j = 1, 2, …, m, μ je any real number.
Results
The next step is to calculate the relative technical efficiency score of each ERP system in order to identify efficient systems. The calculation was made using the OSDEA-GUI software. The technical efficiency score determined using the BCC model is called pure technical efficiency (PTE). Subsequently, the ranking of the ERP systems was compiled on the basis of the PTE values (see Table 3).
Technical efficiency of the ERP systems
	ERP system
	PTE score
	Rank

	BYZNYS Win
	0.400
	3.

	Bílý Motýl
	0.500
	2.

	ALTEC Aplikace
	0.222
	6.

	Oracle JD Edwards
	0.333
	5.

	QI
	1.000
	1.

	myGEM
	0.500
	2.

	Microsoft Dynamics NAV
	1.000
	1.

	Helios Green
	0.339
	4.

	FIS
	0.333
	5.

	Informační systém K2
	1.000
	1.



The results show that from the set of ten ERP systems selected at random, QI, Microsoft Dynamics NAV and K2 Information System with the PTE score of 1.000 can be regarded as the best rated. In their case, the process of transformation of the input into the outputs can be considered as the most efficient and their average implementation time is adequate given the expected high functionality and quality of support. On the other hand, the ERP system ALTEC Aplikace, whose PTE score only reached the value of 0.222, can be labeled as the least efficient. An ERP system identified as inefficient cannot be recommended for implementation because the ratio between its inputs and outputs is not optimal.
Conclusion
The paper dealt with the possibility of using the DEA method in managerial decision-making on the selection of a suitable ERP system that would be implemented in a fictitious medium-sized manufacturing enterprise. This approach is not rare, as has been shown in a brief literary research on the subject. The authors of this paper selected the input-oriented BCC-I model which they applied to ten ERP systems chosen from a list at random. Given the number of DMUs, three variables were chosen from the set of considered input and output parameters: the average implementation time as the input, and the system functionality and the quality of support as the outputs. The result of the application was compiling the ranking of the evaluated ERP systems according to the PTE score. Three ERP systems were ranked in the first position; their selection for the implementation could be recommended because their average implementation time is adequate given the expected high functionality and quality of support. There are approaches that allow a more detailed evaluation of the three ERP systems that have been identified as efficient by the model (measuring the so-called superefficiency), but their application is not the subject of this paper. In conclusion, it can be mentioned that the evaluation approach based on the DEA method, presented in this paper, is not limited to ERP systems but can be used for selecting other types of application software, such as CRM systems.
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Summary
This paper proposes the use of the DEA method to support decision-making on the selection of the ERP system in a manufacturing enterprise. ERP systems fall into the category of application software which can be used in most types of enterprises and organizations and which offers extensive support for management of business processes. Acceptance and subsequent implementation of ERP systems includes risks including loss of funds due to unsuccessful implementation. Unsuccessful implementation can be due to the selection of an inappropriate ERP system. This paper aims to present the DEA method as a tool for evaluating and subsequently selecting the ERP system. In this paper, the authors have focused on evaluating the relative efficiency of nine selected ERP systems using the input-oriented BCC model of Data Envelopment Analysis. The presented methodology aims to help managers identify efficient ERP systems and use the specified criteria to make ranking which will facilitate the subsequent selection of the system for implementation. When applying the DEA method, it is assumed that ERP systems that have been identified as efficient will lead to the highest performance and, in turn, maximize utility for the organization.
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