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Abstract

Modernization and further opening of the public procurement market could be the key factor in strengthening European Union competitiveness and creating new possibilities for enterprises, especially for SMEs. Greater competition and efficiency on the public procurement market, created among others by development of e-procurement, could influence the whole economy and play a significant role to achieve the Lisbon Strategy goals. 

The aim of this paper is multivariate analysis of the e-procurement development and its determinants based on the data coming from survey carried out among awarding entities. The application of statistical methods was made in order to measure, classify and model the development of electronic public procurement.
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Introduction
In the whole world public procurement are a necessary element of economy functioning. In the European Union the value of the public procurement market is estimated to have been approximately 16% of GDP. In Poland the value of contracts awarded in 2008 ran into 52.5 billion zloty, what constitutes 4% of GDP (comparing to 2006, the share was approximately 7.5%). According to the Lisbon Strategy, one of the priorities in the EU is becoming broader implementation of the tools for the electronic public procurement, especially in the scope of electronic procedures.

Legal basis of electronic public procurement functioning in the EU include two main Directives: Directive 2008/18/EC and Directive 2004/17/EC. In Poland the first step towards adjustments to the EU law regulations was passing the bill Public Procurement Law (PPL) dated of the 29th of January 2004. Following amendments to a PPL (especially from 7th April 2006, 13th April 2007 and 14th of September 2008) has allowed the development in this area. These legal instruments constitute a coherent framework to conduct procurement electronically in an open, transparent and nondiscriminatory way. Moreover, these documents establish rules for tendering electronically and fix the conditions for modern purchasing techniques based on electronic means of communication.

The aim of this paper is evaluation of the e-procurement development and its determinants with the use of the multivariate statistical analysis (it is based on the data coming from survey, which were carried out among awarding entities that are obliged to obey the PPL).

Chosen statistical methods in assessment of electronic public procurement development 

The evaluation of e-procurement encounter barriers related to insufficient information. For the need of this analysis authors took an effort to construct synthetic indicator of electronic public procurement development (based on discrete variables). Review of applied solutions [8,13] as well as research conducted at order of the European Commission [i.e. 3, 5, 6, 7, 9, 10, 11] induce to include among diagnostic variables such factors as: the acquaintance and the use of PPO web portal, PPO web site, the Official Journal of the European Union (Tenders Electronic Daily - TED), the application of computer systems supporting contract awarding, possess buyer’s profile, submitting electronically declarations and documents in awarding contracts, acquaintance of the PPL in the scope of the specification of essential terms of the contract (pol. SIWZ), tendering electronically, electronic signature and its use by awarding entities, acquaintance and the use of electronic bidding, dynamic purchasing system. Each of the included variables is binary (1 means that respondent is acquainted with the electronic public procurement procedures or is using them). The synthetic indicator was built as a sum of k diagnostic variables. The range of inequality of received synthetic indicator of the electronisation of public procurement system (synt), takes values between 0 and k (in our research it’s the range 0-19 points). However, the higher the value of the indicator the higher the degree of electronic public procurement procedures development.

The multivariate statistical methods could be used in the analysis of determinants of e-procurement development. The term multivariate statistics is appropriately used to include all statistics where there are more than two variables simultaneously analyzed. Because of continuous type of constructed indicator, among this type of methods most useful could be multiple analysis of variance (MANOVA) [12, 14, 16]. MANOVA is used to see the main and interaction effects of categorical variables on multiple dependent interval variables. For example, two-way MANOVA model can be expressed as:
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where: ( - total mean, (s i (r – main effects of factors xA i xB, ((()sr – interaction effect between xA i xB, (sri – within-group error;
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Except from categorical factors, continuous control variables could be put in the model:
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Empirical analysis 
Between January and May 2008 at order of PPO the empirical research was conducted. The aim of this research was to evaluate course of action and future perspectives of electronisation of public procurement in Poland (detailed results of this research are presented in [2]). The subject of the research were broadly understood electronic means of communication in public procurement. In this paper are presented results from survey interviews conducted on random sample, statistically representative, that contains 701 awarding entities. All the calculations were made with the use of SPSS 14.0.

On the bases of questionnaire survey results, following described in the previous point methodology, the synthetic indicator measuring electronisation of public procurement was constructed (synt). This indicator is characterized by relatively high reliability ((=0.560). The analysis of its distribution indicates average electronisation of public procurement among awarding entities (both mean and medium are ca. 9), however the values of the index fluctuate between 3 and 15 points. The distribution of the new variable is stabilized (low skewness and low kurtosis), it is reasonable to apply parametric methods of analysis including variance analysis.

The development of electronic public procurement procedures depends on many factors – administrative, legal, economic as well as psychological. In the opinion of awarding entities, present in this research, the main barrier is complicated legal acts in Public Procurement Law and accompanying rules and standard forms and insufficient number of professional training [15]. The multivariate analysis of e-procurement development with using MANOVA provides the following results (Table 1):
(1) In the 1st Model independent variables are factors describing localization of the awarding entity – the size of the city as well as the region. It comes out that the interaction effect is not statistically significant (p=0.578), which means that interaction of these two factors in not determining significantly electronisation of public procurement development. After cleansing effects of separate factors from covariate effect others factors, significant differences in the level of development were found only for awarding entities differentiated according to their location expressed by sizes of city (p=0.036).

(2) The 2nd model includes main characteristics of awarding entities – the type of the institution, the number of employees in public procurement department and covariance variable expressing number of awarded contracts (from thresholds of PPL to the EU thresholds). In this case the interaction effect turned out to be statistically significant (p close to 0). This means that the level of electronisation is determined by both factors simultaneously – in different type institutions in which different contract values was achieved development was differentiated. At the same time significant was also influence of institution involvement in public procurement, expressed by the size of employment and the number of contract awarded (p close to 0).

(3) The last 3rd Model includes characteristics of respondents: their IT skills, professional experience in public procurement and level of education. It is assumed that employees, through their attitude, responsible in institutions for the public procurement can stimulate implementation of electronic procedures in their workplace. The effect of employees professional experience responsible for public procurement is also significant (p=0.019), relatively significant are as well their IT skills (p=0.065). Against a background of other factors not significant is the level of employees’ education (p=0.177). Inter-existence of mentioned factors do not determine the electronisation of public procurement development.

Table 1. Analysis of the e-procurement development determinants - MANOVA results for indicator synt
	Source of diversification
	Type III sum of squared
	df
	Mean square
	F
	p

	MODEL 1

	constant
	5214,551
	1
	5214,551
	1066,023
	,000

	main effect of region
	2,273
	2
	1,136
	,232
	,793

	main effect of wielkość
	32,850
	2
	16,425
	3,358
	,036

	interaction effect region * wielkość
	14,102
	4
	3,526
	,721
	,578

	error
	1971,313
	403
	4,892
	 
	 

	total
	36381,000
	412
	 
	 
	 

	MODEL 2

	constant
	5171,343
	1
	5171,343
	1230,397
	,000

	covariate effect of liczba_ZP
	55,830
	1
	55,830
	13,283
	,000

	main effect of jednostka
	26,421
	3
	8,807
	2,095
	,100

	main effect of zatr
	39,741
	3
	13,247
	3,152
	,025

	interaction effect jednostka * zatr
	58,629
	5
	11,726
	2,790
	,017

	error
	1622,353
	386
	4,203
	 
	 

	total
	35362,000
	399
	 
	 
	 

	MODEL 3

	constant
	4061,517
	1
	4061,517
	903,449
	,000

	main effect of inf
	32,734
	3
	10,911
	2,427
	,065

	main effect of dosw
	45,245
	3
	15,082
	3,355
	,019

	main effect of wykszt
	28,533
	4
	7,133
	1,587
	,177

	interaction effect inf  * dosw
	33,453
	6
	5,576
	1,240
	,285

	interaction effect inf * wykszt
	29,733
	8
	3,717
	,827
	,579

	interaction effect dosw * wykszt 
	63,348
	12
	5,279
	1,174
	,300

	interaction effect inf *dosw* wykszt 
	40,163
	9
	4,463
	,993
	,446

	error
	1640,883
	365
	4,496
	 
	 

	total
	36381,000
	412
	 
	 
	 


region – region by PKB, wielkość –  the size of the city, liczba_ZP – number of contract awarded in 2007 (from thresholds of PPL to the EU thresholds), jednostka – type of awarding entities (4 groups: ZOZ, government administration, local administration, others), zatr – the number of employees in public procurement department, inf – IT skills, dosw - professional experience in public procurement, wykszt – level of education
Source: own calculation based on surveys interviews.

Conclusions and future research
The statistical analysis of public procurement market in Poland, especially in the field of e-procurement, is difficult due the fact that this market is relatively young. Solutions in the scope of e-procurement started to implement on the broader scale in the EU from 2004. Regarding this fact the analysis of time series is rather limited. The analysis conducted on the bases of survey interviews among awarding entities obliged to obey PPL, allowed construction of synthetic indicator measuring electronisation of public procurement development. The application of multivariate statistics, including especially MANOVA, allowed to indicate these factors that determine development of e-procurement. The strongest level of e-procurement development was noticed in awarding entities located in big cities especially local administration and ZOZ, in which the involvement in public procurement measured by the number of contracts awarded as well as by the number of employees is relatively high. Development in these cases is facilitated by support for the employees from qualified IT specialists, improvement of IT skills among employees responsible for public procurement as well as broader information campaign regarding analyzed procedures. The better opinions on electronisation of public procurement development have these respondents with longer employment in public procurement departments, higher education level and more advanced IT skills.

Development of e-procurement can be one of the factors stimulating innovativeness – both in enterprises, who compete for the award of a contract as well as in awarding entities. The future research will be aimed at investigating the impact of public procurement on enterprises’ innovativeness, especially SMEs. It is the first phase of our study, we will continue testing statistical methods in the field of e-procurement development.
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