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Abstract: At present, public procurement processes and their efficiency represent one of the
key determinants of the public finance system. The article’s main aim is to identify the impact
of the number of bids, type of contract, use of EU funds, e-auction, quality criteria and the
presence of a subcontractor in achieving the public procurement savings with emphasis on
NUTS 3 level in Slovakia. There were analysed 957 contracts during the period 2016 — 2020.
Robust estimation, which uses the WLS method, was applied to quantify the impact of
determinants of public procurement efficiency on a level of savings. The results confirmed
that an increase in the number of bids also increases the level of savings by 5 percentage
points. The savings are higher by 6.6 percentage points if the contract is not funded by EU
funds in comparison to contracts funded by EU funds. Also, the savings are higher by 7.4
percentage points when e-auction was not used. Once, the contract does not allow the
subcontractor relationships, the savings are higher by 11.6 percentage points. If the quality
criterion is not applied in the contract, then the savings are higher by 10.7 percentage points.
The analysis confirmed statistically significant differences between individual regions in
Slovakia. The most significant difference is evident between the KoSice Region and the
Bratislava Region, while the Bratislava Region achieved savings higher by more than 20
percentage points. Similarly, the PreSov Region achieved higher savings by more than 19
percentage points compared to the KoSice Region.
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Introduction

For many municipalities in Slovakia, public procurement is associated with negative
experiences due to the long and demanding procurement process. Flexible legislation
in public procurement, especially in terms of emergencies, such as the COVID-19
pandemic, where the public procurement speed had become a question of life and
death, has been considered very important based on the experiences from 2020
(Folliot Lalliot & Yukins, 2020; OECD, 2020). The state has to ensure transparency
and efficiency of the public procurement processes at all of its levels despite a crisis.
During the COVID-19 pandemic times, many countries and also lower levels of
government had to face higher pressure of a high frequency of public procurements,
where many issues occurred due to insufficient preparedness of municipalities.

In the case of public procurement, it is important to use all the public resources
efficiently, and also, the behaviour of all of the contracting authorities and procurers
needs to be responsible, ethical and without any corrupt activities (Fazekas et al.
2016; Hunsaker, 2009; Olken & Pande, 2012). Thus, it is inevitable to provide an
efficiency of the public procurement that depends on institutional factors to a certain
extent (Placek et al., 2020b). The quality of the institutional environment is related
to the level of political connections with the level of corruption (Boas et al., 2014;
Goldman et al., 2013; Mironov & Zhuravskaya, 2016; Titl & Geys, 2019), with the
level of intervention from political elites' side (Coviello & Gagliarducci, 2017,
Tkachenko & Esaulov, 2020), with the public procurement system transparency
(Coviello & Mariniello, 2014; DeSilva et al., 2009), with an administrative
organisation of the procurement process (Baldi & Vannoni, 2017; Detkova et al.,
2018; Guccio et al., 2019), with the efficiency of courts from a perspective of
conflicts' resolution (Coviello et al., 2018), and with the authorities' approach to
formal rules and procedures (Placek et al., 2020a).

Different perception of efficiency by the public procurement authorities represents
another problem. As the results of a natural experiment, that was connected with the
COVID-19 pandemic, ineffective procurement in emergencies is caused by
incompetent resource management and excessive political interference (Buor, 2019)
and also by unclear regulation (Balaeva et al., 2020). Similarly, less transparent
procurement methods were used during the pandemic times, while the transparency
level between the countries significantly differs regardless of the epidemic size
(Kubék et al., 2021; Gallego et al., 2020).

Sufficient competition in the market is a significant determinant of public
procurement (Vitek & Meri¢kova (2005), Nemec et al. (2020). Growth of the number
of bids increases the level of savings achieved. However, there is a certain number
of bids, where this growth is slower (Iimi, 2006; Gineitiene & gerpytis, 2011; Ilke
et al., 2012; Soukupova et al., 2018; Placek et al., 2020a).

Dzupka et al. (2020) examined other significant determinants of the savings creation
within MEAT (the most economically advantageous bid) in the countries of Central
Europe. If a subject of the public procurement is not co-funded by EU funds, then
the savings are higher than in those cases, when it is the opposite. The savings are
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smaller if an open type of procurement is used rather than a closed procurement. If
a contract relates to only one contractor, the savings are higher than in other cases.
A higher number of total bids and a higher number of bids from small and medium-
sized enterprises mean higher savings.

In Slovakia, the most significant problem in achieving savings in public procurement
is low competition. The main aim of the article is to identify the impact of the number
of bids, and other selected determinants that help in achieving savings in public
procurement with emphasis on NUTS 3 level regions.

1. Theoretical Background

The number of bids in public procurement is impacted by numerous factors.
However, the public procurer is not able to influence all of them. Here belong:
competitive structure on the supply side, stage of an economic cycle, and/or credit
market conditions. It is not possible to ensure a sufficiently competitive environment
that would lead to higher savings in public procurement in those sectors that relate
to high input costs (Shrestha & Pradhananga, 2010). Participation of unqualified
candidates is a frequent problem. Consequently, public administration should
evaluate candidates based on specific criteria. Possibly, such candidates could be
evaluated based on models and methods that are presented by Plebankiewicz (2012),
Manoliadis et al. (2009) and Lam & Yu (2011).

Placek et al. (2020a) dealt with overpricing in public procurement in the EU
countries with low performance. The authors examined a large sample of public
procurement in 11 countries in Middle and Eastern Europe. Hierarchical regression
was used to analyse those factors that influence open bidding. The results indicate
that institutional factors have a greater impact on overcharging than the individual
decision-making of contracting authorities. Finally, the authors determined that in
the Czech Republic, there absents a public policy on this subject. Also, it is important
to improve the results of public procurement by engaging all actors in this process:
officers, politicians, and the public.

One of the most important sources of possible savings in public procurement is the
use of e-Procurement. Its innovative form has the potential to decrease transaction
costs, and to decrease risk of an information asymmetry and a moral hazard (for
instance, Nemec & Meric¢kova, 2013; Jovanovic et al., 2013; Murray Svidronova &
Mikus, 2015; Hronec et al., 2008; Mikusova Merickova & Stejskal, 2014; Halaskova
& Halaskova, 2015; Svidroniova & Nemec 2016).

Similarly, there are many beneficial studies in the case of Slovak and Czech public
procurement. Pavel (2013) concluded that the countries of Eastern Europe have a
serious problem with the number of bids in the public procurement process.
Soudek and Skuhrovec (2013) analysed the market prices for the supply of electricity
and gas in the Czech Republic. The authors determined that the expected price in a
tender was usually overstated. In the case of open bidding, there was achieved the
saving of approximately 7 % as in other methods. In the case of electric energy, the
final price was reduced by 1 % for each candidate. However, an impact on gas was
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negligible. E-auctions reduced the price of a subsequent 6 %. The average number
of candidates, in terms of electricity, was four and in terms of gas, it was 3.3
candidates.

Sipos and Klatik (2013) evaluated the public procurement in Slovakia on the sample
of 6800 tenders of 3.9 billion EUR. Open bidding is considered the most open
method of procurement and two-thirds of these tenders were performed via the open
bidding procedure. Three tenders represented an average number of candidates for
public procurement. In 2009, there were 2.3 bids on average, and in 2011, there were
3.6 bids (Sipos, 2012). The results of the study showed that an increasing number of
bids has an impact on a final price decrease, but the savings in two bids was higher
than in three or four bids. Mikusova-Merickova and Nemec (2013) confirmed that
the final prices decrease with the growth of bids when using open bidding
procedures. However, the study of waste management contracts in the Czech
Republic did not confirm this trend (Soukopova & Maly, 2012; Soukopova et al.,
2018). If there was only one candidate in certain sub-regions, the prices were not
significantly higher than in similar areas with a larger number of candidates.

Grega and Nemec (2015) examined 27 000 cases of public procurement from 2009
— 10 2013, and also the authors concluded that the number of bids has an impact on
savings in public procurement. Each next bid represents savings of an average of
2.63 %. In the case of the public procurement of the projects funded by the EU, funds
were savings lower on average by 1.54%. Subsequently, Grega et al. (2019) added
to their findings that the use of the lowest price criterium is very complicated. The
authors confirmed the positive impact of e-auctions. However, the authors
emphasized their high costs in comparison to other countries.

In the case of Slovakia, the differences in competitiveness depending on the
monitored sector were determined. It was proved that the sector, such as public
health, has been struggling with a low number of candidates for a long period. It is
frequently caused by a very specific subject of the contract (Zachar & Dancikova
2012; Gavurova et al., 2020; Nemec et al., 2020). The tender rate with 5 and more
candidates represented about 6 %, while in other sectors, it was on average 18%.
Handk and Muchova (2015) confirmed that the growth in bids causes growth of
achieved savings in the sector of the construction and transport infrastructure in the
Czech Republic from 2014 — to 2015.

2. Methodology

The sample consists of 957 Slovak public procurement contracts from January 2016
to December 2020, which are available in the Public Procurement e-Journal, and
which were used for analysis purposes. It is a set of contracts that were published for
all eight Slovak regions during this period i.e. NUTS 3 level.

The study examines the impact of selected variables on savings size in the public
procurement, which is defined as follows (1):
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. . Estimated price—Final price
Savings achieved = . saiad (1)
Estmated price

The following explanatory variables were selected based on the information
available from the analysed contracts and the scientific studies on public
procurement: number of bids, type of contract (goods, services, building works), type
of public procurement method, use of e-auction, EU funds financing, presence of a
subcontractor, quality criterium, and region. The size of a contract was also taken
into consideration based on the estimated price of a contract as a subsequent
explanatory variable. Table 1 provides an overview of the variables' characteristics.

Table 1. Summary of variables

Variable Type Description
Savings Real numbers | Percentage of savings
Procurement Binary 0 — tender, 1 - negotiation
method
Procurement Categorical G — Goods, S — Services, BW — Building works
subject
EU Funds Binary 0-vyes,1-no
Bids Real numbers | Number of bids
Subcontractor Binary 0 — allowed, 1 — not allowed
Region Categorical Each value for each region in Slovakia
Quality criteria Binary 0 — quality criteria applied, 1 — quality criteria not
applied
Auction Binary 0 — e-Auction applied, 1 — e-Auction not applied
Estimated value | Real numbers | Estimated value by procurer

The regression model consists of data obtained and it examines the impact of selected
factors on the public procurement savings. The regression model is defined as
follows (2):

Savings = Procedure Type + Contract Type + EU Funds + E — Auction +
+ Number of Bids + Number of Bids? + Estimated Price + Estimated Price® +
+ Subcontractor + Quality Criterium + Region 2

The OLS method (Ordinary Least Squares) was used to estimate the regression
coefficients and this method assumes that some conditions, which will be tested, will
also be met. The Breusch-Pagan test is used to test the heteroscedasticity presence,
while the Durbin-Watson test is used to test autocorrelation in the residuals. Also,
the Jarque-Ber test verifies the fact that the model's residuals emerge from a normal
distribution. Multi-collinearity is tested by a variance inflation factor (VIF). Robust
estimation using the WLS (Weighted least squares) estimation of regression
coefficients will be used if the conditions of the OLS method use are met (Ruppert
& Wand, 1994).
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3. Analysis and Results

The size of achieved savings defined by relation (1) represents an explanatory
variable of the model. The histogram of the savings variable (Figure 1) shows a
significant number of contracts with zero savings in all of the Slovak regions during
the monitored period. However, the phenomenon is not negative as it shows a clear
limitation of a contract's value that was equal to a bid price. The predominant right
side of the histogram illustrates those contracts with achieved savings that prevail
rather than those, where a contract was overpriced. On the other hand, the public
procurements with a low number of candidates are predominantly represented in the
case of the number of bids, which is the most frequently monitored determinant of
savings creation. There are frequently one or even three bids.

Figure 1. Histograms of variable: number of bids and savings
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Table 2 provides a more detailed overview of achieved average savings and an
average number of bids in the Slovak regions.

Table 2. Average number of bids and average savings in the regions

Average Average Percentage of Average savings in
Region | number of ; contracts with - .
bids savings one bid contracts with one bid
BA 2.8 10.36% 48.21% 4.02%
TT 4.9 19.90% 30.55% 4.40%
TN 3.4 12.10% 16.66% 8.67%
NR 4.3 14.55% 16.06% 3.56%
ZA 4.1 14.84% 18.05% 5.00%
BB 3.5 8.69% 17.89% 14.75%
PO 3.3 11.49% 34.09% 10.28%
KE 3.5 2.18% 26.47% -0.91%
Total 3.8 12.46% 22.72% 4.58%

Note: BA — Bratislava Region, TT — Trnava Region, TN — Tren¢in Region, NR — Nitra
Region, ZA — Zilina Region, BB — Banska Bystrica Region, PO — PreSov Region, KE —
Kosice Region.
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The average number of bids in all of the Slovak regions during the monitored period
was, in total, at the level of 3.8, while the lowest competitiveness was in Bratislava
Region on average out of all of the Slovak regions (only 2.8 of a bid). On the
contrary, the highest competitiveness was in the Trnava Region (4.9 of a bid).
Average achieved savings in the public procurement achieved 12.46% out of which
only 2.18% was represented by Kosice Region and 19.90% was represented by the
Trnava Region. The contracts with one bid represented 22.72% out of all of the
contracts and on average, there were savings at the level of 4.58%. In the Bratislava
Region, there appeared contracts with one candidate (in the case of 48%), where
average savings were 4.02%. In Nitra Region, there were approximately 16% of such
contracts with savings of 3.56%. In Banska Bystrica Region, the achieved average
savings were 14.75% in the case of one candidate, while on the contrary, in KoSice
Region, there was achieved a contract overpricing of approximately 1% as opposed
to the estimated price in the case of one candidate.

Figure 2 illustrates a relationship between explanatory variables to the response
variable.

Figure 2. Distribution of analyzed parameters
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Based on Figure 2, it may be assumed that if open bidding is used as the public
procurement method, the median value of achieved savings is lower than in other
types of methods. The highest median value of savings was achieved in terms of
building works from the perspective of a contract type. Those contracts, that were
funded by EU funds, achieved a lower median value of the savings than the contracts,
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where EU funds were not applied. It may be concluded that the higher the number
of bids the greater the size of the median savings when analysing the median savings
according to the number of bids. The presence of a subcontractor causes lower
median savings than in the case of contracts with a subcontractor. The highest value
of the median savings was in the Trnava Region, and the lowest was in the Kosice
Region out of all of the regions. The contracts with a quality criterium achieved
lower median savings than the contracts without this type of a criterium. Also, a
lower median value of the savings was achieved in e-auction rather than in public
procurement, which was realized without e-auction. The high variability of a
relationship between the estimated and final value of a contract was determined.
Figure 2 illustrates the preliminary findings that were subject to further statistical
research by the regression model. Robust estimation using the WLS method was
applied as the conditions for using the OLS method of the regression coefficients
estimation were not met. Table 3 provides an overview of the estimated regression
coefficients and p-value.

Table 3. Estimated coefficients of regression model

Variable Estimate p-value
Intercept -0.419 0.000
Type of method N 0.000 0.994
Type of contract SP -0.093 0.000
Type of contract T -0.006 0.806
EU funds N 0.066 0.000
E-auction N 0.074 0.000
Number of bids 0.051 0.000
I(number of bids)"2 -0.001 0.000
Estimated 0.000 0.003
I(estimated)"2 0.000 0.000
Subcontractor N 0.116 0.000
Quality criterium N 0.107 0.000
BA Region 0.202 0.019
BB Region 0.156 0.000
NR Region 0.072 0.045
PO Region 0.189 0.000
TN Region 0.123 0.000
TT Region 0.159 0.000
ZA Region 0.123 0.000

Table 3 displays almost all variables at the significance level of 0.05 that are
statistically significant. However, there is an exception. There does not exist a
statistically significant difference between the savings rate in the case of use or non-
use of open bidding (Type of method N). In the case of the contracts on the
procurement of goods (Type of contract T), the savings do not statistically and
significantly differ from the contracts on the procurement of services. The savings
are lower by approximately 9 percentage points, in the case of the procurement of
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building works (Type of contract SP) in comparison to the type of contracts on the
procurement of services. If a contract is not funded by EU funds (EU funds N), the
savings are higher by 6.6 percentage points in comparison to the contracts funded by
EU funds. In such cases, when e-auction was not used, higher savings were achieved
(of 7.4 percentage points). An increase in the number of bids of one also increases
the savings by approximately 5 percentage points. Similarly, a coefficient of the
guadratic term of the number of bids is statistically significant. However, its impact
on the savings is a mall concerning the size of the estimated coefficient. There is a
similar relation between an estimated price and the square of the estimated price,
where a model confirmed the statistical significance of these indicators. However,
the size of the estimated coefficient is close to zero. If there are no sub-contracting
relationships, then savings are 11.6 percentage points. If the contract does not use a
quality criterium, then savings are higher by 10.7 percentage points. The analysis
also confirmed a statistically significant difference between individual regions in
Slovakia. The highest difference was achieved between the KoSice Region and the
Bratislava region, wherein the Bratislava Region, the achieved savings were higher
by more than 20 percentage points. A similar situation is in the PreSov Region, where
savings were higher by almost 19 percentage points than in the KoSice Region. The
determination R2 coefficient is 0.411.

4. Discussions and conclusions

Public procurement represents an important tool in achieving savings in the public
sector. Once the public procurement criteria are adequately set, all of the public
administration levels may efficiently purchase necessary goods, services, and
building work. The main aim of the article was to analyse the impact of selected
variables on achieving savings in public procurement on the NUTS 3 level during
the period 2016 — 2020.

The first and fundamental issue of monitoring and efficiency of public procurement
is the sole definition of the savings and its analysis. Generally, the highest savings is
considered as a relationship between an estimated and final price of a contract. Such
a perspective may be misleading as the final savings depend on the ability of the
public sector to adequately estimate an estimated contract's value. An estimated
price, which is incorrectly set, may distort the final savings, and/or may identify a
contract's overpricing. It is also confirmed by a wide variance of achieved savings,
where there were identified such cases that had their savings higher by more than 50
%, or their contract was overpriced. The first recommendation to be implemented is
an optimization of a relationship between an estimated and a final price, i.e. an
increased emphasis on a calculation of an estimated price and a better analysis of a
market, while it is being set.

The principal issue of public procurement in the Slovak public sector was low
competitiveness on the bid's side (Svidronova & Nemec, 2016; Grega et al. 2019;
Gavurova et al., 2020; Nemec et al., 2020). The analysis on the NUTS 3 level proved
that on average, the number of candidates is around 3.8, while there is a significant
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difference in the average achieved savings between regions and also in the number
of contracts with one bid. The highest average savings (19.90%) were achieved in
Trnava Region, while the lowest savings (2.18%) were achieved in KoSice Region.
In Bratislava Region, the rate of contracts with one bid was 48.21 % out of the total
number of contracts with average savings of 4.02 %. The lowest percentage of the
contracts with one bid was in Nitra Region (16.06 %) with an average savings of
8.67 %. In the KoSice Region, there was evident a negative impact of one candidate's
presence, where such non-existence of competitiveness caused contracts' overpricing
of almost 1%. Similarly, the model's results confirmed statistically significant
differences between individual regions in Slovakia. The largest difference was
achieved between KoSice Region and Bratislava Region, while in Bratislava Region,
the savings were higher by more than 20 percentage points. Similarly, in PreSov
Region, the savings were higher by almost 19 percentage points in comparison to
Kosice Region.

The regression linear model proved a positive impact of the number of bids on the
final value of a contract, where each subsequent bid increases the savings by
approximately 5%. Many previous studies, that appeal to the necessity of increased
competitiveness in the environment of Slovak public procurement, confirmed this
fact (Mikusova-Merickova & Nemec, 2013; Grega & Nemec, 2015; Gavurova et al.,
2020). In the case of EU funds, which are used to fund the contract, there was proved
that if a contract is not funded by EU funds, the savings are higher by 6.6 percentage
points in comparison to those contracts that were funded by EU funds. Also, the
studies by Grega and Nemec (2015) and DZupka et al. (2020) confirm a decrease in
savings when EU funds are used. There are many other studies, which confirm the
positive impact of e-auction use in achieving savings in public procurement (Nemec
& Meri¢kova, 2013; Jovanovi¢ et al., 2013; Murray Svidrofiova & Mikug, 2015;
Hronec et al., 2008; Mikusova Merickova & Stejskal, 2014; Halaskova & Halaskova,
2015; Murray Svidrofiova & Nemec, 2016). However, the analysis of the contracts
on the NUTS 3 level proved that savings were higher by 7.4 percentage points when
e-auction was not used.The subcontractor's presence was considered a factor that
decreases the savings. In the case that contract does not allow sub-contractual
relationships, then savings were higher by 11.6 percentage points. It is difficult to
realize contracts without any presence of a subcontractor, especially in contracts with
a high value and with building works, as such contracts may decrease the savings.
The model's results confirmed this fact. The savings are lower by 9 percentage points
in the procurement of building works in comparison to those contracts, where the
procurement subject is services.

Many specialists and researchers in the public procurement area emphasize the
necessity to move one's focus from strict regulation of procurement methods in the
stage of contracts' allocation to efficiency in the stage of a contract's realization (see
for instance Moszoro et al., 2016; Tkachenko et al., 2018). Also, the study by
Balaeva et al. (2020) confirms this fact, while the authors saw the main problem of
effective procurement in the quality of delivered goods and/or services, and also in
the timeliness of a contract's performance.
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Quality criterium represents such determinant that has an impact on achieving the
savings. It may be assumed that once a quality criterium is added, it will harm
achieving the savings. However, it may increase the benefit of public goods. The
regression linear model confirmed that if a contract does not use a quality criterium,
then savings are higher by 10.7 percentage points.

However, a significant impact of the public procurement method, which was used,
was not confirmed by the model. Also, there were no proven statistical differences
in open bidding and/or any other method that was used. The conclusions by the
authors, MikuSova-Meri¢kova and Nemec (2013) and Dzupka et al. (2020), who
stated that open bidding contributes to achieving higher savings, were not confirmed.
The regression linear model identified the fundamental determinants of public
procurement efficiency on the NUTS 3 level. Correct setting of an estimated value
of a contract, which may subsequently cause an incorrect economic interpretation of
the savings and/or overpriced, is observed as a significant problem. Also, the
contracts' analysis confirmed this issue. Consequently, it is necessary to increase the
qualification of employees in the public sector, which would improve their analytical
skills in setting the estimated value of a contract. Similarly, it is important to focus
on the use of the correct setting of e-auction parameters. Scientific studies confirm
its positive impact on achieving savings, while the model's results proved the
opposite result based on the Slovak regions' example. It is also important to create
such conditions that would enable an increase in competitiveness on a bid's side,
which would subsequently lead to higher savings in the public sector.
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