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Abstract: The COVID-19 pandemic had a profound impact on microeconomic realities by 
creating uncertainty, changing economic conditions and ultimately reducing market activity. 
These effects were felt at a subsectoral level in a large number of European Union (EU) 
countries. This paper focuses on Spain, Italy, France, Poland and Romania to comparatively 
assess the differences at a firm level before and after the occurrence of COVID-19. In this 
study, a non-parametric approach was used for microdata collected from non-specialized 
retail firms in the agricultural and chemical sectors using multiple correspondence analysis 
(MCA) and the Wilcoxon signed rank test. The study analyzed micro and small firms and 
concluded that across firm size and country, return on capital (ROC) distress—ratio of the 
coefficient of variation of the post-COVID-19 period to the pre-COVID-19 period—was the 
highest, especially for Spanish and Italian micro firms and Polish small firms. Working 
capital distress was similar and affected Spanish, Polish and French small businesses. Asset 
depreciation problems were greatest for Italian, Spanish and Polish small businesses 
compared to the others. The results of the Wilcoxon signed rank test showed statistically 
significant differences in employment and working capital between the pre-and post-
pandemic samples. Our results suggest that COVID-19 had a noticeable impact at the firm 
level in the case countries, which can be assessed using non-parametric methods. 
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Policymakers should constantly evaluate the performance of firms in each sector to develop 
rigid policy proposals for the potential economic disruptions in our time of multiple crises. 
 
Keywords: COVID-19; correspondence analysis; Europe; firm performance; Wilcoxon test. 
 
JEL Codes: C14, D24, H12, O52. 
 
1. Introduction  
European economies experienced significant setbacks due to the COVID-19 
pandemic, as strict lockdowns and social distancing measures led to major 
disruptions in various economic sectors (Çera, 2022). Various countries showed 
considerable industrial and sectoral deviations from normal economic functions and 
also received state support. There are several reasons why the European Union (EU) 
member states are interesting in academic research from a microeconomic 
perspective due to the pandemic. For example, EU countries represent one of the 
most economically integrated regions in the world, which experienced notable 
supply chain disruptions after the pandemic (Orlando et al., 2022). In addition, there 
are a significant number of industries in the EU that have been severely affected by 
the closures and travel restrictions, such as tourism and hospitality, of which Italy 
and Spain are the best examples (Plzáková and Smeral, 2022). Conversely, countries 
such as Germany, where manufacturing dominates, have shown greater long-term 
resilience, but they have not been immune to the effects of the crisis (Sydow et al., 
2021). The EU's extensive fiscal stimulus measures were intended to support 
businesses and workers and potentially mitigate some of the downturn, although the 
scale and impact varied (Menguy, 2022). Therefore, existing economic conditions 
may influence vulnerability. Companies and firms in the EU that were already 
struggling before the pandemic may be more vulnerable, while others may show 
greater resilience compared to businesses in other regions. 
In light of these considerations, a comparative analysis of various firm-level 
performance indicators (e.g., employment, sales, profitability) in different EU 
countries would be essential for a thorough comparison based on subsectoral 
patterns—especially in agriculture and the chemical industry. Most existing 
academic studies on COVID-19 assessments at the firm level rely on aggregate data 
(Ahmad et al., 2021; Janzen and Radulescu, 2022), while studies focusing on specific 
subsectors such as agriculture and the chemical industry among micro and small 
retailers are less common. This paper focuses on EU member states such as Spain, 
Italy, France, Romania and Poland. According to the World Bank (The World Bank 
Group, 2021, 2022a), these five countries account for 58.1% of total agricultural land 
in the European Union and 54.4% of total grain production. This concentrated 
distribution of agricultural resources underlines the importance and potential 
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contribution of the empirical results of this study. 
The aim of this study is to classify micro and small firms in selected European 
countries according to their distress levels and to investigate the statistical 
significance of firm-level performance before and after the COVID-19 pandemic. 
The research questions are therefore as follows: 
1. In which selected EU country has firm-level performance been most affected by 
the COVID-19 pandemic? 
2. Are there statistically significant differences in the performance of micro and 
small firms in agriculture and chemical sectors (measured by employment and 
working capital) in Spain, Italy, France, Poland and Romania before and after the 
COVID-19 pandemic? 
This comparative analysis can provide valuable insights into the nuanced impact of 
COVID-19 on business performance across the EU by examining countries with 
different economic structures, policy responses and pre-pandemic conditions. Based 
on non-parametric empirical methods of microdata, the study provides valuable 
insights for future economic resilience strategies.  
Analyzing the impact of COVID-19 on firm performance requires a comprehensive 
examination of various financial metrics at the firm level. Employment figures may 
reflect changes in production, layoffs or hiring trends as a result of the pandemic. 
Fluctuations in working capital may indicate disruptions in the supply chain, shifts 
in customer payment behavior, or changes in inventory management. Although 
amortization figures tend to remain stable, they provide a baseline against which 
more volatile variables can be compared. Sales represent a direct measure of revenue 
changes caused by closures, travel restrictions, or changing consumer preferences. 
Additionally, return on capital (ROC) is a key indicator of a firm's profitability, with 
a decrease indicating a negative impact and an increase indicating a successful 
adjustment during the pandemic. By analyzing this interlinked microdata at the firm 
level, researchers can gain a deeper understanding of how COVID-19 impacted a 
company's operational efficiency, financial health and overall performance. 
This study uses multiple correspondence analysis (MCA) and the Wilcoxon signed 
rank test. The reasons for these methodological choices are based on several factors. 
First, MCA has gained prominence in the social sciences (Hjellbrekke, 2018), 
particularly in studies that apply a subsectoral perspective to firm performance in 
European countries (Di Vita et al., 2023). Second, the use of the Wilcoxon signed 
rank test to assess differences in firm performance before and after COVID-19 is 
becoming increasingly popular in academia, as the microdata collected are not 
normally distributed (as shown by Nguyen (2022) in a study on Vietnamese firms). 
Finally, large microdata sets require flexible and computationally efficient methods, 
such as non-parametric tests, which are less dependent on normality assumptions 
and can efficiently handle a large number of data points. Taking these factors into 
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account, we formulated the following hypotheses: 
• H1: COVID-19 had a negative effect on employment in micro firms in 

Spain, Italy, Poland and Romania. 
• H2: COVID-19 had a negative effect on working capital in the micro firms 

in Spain, Italy, Poland and Romania. 
• H3: COVID-19 had a negative effect on employment in small firms in Spain, 

Italy, Poland, France and Romania. 
• H4: COVID-19 had a negative effect on working capital in small firms in 

Spain, Italy, Poland, France and Romania. 
By using non-parametric methods such as MCA and the Wilcoxon Signed Rank Test, 
the study shows significant differences in the impact of COVID-19 on companies, 
which underlines the importance of country-specific factors. For example, Polish 
micro and Spanish small businesses suffered significant losses in sales, while Italian 
small businesses suffered a high burden in amortization amounts. In addition, micro 
in Romania were affected by relatively high unemployment. These effects were then 
tested for robustness using the Wilcoxon Signed Rank Test. 
The next section provides a brief literature review that focuses on studies examining 
firm performance in the context of COVID-19 in selected European countries. 
Subsequently, the third section explains our data sources and methodological 
preferences in more detail. Section four presents the empirical results, while section 
five contextualizes the findings and discusses unexpected results. Finally, section six 
contains the conclusions.  
 
2. Literature review  
Given its critical role in human well-being, food security has become a major global 
concern, leading to increased research interest in agriculture, agrochemicals and the 
economic efficiency of these sectors. This study examines these issues in the context 
of the COVID-19 pandemic. The literature review presented here compiles country-
specific studies that deal either directly or indirectly with the agricultural and 
chemical subsectors in the five case study countries. It should be noted that the 
relevant sources for our specific studies were limited, but we have tried to draw on 
the gap we found when reviewing previous publications. 
Recent literature suggests that the COVID-19 pandemic has had a profound impact 
on economic sectors through various channels. This can be through employment 
(Sharma and Rai, 2024), shocks to firms' supply chain activities (Pan and Yue, 2022), 
realigning business operations (Chen et al., 2021), providing the necessary resources 
to regulate complex government support measures (Coli et al., 2022) and addressing 
the challenges of changing consumption functions (Forrest et al., 2023). Such 
challenges have specific effects on the economic subsectors (Heryán et al., 2024) 
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and require new solutions, for example, state-supported microfinance or newly 
adapted socio-economic programs (Goel, 2024). Consequently, each country and 
each economic sector or subsector is unique in its own way and needs to be analyzed 
in terms of the impact of COVID-19 on business performance. For this reason, the 
country-specific review of the study may be helpful in guiding the present study. 
Let us start with Romania and Poland, the largest countries of the former communist 
bloc in terms of area and population. In both countries, agriculture accounts for the 
highest share of gross domestic product (GDP) of the five countries analyzed. At the 
EU level, Romania and Poland are among the eight countries with the highest share 
of agriculture in national GDP (The World Bank Group, 2022b). Despite their shared 
communist past, Romania and Poland have different backgrounds, both politically 
and in terms of their natural resources. During the communist era, agricultural land 
in Romania was entirely state-owned, while in Poland around 75% of arable land 
was owned by private farms (Sin and Nowac, 2014). Today, Romania has the most 
farms in Europe with 33.3% of the total area, followed by Poland with 13.7% and 
Italy with 11.1% (Eurostat, 2020). Although Romania and Poland have various 
socio-economic similarities, they have different political histories and resource 
bases. 
Stoicea et al. (2023) analyzed profitability indicators for several large Romanian 
farms using data from their financial statements. Their findings pointed to key factors 
contributing to the poor financial performance of the sector, including low liquidity, 
low return on assets and over-reliance on bank loans after the pandemic. Bobitan et 
al. (2023) used a data envelopment analysis model and the Malmquist index to 
examine the financial performance of companies in the agricultural sector from 2017 
to 2021 and found a limited ability to adapt to change and invest in high-performance 
technologies. Popescu and Popescu (2022) conducted a survey of farmers and found 
that the pandemic had an impact on agricultural costs, labor, management and food 
safety. They highlighted vulnerabilities and emphasized the need for automation, 
digital solutions and improved communication to increase resilience in Romania. 
The Polish case is also similar to the Romanian one. Dudek and Śpiewak (2022) 
analyzed the economic, legal and social impact of the pandemic on the Polish food 
system and pointed out disruptions, adjustments and recommendations to strengthen 
the EU's "From Producer to Consumer" strategy for a more sustainable future. 
Danilowska and Jedruchniewicz (2023) examined how COVID-19 affected 
agricultural production in Poland. They found that there was a slight decline in the 
second year of the pandemic due to labor shortages, with animal production 
(especially eggs and meat) being more affected than crop production, while milk 
production remained stable. In this respect, the firm-level performance of Polish 
agricultural and chemical producers can be considered vulnerable to external shocks.  
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Spain, one of the largest exporters of agricultural products, was another country we 
included in our analysis. A survey conducted in Spain by Fernández-Cerezo et al. 
(2023) with a sample of 4,004 companies found that the companies most affected by 
the pandemic were small and relatively new companies in urban areas. In terms of 
employees, the study found that most companies reduced their workforce through 
furlough plans rather than layoffs. 
Another aspect discussed in more recent studies is the persistence of agricultural 
profits in Spain. Gómez‐Limón et al. (2023) used two different analytical tools—a 
GMM (General Method of Moments) regression model and a dynamic panel 
model—to examine the economic performance of over 9,000 agricultural entities in 
Spain. Their results highlight the complex nature of profits in this sector. Due to the 
high percentage of agricultural land owned by farmers, Spanish farms tend to have 
a relatively constant profitability, as the authors' results show. 
In the case of Italy, some argue that COVID-19 has not significantly affected 
agricultural activities (Lovarelli et al., 2022). However, Cortignani et al. (2020) 
pointed out that the agricultural labor force was subject to significant restrictions, 
leading to a decrease in production capacity in the central-western Sardinia region. 
Indeed, Italian agri-food supply chains were under significant stress during the 
pandemic (Barcaccia et al., 2020). 
Previous studies have established empirical relationships between farm-level 
performance indicators. For example, Coppola et al. (2020) analyzed 6,270 small 
and medium-sized Italian farms over a three-year period (2015–2017), focusing on 
farm income per family work unit and the profitability index. In their study, they 
examined the impact of European financial aid for farmers on the increase in 
agricultural income. Using an econometric analysis, they found that farm size, 
invested capital and the quality of agricultural land significantly influence the 
profitability index in agriculture. With this in mind, it seems logical to include farm 
sizes and the impact of the COVID-19 outbreak in the analysis of non-specialized 
agricultural and chemical retailers. This would allow a deeper understanding of how 
the pandemic has affected these sectors in Italy. 
The other country we examined was France. Perrin and Martin (2021) found that 
there was minimal disruption in French farms and agricultural entities during the 
pandemic. They attributed this to family structure and self-sufficiency, while supply 
chains adapted production and logistics to ensure the continued availability of basic 
dairy products. This resilience was further enhanced by the extensive support 
provided to French retailers by the government and large multinational companies 
(Nicolaï and Grange, 2021). Moreover, Mitaritonna and Ragot (2020) even saw the 
pandemic as an opportunity for France. These findings are in line with studies 
showing that COVID-19 can act as a catalyst for the retail sector, as the case study 
in Belgium shows (Beckers et al., 2021).  
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Some previous studies in Italy and France have analyzed the performance of farms. 
For example, Enjolras et al. (2014) applied econometric models to a sample of 9,555 
farms in France and Italy over five years (2003–2007) to measure the dependence of 
agricultural income on these risk management tools. Their results reveal differences 
between the two countries. For example, the smaller size of farms in Italy means that 
their income is more dependent on external factors. Therefore, small farmers resort 
to a range of risk mitigation tools and manage to stabilize their income over longer 
periods. On the other hand, larger farms in France tend to be more exposed to risk, 
which leads to a higher volatility of their income. According to Bochtis et al. (2020), 
the governments of Italy, France, Spain, etc. have been quick to address the 
challenges related to labor in the agricultural sector, as these countries are highly 
dependent on mobile migrant workers. 
The literature review reveals that many scholars have studied agricultural entities 
from the perspective of the COVID-19 pandemic. However, joint and more focused 
analyses of agricultural and chemical entities are still limited. This work aims to fill 
this gap by applying non-parametric methods to a large set of microdata. The detailed 
technical methodology and related information are presented in the following 
section. 
 
3. Data and Methodology 
This study consists of two main components: the MCA of selected firm-level 
performance indicators (e.g., sales, employment, ROC) and the Wilcoxon signed 
rank test of microdata for employment and working capital. The MCA visually 
depicts the performance of micro and small firms from the selected countries in terms 
of the degree of distress according to COVID-19. The degree of distress is defined 
as the ratio of the coefficient of variation in the post-COVID-19 data compared to 
the pre-COVID-19 data (explained in more detail later in this section). 
The Wilcoxon signed rank test, on the other hand, examines two key variables, 
employment and working capital, following the production function of a typical firm 
to determine whether there are statistically significant differences between the pre-
and post-pandemic periods. Several steps were taken to prepare the dataset for 
statistical analysis, as shown in Figure 1 below. 
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Figure 1 The stages of the data collection and analysis of the current research 

Source: self-research 
 

We used the Orbis database (Bureau van Dijk, 2024) to collect microdata for a 
number of EU countries, focusing on Spain, Italy, France, Poland and Romania for 
the reasons already mentioned. Orbis is gaining traction among scholars analyzing 
private firms from various perspectives, including employment, capital, sales, and 
profitability (see Farole et al., 2017; Poupakis, 2020; Dall'Olio et al., 2022; Chiari, 
2022; Lythgoe et al., 2023). The selected time frame was from 2014 to 2022. 
Originally, the total sample comprised 535 firms operating in non-specialized retail 
stores and selling mainly non-food products before the data was further segmented 
in this study. After deleting the firms with missing values, 340 firms remained, 
including 65 Spanish micro firms, 31 Spanish small firms, 86 Italian micro firms, 58 
Italian small firms, 33 French small firms, 22 Polish micro firms, 47 Polish small 
firms, 18 Romanian micro firms and 48 Romanian small firms. 
We focused specifically on firms involved in agricultural and chemical production, 
as these businesses face particular challenges due to possible closures, the shift in 
consumer behavior to online channels and disrupted supply chains compared to 
grocery stores or key service providers. The sample size of 340 companies provides 
sufficient statistical power to detect significant impacts given the heterogeneity 
within the non-specialized retail sector. 
Figure 2 illustrates the conceptual framework in which the periodic differentiation 
(i.e., performance before and after the pandemic) in the non-specialized retail sector 
was made based on the selected EU countries and firm types (i.e., micro and small). 
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Figure 2 Conceptual framework of the present study 

Source: self-research 
 

For both the MCA and the Wilcoxon signed rank test, it is important to handle outlier 
values prior to analysis to avoid biased estimates, skewed data structures and 
incorrect conclusions. Hair et al. (2018) emphasize the importance of handling 
outliers to ensure the robustness of statistical analyses, especially for multivariate 
techniques such as MCA. Jolliffe and Cadima (2016) emphasize the need to identify 
and handle outliers to improve the reliability of dimensionality reduction methods, 
while Conover (1999) highlights the risk of false conclusions due to outliers in non-
parametric tests such as the Wilcoxon signed rank test. Table 1 therefore shows the 
broad distribution of outlier values based on five variables of interest, including 
periodic segregation (i.e., pre-COVID-19 and post-COVID-19). 
 

Table 1 Distribution of the number of outlier values 

 Employment Working 
capital Amortization Sales Return on 

capital 
 M S M S M S M S M S 
Spain           
Pre-Covid-19 0 1 4 2 4 6 10 1 7 1 
Post-Covid-
19 
 

0 2 7 3 8 3 12 1 6 1 
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Poland           
Pre-Covid-19 0 0 0 1 1 5 3 4 3 4 
Post-Covid-
19 0 0 1 2 2 3 2 5 1 3 

Italy           
Pre-Covid-19 0 0 3 9 3 4 0 4 6 3 
Post-Covid-
19 0 1 1 5 5 3 0 4 8 5 

Romania           
Pre-Covid-19 0 0 — — 1 2 1 5 0 5 
Post-Covid-
19 0 3 — — 1 5 2 1 0 3 

France           
Pre-Covid-19 — 1 — 4 — 4 — 2 — 0 
Post-Covid-
19 — 1 — 0 — 6 — 2 — 2 

Source: self-research 
Notes: M indicates “micro enterprises” and S indicates “small enterprises” 

 
The employment variable contained few outliers, but in the post-COVID-19 period 
there were some outliers in Spain and Romania, mainly affecting small firms. There 
were 11 outlier values for Spanish micro firms, while there were a total of 14 outlier 
values for small firms in Italy. For amortization values, the distribution of outlier 
values between micro and small firms was more or less even, with no significant 
difference between pre- and post-COVID-19 values. However, the sales variable 
showed a strikingly high number of outliers. For example, there were a total of 24 
outliers among Spanish micro and small firms and 14 outliers among Polish micro 
and small firms, which could distort the statistical results. This was also the case for 
the ROC outliers, which led us to adjust these variables for inflation as they were 
expressed in monetary terms. Therefore, we used the OECD Domestic Producer 
Price Indices database with the base year 2015 for each individual country. In 
addition, all remaining outlier values as well as employment were replaced by the 
mean of the data series, a method according to Kaiser (2014), which proves to be a 
useful and easily accessible method for dealing with outliers. 
The Shapiro-Wilk test in Table 2 supports our decision to use non-parametric 
methods. The results show that most of the data at the firm level have a non-normal 
distribution. Applying parametric methods would lead to biased results if no 
normalization is applied. 
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Table 2 Shapiro-Wilk test of normality 
  Employment Working 

capital Amortization Sales Return on 
capital 

 1 2 1 2 1 2 1 2 1 2 
Spain  
Micro 0.94**

* 
0.95**

* 0.97 0.96 0.92**
* 

0.93**
* 

0.92**
* 0.95** 0.97 0.97 

Small 0.94* 0.94 0.95 0.91** 0.69**
* 

0.68**
* 

0.70**
* 0.70*** 0.68**

* 
0.68**

* 
Poland 
Micro 0.97 0.95 0.89** 0.91* 0.72**

* 
0.79**

* 0.96 0.95 0.91* 0.93 

Small 0.88**
* 

0.87**
* 0.90*** 0.89**

* 0.94** 0.91**
* 

0.84**
* 0.91*** 0.98 0.97 

Italy 
Micro 0.95**

* 0.96** 0.96** 0.97* 0.91**
* 

0.91**
* 

0.92**
* 0.96** 0.92**

* 0.96** 

Small 0.90**
* 0.95** 0.97 0.97 0.91**

* 
0.88**

* 
0.93**

* 0.90*** 0.99 0.98 

Romania 
Micro 0.97 0.84**

* — — 0.92 0.96 0.94* 0.91 0.93 0.97 

Small 0.93** 0.95* — — 0.94** 0.94** 0.95* 0.91*** 0.98* 0.98 
France 
Small 0.91** 0.87**

* 
0.98 0.90* 0.97 0.96 0.86**

* 
0.88*** 0.97 0.94* 

Source: self-research 
Notes: 1 indicates “pre-COVID-19” and 2 indicates “post-COVID-19” period 

 
Since our dataset did not meet the main assumptions of the paired t-test summarized 
by Kim (2015), we followed the recommendations of King and Eckersley (2019) to 
choose the appropriate statistical test. In other words, since our data set had 
exhaustive non-normal distributions and was paired, we opted for the two-sample 
Wilcoxon signed rank test (hereafter simply Wilcoxon signed rank test). Based on 
Field’s (2013) arguments about the Wilcoxon signed rank test, we can argue that this 
method was the most appropriate for our consideration as it focuses on ranks rather 
than raw values of the dataset. Moreover, it is also suitable for small sample sizes.  
It should be noted that in the Wilcoxon Singed Rank Test, “Negative ranks” means 
that the values for a variable i after the COVID-19 test are lower than the values 
before the COVID-19 test; “Positive ranks” means that the values for a variable i 
after the COVID-19 test are higher than the values before the COVID-19 test; and 
“Tie" means that the values for variable i after the COVID-19 test are identical to 
the values before the COVID-19 test. Z-scores are given for the test statistics, and 
all significance values are based on asymptotic 2-tailed values. The other technical 
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details can be found in the Results section in the corresponding tables for the 
indicated Wilcoxon Signed Rank Tests. Additional technical and methodological 
details are described below. 
We applied MCA according to the approach described by Sączewska-Piotrowska 
(2021), which is primarily based on Clausen (1998). This approach involves creating 
a frequency-based correspondence table, calculating the row and column mass, 
determining the row and column profiles and using the chi-square metric for 
estimation. The chi-square method calculates the total variance or "inertia" as the 
weighted sum of the squared chi-square distances between the individual row 
profiles and the average row profile. 
To estimate inertia and determine the optimal distance measures, we followed Abdi 
(2007) and chose the chi-square method because our data set was free of outliers, 
and this approach provided more interpretable graphical results. The graphical 
representation of the MCA results on a multidimensional map, the so-called biplot, 
usually shows two or sometimes three dimensions and depicts all relevant variables. 
To maintain consistency with MCA best practices, we removed row and column 
averages as a standardization method and used symmetric normalization according 
to Lombardo et al. (2021), Greenacre (2007) and Le Roux and Rouanet (2010). 
Symmetric normalization ensures that the analysis does not unduly favor categories 
with higher frequencies, thereby avoiding bias in the results and providing a clearer 
insight into the underlying patterns in the data. By applying both the standardization 
and normalization methods, marginal distributions were effectively removed, 
facilitating a more precise comparison of correlations between categories and 
providing a more comprehensive understanding of the results. 
The correspondence table is based on the ratio of the coefficients of variation (CV) 
of the periods before and after COVID-19 and follows the following simple formula: 
 

𝐷𝑖𝑠𝑡𝑟𝑒𝑠𝑠	𝑙𝑒𝑣𝑒𝑙 =
𝐶𝑉!"#$_&'()*+
𝐶𝑉!,-_&'()*

=

œÉ!"#$%&'()*
Œº!"#$%&'()*
œÉ!+,%&'()*
Œº!+,%&'()*

	 (1) 

where: σ is the standard deviation and μ is the mean value of the data vector. The 
distress level indicates the extent to which COVID-19 has disrupted the employment 
and working capital of micro and small businesses, as shown by the proximity to the 
attribute on the MCA biplot. This disruption reflects the impact on production 
efficiency and overall business performance during public crises such as COVID-
19. This concept makes it possible to focus on firm-level performance and 
distinguish between the periods before and after COVID-19. 
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On the MCA biplot, the closer the variable (e.g., either micro or small firms of a 
given country) is to the attribute, the more diverse it is, which means that COVID-
19 has disrupted the respective indicator. The period before COVID-19 
(pre_COVID) covers the years 2015–2019, the period after COVID-19 
(post_COVID) the years 2020–2022. 
Our definition of micro and small firms is in line with the European Commission's 
classification (European Commission, 2020). More precisely, micro firms have less 
than 10 employees, while small firms have between 10 and 50 employees. In the 
Wilcoxon signed rank test, we focused exclusively on employment and working 
capital, as these ratios are the cornerstones of a firm's production function (Varian, 
1992). Given their direct influence on a firm's ability to convert resources into 
outputs, these are key variables for assessing a firm's production efficiency and 
overall performance, especially in the context of public crises such as COVID-19. 
Additionally, we calculated the effect size to obtain a standardized measure for 
comparing the observed differences (Gerald, 2018; Pallant, 2020) using the 
following formula: 

r = !
√#

  (2) 

 
where: Z was determined directly from the paired Wilcoxon signed rank tests and N 
represents the total number of observations. 
 
4. Results 
First, this section presents the results of the MCA analysis (e.g., biplot and the 
summary table). Second, this section reports the results of the Wilcoxon signed rank 
test based on micro and small firms in the five selected EU Member States. Finally, 
the effect sizes are given to allow a more integrated and comparable statistical 
interpretation of the test results. 
4.1. Multiple Correspondence Analysis 
In the MCA analysis, each attribute (e.g., sales, employment) serves as a reference 
point for measuring the extent of distress. The closer a classification (e.g., Spanish 
micro firms, Italian small firms) is to a particular attribute, the higher the degree of 
distress associated with that attribute for the country-specific firms.  
Figure 3 is the biplot for the MCA. In terms of sales, Polish micro firms and 
Romanian small firms showed the highest levels of distress compared to the rest of 
the sample. Romanian micro firms showed high levels of distress in terms of 
employment, a pattern that was also observed for French small firms. Most 
companies in the sample had high ROC distress, with particularly high scores for 
Spanish micro and small firms and Italian micro firms. Polish small companies also 
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had higher ROC distress values.  
The situation with working capital is similar to that in the ROC. Spanish and Polish 
small firms, like French small firms, had a high level of working capital distress. 
Finally, Italian, Spanish and Polish small companies had the greatest distress levels 
with amortization compared to companies from other countries. 
 

 
Figure 3 Multiple Correspondence Analysis 

Source: self-research 
 
The next step of the MCA involves reporting the summary statistics, as shown in 
Table 3. The two dimensions obtained cumulatively explained 88% of the dataset. 
Despite this high cumulative explanation, the singular values and the inertia indicate 
a low correlation between rows and columns, and the chi-square value of 1.345 is 
not statistically significant. Therefore, this result indicates that further investigation 
of the countries and their companies is required, which can be conducted using the 
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Wilcoxon Signed Rank Test. 
 

Table 3 Summary table of the multiple correspondence analysis 

Dimension Singular 
Value Inertia Chi 

Square Sig. Proportion 
of Inertia  

Confidence 
Singular 

Value 
 

     Accounted 
for Cumulative Standard 

Deviation Corr. 

1 0.128 0.016   0.555 0.555 0.146 0.007 
2 0.098 0.010   0.324 0.879 0.153  
3 0.053 0.003   0.095 0.974   

4 0.028 0.001   0.026 1.000   

Total  0.030 1.345 1.000a 1.000 1.000   

Source: self-research 
Notes: Degrees of freedom were 32 

 
4.2. Wilcoxon signed rank tests 
4.2.1. Spain 
In the results of the Wilcoxon signed rank test for the employment data, we can see 
that the Spanish micro and small firms show a statistically significant difference 
between the pre- and post-COVID-19 samples (see Table 5; micro firms: Z=–4.240; 
Sig.=0.000; small firms: Z=–2.205; Sig.=0.027). However, there is no statistically 
significant difference between Spanish micro firms (Z=–0.363; Sig.=0.717) and 
small firms (Z=–0.235; Sig.=0.814) when it comes to working capital. In other 
words, the pandemic did not have a statistically significant effect on the performance 
of companies in terms of working capital. 
 

Table 4 The Wilcoxon signed rank test for the impact of the COVID-19 
pandemic on employment and working capital of Spanish micro and small firms 

Employment 

Micro firms Small firms 

N Mean 
rank 

Sum of 
ranks 

Test 
statistics N Mean 

rank 

Sum 
of 

ranks 

Test 
statistics 

Z Sig. Z Sig. 
Negative 
Ranks 15 20.53 308.00 –

4.240 0.000 9 15.06 135.50 –
2.205 0.027 

Positive 
Ranks 43 32.63 1403.00   22 16.39 360.50   

Ties 7     0     
Total 65     31     
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Working 
capital Micro firms Small firms 

Negative 
Ranks 36 31.33 1128.00 –

0.363 0.717 14 16.86 236.00 –
0.235 0.814 

Positive 
Ranks 29 35.07 1017.00   17 15.29 160.00   

Ties 0     0     
Total 65     31     

Source: self-research 
 
4.2.2. Italy  
For all Italian micro and small firms, a statistically significant difference was found 
between the pre-and post-COVID-19 period in both employment and working 
capital (see Table 5). The statistical significance was slightly lower in the case of the 
working capital of Italian small firms (Z=–2.381; Sig.=0.017). 
 

Table 5 The Wilcoxon signed rank test for the impact of the COVID-19 
pandemic on employment and working capital of Italian micro and small firms 

Employment 

Micro firms Small firms 
N Mean 

rank 

Sum 
of 

ranks 

Test 
statistics N Mean 

rank 
Sum of 
ranks 

Test 
statistics 

Z Sig.    Z Sig. 
Negative 
Ranks 

30 31.0 930.0 –
3.693 0.000 19 22.6 429.0 –

3.158 0.002 

Positive 
Ranks 

53 48.2 2,556.0   38 32.2 1224.0   

Ties 3     1     
Total 86     58     
           
Working 
capital Micro firms Small firms 

Negative 
Ranks 

30 35.1 1,053.0 –
3.520 0.000 24 22.8 548.0 –

2.381 0.017 

Positive 
Ranks 

56 48.0 2,688.0   34 34.2 1163.0   

Ties 0     0     
Total 86     58     

Source: self-research 
 
4.2.3. France  
Table 6 shows the results of the Wilcoxon signed rank test of the small French firms. 
In terms of employment, there was no statistically significant difference between the 
pre-and post-COVID period (Z=–0.895; Sig.=0.371). However, there was a 
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statistically significant difference in terms of working capital (Z=–2.671; 
Sig.=0.008). 
 

Table 6 The Wilcoxon signed rank test for the impact of the COVID-19 
pandemic on employment and working capital of French micro and small firms 

 Employment Working capital 

N Mean 
rank 

Sum 
of 

ranks 

Test statistics 
N Mean 

rank 

Sum 
of 

ranks 

Test statistics 

Z Sig. Z Sig. 
Negative 
Ranks 15 15.4 230.5 –

0.895 0.371 11 11.9 131.0 –
2.671 0.008 

Positive 
Ranks 18 18.4 330.5   22 19.6 430.0   

Ties 0     0     
Total 33     33     

Source: self-research 
 
4.2.4. Poland  
The Polish micro firms showed no statistically significant difference in their 
employment dynamics (Z=–1.687; Sig.=0.092), but the same was not true for the 
small firms (Z=–2.774; Sig.=0.006; see Table 7). The Polish micro firms showed a 
statistically significant difference in the dynamics of their working capital before and 
after the pandemic (Z=–2.354; Sig.=0.019), but the same was not true for the small 
firms (Z=–1.905; Sig.=0.057). 
 
Table 7 The Wilcoxon signed rank test for the impact of the COVID-19 pandemic on 

employment and working capital of Polish micro and small firms 

Employment 

Micro firms Small firms 

N Mean 
rank 

Sum 
of 

ranks 

Test 
statistics N Mean 

rank 

Sum 
of 

ranks 
Test statistics 

Z Sig.    Z Sig. 
Negative 
Ranks 9 7.4 67.0 –

1.687 0.092 15 20.1 302.0 –2.774 0.006 

Positive Ranks 12 13.7 164.0   32 25.8 826.0   
Ties 1     0     
Total 22     47     
           
Working 
capital Micro firms Small firms 

Negative 
Ranks 5 10.8 54.0 –

2.354 0.019 17 22.6 384.0 –1.905 0.057 

Positive Ranks 17 11.7 199.0   30 24.8 744.0   
Ties 0     0     
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Total 22     47     
Source: self-research 

 
4.2.5. Romania  
The last report on the results of the Wilcoxon signed rank test refers to the Romanian 
micro and small firms in terms of employment (see Table 8). In both cases, there was 
a statistically significant difference between the pre- and post-COVID-19 periods. 
 

Table 8 The Wilcoxon signed rank test on the impact of the COVID-19 pandemic on 
employment in Romanian micro and small firms 

 Micro firms Small firms 

N Mean 
rank 

Sum 
of 

ranks 

Test statistics 
N Mean 

rank 

Sum 
of 

ranks 

Test statistics 

Z Sig. Z Sig. 
Negative 
Ranks 4 4.4 17.5 –

3.119 0.002 13 22.5 293.0 –
3.026 0.002 

Positive Ranks 15 11.5 172.5   35 25.2 883.0   
Ties 0     0     
Total 19     48     

Source: self-research 
 
Table 9 summarizes the results of the Wilcoxon signed rank test. Put simply, only 
French small firms and Polish micro were an exception to the statistically significant 
differences in employment between the pre-and post-COVID-19 periods. There were 
statistically significant differences in working capital for Italian micro and small 
firms, French small firms and Polish micro firms. 
 

Table 9 Summary of the Wilcoxon signed rank test on company sizes and selected 
countries in the European Union 

 SP 
MFs 

SP 
SFs 

ITA 
MFs 

ITA 
SFs 

FRA 
SFs 

POL 
MFs 

POL 
SFs 

ROM 
MFs 

ROM 
SFs 

Employment + + + + – – + + + 
Working 
capital 

– – + + + + – N/A N/A 

Source: self-research  
Notes: + indicates the “presence of a statistically significant difference between the pre-

COVID-19 period and the post-COVID-19 periods”; – indicates the “absence of a 
statistically significant difference between the pre-COVID-19 period and the post-COVID-

19 periods” 
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4.3. Effect sizes 
Finally, the effect sizes were estimated, as shown in Figure 4. The lowest effect size 
for employment was found for French small firms, while the highest effect size was 
found for Romanian micro firms. All other classifications of firms had similar—
medium effect sizes. The lowest effect size for working capital was found for 
Spanish micro and small firms. The highest effect size was found for Polish micro 
firms. 
 

 
Figure 4 Effect sizes by employment and working capital in micro and small firms 

Source: authors’ own construction based on the analysis 
 
5. Discussion 
This paper aimed to comparatively assess the impact of the COVID-19 pandemic on 
the performance of firms in the selected EU countries in the case study of two 
economic sectors, namely agricultural and chemical retailers. Using microdata from 
the Orbis database, we analyzed micro and small companies in Spain, Italy, France, 
Poland and Romania in terms of employment, working capital, ROC, amortization 
and sales. The selection of these countries and variables was crucial for our 
understanding and empirical analysis, as it allowed us to identify both statistically 
significant and non-significant results. Focusing on these firms is particularly 
important because they play a crucial role in the wider supply chain, especially in 
the context of the EU's agricultural and industrial sectors. By analyzing firm-level 
performance in these industries, our study contributes to a deeper understanding of 
how sector- and country-specific factors influence economic resilience in times of 
crisis such as the COVID-19 pandemic. This focus fills a notable gap in the literature, 
where aggregate data often obscures the nuanced impact on non-specialized firms, 
and thus provides more actionable insights for policymakers and industry 
stakeholders. In short, the results suggest that the impact of the pandemic was 
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heterogeneous and influenced by the different institutional and economic systems of 
the selected countries, which can be estimated using non-parametric methods. 
To elaborate on the results, Figure 5 shows the average values for employment and 
working capital before and after COVID for the selected countries in the sample. 
Since the Wilcoxon signed rank test does not give an indication of the direction of 
the observed differences, these visual representations and the subsequent 
interpretations are key to understanding the implications of our results. 
 

a.Employment b. Working capital 

  
 

Figure 5 Average values for employment and working capital before and after the 
introduction of COVID-19 in the selected countries of the European Union 

Source: Orbis 
 
An interesting finding of our study is the statistically significant difference in the 
employment of micro and small firms in Spain when comparing pre-and post-
COVID-19 data, while the level of working capital shows no significant changes. 
Although this may suggest that despite the challenges posed by the pandemic, 
workforce retention was prioritized, some studies suggest that many workers in 
Spanish micro and small companies were not adequately protected (Salas-Nicas et 
al., 2020). 
Possible explanations for this discrepancy could be government support programs 
that mitigated job losses (Winters, 2023), the difficulty of replacing skilled workers, 
or a delayed response to the crisis, with firms initially focusing on survival. 
Furthermore, Chislett (2021) argued that the unprecedented support money from the 
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EU played an important role in Spain's rapid recovery, contributing to productivity 
gains and increases in output. This could explain why both employment and working 
capital showed an upward trend in the post-COVID-19 period, even though the latter 
did not reach statistical significance in the Wilcoxon signed rank test.  
The statistically significant increase in employment and working capital of Italian 
micro and small firms in the post-COVID period could indicate a complex 
adjustment strategy within the economy to cope with the crisis. On the one hand, 
agricultural and chemical retailers may have experienced a surge in demand or 
adapted their business models, increasing the need for additional staff. This could 
also explain the need for more working capital, possibly to manage inventories or to 
make higher investments for business adjustments. 
Alternatively, government support programs could have provided a financial safety 
net that would have allowed firms to retain their workforce while maintaining a 
higher level of working capital as a precaution against the ongoing uncertainty. Some 
Italian micro and small firms, such as those in the wine industry, have shown that 
during COVID-19, companies have tried to "reinvent" themselves (Bressan et al., 
2021). This reinvention requires both human resources and capital to improve 
performance at the company level. 
French firms, particularly in agriculture, the chemical industry and non-specialized 
retail, may have avoided significant layoffs during COVID-19 due to a combination 
of factors. France has strong labor laws, and unions play an important role in 
protecting workers (Laroche and Wechtler, 2011), which may explain the lack of 
statistically significant differences in employment between the pre-and post-
COVID-19 periods. Askenazy et al. (2024) point out that many French firms have 
used a variety of strategies to retain their workforce during the pandemic. 
State support programs such as wage subsidies and strict labor laws probably helped 
to retain workers. The essential nature of these sectors and the specialized skills 
required of their employees may have prevented further layoffs. In addition, the 
social and cultural emphasis on job security in France may have influenced the 
decision of these companies to retain their employees during the pandemic. 
While government support and labor regulations may have helped French firms 
retain their employees, as indicated by the lack of a statistically significant difference 
in the Wilcoxon signed rank test, these factors likely had a weaker impact on working 
capital. Wage subsidies and furlough schemes generally target employee-related 
costs but have no direct impact on the liquid resources a company needs for day-to-
day operations (working capital). Stricter labor laws could make layoffs more 
difficult, but would not directly impact a company's ability to access or manage 
working capital. As a result, French firms may have struggled to maintain adequate 
working capital during the COVID-19 pandemic despite retaining their workforce. 
In fact, Brussevich et al. (2022) found that medium-sized French firms with higher 
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inventories and greater automation were more resistant to crises. Interestingly, 
government measures such as trade bans and advertising campaigns had little overall 
impact on the trade flows of French firms (Brussevich et al., 2022). This suggests 
that while employment-focused government support can help maintain employment, 
it may not directly address the broader financial challenges faced by firms during 
economic disruptions. 
Another aspect of the results concerns the contrasting results in terms of changes in 
employment and working capital in Polish micro and small firms before and after 
COVID-19. Although speculative, several reasons could explain these differences. 
In the case of micro firms, they might have limited capacity to expand their 
workforce despite increased demand (Adamowicz, 2022). Therefore, they may have 
chosen to manage the workload with existing staff or outsource certain tasks. The 
statistically significant change in working capital suggests that the micro firms have 
pursued a deliberate strategy. They may have increased their inventories or 
receivables to cope with possible supply chain disruptions or fluctuations in 
customer payments (Zimon et al., 2021). Strong government support programs in 
Poland may have been specifically aimed at preserving jobs in micro firms and 
helped to prevent layoffs despite the general economic challenges (Sobanski, 2021). 
Polish small firms may have adapted their business models in response to the post-
COVID-19 landscape, resulting in changing employment needs. They may have 
filled new positions or cut jobs in response to changing market dynamics. It is 
possible that their working capital management was already efficient before the 
COVID-19 crisis, so they did not need to make major adjustments even if 
employment figures fluctuated. In addition, the impact of the pandemic on working 
capital may be more gradual for small firms, suggesting that the effects unfold over 
a longer period of time. 
There is a statistically significant difference in employment between the analyzed 
periods for both micro and small Romanian companies. The COVID-19 pandemic 
has led to significant shifts in employment in these firms. This result may be 
surprising, but it can be explained if we take into account the particular challenges 
and adjustments that these companies have faced (Antonescu, 2020). On the one 
hand, the pandemic may have forced some firms to downsize due to closures or 
economic downturns. On the other hand, the crisis may have encouraged innovation 
and entrepreneurial change, creating new opportunities and an increased need for 
additional staff. 
Firms that have moved their operations online or adapted their product offerings to 
meet changing consumer demand may have experienced an increase in business 
volume that required more employees. In addition, government support programs or 
small business lending opportunities during the pandemic may have provided the 
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necessary resources to expand and hire additional employees (Dascalu, 2020). These 
different responses illustrate the multi-layered impact of the pandemic on 
employment in Romanian micro and small firms. 
In summary, we were able to quantify the impact of COVID-19 on firms operating 
in the agricultural and chemical sector in Europe using non-parametric methods. A 
non-parametric approach becomes necessary when the data set is not normally 
distributed. This aspect is sometimes ignored in the studies on the impact of the 
COVID-19 pandemic at the firm level. In addition, the different impacts of the 
pandemic on firms in different parts of Europe can be attributed to different factors 
(e.g. government support, business models, geographical proximity to major 
markets). Overall, the pandemic may have different impacts on employment and 
capital depending on the size of firms. 
 
6. Concluding remarks 
Numerous studies have attempted to compare the time before and post-COVID-19 
periods in various EU countries. However, non-specialized retail companies in the 
agricultural and chemical industries have not been thoroughly analyzed using non-
parametric econometric methods. Consequently, many studies focus on aggregate 
data and neglect the country-specific nuances. Our aim was to fill this gap by 
analyzing firm-level performance in five EU countries with different institutional 
and economic conditions. By focusing on individual company-level data, our study 
aims to provide a more detailed and accurate understanding of how different 
countries have adapted to the challenges posed by the pandemic.  
The MCA analysis revealed considerable differences in their distress between 
various firm sizes and countries. While in countries such as Poland and Romania 
employment and sales were affected, in other countries such as Spain and Italy there 
were problems with ROC and working capital. These results suggest that country-
specific factors play an important role in the distress of companies, which warrants 
further investigation. To better understand these dynamics, we examined the 
statistical significance of differences in key variables using the Wilcoxon signed rank 
test, focusing on the impact of the pandemic on firm performance. 
The Wilcoxon signed rank test confirmed that the pandemic has had a significant 
impact on employment in most firms, both micro and small, in Spain, Italy and 
Romania. However, the impact on working capital varied by country and firm size. 
Only firms in Italy, small firms in France and micro firms in Poland exhibited 
statistically significant changes in working capital. These results highlight the 
uneven impact of COVID-19 across countries and firm sizes, with some firms 
experiencing distress in employment and others experiencing a deterioration in 
working capital. 
The results of this study on non-specialized agricultural and chemical retail firms in 
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five different EU countries provide valuable insights for managers and 
policymakers. The research methodology, which goes beyond aggregate data and 
employs non-parametric tests such as MCA and Wilcoxon signed rank test, provides 
a more detailed understanding of firm-level variations in distress. The results show 
that the impact of the pandemic has varied significantly by firm size and country. 
Managers in the most affected sectors and countries should prioritize measures to 
preserve jobs and manage working capital effectively. Policymakers, on the other 
hand, have a crucial role to play by developing targeted financial instruments and 
easing regulations to address the specific challenges faced by firms in different 
sectors and countries. By acknowledging the heterogeneous impact of the pandemic 
and introducing tailored support mechanisms, both managers and policymakers can 
help foster the recovery and resilience of these non-specialized firms in the post-
COVID era. 
It is also important to address some limitations and make suggestions for future 
research. First, our MCA analysis did not yield statistically significant results, and 
the graphical interpretations were sometimes difficult. Second, MCA generally 
assumes homoscedasticity, which is often not present in firm-level data, which 
affects the robustness of the analysis. Third, while the Wilcoxon signed-rank test is 
a powerful tool for analyzing pre- and post-data, its focus on direction of change 
rather than magnitude can complicate interpretation. For these reasons, future studies 
could use a different modeling approach, such as a panel data analysis compiled by 
Orbis, to identify more robust empirical patterns in the near future. By using panel 
data, researchers can gain a deeper understanding of trends and fluctuations over 
multiple time periods and improve the reliability of their results. In addition, more 
advanced statistical techniques could be used to address potential limitations and 
gain a clearer perspective on the impact of COVID-19 on firm-level performance in 
different sectors and countries. 
Taking into account all the strengths and limitations of the present work, this study 
represents a methodological exercise using non-parametric methods. Relevant 
policies at the supranational level (i.e., EU) and at the micro level (i.e., municipal or 
company level) should always be considered using scenario approaches and 
simulations for future similar developments. Furthermore, integrating these non-
parametric insights into decision-making processes can provide a more flexible and 
robust framework for dealing with uncertainties in implementation. By continuously 
refining these methods and incorporating real-time data, policymakers can better 
anticipate and respond to dynamic challenges at different levels of government. 
 
Acknowledgments  
The authors thank the anonymous reviewers and editor for their valuable contribution. 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 

 
Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

 

63 

Funding  
This research received no external funding. 
 
Author Contributions  
Ibrahim Niftiyev conceived the study and was responsible for the design and 
development of the data analysis. Delia David was responsible for data collection and 
analysis. Daniela Pordea was responsible for the literature review section. 
 
Disclosure Statement  
The authors declare no conflict of interest. The authors have not any competing financial, 
professional, or personal interests from other parties. 
 
References 
1. Abdi, H., (2007), Correspondence analysis. In Salkind, N. J. (Ed.), Encyclopedia of 
Measurement and Statistics Vol. 1 (pp. 189-194). Thousand Oaks, CA: Sage Publications 
2. Adamowicz, M., (2022), COVID-19 Pandemic as a change factor in the labour market in 
Poland, Sustainability, 14(15), 9197. https://doi.org/10.3390/su14159197. 
3. Ahmad, W., Kutan, A.M., Chahal, R.J.K., Kattumuri, R., (2021), COVID-19 Pandemic 
and firm-level dynamics in the USA, UK, Europe, and Japan, International Review of 
Financial Analysis, 78, 101888. https://doi.org/10.1016/j.irfa.2021.101888. 
4. Antonescu, D., (2020), Supporting small and medium size enterprises through the 
COVID-19 crisis in Romania, Central European Journal of Geography and Sustainable 
Development, 2(1), 38-57. https://doi.org/10.47246/CEJGSD.2020.2.1.4. 
5. Askenazy, P., Brébion, C., Courtioux, P., Erhel, C., Mofakhami, M., (2024), Employment 
strategies in response to the first Covid lockdown: A typology of French workplaces, 
Industrial Relations: A Journal of Economy and Society, 1-32. 
https://doi.org/10.1111/irel.12362. 
6. Barcaccia, G., D’Agostino, V., Zotti, A., Cozzi, B., (2020), Impact of the SARS-CoV-2 
on the Italian agri-food sector: An analysis of the quarter of pandemic lockdown and clues 
for a socio-economic and territorial restart, Sustainability, 12(14), 5651. 
https://doi.org/10.3390/su12145651. 
7. Beckers, J., Weekx, S., Beutels, P., Verhetsel, A., (2021), COVID-19 and retail: The 
catalyst for e-commerce in Belgium?, Journal of Retailing and Consumer Services, 62, 
102645. https://doi.org/10.1016/j.jretconser.2021.102645. 
8. Bobitan, N., Dumitrescu, D., Burca, V., (2023), Agriculture’s efficiency in the context of 
sustainable agriculture - A benchmarking analysis of financial performance with data 
envelopment analysis and Malmquist Index, Sustainability, 15, 12169, 1-27. 
https://doi.org/10.3390/su151612169. 
9. Bochtis, D., Benos, L., Lampridi, M., Marinoudi, V., Pearson, S., Sørensen, C. G., (2020), 
Agricultural workforce crisis in light of the COVID-19 pandemic, Sustainability, 12(19), 
8212. https://doi.org/10.3390/su12198212. 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 
  

Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

64 

10. Bressan, A., Duarte Alonso, A., Kok, S. K., (2021), Confronting the unprecedented: 
Micro and small businesses in the age of COVID-19, International Journal of Entrepreneurial 
Behavior & Research, 27(3), 799-820. https://doi.org/10.1108/IJEBR-09-2020-0602. 
11. Brussevich, M., Papageorgiou, M. C., Wibaux, P., (2022), Trade and the COVID-19 
pandemic: Lessons from French firms. Working paper, No. 2022-2081, Washington DC: 
International Monetary Fund. 
12. Bureau van Dijk, (2024). https://orbis.bvdinfo.com/ Accessed [24 March 2024]  
13. Çera, G., (2022), Europe’s economic pandemic shock: How EU economies endured the 
effects of COVID-19 restrictions, European Chronicle, 7(4), 35-43. 
14. Chen, S., Su, W., Chen, J., Li, K.W., (2021), The effects of Covid-19 on manufacturer 
operations: Evidence from China, Transformations in Business & Economics, 20(2), 41-61. 
15. Chiari, A., (2022), Revenue losses from corporate tax avoidance: Estimations from the 
UNUWIDER government revenue dataset, Review of Development Economics, 28(2), 600-
629. https://doi.org/10.1111/rode.13072. 
16. Chislett, W., (2021), Challenges and opportunities for Spain in times of COVID-19. 
Working paper, Madrid, Spain: Real Instituto Elcano. 
17. Clausen, S., (1998), Applied correspondence analysis. Thousand Oaks: Sage 
Publications. https://doi.org/10.4135/9781412983426. 
18. Coli, A., Espuelas, Á. P., Tsigkas, O., (2022), Economic support to European households 
in the aftermath of COVID-19. A cross-country comparative analysis based on quarterly 
sector accounts, Statistical Journal of the IAOS, 38(4), 1117-1127. 
http://dx.doi.org/10.3233/SJI-220004. 
19. Conover, W. J., (1999), Practical nonparametric statistics. New York: John Wiley & 
Sons. 
20. Coppola, A., Scardera, A., Amato, M., Verneau, F., (2020), Income Levels and Farm 
Economic Viability in Italian Farms: An Analysis of FADN Data, Sustainability, 12(12), 
4898. 
21. Cortignani, R., Carulli, G., Dono, G., (2020), COVID-19 and labour in agriculture: 
Economic and productive impacts in an agricultural area of the Mediterranean,  Italian 
Journal of Agronomy, 15(2), 172-181. https://doi.org/10.4081/ija.2020.1653. 
22. Dall’Olio, A., Goodwin, T., Licetti, M. M., Orlowski, J., Peña, F. P., Ratsimbazafy, F., 
Sanchez-Navarro, D., (2022), Using ORBIS to Build a Global Database of Firms with State 
Participation. Policy Research working paper, No. WPS 10261. Washington, D.C., World 
Bank Group. Retrieved from: 
http://documents.worldbank.org/curated/en/099800112132221252/IDU03d9586040b28504
839081120922e33694f65 Accessed [04 April 2024]. 
23. Danilowska, A., Jedruchniewicz, A., (2023), Impact of the Covid-19 pandemic on the 
volume and structure of agriculture production in Poland. Paper presented at the 2023 
International Conference on “Economic Science for Rural Development No. 57”, Jelgava: 
LBTU ESAF, 133-140. https://doi.org/10.22616/ESRD.2023.57.013. 
24. Dascalu, S., (2020), The successes and failures of the initial COVID-19 pandemic 
response in Romania, Frontiers in public health, 8(344). 
https://doi.org/10.3389/fpubh.2020.00344. 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 

 
Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

 

65 

25. Di Vita, G., Spina, D., De Cianni, R., Carbone, R., D’Amico, M., Zanchini, R., (2023), 
Enhancing the extended value chain of the aromatic plant sector in Italy: A multiple 
correspondence analysis based on stakeholders’ opinions, Agricultural and Food Economics, 
11(1), 15. https://doi.org/10.1186/s40100-023-00257-8. 
26. Dudek, M., Śpiewak, R., (2022), Effects of the COVID-19 pandemic on sustainable food 
systems: Lessons learned for public policies? The case of Poland, Agriculture, 12(1), 61. 
https://doi.org/10.3390/agriculture12010061. 
27. Enjolras, G., Capitanio, F., Aubert, M., Adinolfi, F., (2014), Direct payments, crop 
insurance and the volatility of farm income. Some evidence in France and in Italy, New Medit 
(1), 31-40. 
28. European Commission, (2020), User guide to SME definition. Retrieved from 
https://ec.europa.eu/docsroom/documents/42921/attachments/1/translations/en/renditions/n
ative#:~:text='The%20category%20of%20micro%2C%20small,not%20exceeding%20EUR
%2043%20million. Accessed on 01 April 2024. 
29. Eurostat, (2020), Agriculture, forestry and fishery statistics, 2020 Edition, Statistical 
Books. Retrieved from: https://ec.europa.eu/eurostat/en/web/products-statistical-books/-/ks-
fk-20-001, Accessed on 26 March 2024. 
30. Farole, T., Hallak, I., Harasztosi, P., Tan, S. W., (2017), Business environment and firm 
performance in European lagging regions. World Bank Policy Research Working Paper, No. 
8281. Washington DC: World Bank. Retrieved from: 
https://openknowledge.worldbank.org/entities/publication/124729f7-d978-5f26-a34e-
afbc2ff8da9f. 
31. Fernández-Cerezo, A., Gonzalez, B., Peinado, M.I., Moral-Benito, E., (2023), Firm-level 
Heterogeneity in the Impact of the COVID-19 Pandemic, Applied Economics, 55(42), 4946-
4974. https://doi.org/10.1080/00036846.2022.2133894. 
32. Field, A., (2013), Discovering statistics using IBM SPSS statistics. London: Sage. 
33. Forrest, J. Y. L., Tiglioglu, T., Liu, Y., Mong, D., Cardin, M., (2023), Various convexities 
and some relevant properties of consumer preference relations, Studia Universitatis Vasile 
Goldiș Arad, Seria Științe Economice, 33(4), 145-168. http://dx.doi.org/10.2478/sues-2023-
0021. 
34. Gerald, B., (2018), A brief review of independent, dependent and one sample t-test, 
International Journal of Applied Mathematics and Theoretical Physics, 4(2),  50. 
https://doi.org/10.11648/j.ijamtp.20180402.13. 
35. Goel, V., (2024), An empirical assessment of microfinance and its associated socio-
economic development, Studia Universitatis Vasile Goldiş, Arad-Seria Ştiinţe Economice, 
34(2), 110-139. http://dx.doi.org/10.2478/sues-2024-0010. 
36. Gómez‐Limón, J.A., Sánchez‐Cañizares, S., Hidalgo‐Fernández, A., Castillo‐Canalejo, 
A.M., (2023), Profit and Viability Persistence: Evidence from the Spanish Agricultural 
Sector, Agribusiness, 39(4), 1300-1332. 
37. Greenacre, M., (2007), Correspondence analysis in practice. Boca Raton, FL: Chapman 
& Hall/CRC. 
38. Hair, J. F., Black, W.C., Babin, B. J., Anderson, R. E., Tatham, R. L., (2006), Multivariate 
data analysis, 6th Edition. New Jersey: Pearson Prentice Hall. 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 
  

Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

66 

39. Heryán, T., Růčková, P., Cerulli, G., (2024), Financial performance among Top10 
automotive leaders in the EU: Essential techniques to investigate the structure of moments 
while using the GMM with dynamic panel data, Studia Universitatis „Vasile Goldis” Arad–
Economics Series, 34(3), 26-59. http://dx.doi.org/10.2478/sues-2024-0012. 
40. Hjellbrekke, J., (2018), Multiple correspondence analysis for the social sciences. New 
York: Routledge. Retrieved from: https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS 
Accessed on 26 March 2024. 
41. Janzen, B., Radulescu, D., (2022), Effects of COVID-19 related government response 
stringency and support policies: Evidence from European firms, Economic Analysis and 
Policy, 76, 129-145. https://doi.org/10.1016/j.eap.2022.07.013. 
42. Jolliffe, I.T., Cadima, J., (2016), Principal component analysis: A review and recent 
developments, Philosophical transactions of the royal society A: Mathematical, Physical and 
Engineering Sciences, 374(2065), 20150202. https://doi.org/10.1098/rsta.2015.0202. 
43. Kaiser, J., (2014), Dealing with missing values in data, Journal of Systems Integration, 
5(1), 42–51.  
44. Kim, T. K., (2015), T test as a parametric statistic, Korean journal of anesthesiology, 
68(6), 540-546. https://doi.org/10.4097/kjae.2015.68.6.540. 
45. King, A. P., Eckersley, R., (2019), Statistics for biomedical engineers and scientists: How 
to visualize and analyze data. Cambridge: Academic Press. https://doi.org/10.1016/C2018-
0-02241-0. 
46. Laroche, P., Wechtler, H., (2011), The effects of labor unions on workplace performance: 
New evidence from France, Journal of Labor Research, 32, 157-180. 
https://doi.org/10.1007/s12122-011-9106-9. 
47. Le Roux, B., Rouanet, H., (2010), Multiple correspondence analysis (Vol. 163). 
Thousand Oaks, CA: Sage Publications. 
48. Lombardo, R., Beh, E. J., Kroonenberg, P. M., (2021), Symmetrical and non-symmetrical 
variants of three-way correspondence analysis for ordered variables, Statistical Science, 
36(4), 542-561. https://doi.org/10.1214/20-STS814. 
49. Lovarelli, D., Conti, C., Finzi, A., Bacenetti, J., Guarino, M., (2020), Describing the trend 
of ammonia, particulate matter and nitrogen oxides: The role of livestock activities in 
northern Italy during Covid-19 quarantine, Environmental research, 191, 110048. 
https://doi.org/10.1016/j.envres.2020.110048. 
50. Lythgoe, M. P., Krell, J., Bower, M., Murphy, R., Marriott, J., Blagden, S. P., Sullivan, 
R., (2023), From the European medicines agency to project Orbis: New activities and 
challenges to facilitate UK oncology drug approval following Brexit, The Lancet Oncology, 
24(4), e150-e160. https://doi.org/10.1016/S1470-2045(22)00701-X. 
51. Menguy, S., (2022), Fiscal stimulus in the European Union to stabilize the COVID shock, 
Journal of Economic Integration, 37(4), 559-588. DOI: 
https://doi.org/10.11130/jei.2022.37.4.559. 
52. Mitaritonna, C., Ragot, L., (2020), After Covid-19, will seasonal migrant agricultural 
workers in Europe be replaced by robots. CEPII Policy Brief, 33, pp. 1-10. Available at: 
http://www.cepii.fr/PDF_PUB/pb/2020/pb2020-33.pdf Accessed [12 April 2024]. 
53. Nguyen, H. T. X., (2022), The effect of COVID-19 pandemic on financial performance 
of firms: empirical evidence from Vietnamese logistics enterprises, The Journal of Asian 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 

 
Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

 

67 

Finance, Economics and Business, 9(2), 177-183. 
https://doi.org/10.13106/jafeb.2022.vol9.no2.0177. 
54. Nicolaï, M., Grange, C., (2021), The digital transformation of retail during the COVID-
19 pandemic: A comparative study in Canada, China, and France. In E. Mazaheri (Ed.), The 
Impact of COVID19 on E-Commerce (pp. 1-18). London: Proud Pen. 
https://doi.org/10.51432/978-1-8381524-8-2_1. 
55. Orlando, B., Tortora, D., Pezzi, A., Bitbol-Saba, N., (2022), The disruption of the 
international supply chain: Firm resilience and knowledge preparedness to tackle the 
COVID-19 outbreak, Journal of International Management, 28(1), 100876. 
https://doi.org/10.1016/j.intman.2021.100876. 
56. Pallant, J., (2020), SPSS survival manual: A step by step guide to data analysis using IBM 
SPSS. New York: Routledge. 
57. Pan, K., Yue, X. G., (2022), Multidimensional effect of COVID-19 on the economy: 
Evidence from survey data, Economic Research-Ekonomska Istraživanja, 35(1), 1658-1685. 
http://dx.doi.org/10.1080/1331677X.2021.1903333. 
58. Perrin, A., Martin, G., (2021), Resilience of French organic dairy cattle farms and supply 
chains to the Covid-19 pandemic, Agricultural Systems, 190, 103082. 
https://doi.org/10.1016/j.agsy.2021.103082. 
59. Plzáková, L., Smeral, E., (2022), Impact of the COVID-19 crisis on European tourism, 
Tourism Economics, 28(1), 91-109 https://doi.org/10.1177/13548166211031113. 
60. Popescu, G. C., Popescu, M., (2022), COVID-19 pandemic and agriculture in Romania: 
Effects on agricultural systems, compliance with restrictions and relations with authorities, 
Food security, 14(2), 557-567. https://doi.org/10.1007/s12571-021-01239-8. 
61. Poupakis, S., (2020), Are inflows of FDI good for Russian exporters? World Bank Policy 
Research Working Paper, No. 9201. Washington, DC: World Bank. Retrieved from 
https://openknowledge.worldbank.org/entities/publication/e56a6355-a6a4-5f91-abba-
bb248dd0ca9e Accessed on 09 April 2024. 
62. Sączewska-Piotrowska, A., (2021), Economic factors influencing the health behavior 
changes during COVID-19 pandemic: Multiple correspondence analysis results,  Procedia 
Computer Science, 192, 2522-2530. https://doi.org/10.1016/j.procs.2021.09.021. 
63. Salas Nicás, S., Llorens Serrano, C., Navarro Giné, A., Moncada i Lluís, S., (2020), 
Condiciones de trabajo, inseguridad y salud en el contexto del COVID-19: Estudio de la 
población asalariada de la encuesta COTS [Working conditions, insecurity and health in the 
context of COVID-19: Study of the salaried population of the COTS survey]. Retrieved from 
https://ddd.uab.cat/pub/infpro/2020/227641/InformeCOTS_DEF2.pdf Accessed on 08 April 
2024. 
64. Sharma, A. K., Rai, S. K., (2024), COVID-19 and sectoral employment in India: Impact 
and implications, The Indian Journal of Labour Economics, 1-20. 
http://dx.doi.org/10.1007/s41027-024-00486-5. 
65. Sin, A., Nowac, C., (2014), Comparative analysis of EAFRD’s measure 121 
(“Modernization of agricultural holdings") implementation in Romania and Poland, Procedia 
Economics and Finance (8), 678-682. 
66. Sobanski, K., (2021), Economic policy response to the COVID-19 crisis: The case of 
Poland. In Bilgin, M.H., Danis, H., Demir, E. (Eds), Eurasian Business and Economics 



 
 

  
 

Niftiyev, I., David, D., Pordea, D., (2025) 
Non-Parametric Analysis of Retailer Performance in Selected EU Countries: Assessing the Impact of COVID-19 

 
  

Studia Universitatis “Vasile Goldis” Arad. Economics Series Vol 35 Issue 3/2025 
ISSN: 1584-2339; (online) ISSN: 2285 – 3065 
Web: publicatii.uvvg.ro/index.php/studiaeconomia. Pages 39-68 

 

68 

Perspectives: Proceedings of the 31st Eurasia Business and Economics Society Conference 
(pp. 107-118). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-
71869-5_7. 
67. Stoicea, P. Toma, E., David, L., Constantin, A-R., Budileanu, A., (2023), Performance of 
large agricultural companies in Romanian agriculture, Scientific Papers Series Management, 
Economic Engineering in Agriculture and Rural Development, 23(1), 773-782. 
68. Sydow, J., Helfen, M., Auschra, C., (2021), Rethinking global production networks in the 
face of crises: A comment from Germany in light of COVID-19, Management and 
Organization Review, 17(2), 401-406. https://doi.org/10.1017/mor.2021.13. 
69. The World Bank Group Food and Agriculture Organization, (2022b), Electronic files and 
web site: Cereal production (metric tons) - European Union. Retrieved from 
https://data.worldbank.org/indicator/AG.PRD.CREL.MT Accessed on 06 April 2024. 
70. The World Bank Group, Food and Agriculture Organization, (2021), Electronic files and 
web site: Agricultural land (sq. km). Retrieved from 
https://data.worldbank.org/indicator/AG.LND.AGRI.K2 Accessed on 27 March 2024. 
71. The World Bank Group, Food and Agriculture Organization, (2022a), Electronic files and 
web site: Agriculture, forestry, and fishing, value added (% of GDP) - European Union.  
72. Varian, H. R., (1992), Microeconomic analysis, Vol. 3. New York: W. W. Norton & 
Company. 
73. Winters, J., (2023), Over one million temporary workers lost their jobs at the beginning 
of the pandemic, as companies preferred not to include them in short-time work schemes. 
IAB-FORUM [online]. Retrieved from https://www.iab-forum.de/en/over-one-million-
temporary-workers-lost-their-jobs-at-the-beginning-of-the-pandemic-as-companies-
preferred-not-to-include-them-in-short-time-work-schemes/ Accessed on 04 April 2024. 
74. Zimon, G., Babenko, V., Sadowska, B., Chudy-Laskowska, K., Gosik, B., (2021). 
Inventory management in SMEs operating in polish group purchasing organizations during 
the COVID-19 pandemic, Risks, 9(4), 63. https://doi.org/10.3390/risks9040063.  
 
 
 
 
 


