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Abstract: The COVID-19 virus has hit the economy around the world. In Poland, SMEs have the
greatest problems with doing business. Border blockades and the quarantine for enterprises in
virtually all industries throughout Poland greatly complicated the supply systems and the inventory
management process. Up to now, SMEs have acted in group purchasing organizations to improve
their competitive position. This form of activity also positively affects their financial security. There-
fore, in this paper, the inventory management among this group of companies during the COVID-19
pandemic was analyzed. The purpose of the paper was to show how inventory management strate-
gies changed during the COVID-19 pandemic in SMEs operating in industry GPOs. The analysis
was carried out on a group of 88 Polish commercial enterprises operating in purchasing groups. The
research period covered the years 2017–2019 and March–June 2020. The research showed a change in
inventory management strategy in SMEs during the pandemic time of COVID-19. For the first four
months, managers of enterprises tried to pursue a conservative policy and to accumulate stocks in
the event of a shortage of supplies. This article also presents the form of security that was applied for
SMEs operating in group purchasing organizations (GPOs) to avoid forced downtime caused by the
COVID-19 pandemic.

Keywords: inventory; SMEs; Poland; group purchasing organizations (GPOs); risk; COVID-19

1. Introduction

In March 2020, the first detected case of a person infected with the COVID-19 virus
appeared in Poland. The Polish government reacted quite quickly to subsequent informa-
tion about the spread of the pandemic around the world and introduced many restrictions
on leaving home, work, and the movement of citizens. Shops were soon closed and air
transport was limited. However, more people started getting sick, border crossings were
closed, quarantine was introduced, and citizens were controlled on the streets. There were
more and more problems with logistics and deliveries. There was a shortage of inventory in
stores, which in the case of grocery stores often caused unnecessary panic (Gosik 2020). In
the event of panic and unexpected surges in supply and demand, virtually every inventory
management strategy was ineffective. However, when assessing and analyzing inventory
management in various enterprises, it can be concluded that, in general, large enterprises
have inventory reserves that allow them to operate smoothly in the market for a short
time. In addition, they are better treated by producers because in times of crisis, when
negotiating with the producer, their orders will often be processed first. SMEs are in a
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worse situation, where logistics and the process of supplying goods and materials are often
based on their own transport. Independently operating in the market, SMEs have very
limited possibilities regarding the diversification of product supplies. SMEs operating in
industry group purchasing organizations, whose supply capacity and purchasing power
are greater, are in a better position. During the COVID-19 pandemic, managers of these
companies are trying to adjust such a system of supply, warehouse work, and security in
ways that allow smooth functioning in the event of company employees being sick. At
the moment, there is little research in the literature on the impact of COVID-19 on the
process of managing current assets in SMEs working in GPOs, and especially on their least
liquid element, which is inventory. Therefore, this article may form the basis for further
research in this area. This paper shows how commercial SMEs operating in the construc-
tion industry began to function in the first months after the outbreak of the COVID-19
pandemic in Poland. This industry is one of the few industries where companies have been
able to operate without interruption during this time. Of course, they have been running
their businesses with severe sanitary restrictions. The analysis concerns inventories, i.e.,
the least liquid assets included in current assets. The construction industry is a sector
where there are a lot of cases of bankruptcy in Poland. The article combines the issues of
liquidity management, inventories, and the pandemic. This is to present what inventory
management policy in such a difficult period will be applied by the smallest entrepreneurs
operating in the industry so highly exposed to bankruptcy in Poland. So far, there has been
a lack of research on the functioning of SMEs in a pandemic, especially related to inventory
management. This is mainly due to the lack of access to complete financial data of SMEs
operating in group purchasing organizations. The issue of inventory management during
a crisis, when the continuity of supplies is threatened, seems to be very important from the
point of view of the financial security of enterprises, especially those belonging to the SME
group. The presented research may be a reference point for other researchers dealing with
the analysis of inventory management strategies during the COVID-19 pandemic in SMEs
operating in GPOs.

Currently, more and more studies on the COVID-19 pandemic and its impact on
the economy of all countries appear in the literature (Lu et al. 2021; Wei and Han 2021;
Sharif et al. 2020). There are also studies in which the authors indicate the strong influence
of state policy on the development of the economy and the functioning of enterprises
during the COVID-19 pandemic (Padhan and Prabheesh 2021; Baker et al. 2020). Without
such aid, enterprises, especially the smallest ones, would have considerable difficulties in
maintaining financial liquidity (Gonzales-Torres et al. 2021; Talwar et al. 2021).

In the literature, there are studies on SMEs, but mainly these studies concern the
industries that have suffered the most, i.e., tourism and restaurants (Ramelli and Wagner
2020; Song et al. 2021).

However, in the case of studies based on financial data derived from the analysis
of financial statements, only complete data for 2020 will allow detailed research and
evaluation of various strategies in many areas used during the COVID-19 pandemic.

The aim of the authors was to present how inventories were managed in SMEs during
such shocking events for entrepreneurs as the closure of practically the entire economy in
Poland. This analysis may be useful for other studies on the functioning of SMEs during
the pandemic time in the long term. The aim of the research was also to determine how
the selected strategy of inventory management during the pandemic affects management
efficiency (operating cycle) and financial liquidity in enterprises. Therefore, two models
were created, one determines the effectiveness and the other one describes the development
of financial liquidity during the Covid pandemic. Econometric modeling was applied for
the research.

2. Review of the Literature

Group purchasing organizations (GPOs) are multi-stakeholder entities whose main
purpose is to organize joint purchases (Zimon 2019) They are created basically in every
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industry, however, most organizations of this type operate in the medical industry (Barbera
et al. 2020; Burns and Lee 2008; Marvel and Yang 2008; Sertsios 2020; Safaei et al. 2017;
Cowan et al. 2016; Saha et al. 2018; Essig 2000; Bentahar 2018; Bundorf 2010; Hu and
Schwarz 2011). The most important benefit for commercial enterprises is the possibility of
obtaining low prices for goods purchased and attractive trade credits. (Schotanus 2005;
Zimon 2019; Nollet and Beaulieu 2005; Sandberg and Mena 2015; Yang et al. 2017; Yan et al.
2017; Saha et al. 2018; Essig 2000; Bentahar 2018; Bundorf 2010; Hu and Schwarz 2011).
Low prices allow reducing the most important cost position for commercial enterprises,
which is the value of goods sold at the purchase price (Faes et al. 2000; Karabag and Tan
2018; Ahmadi et al. 2020; Nollet et al. 2017). Many authors confirm that operating in group
purchasing organizations brings a variety of benefits. Among the most important ones one
can list:

• Lowering the price of services, goods, and materials purchased (Ahmadi et al. 2020;
Cowan et al. 2016; Marvel and Yang 2008; Dana 2012),

• Lowering operating costs (Zimon 2019; Pacana et al. 2016; Burns and Lee 2008),
• Improving the competitive position in the market,
• Improving the financial security of SMEs running.

Today, during the COVID-19 pandemic, company managers are primarily trying to
maintain financial liquidity, and profitability is relegated to the background. Working
together in GPOs also has a great impact on the economic security of enterprises. However,
this is only possible when there is strong cooperation between companies operating within
a purchasing group. Enterprises are open to collaboration within groups as they are not
in competition with each other. They run their business in a different area. The territorial
barrier is one of the difficulties to entering a purchasing group. The purchasing group
should not include enterprises from the same area, i.e., a city or a district since they would
be in competition with each other and such units would gain nothing. In the world, multi-
entity organizations gathering various purchasing groups are established and they also
apply the principle of one purchasing group from one country. Maintaining this entry
barrier allows companies to build a strong competitive position in the market.

There are many classifications and divisions of purchasing groups (Schotanus and
Telegen 2007; Schotanus 2005; Schotanus et al. 2010; Rozemeijer 2000). However, the
simplest division that is used is the one into industry and multi-industry GPOs (Zimon
2019). The best economies of scale are applied in enterprises operating in industry GPOs.
In multi-industry purchasing groups, the effect of scale in the most important position,
which is the purchase of the basic goods or materials, can be greatly reduced. This results
from the fact that companies that operate in multi-industry purchasing groups are divided
into small industry groups. This reduces the operating efficiency of the central unit’s
purchasing power. The central unit simply has to carry out more orders, and service more
producers. Certainly, the purchase of materials and services commonly used by all units of
a given group, such as fuel, energy, and the Internet, is very beneficial for multi-industry
purchasing groups. However, the scale of benefits and financial savings for these services
is generally small.

Unless multi-branch GPOs include a large number of enterprises, this is usually the
case because they include enterprises from many industries. In this case, the discounts
obtained may be high and may significantly reduce the costs of the company’s operation.

Another element that definitely increases the value of industry purchasing groups is
the organization of the supply of goods and materials. Five basic stock supply systems can
be found in the literature (Zimon 2019):

• Direct delivery. This delivery system is only possible when ordering the right size of a
range set by the central unit.

• Combined delivery.
• Delivery without the manufacturer. Companies buy goods from the central warehouse.
• Delivery from enterprises operating within the purchasing group.
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Such a large diversification of supply is a strength of industry purchasing groups,
especially in the event of financial problems or events that are now taking place. These
capabilities allow the application of secure inventory management strategies. In general,
the literature provides information on three classic strategies (Sarkar et al. 2020; Zimon and
Dankiewicz 2020; Chauhan 2019; Shen et al. 2020; Roy et al. 2020; Sarkar et al. 2001):

• Defensive (conservative) strategy,
• Offensive strategies (aggressive),
• Moderate (intermediate) strategies.

The defensive strategy includes secure inventory management. Its main assumption
is to ensure such inventory that can maintain production and sales without unjustified
interruptions. Enterprises that use this type of management have high inventory levels
and high financial liquidity and working capital, but low profitability (De Almeida and Eid
2014; He et al. 2017; Chauhan 2019). Generally, in the conservative inventory management
units there is an excess of inventory over actual demand. There is a large reserve of stocks,
the maintenance of which is very costly.

Today, during the COVID-19 pandemic in Poland, many SMEs have started to base
their inventory management policy on this strategy. The advantage of such an action is
certainly protection against the supply problem and the scale effect. Thanks to greater
purchases, the company receives attractive prices and a trade credit, which certainly
improve the company’s financial situation in the future.

The second way of inventory management is the offensive strategy. This strategy is
based on minimizing and reducing inventory levels. Enterprises are trying to optimize
the level of inventories to the one that allows the unit to function and meet the customers’
needs. This type of management is risky because companies have low inventory levels
that need to ensure continuity of production and sales. In this type of strategy, it is very
important to introduce appropriate quality management systems that will implement
greater responsibility in warehouse management, especially at the lowest supply chain
level. Standardized quality management systems are elements that can lead to success
when choosing aggressive inventory management methods (Zimon 2015).

The aggressive strategy is very difficult to maintain and requires disciplined suppliers.
In the times of the COVID-19 pandemic, companies that used it were certainly forced to
stop production or sales more than once. This strategy is based on minimizing inventories,
so enterprises are largely exposed to price fluctuations, and now their increase. COVID-19
caused a change in the NBP’s policy in Poland and the printing of money in the market,
which was to accelerate the economy. In addition, a number of subsidies from various
types of protective shields introduced by the government saved many enterprises, but also
caused an increase in prices.

The moderate strategy is an intermediate strategy between the aggressive strategy
and the conservative one. The moderate inventory management strategy can be divided
into the moderate-conservative and aggressively-conservative strategies.

3. Methodology

The presentation of data accepted for the study and a comparison in the two periods
studied before COVID-19 and during the pandemic has been done. The non-parametric
Wilcoxon pair-order test was applied for the research. It is the equivalent of the Student’s
t-test for related variables. It is used to check whether there is a significant difference in
the variables examined before and after the introduction of a given factor, which in the
conducted research is the occurrence of the virus and its limitations.

The aim of the research is to show what inventory management strategies were applied
by SMEs during the pandemic. In the paper, the following hypothesis is posed: Hypothesis:
During the pandemic, company managers pursued a conservative policy of stockpiling in
the event of a shortage of supplies, which determined an increase in their level.

The following research questions were also asked: What inventory management
strategies did SMEs use during the pandemic?



Risks 2021, 9, 63 5 of 16

In this paper, an econometric model, which is a simplified representation of reality, has
also been used. It presents the relationships that occur in economic (and not only) processes,
taking into account only the most important factors. The purpose of the regression analysis
is to investigate the relationship between multiple independent (explanatory) variables
and the dependent (response) variable, which must be numerical in nature. In the social,
natural, and economic sciences, regression analysis is widely applied as a research tool to
describe and understand multidimensional phenomena.

In classical multiple regression analysis, the model is as follows:

Y = b0 + b1x1 + b2x2 + · · ·+ bkxk + ei

and can answer the question of what quantities describe the phenomenon under examina-
tion in the best way.

After selection of the appropriate set of diagnostic variables, the following occurs:

- Estimation of the structural parameters of the model;
- Checking the quality of fitting the model to the data, usually with the coefficient of

determination R2, which indicates in what percentage the model fits the data
- Model verification—checking the basic assumptions regarding the distribution of

model residuals: normality, symmetry, randomness, constant variance, and no auto-
correlation.

The last stage is the analysis of the model and its interpretation, thus checking the sig-
nificance of the contribution of individual variables to the model and, possibly, prediction
of the dependent variable.

The econometric model was used to analyze the operating cycle and financial liquidity
in the companies.

The research group consisted of 88 commercial SMEs operating within industry
purchasing groups. These groups operate in the construction sector. The enterprises sell
the goods that belong to the range related to heating and sanitary technology. There
are 5 large purchasing groups of 124 SMEs in this industry in Poland. Financial reports
from 88 enterprises were obtained for the research, which constitutes 85% of the whole
group. The research period covered the years 2017–2019 and March and June of 2020. The
research was conducted on the basis of financial statements of SMEs and financial data
directly obtained from the units for the months of March and June 2020. The analysis
was performed using selected financial ratios, on whose basis the inventory management
policy was determined. The choice of this group of companies was conditioned by the
following facts:

1. Commercial companies operating in the construction industry were practically active
during the COVID-19 pandemic all the time. Various restrictions appeared, but they
are still operating until present

2. The construction industry in Poland is such a sector where a very large number of
bankruptcies are boiling

3. SMEs are entities particularly vulnerable to bankruptcy
4. In purchasing groups, due to the willingness to use the economies of scale, the

specificity of inventory management is different compared to the units operating
independently in the market

Thus, it is clear that the inventory management policy is of great importance for
maintaining the financial security of SMEs. Therefore, the authors tried to assess how an
unexpected event, which is the COVID-19 pandemic, changed the inventory management
strategies in SMEs.

4. Results

Table 1 shows the results of the key financial indicators to determine inventory man-
agement strategies before and during the COVID-19 pandemic.
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Table 1. Basic descriptive statistics of selected indicators.

−
x Me Min Maks σ Vz p-Value

Operating cycle (I) 142.62 141 90 201 29.49 20.67
0.0001 ***Operating cycle (II) 137.48 137.5 58 194 28.70 20.87

Current financial liquidity ratio (I) 2.69 2.4 1.2 9.3 1.29 48.19
0.0000 ***Current financial liquidity ratio (II) 2.78 2.5 1.2 10 1.36 48.80

Quick ratio (I) 1.15 1 0.4 4.3 0.77 67.08
0.0000 ***Quick ratio (II) 1.00 0.85 0.2 3.6 0.67 67.23

Inventory turnover ratio (I) 72.26 68.5 44 124 17.63 24.40
0.0000 ***Inventory turnover ratio (II) 75.21 71.5 46 129 17.60 23.40

Share of receivables in current assets (I) 0.46 0.47 0.23 0.7 0.09 19.20
0.0000 ***Share of receivables in current assets (II) 0.41 0.44 0.2 0.66 0.09 21.55

Share of inventory in current assets (I) 0.49 0.49 0.28 0.62 0.08 16.55
0.0001 ***Share of inventory in current assets (II) 0.53 0.52 0.31 0.77 0.07 13.77

I—before Covid—1 pandemic, II—during—Covid 19 pandemic, *** statisticaly significance.

The efficiency index dropped from 142.6 days before the pandemic to 137.5 days
during the course of the virus (Figure 1). The research shows that the difference in the level
was statistically significant p < α (p = 0.0001). In the first period, the minimum value in
the companies surveyed was at the level of 90 days and, during the course of the virus, it
dropped to 58 days, and, similarly, the maximum value in the first period was 201 days and,
in the second period, it decreased to 194 days. The liquidity ratio increased slightly from
2.69 ahead of the COVID-19 pandemic to 2.78 over the lifetime of the virus (Figure 2). The
research shows that the difference in height was statistically significant p < α (p = 0.0000).
In the first and second periods, the minimum value in the companies surveyed was at the
same level—1.2 days, but the maximum increased from 9.3 days to 10 days.
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The quick ratio indicator dropped in the periods analyzed from 1.15 to 1 on average
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On the other hand, the inventory turnover ratio increased (Figure 4.). On average, from
72.3 days to 75.2 days the study showed that the increase was also statistically significant
p < α (p = 0.0000). The minimum value increased from 44 to 46 days, and the maximum
value increased from 124 to 129 days. Slightly greater diversification of the inventory index
took place in the first period.
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Figure 4. Inventory turnover.

Figure 5 shows two indicators before and during the pandemic: it is the share of
receivables and the share of inventories. The share of receivables dropped from 64% to 41%.
On the other hand, the ratio of the share of receivables increases in the periods analyzed
from 49% to 0.53%. The ratio of the share of receivables in the second period is more
diversified, reaching almost 22%, while the inventory ratio is stabilizing in the second
research period, the volatility ratio has decreased to 14%. The respondent showed that
both the differences in the share of receivables and inventories in the period analyzed were
statistically significant p < α. (p = 0.0000).
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The correlation between the indicators in the first period before the COVID-19 pan-
demic, marked as (I), and during the pandemic (marked as II), was examined. The results
are presented in Table 2. The analysis shows that both in the first and the second period
there are very strong relationships between liquidity and the quick ratio. These are positive
relationships, an increase in the quick ratio causes a growth in the liquidity ratio. Similarly,
there is a positive relationship between inventory turnover and the efficiency ratio. The
greater the inventory turnover ratio, the greater the efficiency ratio. The share of receivables
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is related to the share of inventories in both periods, the relationship is negative, so with an
increase in the share of receivables, the share of inventories decreases.

Table 2. Correlation Matrix.

Operating
Cycle

Current
Financial

Liquidity Ratio

Quick
Ratio

Inventory
Turnover

Ratio

Share of
Receivables in
Current Assets

Share of
Inventory in

Current Assets

Operating cycle (I)
(II) 1 0.09

−0.07
0.02
−0.11

0.68 ***
0.71***

0.31 *
0.32 **

−0.18
−0.30 *

Current financial
liquidity ratio

(I)
(II) 1

0.85
***

0.82***

−0.02
−0.01

−0.13
−0.19

−0.38 **
0.23

Quick ratio (I)
(II) 1 −0.17

−0.22
−0.10
−0.03

−0.52 ***
0.00

Inventory turnover ratio (I)
(II) 1 −0.14

−0.18
0.29 *
0.19

Share of receivables in
current assets (I)

(I)
(II) 1 −0.61 **

−0.86 ***

Share of inventory in
current assets

(I)
(II) 1

* It is assumed that: when p < 0.05 there is a statistically significant relationship (marked with *); p < 0.01 this is a highly significant
dependency (**); p < 0.001 there is a very high statistically significant relationship (***).

The largest number of relationships was identified in group I between the share of
inventories and other ratios: liquidity ratio, quick, inventory turnover, and the share of
receivables. In group II, the inventory share ratio was related to the efficiency and share of
receivables. Both relationships were negative. The bag plot shows the relationship between
the share of short-term receivables and the share of inventories.

The chart (Figure 6) shows that most of the companies gather inside the bag, where
the median share of inventories was just over 50% and the median share of receivables was
below 50%. However, there are such companies where the share of receivables definitely
prevails—almost 60% (placed on the plot in the lower right corner—marked with an
asterisk), but there are more companies where the share of inventories predominates
around 70% and above—the four companies marked with an asterisk in the upper left
corner of the bag plot. The purpose of the model construction was to check whether the
inventory share ratio and the inventory turnover ratio have a significant impact on the
efficiency and liquidity in the companies surveyed. Two models were developed and
verified, in which liquidity was the dependent variable in one and efficiency in the other.
The estimation results are presented in Table 3.
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Table 3. Estimation results.

Y—efficiency (operating cycle) Y—financial liquidity

X1—inventory turnover ratio X1—quick ratio
X2—share of receivables in current assets X2—share of inventory in current assets

X3—inventory turnover ratio
R2 = 0.70 R2 = 0.74
BSE = 15.95 BSE = 0.70

b St. dev. from
b p b St.dev. from

b p

Const. −19.94 13.90 0.1565 Const. −1.76 0.72 0.0166

Inventory turnover ratio 1.28 0.11 0.0000 Quick ratio 1.71 0.13 0.0000

Share of receivables in
current assets 147.62 22.62 0.0000 Share of inventory in

current assets 3.78 1.21 0.0028

Verification of the models’ residuals

Normal distribution check:
H0: residuals are normally distributed F(x) = F0(x)
H1: residuals are normally distributed F(x) 6= F0(x)
p > α (p = 0.3070)—residuals are normally distributed

Risks 2021, 9, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 6. Bag plot. The ratio of the share of short-term receivables and the share of inventories 
during the COVID-19 pandemic. 

Table 3. Estimation results. 

Y—efficiency (operating cycle) Y—financial liquidity 
X1—inventory turnover ratio X1—quick ratio 
X2—share of receivables in current assets X2—share of inventory in current assets 
 X3—inventory turnover ratio 
R2 = 0.70 R2 = 0.74 
BSE = 15.95 BSE = 0.70 

 b 
St. dev. 
from b p  b 

St.dev. 
from b p 

Const. −19.94 13.90 0.1565 Const. −1.76 0.72 0.0166 
Inventory turnover ratio 1.28 0.11 0.0000 Quick ratio  1.71 0.13 0.0000 
Share of receivables in current assets 147.62 22.62 0.0000 Share of inventory in current assets 3.78 1.21 0.0028 
Verification of the models’ residuals 
Normal distribution check: 
H0: residuals are normally distributed F(x) = F0(x) 
H1: residuals are normally distributed F(x) ≠ F0(x) 
p > α (p = 0.3070)—residuals are normally distributed 

 

Normal distribution check: 
H0: residuals are normally distributed F(x) = F0(x) 
H1: residuals are not normally distributed F(x) ≠ F0(x) 
p > α (p = 0.1075)—residuals are normally distributed 

 
Symmetry check: 
H0: residuals have a symmetrical distribution =  
H1: residuals  do not have a symmetrical distribution ≠

Symmetry check: 
H0: residuals have a symmetrical distribution =  
H1: residuals  do not have a symmetrical distribution ≠

Normal distribution check:
H0: residuals are normally distributed F(x) = F0(x)
H1: residuals are not normally distributed F(x) 6= F0(x)
p > α (p = 0.1075)—residuals are normally distributed

Risks 2021, 9, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 6. Bag plot. The ratio of the share of short-term receivables and the share of inventories 
during the COVID-19 pandemic. 

Table 3. Estimation results. 

Y—efficiency (operating cycle) Y—financial liquidity 
X1—inventory turnover ratio X1—quick ratio 
X2—share of receivables in current assets X2—share of inventory in current assets 
 X3—inventory turnover ratio 
R2 = 0.70 R2 = 0.74 
BSE = 15.95 BSE = 0.70 

 b 
St. dev. 
from b p  b 

St.dev. 
from b p 

Const. −19.94 13.90 0.1565 Const. −1.76 0.72 0.0166 
Inventory turnover ratio 1.28 0.11 0.0000 Quick ratio  1.71 0.13 0.0000 
Share of receivables in current assets 147.62 22.62 0.0000 Share of inventory in current assets 3.78 1.21 0.0028 
Verification of the models’ residuals 
Normal distribution check: 
H0: residuals are normally distributed F(x) = F0(x) 
H1: residuals are normally distributed F(x) ≠ F0(x) 
p > α (p = 0.3070)—residuals are normally distributed 

 

Normal distribution check: 
H0: residuals are normally distributed F(x) = F0(x) 
H1: residuals are not normally distributed F(x) ≠ F0(x) 
p > α (p = 0.1075)—residuals are normally distributed 

 
Symmetry check: 
H0: residuals have a symmetrical distribution =  
H1: residuals  do not have a symmetrical distribution ≠

Symmetry check: 
H0: residuals have a symmetrical distribution =  
H1: residuals  do not have a symmetrical distribution ≠



Risks 2021, 9, 63 11 of 16

Table 3. Cont.

Symmetry check:
H0: residuals have a symmetrical distribution m

n = 1
2

H1: residuals do not have a symmetrical distribution m
n 6=

1
2

temp = 0.032, tα = 1.96 temp< tα, no basis to reject
H0, residuals are symmetrical

Symmetry check:
H0: residuals have a symmetrical distribution m

n = 1
2

H1: residuals do not have a symmetrical distribution m
n 6=

1
2

temp = 0, tα = 1.96 temp < tα, no basis to reject H0, residuals
are symmetrical

Randomization check:
H0: residuals have a random distribution
H1: residuals do not have a random distribution k = 21,
k1 = 12, k2 = 22, k1<k<k2, no basis to reject
H0, residuals have a random distribution

Randomization check:
H0: residuals have a random distribution
H1: residuals do not have a random distribution
k = 17, k1 = 12, k2 = 23, k1<k<k2, no basis to reject
H0, residuals have a random distribution

Constancy of variance check:
H0: the variance is constant over time σ2

1 = σ2
2

H1: the variance of residuals is different σ2
1 6= σ2

2
p = 0.9245, α = 0.05, p > α, no basis to reject
H0, the variance is constant over time

Constancy of variance check:
H0: the variance is constant over time σ2

1 = σ2
2

H1: the variance is different σ2
1 6= σ2

2
p = 0.8634, α = 0.05, p > α, no basis to reject H0,
the variance is constant over time

Autocorrelation check:
H0: residuals do not show autocorrelation ρ = 0
H1: there is autocorrelation of residuals ρ 6= 0
d = 1.75; k = 2, dl = 1.51, dg = 1.65, d>dg no basis to reject
H0, there is no autocorrelation of residuals

Autocorrelation check:
H0: residuals do not show autocorrelation ρ = 0
H1: there is autocorrelation of residuals ρ 6= 0
d = 1.87; k = 3, dl = 1.5, dg = 1.7, d > dg no basis to reject
H0, there is autocorrelation of residuals

Both models passed the process of residual verification positively, so they are correctly
constructed. Model I for efficiency is as follows:

Y = −19.94 + 1.28X1 + 147.62X2

(13.9) (0.11) (22.62)

The determination coefficient was 70%, so the fit of the model to the data is high.
Both the inventory turnover and the share of receivables positively affect efficiency. If the
inventory turnover ratio increases by one unit (day), the efficiency will increase by 1.28
days (assuming that the other independent variables remain constant). On the other hand,
if the share of receivables increases by a unit (1%), the efficiency will increase by 147.62
days (assuming that the other independent variables maintain constant values). Model II
on liquidity is as follows:

Y = −1.76 + 1.71X1 + 3.78X2 − 0.01X3

(0.72) (0.14) (1.21) (0.01)

The determination coefficient was 74%, so the fit of the model to the data is high. The
quick ratio, the share of inventories, and the rotation of inventories have a positive effect
on liquidity. If the quick ratio increases by one unit (by one day), liquidity will increase by
1.71 days (assuming that the other independent variables remain constant). If the inventory
share ratio increases by one unit (1%), liquidity will increase by 3.78 days (assuming that
the other independent variables remain constant). If the inventory turnover ratio increases
by one unit (day), liquidity will increase by 0.01 days (assuming that the other independent
variables remain constant).

5. Discussion

SMEs operating in the market generally try to implement a policy of inventory man-
agement in such a way that their size is at the lowest possible level. On the other hand,
in purchasing groups, through the use of the economies of scale, the inventory level may
sometimes exceed the actual site demand since it is profitable in the long term (Bentahar
2018; Schotanus et al. 2010; Zimon and Dankiewicz 2020; Schotanus 2005; Nollet and
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Beaulieu 2005; Ahmadi et al. 2020). Higher orders make it possible to lower the price of the
acquired assets. In the case of the purchasing groups under discussion, central units have
central warehouses thanks to which enterprises do not have to order individual ranges
beyond their need. If necessary, they can use various types of deliveries, e.g., from the
central warehouse or deliveries from companies operating in the group. This allows one to
reduce the level of stocks, and accelerates stock growth. It has a positive effect on SMEs
finance. However, during the pandemic in the initial phase, i.e., in March to April, the
companies decided to increase their inventory levels at all costs. It was caused by fears of
interruptions in supplies, especially from Western European countries, the USA, or China.

The result is an increase in the share of inventories in current assets and a growth
in financial liquidity. This was to ensure the continuity of functioning for enterprises. In
addition, during that time, the collection process was accelerated. (Zimon and Dankiewicz
2020). The research also showed a significant relationship between an increase in the
share of inventories in current assets and financial liquidity. Enterprises took measures
during the first months of the pandemic so as not to lose the possibility of continuing their
activities. There are a growing number of studies in which the authors claim that many
companies would lose their liquidity and collapse without government help. In particular,
those companies that operate in the tourism or service industries (Gonzales-Torres et al.
2021; Talwar et al. 2021; De Rosa et al. 2020). Thus, it seems very important to assess how
to modify their inventory management strategies of SMEs.

Information from the Central Statistical Office in May 2020 clearly indicated the
emergence of payment gridlocks in SMEs operating in Poland, which would certainly
translate into delays in deliveries. In the case of purchasing groups, the process of securing
enterprises in inventory management can be divided into two levels. The first level
concerns the central unit.

• Level one. Security in the central unit. A shift system was introduced, employees
in the procurement department at each important position were divided into two
separate groups. They work on a rotational basis so that one group does not come
into contact with the other group. The same applies to the central warehouse.

• Level two. Security in enterprises forming purchasing groups in the area of supply
and warehouse management. They should be divided into the warehouse and the
order department

- Warehouse:

• Division of warehouse employees into two groups. Shift work.
• 24 h quarantine for goods,

- Orders department:

• Division of warehouse employees into two groups. Shiftwork.
• 24 h quarantine of documents
• Ordering goods with a slight surplus is a form of insurance against closing

the factory
• Cancellation of promotions and price reductions, “respecting available goods”.

For supply organization, there are two key solutions in this situation and one option
that appears in the event of sudden demand:

• Standard deliveries straight from the manufacturer, the key delivery,
• Deliveries from the central warehouse, more expensive goods, accrued margin,
• Deliveries from another company operating in a purchasing group, and in the case

of shortages of goods, the goodwill of another unit will enable you to order goods
from it. Alternatively, in the event of closure and a mandatory quarantine of other
companies, the closed company may distribute its inventory to other entities.

The analysis conducted for March–June 2020 showed some changes in the structure of
current assets.

The research has shown, in the field of inventory management, that certain reserves
of inventory should be provided to ensure the continuity of operations in times of crisis,
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such as a pandemic. In a crisis situation, enterprises can and should resign from granting
discounts because, in the analyzed industry, the emerging supply interruptions caused a
great demand for individual goods and materials. The construction industry was function-
ing and was not closed during the pandemic, so there were no problems with customers
who were still operating in the market. The analysis of the inventory management strategy
during the pandemic has shown that in times of crises, a conservative policy should be
pursued, which will increase the level of inventories compared to the stock levels before
the pandemic. The analyzes and the econometric models applied showed that, during the
pandemic, the results of inventory rotation and the operating cycle defined as management
efficiency improved. This is due to the improvement in the inventory turnover in days and
an accelerated inflow of cash from recipients in days, which also led to an increase in the
level of current financial liquidity.

The analysis was based on only four months. More answers would certainly be
provided by a 12-month analysis that would probably confirm these preliminary results.

During the pandemic, company managers tried to pursue a conservative inventory
policy—the hypothesis was, therefore, verified positively.

The share of inventories in the structure of current assets increased. This is due to
the appearance of purchases with a larger reserve that is to protect the company against
unexpected congestion. In addition, reduced turnover was observed in April, which was
partly due to restrictions imposed by the government on leaving the home and moving
around. Additionally, further quarantine imposed on citizens, enterprises significantly
reduced and delayed purchasing. Restrictions imposed by the government resulted in an
increase in the inventory turnover in days in enterprises. In the case of current financial
liquidity, the results are at a similar level. A decrease in the quick liquidity ratio was
recorded. This is due to an increase in inventory levels and a decrease in receivables from
customers and short-term investments in the structure of current assets. The analysis clearly
indicates that the inventory management strategy is changing from moderate-conservative
to classic conservative.

6. Conclusions

In Poland, the first months of a pandemic are a time of stockpiling for society. In the
first weeks, goods with a long shelf life disappeared from store shelves. Stores heard that
some goods were missing but would soon be topped up, which only fueled the public’s
purchases with some reserve. Shopping with a supply in March–June was also dictated by
concerns about rising prices. Today it can be said that these fears came true, it was also
strongly influenced by drought in Poland, which negatively affected food prices.

Meanwhile, market-operating SMEs behaved exactly like the retail client in March
and June. The analysis carried out on a group of SMEs operating in purchasing groups
showed that stocks of goods were collected in the event of suspension of supplies. Indeed,
two factories in Spain and one in Italy temporarily suspended supplies in March of certain
materials to the enterprises analyzed. However, they accounted for a small share of total
sales. Accumulation of inventories, mobility restrictions, suspension of certain construction
works resulted in an increase in inventory levels, current financial liquidity, and a quick
ratio drop.

The research has shown that if the inventory share ratio increases by one unit (1%),
the liquidity will increase by 3.78 (assuming that the other independent variables remain
constant). Thus, it can be seen that the inventory management policy during the COVID-19
pandemic has a significant impact on financial security during the crisis.

Unfortunately, the stock rotation time in days was also extended. These results would
certainly be even higher were it not for the central warehouse of purchasing groups where
the reserves of goods were accumulated. The use of the central warehouse and the use
of this delivery system is an excellent and very quick option to supplement the missing
goods. Deliveries from another company operating in the purchasing group constitute a
second option for quick and easy filling of deficiencies. Occasionally, such situations also
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occurred in May and June 2020. Until now, none of the companies analyzed have been
closed. However, four months is too short a time to draw strong conclusions.

It seems that the summer period will cause companies to deviate from the conservative
strategy, which was basically based on fear and the unknown. However, at the end of
2020, inventory management strategies that are even more conservative are expected.
This may be influenced by the policies of the largest central banks in the world, which
“reprint” money to stimulate the economy. These activities, plus various types of programs
supporting SMEs, e.g., protective shields introduced by the government increase prices
in the market. Perhaps a policy of increasing inventory levels can pay off in the long run.
Precisely because of the possibility of strong price increases at the end of 2020.
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