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 EVALUATION OF THE EFFECTIVENESS  
OF INFORMATION SYSTEM IN OPTIMIZING 

WAREHOUSE PROCESSES 
 
 

Abstract 
The aim of the article was to present research on the application  
of information systems in optimizing warehouse processes. The theoretical 
aspects describing the fundamentals of warehouse processes were 
discussed. The theoretical foundations of information systems were also 
developed, with particular emphasis on systems used in warehouse 
processes. The results of conducted research among manufacturing 
organizations with complex warehouse processes were presented, which 
declared the implementation of ERP, WMS, and SCM systems. Based on 
the research findings, conclusions were drawn along with the direction  
of development in the area of digitizing warehouse processes. 
 
JEL classification: O32, O33 
 
Key words: process optimization, IT systems, management, ERP, 
WMS, SCM 
 
Introduction 

The aim of the article was to present research on the application  
of information systems in optimizing warehouse processes. In today's 
world, where every business strives for efficiency and competitiveness, 
managing warehouse processes plays a crucial role. Each such process is 
characterized by complexity, and its elements need to be harmonized and 
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executed smoothly to achieve the shortest possible completion time. This is 
particularly important in processes where the flow of materials, semi-
finished products, and finished products plays a major role, aiming to 
minimize losses resulting from production downtime and deliver the final 
product to the customer within the specified deadline. 

In today's times, it is essential to make decisions based on solid, well-
documented data that provide not only the necessary information for 
planning, production, sales, and accounting but also serve as a foundation 
for making strategic business decisions. In fact, it is unimaginable to 
envision the functioning of a modern 21st-century enterprise without 
reliable IT solutions that support and streamline daily operations. 

Well-performing companies are those that have access to essential 
data at any given moment and are aware of their resources and the 
progress of ongoing processes. In this context, tools that support 
warehouse processes and assess their effectiveness become 
indispensable. The article presents the results of research conducted 
among manufacturing organizations that deal with complex warehouse 
processes. 

 
1. Characteristics of warehouse processes 

Warehouse processes are among the most crucial aspects of efficient 
functioning for manufacturing organizations. They are defined as a set of 
activities carried out during the flow of specific values (materials, semi-
finished or finished products) through the warehouse, starting from the 
unloading of external transport vehicles, through receiving, storage, 
recording, preparation, issuance for production, and packaging and loading 
of finished products (Niemczyk A., 2008, p. 62). To organize warehouse 
processes, it is necessary to have space where they are conducted, 
loading and transportation means, personnel, and a data recording system 
for material or product flow (Dudziński Z., Warsaw 2000). 

The complexity level of warehouse processes depends on various 
factors, including the size of the warehouse, the characteristics of materials 
and products, the role of the warehouse in the logistics chain, and the 
organization of work system in the warehouse. 

The average warehousing process is carried out in multiple stages, 
where it is necessary to determine the chain from material delivery to the 
dispatch of the finished product for transportation. It is crucial to define 
functional areas in the warehouse, commonly referred to as zones  
(C. Skowronek, 2008, p. 142), intended for the execution of the successive 
stages of this process. 
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Receiving zone - an area where material is received from inbound 
transportation, and the verification of the conformity of goods with the 
declared quantity and quality takes place, along with operations related to 
the acceptance of goods into the warehouse (sorting, sorting, repackaging, 
and labeling the delivery according to the established warehouse 
organization). Proper registration of these goods in warehouse data is also 
crucial. 
 
Storage zone - an area that constitutes the largest part of the warehouse 
and its size is determined by the type of stored material and the method  
of storage. In this zone, racks, automated high-storage warehouses, or 
designated handling paths for warehouse purposes may be used. In these 
areas, goods can be stored for short or long term, but their control and 
proper management of warehouse data are necessary. Depending on the 
industry, specific environmental conditions related to temperature or air 
density may also be required. 
 
Picking zone - tasks related to order preparation are carried out in this 
area, strictly according to the customer's order (rearranging and selecting 
materials based on the orders, moving materials for issuance). 
 
Dispatch zone - located near the loading docks. In this area, goods are 
issued from the warehouse, and the necessary loading operations take 
place, utilizing transportation means. Often, the dispatch zone is combined 
with the receiving zone, serving both purposes and referred to as the 
receiving/dispatch zone.   

In addition to the mentioned zones, other elements of the internal 
structure associated with the operation of warehouses include: 
administrative area, social area, vehicle parking area, battery charging 
area, evacuation routes, and fire protection areas (Szałek B., 1994). 

A method to increase the efficiency of warehouse operations is to 
adopt specific rules for its functioning in relation to the flow of materials and 
goods. Describing the flow through the warehouse must be done using 
fundamental warehouse data. Procedures for selecting the order  
of outbound and inbound units of goods constitute a significant element  
of advanced warehouse process management. However, for these 
procedures to be useful, at least two batches of a specific type  
of assortment should be stored, differing from each other in any assessable 
parameter. The primary criteria for selecting the order of outbound and 
inbound flows in warehouses typically include: 
The FEFO (First Expired First Out) principle is applicable wherever there  
is a concern for expiration dates, such as in the case of perishable goods, 
pharmaceuticals, etc. It is used when the stored assortment has a short 
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shelf life. Among units of the same product, the one with the earliest 
expiration date is issued first. 
The FIFO (First In First Out) principle ensures that the batch of goods that 
arrived at the warehouse first is issued first. It is the most commonly used 
strategy as it is the most natural approach. It is undesirable for a specific 
batch of goods to remain in the warehouse for too long. FIFO is typically 
applied where there is no need for the FEFO principle. 
The LIFO (Last In First Out) principle is based on the assumption that the 
most recent batch of goods received is issued first. It is used less frequently 
and typically applied when driven by cost accounting strategies and 
inflationary conditions. 

In practice, the HIFO (Highest In First Out) and LOFO (Lowest In First 
Out) methods are also utilized: 
The HIFO (Highest In First Out) principle dictates that the batch of goods 
with the highest unit cost, among the inventory received, should be issued 
first. 
The LOFO (Lowest In First Out) principle is based on the assumption that 
the batch of goods with the lowest unit cost, among the inventory received, 
should be issued first. 

These principles provide specific guidelines for determining the order in 
which goods are issued from the inventory based on their respective unit 
costs. The HIFO principle prioritizes the higher-cost batches, while the 
LOFO principle prioritizes the lower-cost bat (Ratkiewicz A., 2019) 

The described methods are not rigid rules for storing goods in  
a warehouse. In practice, it is common to apply multiple criteria for 
determining the order and location of an order, with each criterion having 
different weights. Developing algorithms that implement these criteria is  
a complex task. By following the discussed principles during the storage 
and issuance processes, the speed of fulfilling customer orders can be 
improved, leading to lower costs. 

The methods of data collection and efficient functioning based on them 
play a crucial role in organizing the warehouse process described above. 
Everything that is received and everything that is issued from the 
warehouse must be recorded in the organization's databases. This is 
essential not only for production planning and estimating the available 
materials but also for accounting purposes. 

 
2. Information System in Warehouse Processes 

In the context of improving organization and implementing Lean 
Management philosophy, it is necessary to take specific actions to optimize 
the execution times of processes and subprocesses based on analyzed 
data. In the case of warehouse operations, knowledge about the quantity 
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and type of available materials and goods is crucial. Key directions of 
development in the logistics context for every management team include 
supply chain control, internal transportation control, and automation of 
warehouse processes. This is not possible without a well-functioning flow of 
information that is faster than the physical flow of materials and goods. 

Taking into account the aforementioned elements related to the flow of 
information and goods, as well as the diversity of warehouses and the 
standardized, repetitive processes and exceptions occurring within them, 
three groups of products supporting computerization can be mentioned. 
They include (Majewski, 2008): 
ERP systems (Enterprise Resource Planning) - encompassing the area of 
supporting the management of the entire enterprise, including the 
accounting and sales departments, including warehouse processes. 
Support for warehouse processes is often weakly implemented in these 
systems, but there is usually the possibility of implementing additional 
warehouse modules that allow for efficient and effective management of 
inventory levels. 
WMS systems (Warehouse Management System) - specialized systems 
for managing warehouse processes. They are independent of ERP 
systems and provide the opportunity to use more advanced functionalities. 
There is the possibility of integrating them with ERP systems depending on 
the needs and nature of the organization's production. However, they are 
characterized by high costs and long implementation times, and usually 
have limited capability for independent modifications. 
SCM systems (Supply Chain Management) - used for managing supply 
chains. These systems are designed to optimize and coordinate the flow of 
materials, information, and resources across the entire supply chain, from 
suppliers to manufacturers to distributors and customers. They enable 
organizations to monitor and control various aspects of the supply chain, 
such as inventory management, demand forecasting, order fulfillment, and 
logistics. 

In some sources, you can find information about Warehouse Execution 
Systems (WES). These systems combine WMS functionality focused on 
executing processes using existing information in ERP, often in the form of 
mobile applications on handheld devices with barcode scanners. This 
solution is relatively easy and quick to implement. However, it requires high 
costs associated with organizing the infrastructure to leverage these 
systems. 

Regardless of the type, an information system plays a crucial role in 
managing warehouse processes. It enables organizations to respond 
adequately to market needs, effectively solve current problems, reduce 
uncertainty in processes, identify areas requiring corrective actions, and 
introduce process and product innovations. Investments in an efficient 
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information system allow for taking actions that result in improved 
operational efficiency, continuous revenue growth, increased market share, 
and gaining a competitive advantage over competitors. Therefore, it is 
necessary to assess the application of information systems in logistics 
processes. 

 
3.  Research on the evaluation of information systems in optimizing 

warehouse processes 
 
3.1. Characteristics of the research sample. 

For the purpose of this article, a study was conducted among 100 
organizations utilizing information systems in warehouse processes. The 
research was carried out using a survey method in the second quarter of 
2022. Four criteria were adopted to characterize the research sample: type 
of business activity, company's scope of operation, number of employees, 
and type of information system used. 
 
Table 1. Characteristics of the research sample include the following 
                                         Form of conducted economic 

activity 
Number  Percentage 

Limited liability company 63 63% 
General partnership 11 11% 
Partner company 14 14% 
Sole proprietorship 12 12% 

Scope of business 
Local 3 3% 
Regional  6 6% 
National  13 13% 
International  78 78% 

Number of employees 
1-9  2 2% 
10-49 6 6% 
50-249  32 32% 
Powyżej 250   60 60% 

The type of system used 
ERP 45 45% 
WMS 35 35% 
SCM  20 20% 
Source: own study. 
 

According to the analysis of the data presented in Table 1, the largest 
group of respondents was comprised of limited liability companies (63%), 
while other forms of business operations fell within the range of 11-14%. 
Regarding the scope of business operations, a significant majority of 
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companies (78%) declared cooperation with foreign entities. Only 3% 
indicated operating at a local level. 

More than half of the companies (60%) employ over 250 employees, 
while 32% of companies have a workforce ranging from 50 to 249 
employees. Only 2 companies employ less than 10 people. The most 
commonly used information system among the respondents was the ERP 
system (45%). The WMS system is used by 35% of respondents, while the 
utilization of SCM solutions is declared by 20%. 

 
3.2. Descriptive statistics of observable variables 

In the next stage of the survey, organizations evaluated the variables 
related to the warehouse information systems used in their operations 
using a Likert scale presented in the questionnaire. 

 
Table 2. Descriptive statistics of the observed variables describing 

No. Specification Mean 
Standard 
deviation 

Z1 
Level of advancement of information systems in 
warehouse processes 

5,90 1,96 

Z2 
Level of training of employees using information 
systems in warehouse processes 

6,17 1,98 

Z3 
Impact of information systems on streamlining 
warehouse processes 

6,20 1,90 

Z4 
Level of avoiding quantity errors in material 
warehouse coordination 

6,74 2,08 

Z5 
Level of avoiding quantity errors in goods 
warehouse coordination 

5,74 1,76 

Z6 
Evaluation of time optimization of warehouse 
processes using information system 

6,05 2,11 

Z7 
Level of integration of the information system in the 
warehouse with accounting document issuance 

6,29 2,51 

Z8 
Economic efficiency of the information system - 
level of preventing losses in material and goods 
issuance 

5,43 1,87 

Z9 
Evaluation of the maintenance costs of the 
information system in the warehouse relative to the 
benefits of its use 

4,68 2,07 

Z10 
Evaluation of the potential for improving the 
information system in warehouse processes 

5,53 1,78 

Source: own study. 

 
Based on the analysis of Table 2, no significant deviations from the 

mean ratings were observed. The average responses on the Likert scale  
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Figure 1. Distribution of Observable Variables for the Assessment 
Parameters of Information Systems Applications in Warehouse 
Process Optimization 

 

Source: own study. 
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for all variables ranged from 4.68 to 6.74. This indicates that the 
respondents rated the variables very highly. The variable regarding the 
level of avoiding quantity errors in material warehouse coordination 
received the highest rating. This pertains to the coordination of the 
receiving and data registration of materials, as well as their issuance for 
production. It indicates that the implemented system allows for better 
control over organizational chaos and effectively organizes the quantity flow 
of materials in the production process. The lowest rating was given to the 
assessment of the costs of implemented systems, suggesting that they are 
still a relatively costly endeavor in supporting management. The highest 
discrepancy between respondent answers, measured by the standard 
deviation, was observed for the variable regarding the level of integration of 
the information system used in warehouse processes with accounting 
document issuance. However, this depends not only on the information 
system but also on the level of personnel qualifications and collaboration. 
On the other hand, the most consistent answers were observed for the 
variable concerning the level of avoiding errors in the registration and 
issuance of finished products for transportation and sale. 

Based on Figure 1, it was observed that all distributions of the 
observable variables for the assessment parameters of information 
systems applications in warehouse process optimization were above the 
mean. 
 
Table 3. Descriptive statistics of observable variables describing 

No. 

ERP WMS SCM 

Standard 
deviation 

Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

Mean 

Z1 1,81 6,04 1,98 5,85 2,17 5,74 

Z2 1,92 6,02 2,08 6,30 2,04 6,29 

Z3 1,62 6,22 2,14 6,05 2,13 6,26 

Z4 1,94 6,87 2,21 6,40 2,22 6,77 

Z5 1,61 5,64 2,05 6,10 1,78 5,66 

Z6 2,04 6,04 2,21 5,95 2,18 6,11 

Z7 2,52 6,42 2,57 6,25 2,53 6,14 

Z8 1,80 5,60 1,96 5,55 1,93 5,14 

Z9 2,03 4,84 1,98 5,15 2,13 4,20 

Z10 1,80 5,56 1,88 5,80 1,73 5,34 

 Mean 5,925 Mean 5,94 Mean 5,765 

Source: own study. 
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Based on the comparative analysis presented in Table 2, it was 

observed that both the ERP and WMS systems received the highest 
ratings, as indicated by the small differences. The SCM system, on the 
other hand, received lower ratings, which may suggest its less frequent 
utilization in industrial practice or its greater focus and specialization 
specifically on the supply chain. 
 
Conclusions 

Information systems are essential management tools for organizations. 
This applies to both organizational and managerial processes, as well as 
supporting processes, including the storage process. There are many 
solutions available on the market, including ERP, WMS, and SCM systems 
examined in this study. This article provides an assessment of the practical 
application of these systems in the industrial practices of manufacturing 
companies. 

It is worth emphasizing the high ratings of the presented parameters, 
which exceed the average. Furthermore, the issue of implementation and 
maintenance costs of these systems remains relevant. Consideration 
should be given to grants supporting the digitization process through 
funding consulting or training for companies that already have systems and 
want to further enhance their utilization. The high ratings of error avoidance 
in both material storage and finished products, as well as the economic 
efficiency of the systems, should not be overlooked. In this case, it can be 
stated that their implementation is advantageous for every organization. 

The low standard deviations observed in the conducted research are 
noteworthy, indicating a consistent evaluation among all respondents. 
There are individual aspects that influence the assessment of specific 
variables. However, the effectiveness of information systems in the storage 
process is a common factor. 

In conclusion, it can be stated that information systems are the future 
of warehouse management, and their digitization cannot be overlooked. 
Moreover, the efficiency of their implementation directly impacts the 
finances of companies through optimizing intra-warehouse logistics and 
minimizing losses. 
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AS AN INTERNATIONAL CURRENCY  
FOR POLISH PRIVATE AND PUBLIC  

SECTORS – SELECTED ISSUES 
 

Abstract: The paper discusses the usage of the euro as a parallel currency 
in Poland. The aim is to assess the importance of the euro as an 
international currency for Polish residents, with particular emphasis on 
reserve and investment currency. The main stress is put on the 
assessment of the use of euro-denominated bank deposits and loans. The 
paper is based on the international literature and statistical data. Main 
sources of necessary data were taken from publications delivered by 
European Central Banka and National Bank of Poland. 

Keywords: foreign reserves, central bank, bank instruments, international 
currencies 

JEL classification: E44, E58, F32.  

Paper type: Theoretical research article 

1. Introduction 
The development of a modern economy could not have been possible 

without the use of money, also at the international level. The 
internationalization of a currency begins when individuals or institutions 
residing in a country other than that of this currency accept or use it as a 
mean of payment, unit of account and store of value. International currency 
refers to the same three functions as domestic one, but it is important to 
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distinguish between the official sector’s use and the private sector’s use 
(Chinn and Frankel, 2005). In private sector international currency is used 
as a vehicle currency (in goods exchange as well as in currency exchange), 
a quotation currency (for trade and financial transactions), an investment 
currency (portfolio allocation and indirect currency substitution) and in 
public sector as an intervention currency, a pegging currency (reference 
currency – an anchor of the other currency’s exchange rate),  a reserve 
currency (Hartmann, 1998). The official and private uses of an international 
currency are obviously closely related, but the influence of one on the other 
is not clear. The choice of an international currency is often said to depend 
mainly on its private uses and less on government decision but the official 
use of a currency might influence private market participants’ choice (Galati 
and Wooldridge 2006). 

The role of an international currency as a store of value acts as a 
reserve currency in which international reserves are held and investment 
currency in which deposits, loans, bonds and other securities are 
denominated (Kenen, 1983). Reserve currency and investment currency 
status is the main subject of this paper. The paper focuses mainly on this 
function due to the availability of relevant data in this area and incomplete 
data for other functions of money. 

Creation of a single European currency is the most important event in 
the international monetary system since the adoption of flexible exchange 
rates in the early 1970s. This made the first real competitor for the US 
dollar since it surpassed the pound sterling as the main dominant currency 
over the XX centaury (Barkin and Cox, 1998). It also has an impact on the 
structure of the use of international currencies by Polish residents. 
Especially that being a member of the European Union with a derogation, 
the euro is a natural element of the further integration process. Additionally 
the holding of the euro by National Bank of Poland and major financial 
institutions reflects to a large extent a desire by households and firms to 
hold and use it as well (Viceira and Gimeno 2010). Papaioannou, Portes 
and Siourounis (2006) claim that monetary authorities tend to hold a high 
share of their reserves in the currency of their main trading partners and the 
currency composition of foreign debt is a significant factor in the allocation 
of central banks’ reserve holdings. 

This paper is a review and its purpose is to assess the importance of 
the euro as an international currency for Polish residents, with particular 
emphasis on reserve and investment currency. The paper is based on the 
international literature and statistical data. Main sources of necessary data 
were taken from publications delivered by European Central Bank and 
National Bank of Poland. 
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2. The determinants of the international use of currencies - literature 

review 
The main factors influencing the use of the national currency as an 

international currency include: the size of the issuer's economy and its 
position in global trade, confidence in the currency resulting from the 
economic policy and political conditions of the country or economic area 
issuing the currency. Efficient, liquid, safe and competitive financial market 
is also important as well as the external network effect (Pszczółka, 2020). 

Galati and Wooldridge (2006) claim that the larger a country’s share in 
world trade, the more likely that other countries will use its currency either 
as a monetary anchor or in support of external trade. The greater anchoring 
role of a currency might mean the larger weight in official reserves, this is 
due to two reasons. First, if the exchange rate of the domestic currency 
against a major currency plays an important role in the monetary policy 
framework, the central bank would typically hold this major currency to be 
able to intervene in the foreign exchange market. Second, if the country’s 
liabilities are mainly in a major currency, the central bank is likely to hold a 
significant portion of its assets in that currency.  

The second factor is a economic and political stability. This is a basic 
condition for ensuring a low and stable level of inflation, the significant 
increase of which may affect the use of a given international currency. An 
increase in inflation may adversely affect the use of a currency on debt 
markets due to an increase in interest rates and cause greater volatility of 
the exchange rate. The instability of the value of a currency increases the 
investment risk, causing the currency to cease to be an important store of 
value (Lim, 2006). The mere stability of a currency's purchasing power is 
not a sufficient factor in determining macroeconomic stability. Fiscal 
parameters, such as budget deficit and public debt, are also important for 
full financial stability. The effect of this stability is to build trust in the 
currency, which is crucial for strengthening the function of the investment 
currency performed by international money (Eichengreen and Mathieson, 
2000). In addition, only a politically stable country or economic union can 
issue an international currency, as this stability is a factor supporting 
economic stability (Mundell, 1998). Monetary unions, where monetary 
integration is tied to political union, have historically been stable (like the 
United States). On the other hand, international monetary unions, where 
monetary integration is not tied to political union, have historically failed 
(Pszczółka, 2011).  

A key element is also the developed financial market, which is 
characterized by the lack of restrictions when making transactions by 
residents from other countries. An overregulated financial market, 
characterized by restrictions on the free movement of capital, is ineffective, 
among others due to limited competition, which leads to overstating 
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transaction costs. The institutional side of the financial market with a strong 
central bank, supervisory institutions and a large financial sector is also 
important. A properly developed and liquid secondary market is also 
significant, allowing its participants to quickly build or liquidate large 
positions without fear of losing capital. A large and well-functioning financial 
market provides investors with access to a wide range of financial 
instruments, often unavailable on local markets. They are characterized by 
a diversity of issuers in terms of investment risk (Detken and Hartmann, 
2000). It is also worth noticing that the more often a particular currency is 
used on the financial market, the more likely it is to continue to be used. An 
equally important element is investors’ habit. The euro as an international 
currency allows the private and public sectors to maintain the value of 
accumulated savings. In case of private investors, it acts as an investment 
currency in which money is held, which allows to achieve an optimal 
balance between the rate of return and the rate of risk (Oręziak, 2008). 
Well-developed financial system is more likely to attract business from 
abroad, where financial markets may be less developed. This possibility 
makes it cheaper for market participants to borrow or invest abroad in an 
international currency rather than conduct the transactions directly at home 
in their own currency. On one hand, the introduction of the euro reduced 
diversification opportunities, so in principle one should have expected a fall 
in the euro share after 1999. But on the other hand, the euro market has 
become more liquid and deeper, and foreign exchange transaction costs for 
the euro have fallen (Papaioannou, Portes, and Siourounis 2006).  

Finally, a key factor is “network externalities”. This is a phenomenon 
associated with international currencies. A currency’s status depends on 
others’ use of it as a store of value, as a mean of payment and unit of 
account. The more a currency is used, the lower its transaction costs are 
and the higher its liquidity is, and hence the more attractive it becomes for 
new users, so the more a particular currency is used internationally, the 
more likely it is to continue to be used. The currency’s international status 
tends to change slowly (Lim 2006). The example of this factor are 
commodity markets. These markets (oil, industrial metals, precious metals, 
agricultural products) use payments almost exclusively in dollars.  

All the above conditions are met by the euro area which supports the 
process of internationalization of their currency (Pszczółka, 2011). This is 
mainly due to the advantage of the benefits over the costs of issuing 
international money. In this context, Chinn and Frankel (2005) indicate the 
benefits of seigniorage, liquidity discount and exorbitant privilege. 
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3. Use of the euro by Polish residents in selected areas 

Due to the lack of data on the use of the euro by Polish residents in 
terms of all functions of the international currency in both the public and 
private sectors, only a selected range will be analyzed. For example, ECB 
data on the share of the euro in the settlements of Polish trade are 
available until 2009. The share of this currency was 66.1% for exports and 
54.8% for imports (ECB, 2018). The available data relate mainly to the 
foreign currency reserves of the National Bank of Poland (NBP), the use of 
euro-denominated bank loans and euro-denominated bank deposits in 
Poland, currency structure of Poland's international investment position and 
the currency structure of debt instruments. 

The management of foreign exchange reserves is usually constrained 
by a set of investment policies which define the monetary authority’s 
appetite for currency, credit, interest rate and other risks. Therefore, the 
relative attractiveness of different international currencies as a store  
of value will be influenced by the availability of financial instruments for 
gaining exposure to, or hedging, these risks. The common European 
currency offers such an opportunity (Pszczółka, 2011), therefore, the euro 
is one of the two most important currencies in the currency structure  
of Polish foreign exchange reserves. 

The NBP reserve diversification process has led to a significant change 
in the importance of major international currencies within last two decades. 
Between 2005 and 2012, the share of the US dollar decreased from 50% to 
36%, and the share of the euro from 40% to 32%. In 2007, the NBP 
decided to start the process of diversifying the currency structure of 
reserves by adding the Australian dollar (AUD) (at the expense of the US 
dollar). Continuing the diversification of the currency structure of reserves, 
in 2008 the Norwegian krone (NOK) was included, limiting the share of the 
euro. In 2010, the NBP once again decided to reduce the share of the US 
dollar by 2 percentage points, and Pound sterling (GBP) by 2 percentage 
points, in favor of the Australian dollar and the Norwegian krone 
(Pszczółka, 2018). In 2013, the NBP continued to diversify the currency 
structure of reserves by launching investments in assets denominated in 
New Zealand dollars (NZD), while reducing the share of assets in GBP by 3 
percentage points (table 1). 

A significant change in the reserve management policy was introduced 
in 2015. After analyzing the macroeconomic prospects of the world's major 
economies, forecasts of developments in global financial markets and the 
results of optimization and simulation analysis (NBP, 2016), the NBP 
decided to reduce the share of the common European currency in the 
currency structure by 3 percentage points to 29%, while increasing 
exposure to the US currency to 39%.  
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Table 1. Currency composition of foreign exchange reserves for Poland  

in 2021-2021 (end of period, at current exchange rates) 
Year EUR USD GBP CAD AUD NOK NZD 
2021 20 41 12 10 8 6 3 
2020 20 51 12 0 8 6 3 
2019 20 51 12 0 8 6 3 
2018 27 44 12 0 8 6 3 
2017 27 44 12 0 8 6 3 
2016 27 44 12 0 8 6 3 
2015 29 39 12 0 10 7 3 
2014 32 36 12 0 10 7 3 
2013 32 36 12 0 10 7 3 
2012 32 36 15 0 10 7 0 

Source: (NBP, 2022, 2021, 2018). 

 
In 2016 the NBP decided to move forward with the currency structure 

of foreign exchange reserves and reduce the share of EUR by another 2 
percentage points, to 27%, AUD by 2 percentage points, to 8% and NOK 
by 1 percentage point, to 6%, with an increase in exposure to USD by 5 
percentage points, up to 44%. In 2019, the NBP decided again to change 
the currency structure of the strategic benchmark (increase exposure to 
USD and reduce the share of EUR). Implementing the Foreign exchange 
reserves management strategy adopted by the NBP in 2020 (NBP, 2021), 
including continuing the currency diversification process, in 2021 the share 
of USD was reduced (by 10 percentage points) to make room for the 
Canadian dollar (CAD). The share of the euro was retained. 

The diversification of the NBP reserves over the last decade has led to 
a significant decrease in the importance of the euro in the structure of these 
reserves, although the euro is still the second most important currency. 

Another analysis concerns the area of unofficial substitution of assets 
and liabilities. The euro is important as a currency used in parallel by third-
country residents to keep their savings in bank deposits and for financing 
consumption and investments. Euro-denominated bank loans and deposits 
dominate in European countries that are not members of the euro area, in 
particular those that are members of the European Union or are candidates 
or potential candidates for EU membership. 
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Table 2.  The use of euro-denominated bank loans in Poland  

in 2012-2021 (end of period) 
Year Outstanding 

amounts of 
euro-denominated 

loans 
(in EUR millions) 

As a 
percentage 

of total 
loans 

As a percentage  
of foreign currency 

loans 

Outstanding 
amounts of 

foreign currency 
loans 

(in EUR millions) 
2021 26150 9.3 53.2 49164 
2020 27593 10.3 52.4 52637 
2019 28172 9,8 51.0 55212 
2018 27538 10.2 48.8 56380 
2017 25253 9.7 48.8 55244 
2016 25644 10.8 41.9 61177 
2015 25074 10.7 39.9 62772 
2014 23530 10.8 39.4 59729 
2013 21635 10.3 36.6 59155 
2012 20568 10.0 33.2 61889 

Source: (ECB, 2022, 2020, 2018, 2016). 

 
In the analyzed period, outstanding amounts of euro-denominated 

loans in Poland grew steadily from over 20 billion euro in 2021 to over 26 
billion euro in 2021. A similar trend is noticeable in the percentage share of 
loans in euro in total foreign currency loans. The dynamic increase in the 
share of loans in euro from 33.2% in 2012 to 53.2%2 in 2021 is also due to 
the continuous decrease in outstanding amounts of foreign currency loans 
in Poland (table 2). This means that the euro is the most important 
international currency in which bank loans in Poland are denominated. 

The Euro remains also the predominant currency of denomination for 
foreign currency deposits in Poland, and continues to be perceived as  
a preferable store of value relative to other currencies. The euro’s share in 
total foreign currency deposits remained broadly unchanged compared with 
2012 (over 68% in 2021). Outstanding amounts of euro-denominated 
deposits in Poland grew steadily from over 12 billion euro in 2012 to over 
29 billion euro in 2021, this means almost tripling the value of these 
deposits within a decade. In the analyzed period, the outstanding amounts 
of foreign currency deposits in Poland changes in a similar way. It is also 
worth pointing out that euro-denominated bank deposits as a percentage  
of total deposits grew from 6.2% in 2012 to 8.5% in 2021 (table 3). 
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Table 3.  The use of euro-denominated bank deposits in Poland  

in 2012-2021 (end of period) 

Year Outstanding 
amounts of 

euro-denominated 
deposits 

(in EUR millions) 

As a percentage 
of total deposits 

As a 
percentage  
of foreign 
currency 
deposits 

Outstanding amounts 
of foreign currency 

deposits 
(in EUR millions) 

2021 29361 8.5 68.4 43943 
2020 23970 7.5 64.1 37375 
2019 24399 7.9 67.9 35956 
2018 21644 7.7 66.2 32672 
2017 21328 8.0 65.6 32522 
2016 17346 7.1 66.5 26100 
2015 14748 6.3 65.3 22601 
2014 13037 6.1 68.2 19110 
2013 12391 6.1 65.4 18953 
2012 12173 6.2 66.0 18449 

Source: (ECB, 2022, 2020, 2018, 2016) 

The last element of the analysis is the assessment of the change in the 
currency structure of Poland's international investment position separately 
concerning liabilities and assets.  

Three currencies had the largest share in foreign assets of Poland's 
international investment position at the end of 2021: the euro - 32.3%, the 
US dollar - 27.3% and the Polish zloty - 15.6%. The total share of these 
three currencies in total foreign assets amounted to 75.2%. Compared to 
2020, the share of the euro in foreign assets decreased slightly. It should 
be added that the currency structure of NBP reserve assets had  
a significant impact on the currency structure of foreign assets, its share in 
total foreign assets amounted to 43.5% (NBP. 2022). Analyzing the entire 
period from 2012 to 2021, the importance of the euro and the dollar 
remained stable, with a constant low predominance of the euro.  
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Table 4. Currency structure of Poland’s international investment 

position (liabilities and assets in %) in 2012-2021 

Year/currency CHF EUR GBP JPY USD Others PLN 
liabilities in % 

2021 1.0 30.6 0.7 0.4 4.6 1.6 61.1 
2020 1.4 31.1 0.9 0.5 4.7 0.7 60.3 
2019 1.4 29.4 0.7 0.5 5.4 0.6 62.0 
2018 1.7 30.0 0.5 0.5 7.5 0.8 59.1 
2017 2.0 30.0 0.1 0.5 7.4 0.7 59.3 
2016 3.3 30.6 1.1 0.7 9.4 0.7 54.1 
2015 4.0 30.3 0.6 0.7 6.9 0.7 56.9 
2014 4.5 29.0 0.7 0.7 5.6 07 58.8 
2013 5.1 28.0 0.9 0.7 5.4 0.7 59.2 
2012 5.5 28.2 0.6 0.8 5.8 0.7 58.4 

assets in % 
2021 0.4 32.3 5.6 0.1 27.3 18.7 15.6 
2020 0.3 33.5 6.0 0.1 29.7 14.4 16.0 
2019 0.3 33.1 5.7 0.1 31.1 14.2 15.5 
2018 0.3 38.2 5.3 0.1 29.3 12.3 14.7 
2017 0.3 38.7 4.4 0.0 29.1 11.6 15.8 
2016 0.4 34.7 6.7 0.0 32.2 11.4 14.5 
2015 0.5 35.5 6.2 0.1 28.6 13.4 15.8 
2014 0.4 37.4 6.6 0.0 24.7 14.5 16.5 
2013 0.4 35.8 7.3 0.0 24.3 15.4 16.6 
2012 0.4 34.4 8.7 0.0 26.4 15.1 15.2 

Source: (NBP, 2022b, 2021b, 2018) 

 
In foreign liabilities of Poland’s international investment position at the 

end of 2021, two currencies had the largest share: Polish zloty - 61.1% and 
euro - 30.6%. The total share of both currencies in total foreign liabilities 
amounted to 91.7%. Compared to 2012, the share of the euro increased 
slightly from 28.2% to 30.6%. The importance of the US dollar differs 
significantly from that of foreign assets, its share vary from 4.6% in 2021 to 
9.4% in 2016 (table 4).  

The currency structure of foreign assets, as well as liabilities, have 
been stable over the last ten years and it is not a subject to significant 
fluctuations. In both cases, the euro is the most important foreign currency 
in which the assets and liabilities of the Polish international investment 
position are denominated. 
 
4. Conclusions 

The use of international currencies can take many forms. Foreign 
residents may hold international currencies to store their wealth or to use 
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for financing consumption and investments as well as to pay for imported 
goods and services. This is the situation in the case of Polish residents 
using the common European currency. The importance of the euro as a 
international currency in Poland is confirmed by the conducted analysis.  

The main findings of this paper have shown that: i) despite the 
diversification of the NBP reserves and decrease in share of the euro in the 
structure of these reserves, the euro has kept its role as a second most 
important currency, ii) more than half of foreign currency bank loans in 
Poland are denominated in the euro, iii) over two-thirds of foreign currency 
bank deposits in Poland are denominated in the euro and, iv) the euro is 
the key foreign currency of the Polish international investment position, v) in 
Poland, the euro is preferable store of value relatively to other foreign 
currencies. 
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HOW INDUSTRY 4.0 SUPPORTS  
THE STRATEGIC AGILITY OF COMPANIES.  

A SYSTEMATIC LITERATURE REVIEW 
 
 

Abstract: 
The aim of the article is to identify and assess the state of knowledge in the 
field of using and supporting Industry 4.0 technologies for the development 
of companies’ strategic agility. In particular, it is of keen interest how the 
individual Industry 4.0 technologies selected by the authors support the 
attributes that contribute to strategic agility. The article uses a systematic 
literature review (SLR), and strives in a rigorous and reliable manner to 
organize knowledge of the use of Industry 4.0 technology in the 
development of strategic agility. The systematic review research procedure 
consists of a five-stage approach, including: formulation of the research 
questions and determination of the research objective, selection of the 
literature sample, evaluation of the identified papers, data analysis and 
synthesis, and reporting on the results. The applied research method 
allowed for synthesis and consolidation of the existing scientific 
achievements in the field of supporting Industry 4.0 technologies in the 
development of strategic agility in companies, as well as indication of the 
most desirable directions for further research. Simultaneously, the research 
results allowed a reasonable context for future research to be defined. The 
literature clearly indicates a scarcity of papers in the field of linking Industry 
4.0 with the agility of companies, as well as a lack of information on the 
state of research in this area, both in theoretical and empirical terms. There 
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is a noticeable shortage of studies identifying which Industry 4.0 
technologies support the development of strategic agility, to what extent 
and in what aspects. 
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literature review 
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Research area: Management  
 
Introduction 

The fourth industrial revolution has attracted growing attention in recent 
years, as has the concept of strategic agility, which is an extremely 
important ability whose development, especially in the context of Industry 
4.0, is a key competence for companies (da Silva et al., 2020; Osterrieder 
et al., 2020). The scientific literature emphasizes that the use of modern 
technologies does not only support business, but more and more often is 
 of strategic importance for companies (Ghobakhloo, 2018; Lin et al., 2018; 
Akkaya, 2020). From a strategic and technological perspective,  
a company’s transition to Industry 4.0 requires comprehensive agility, 
which, through the attributes that co-create it, ensures the integration of key 
areas of the company and the transition to a fully digital organization (Sony 
and Naik, 2020).   

Götz (2019) points to an organization’s agility as a very important 
capability in the context of Industry 4.0, thanks to which companies can 
effectively respond to changes in the environment and reconfigure their 
business models. The main opportunities resulting from the implementation 
of Industry 4.0 solutions include "speed of changes" and "flexible 
production". Accessing both of these benefits is possible thanks to the 
attributes of agility. The purpose of the strategic agility concept is to 
encourage organizations to think forward and be proactive in their 
approach, especially as they operate in today’s complex business 
environment (Doz and Kosonen, 2008). The critical role of strategic agility 
in enhancing performance has become more crucial with the growing 
dynamism of the business environment (Ivory & Brooks, 2018). Strategic 
agility is crucial in order to maximize strengths and provide what is 
necessary for the organization’s survival (Doz & Kosonen, 2008; Ping et al., 
2018; Tallon et al. 2019). We agree with Ping et al. (2018) that strategic 
agility is a weapon that can be used to cope with a turbulent and fast-
changing business environment. 

In the current literature, there is still a lack of systematic reviews on the 
impact of the new industrial revolution on the attributes of strategic agility 
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(Tallon et al., 2019). Previous papers have systematically reviewed the 
literature for both Industry 4.0 and agility, but separately. The literature 
clearly indicates a shortage of papers linking Industry 4.0 with the issue of 
company agility, as well as a lack of information on the state of research in 
this area, both in theoretical and empirical terms (Schirrmacher & Schoop, 
2018; Diegmann et al., 2018; Ciampi et al., 2018). One of the exceptions is 
an article published by Mrugalska and Ahmed (2021), who reviewed the 
literature from the perspective of agility in Industry 4.0 and concluded that 
“agility is important for an organization to adopt Industry 4.0 technologies 
as it helps companies to cope with the changes that arise along with the 
adoption of Industry 4.0 technologies”. Although both aspects were 
addressed in their paper, the authors presented an entirely different 
approach and also set different goals. The purpose of their research was to 
review the literature from the perspective of agility in Industry 4.0. That is, 
they treat agility as a dynamic ability for the successful implementation of 
Industry 4.0 solutions, that is as an enabler for the implementation of new 
technologies. Our analysis perspective is different, we are interested in the 
relationship between the use of Industry 4.0 technologies and the 
development of the adopted agility attributes. There is a noticeable 
shortage of studies identifying which Industry 4.0 technologies support the 
development of strategic agility, to what extent and in what aspects 
(Piccarozzi et al., 2018; Walter, 2021). Tallon et al. (2019, p. 4) point out 
that “the literature is relatively silent on how firms should manage their IT 
resources to deliver greater agility, the capabilities needed to do this, and 
the resulting implications for firm performance”. Hence, it seems 
reasonable to pose the following research question: Do industry 4.0 
technologies support strategic agility, and if so, to what extent?  

Taking the above into consideration, the aim of the paper is to identify 
and assess the state of knowledge in the field of using and supporting 
Industry 4.0 technologies for the development of companies’ strategic 
agility.  

Our paper systematically reviews relevant articles from peer-reviewed 
academic journals in the period from 2018 to 2020. Adopted time scope is 
related to the peak of interest of “Industry 4.0” term during this period 
according to Google Trends database. The article uses the method of  
a systematic literature review (SLR), and strives in a rigorous and reliable 
manner to organize knowledge of the use of Industry 4.0 technology to 
strengthen strategic agility. The research procedure of the systematic 
review consisted of a five-stage approach, including: formulation of the 
research questions and determination of the research objective, selection 
of the literature sample, evaluation of the identified papers, data analysis 
and synthesis, and reporting on the results. The applied research method 
allowed for synthesis and consolidation of the existing scientific 
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achievements in the field of supporting Industry 4.0 technologies in the 
development of companies’ strategic agility.  

The structure of the paper is as follows. First, we discuss the growing 
importance of Industry 4.0 and strategic agility, including the presentation  
of the specific characteristics of Industry 4.0 and the strategic agility 
perspective. Section 2 then presents the systematic literature review 
method and the fundamental review principles. The next part of the paper 
illustrates and discusses the results. The paper ends with conclusions and 
a future research agenda.  

 
1.  The growing importance of Industry 4.0 and strategic agility 
1.1. Industry 4.0 – a set of integrated technologies 

In the time of the ongoing Fourth Industrial Revolution, also known as 
the Industry 4.0 era, the digital and physical worlds are converging (Pham 
et al., 2019). So-called "general purpose technologies" (or "founding 
technologies"), usually perceived to be the computer, internet and 
smartphone (Jovanovic and Rousseau 2005; Śledziewska and Włoch 
2020), continue to have the ability to spread to all sectors of the economy, 
and are constantly improving and stimulating innovations in many areas of 
the economy and in society in general. They are also the basis of the 
ecosystem in which new inventions and innovations appear. Many 
consulting companies have attempted to identify the technologies that have 
the greatest potential to disrupt the current functioning of the economy and 
society (so-called disruptive technologies). Among these, the most 
frequently indicated are mobile Internet, the Internet of Things, cloud 
technology, automation and advanced robotics, 3D printing, ICT solutions 
and BI systems (Henke and Wilmott, 2018). The catalogue of technologies, 
however, remains open, and the boundaries between them are sometimes 
difficult to define in practice. Moreover, as W. B. Arthur (2009) points out,  
a single technology does not arise in a linear manner, but rather as  
a combination of other technologies. This mechanism was also evident 
during earlier industrial revolutions, but it was much slower, due, for 
example, to the pace of knowledge transfer. 

Industry 4.0 technologies create the need for the intensive use of large 
data sets and processes, organized within various subsystems of an 
organization. The main goals are improving efficiency, creating new 
opportunities, and strengthening the resilience of the organization. The 
transformation of an enterprise forces management to have an 
understanding of the opportunities, challenges and emerging competency 
gaps in the implemented business model (Schwab, 2016). The need to 
implement Industry 4.0 technology has emerged in particular in the face  
of the COVID-19 pandemic and its consequences, for example, unstable 
demand or difficulties in coordinating supply chains. The increasingly visible 
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convergence of the digital and physical worlds has resulted in profound 
changes that have shaped the value chain. At the same time, the evolution 
of the technologies themselves, as well as their potential applications, 
hinder a long-term approach both to investments in such technologies as 
well as clear planning of the entire ecosystem within which the company 
operates. 

As indicated in a World Economic Forum report (WEF 2020), after 
2018 there was a significant acceleration in the implementation of new 
technologies. The WEF also presents a list of technologies ranked 
according to the likelihood of their adoption by companies by 2025. Cloud 
computing, Big Data and e-commerce remain priorities, following the trend 
set during the Covid-19 pandemic. There has also been a significant 
increase of interest in encryption, reflecting the weaknesses of the digital 
age, and a notable increase in the number of companies expecting to use 
non-human robots and artificial intelligence. A similar observation can be 
made with regard to the so-called Hype Cycle for Emerging Technologies 
(prepared by Gartner), which introduces technologies with the greatest 
potential impact on business, society and people in the medium term. 

However, it is worth noting that the essence of an effective digital 
transformation is the implementation of already existing technologies that 
can be considered mature. Some Industry 4.0 technologies have matured 
over the past decade, while others are still in the early stages  
of development or implementation, or are being tested in laboratory 
environments. According to one of the latest Kearney reports (2020), 
Industry 4.0 is essentially an ecosystem of five basic technologies: 1) 
artificial intelligence, 2) the Internet of Things (IoT), 3) 3D printing, 4) 
advanced robotics, and 5) wearables, augmented reality (AR) and virtual 
reality (VR). At the same time, other I4.0 technologies are also quickly 
being adopted and their market reach has expanded in recent years. Figure 
1 shows the key technologies and the level of their maturity. 
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Figure 1. Maturity levels of I4.0 technologies 

 

 
* technologies marked with red circles will be of particular interest in the analytical 
part of the paper 
Source: Kearney analysis (2020) 

 
New digital technologies are blurring the lines between the physical 

and digital spheres of global production systems. Industry 4.0 is turning 
manufacturing into a more information-intensive ecosystem with a 
connected environment of Big Data, people, processes, services and 
production systems. The scale of technology absorption differs depending 
on the industry analysed. Artificial intelligence is most often adopted in the 
information and telecommunications industries, as well as in financial 
services, healthcare and transportation. Big Data, the Internet of Things 
and robotics are intensively absorbed technologies in the mining and 
metallurgical industries, while the public sector has a clear focus on 
encryption (WEF 2020). The implementation of new technologies is aimed 
at ensuring future growth based on new sets of competences, which is 
undoubtedly a common feature of digital transformation, regardless of the 
industry analysed. 

 
1.2.  Strategic agility perspective  

Today's fast pace of changes in the business environment requires 
organizations not only to be flexible in their operations, but also to be agile 
in order to survive (Holbeche, 2018). As Mavengere (2013, p. 327) notes, 
“growth and survival of companies in the contemporary business 
environment largely depend on how well the companies understand and 
relate to the dynamic and increasingly complex business environment”. An 
increasing number of companies may need to achieve strategic agility and 
to be flexible and adaptive, while remaining purposeful and consistent in 
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their efforts as they face more diverse and faster competition, strategic 
redirections and new business models (Doz, 2020).  

Strategic agility, defined as the ability to undertake strategic changes 
aimed at improving company results (Sajdak, 2019b), is a response to the 
challenges of the modern economy, thanks to which companies can react 
faster, more efficiently and more effectively. We agree with Doz and 
Kosonen (2008) that strategic agility constitutes the ability of companies to 
make strong strategic commitments, while at the same time remaining 
sufficiently agile so as to manage and adjust to the continuous change 
caused by growing strategic discontinuities and disruptions. While 
researchers may agree that agility is about sensing and responding to 
changes, there are some variations as to the levels on which agility is 
considered (corporate, business unit, process or work group) and the 
composition of the construct (Tallon et al., 2019). It may be noticed that the 
issues of organizational and strategic agility are sometimes treated as 
synonyms in the literature, emphasizing that agility relates to the ability to 
detect and respond to opportunities and threats with ease, speed and 
dexterity (Tallon and Pinsonneault 2011; Ravichandran, 2018).  

We assume that strategic agility comprises four attributes, which have 
been identified as strategic sensitivity, strategic entrepreneurship, flexibility, 
and strategic leadership (see fig. 2) (Sajdak, 2019b). The first attribute - 
strategic sensitivity (consisting of the ability to assess opportunities and 
the propensity for risk) relates to the ability to quickly see market 
opportunities and threats arising from the environment, and the ability to 
categorize situations as favourable or unfavourable for the company 
(Zhang & Sharifi, 2000). The aspect of sensitivity concerns the ability to 
assess emerging opportunities - the company identifies and assesses 
whether an opportunity is consistent with the company's goals, and whether 
the company is able to assess the value of the emerging opportunity, 
regardless of the company's strategy (Maskell, 2001). At the same time, the 
company knows how to estimate the risk associated with an emerging 
opportunity (Sajdak, 2019a). Making decisions within the company 
regarding the use of opportunities is directly related to the attitude of 
decision-makers towards taking risks and perceiving them as a natural 
element of the market game (Jambulingam et al., 2005). Risk propensity 
refers to the propensity of managers to undertake risky projects, and 
reflects a preference for bold decisions in order to achieve organizational 
goals. It stands for the tolerance of errors, failures and ambiguities (Chiva 
et al., 2007). The next attribute is strategic entrepreneurship, which 
contributes importantly in the context of companies' ability to adapt by 
identifying and exploiting opportunities in the environment, while at the 
same time being a vehicle of strategic dexterity, flexibility and innovation 
(Kraus et al., 2011). Strategic entrepreneurship (consisting of the ability to 
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cooperate, the ability to innovate and entrepreneurial culture) deals with the 
actions a firm undertakes in exploiting new innovations, which result from 
the company’s efforts to continuously explore opportunities (Sajdak, 
2019b). The ability to cooperate is developed thanks to the company's 
knowledge of how to obtain resources from the environment. Nurturing  
a network of contacts and developing the company's ability to collaborate 
with partners (by identifying key partners) can be very helpful (Zhang and 
Sharifi, 2000; Maskell, 2001). The company's innovative ability manifests 
itself in the search for innovative technologies and at the same time the 
resources needed to implement new ideas. As a result, the company is 
willing to experiment with new concepts and ideas and also becomes 
known as an innovation leader (Jambulingam et al., 2005; Huang and Li, 
2009). Entrepreneurial culture involves promoting attitudes and behaviours 
in the company so that innovation can develop. The company develops and 
maintains those values and behaviours that promote innovation and 
creativity, while the company's structure allows employees to be highly 
independent (flat organizational structure). Employees' ideas and 
knowledge are often used, which is conducive to the development of 
empowerment. The company promotes learning among employees, who, 
thanks to a wide range of skills, can be more independent in making 
decisions, and thus management is based on cooperation among multi-
functional and committed employees (Vázquez-Bustelo et al., 2007; Huang 
and Li, 2009). Flexibility (consisting of operational and financial flexibility) 
determines the ability of an organization to respond to changes in the 
environment by quickly adapting processes and reconfiguring the 
company's resources to changing needs (Sajdak, 2019b). Operational 
flexibility - involves a flexible production process (the possibility of quick 
conversion, changes in manufactured products), a flexible logistics process 
(supply chain, implementation, control), a flexible marketing process 
(marketing contracts, communication channels, promotional tools), and  
a flexible sales process (customer needs research, preparation of offers 
and finalization of transactions, service) (Chan et al., 2017; Yousuf et al., 
2019). Financial flexibility is revealed mainly by the use of targeted sources 
of financing (loans, guarantees, subsidies) and the use of financial 
leverage. The fourth and last attribute of strategic agility is strategic 
leadership. Under this concept, leaders can emerge from the group 
instead of being formally designated, while the essence of leadership is to 
introduce changes and ensure the company's adaptation to the 
environment (Crocitto, 2003; Crossan et al., 2008). As Ireland and Hitt 
(2005) emphasize, the concept of strategic leadership relates to a person’s 
ability to anticipate, maintain flexibility and think strategically, as well as 
simultaneously work with others to initiate changes that will create a better 
future for the organization.  
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Figure 2. Strategic agility concept 

 
Source: own elaboration 
 
1.3. Perspective of previous SLRs on Industry 4.0 and agility  

There is still a lack of papers combining Industry 4.0 and strategic 
agility based on SLR methodology. There are some examples of articles 
presenting relationships between these two concepts, however they 
perceive them in different ways, as academics offer various understandings 
of Industry 4.0 and agility. 

For example, Mrugalska and Ahmed (2021) show that agility is one of 
the most important elements for an organization in adopting Industry 4.0 
technologies. They reviewed the literature from the perspective of agility in 
Industry 4.0. The authors systematically reviewed 381 relevant articles from 
the years 2016 to 2019, and ultimately analysed 91 of them. They argue 
that agility helps companies to cope with the changes that arise along with 
the adoption of I4.0 technologies. In addition, they also show that 
technologies such as smart manufacturing, cyber-physical systems, big 
data and analytics, cloud computing and IoT provide companies with 
enhanced agility in both value and supply chains.  

Tallon et al. (2019) used a different theoretical lens to investigate the 
relationship between IT and organizational agility, as well as how the 
literature has conceptualized agility, its antecedents and consequences. 
They took into consideration 169 publications and recognized that 
companies are unlikely to respond to change by buying new IT resources. 
Diegmann et al. (2018), meanwhile, analysed a sample of 775 papers. 
They shed light on the existing knowledge on agile information system 
development by applying a structured literature review and computer aided 
analysis consisting of distinct text mining techniques.  

 
2. Methodology 

Taking into consideration the aim of the paper, which relates to 
identifying and assessing the state of knowledge in the field of using and 
supporting Industry 4.0 technologies for the development of companies’ 
strategic agility, we applied the Systematic Literature Review (SLR) 
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method. SLR has become the standard method for locating, selecting and 
evaluating research and transferring synthesized results (Czakon, 2011; 
Klimas et al., 2020). In a similar vein, Fish and Block (2018, p.103) indicate 
that a literature review “serves as the foundation for advancing knowledge, 
facilitates theory development. An SLR is a complex and comprehensive 
review identification, evaluation and synthesis of all literature on a given 
topic”. As Okoli (2015) emphasises, an SLR should always be limited to 
scientific publications directly related to the area of inquiry and studies that 
provide answers to the research questions. 

There are many more or less detailed SLR approaches in the literature, 
including those with 10 stages (Tranfield et al. 2003) and others with only 3 
stages (Anello & Fleiss, 1995). Our research procedure for the systematic 
review followed a 5-stage approach (Booth et al., 2012; Klimas et al., 
2020), including: formulation of the research questions and determination of 
the research objective, selection of the literature sample, evaluation of the 
identified papers, data analysis and synthesis, and reporting on the results. 
Exploratory research was carried out of existing review studies, which 
made it possible to perform an overview of the state of knowledge in the 
area of Industry 4.0 and strategic agility (Figure 3).  

 
Figure 3. Five-step SLR process 

 
Source: Own elaboration based on Booth et al. (2012) and Klimas et al. (2020) 

 
The first activity provided the basis for formulating research questions 

and defining the aim of the study, as well as identifying research gaps. At 
the next stage, a sample of literature was selected. A set of 30 deliberately 
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selected scientific journals provided the source for the publications 
identified. In line with Peppard (2018) and Tallon et al. (2019), we selected 
a list of journals in two areas: strategic management and information 
systems organization3. 

At the stage of evaluation of the literature sample (the third stage), 
decisions were also made regarding the appropriate set of criteria, in 
particular inclusion and exclusion criteria, and the development of the initial 
database (Zumsteg et al., 2012). This stage involved a cursory review of 
the literature based on analysis of the content of the titles and abstracts, 
and an in-depth analysis of the content of the entire publications. 
Particularly important from the point of view of transparency and the 
replicability aspect is the definition and description of the criteria for 
acceptability of works for analysis (eligibility criteria) (Yuan & Hunt, 2009). 
These criteria can be divided up according to the review stage at which 
they are implemented. As Fish and Block (2018, p. 104) emphasize “this 
involves a description of the databases where the literature search was 
conducted, a definition of the search terms and keywords used to identify 
literature, and a careful description of the practical (e.g., language, 
availability) and methodological (e.g., time frame, article type) screening 
and exclusion criteria used". Based on the screening and the exclusion 
criteria, the final database relating to the research area was created. The 
result of this stage was the division of the initial database into three 
categories: the final database, studies partially of value - useful to some 
extent or inspiring, and studies entirely excluded from further analysis.  

At the fourth stage, the data was analysed and synthesized. 
Publications comprising the final literature database were defragmented 
into their component parts so as to identify common aspects, as well as 
parts that were different, but also complementary. This enabled links 

                                                           
3  These journals are: Strategic Management Journal, Long Range Planning, Strategic 

Entrepreneurship Journal, Journal of Management, Journal of Management Studies, 

Journal of Business Research, Organization Science, Management Decision, Academy 

of Management Journal, Academy of Management Review, International Journal  

of Technology Management, Journal of Business Ethics, International Journal  

of Operations & Production Management, Journal of Business Venturing, Organization 

Studies, Technovation, Industrial Marketing Management, Journal of International 

Business Studies, Journal of the Operational Research Society, Technological 

Forecasting and Social Change, Information Systems Management, Information 

Systems Research, Journal of Management Information Systems, Journal of Strategic 

Information Systems, European Journal of Information Systems, International Journal 

of Information Management, Information & Management, Information Technology  

& People, Journal of Information Technology, Information and Organization.         
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between them to be identified. It is suggested that the synthesis and 
analysis of source data should go beyond simple description, transforming 
the information so that it is new or different, and developing knowledge that 
is not evident from individual studies (Okoli, 2015). The fifth and last stage 
relates to the discussion of the results.  

We adopted the first 3 stages of the procedure presented above  
(Table 1), which enabled further analysis. 

 
Table 1. Replication of the first 3 stages of the SLR procedure 

Stage I: Formulating research questions and defining the purpose of the research 
Main goal: identification and 
assessment of the state of knowledge 
in the field of using and supporting 
Industry 4.0 technologies for the 
development of strategic agility in 
companies 

Research question: do industry 4.0 technologies 
support strategic agility, and if so, to what extent? 

Stage II: Selection of literature sample 
Databases: academic databases were selected and journals were indexed: EBSCO, 
Springer, ScienceDirect, Proquest, Emerald Insight and Taylor Francis 
Keywords: “Industry 4.0” and/or “Technologies 4.0” and “Agility” and/or “Agile” identified in 
the same article 
Inclusion criteria:  
 search in: title or abstract or 

keywords 
 year of publication: 2018-2020 
 type of publication: scientific articles 

(published in selected 30 scientific 
journals) 

 reviewed: peer review OR double 
peer review 

 Access: works available in full 
version 

 Language: English 
 Field: strategic management / 

information systems 

Exclusion criteria:  
 type of publication: no conference papers, 

proceedings, book chapters, scientific 
announcements etc. 

A priori selection process: Researcher 1 Researcher 2 Researcher 3 
*results based on 10 journals assigned 
to each researcher 

56 60 88 

Initial database: 204 
Stage III: Initial evaluation of the sample 

A posteriori selection process: Researcher 1 Researcher 2 Researcher 3 
Papers marked as selected 17 28 11 
Papers marked as inspiring 13 18 25 
Papers marked as useless – off the 
topic 

26 14 52 

Final database: 56 papers 

Source: Own elaboration  
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3.  Results and discussion 
3.1. Overview of papers included 

The articles included in the SLR were diverse in many respects, for 
example, from the point of view of the research methods adopted by the 
authors. The papers presenting the results of qualitative (22 out of 56) and 
quantitative research (25 out of 56) were definitely dominant, while 
relatively few articles were theoretical (9 out of 56). 

 
Figure 4. Type of paper / research method 

 
Source: own elaboration 

 
Figure 5. Year of publication 

 
Source: own elaboration 
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The number of articles in the three years under consideration  

(Figure 4) remained fairly stable with a slight increase in 2020, which may 
be associated with an overall increase in interest in Industry 4.0. (according 
to Google Trends data). However, it should be noted that we were looking 
for a relationship in the papers between 4.0 technologies and agility, so by 
definition the number of works included, regardless of the year  
of publication, was limited. 

As part of the adopted SLR procedure, we originally included 30 
journals. In the course of the research, however, we identified articles  
of interest to us in 14 periodicals (Figure 6). It is worth noting, however, that 
over half of all the articles (34 out of 56) were published in the Journal  
of Business Research, Management Decision and the International Journal 
of Operations & Production Management. 

 
Figure 6. Literature distribution by journal 

 
Source: own elaboration 

 
The vast majority of the papers ultimately analysed were in the 

Business and Management area (Figure 7.). This was the product of the 
final search results in bibliographic and abstract databases based on 
keywords, followed by qualitative analysis, and not the original list of 30 
journals, which covered both areas relatively evenly. 
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Figure 7. Article main interest area

 
Source: own elaboration 

 
Figure 8. Authors by institution 

 

 
Source: own elaboration 

 
All the articles included were prepared by academics representing 
Universities and Business Schools, in 5 cases co-authored by 
representatives of companies and research centres (Figure 8). Articles co-
authored by people from outside the academic community were usually of a 
slightly more ‘practical’ nature, although their number is insufficient for 
drawing further conclusions.  
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Figure 9. Authors by country of origin 

 
Source: own elaboration 
 

Figure 9. shows the origin of the authors, representing 29 countries in 
total. Many of the analysed articles were prepared in international teams, 
which emphasizes the importance of the issue of agility and its connection 
with the development of technology across a wide geographical scope. 
The dominance of developed countries is visible, in particular EU countries, 
which are interested in the implementation of the Industry 4.0 concept. In 
these countries, significant public funds are allocated to supporting projects 
related to digital transformation. It is also worth adding that publications 
from Europe are dominated by the UK and original EU Member states. CEE 
countries (except for Croatia and Slovenia) are not represented. 
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3.2. The scope of using and supporting 4.0 technologies for the 
development of strategic agility 
Objective and comprehensive assessment of technological support for 

the development of individual agility attributes is a complicated process due 
to the evolution of the catalogue of 4.0 technologies used across various 
sectors of the economy. The basis for the set of technologies taken into 
account in the SLR was the degree of maturity, i.e. the possibility of their 
wide implementation and adaptation by companies (see Fig. 1). This 
catalogue was extended to include advanced business intelligence 
solutions, advanced data analytics / Big Data, blockchain technology and IT 
systems / solutions, which resulted from the frequency these technologies 
and solutions were indicated in the analysed articles. 

The SLR results show the strong support of technologies such as 1) 
IoT / M2M, 2) Cloud computing 3) Smart, mobile devices, mobile 
applications, 4) BI Solutions and 5) advanced data analytics / Big Data. 
However, the impact of these technologies is observed only in the case of 
selected agility attributes, in particular such dimensions as: ability to assess 
opportunities, ability to cooperate, ability to innovate and operational 
flexibility (see table 2). 

In the case of the strategic sensitivity attribute, in particular the ability 
to identify and assess opportunities, strong support from advanced data 
analytics / Big Data and IoT / M2M can be noted. The literature suggests 
that thanks to the implementation of Big Data analytics, companies are able 
to sense emerging opportunities and threats and adjust their activities 
based on the trends observed in the competitive environment. As a result, 
the main competitive distinguishing feature of Big Data is the fact that it 
facilitates the making of more informed decisions, giving the possibility not 
only to identify opportunities, but also to evaluate them in the context of 
their use (Mikalef et al., 2019). Other authors found evidence that Big Data 
analytics help detect, predict and respond to industry disruptions. By 
analysing the relationship between levels of data analytics capabilities and 
strategic dynamic opportunities, they found that descriptive data analytics 
improves an organization's ability to understand the business context 
(sensing), and predictive data analytics helps deliver business opportunities 
(seizing). Their research contributes to the understanding of Big Data 
analytics as a dynamic organizational ability that supports strategic decision 
making in times of uncertainty (Rijmenam et al. 2019).  Meanwhile, cloud 
computing can make it easier for firms to scale up and extend their services 
and IT architecture according to market changes. As Liu et. Al argue “cloud 
computing can help enterprises rapidly configure IT resources to respond to 
market dynamics, thus improving operational agility” (2018, p. 102). On the 
other hand, Leminen et al. (2020) argue that the Internet of Things creates  
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the potential to transform traditional industry structures, leading to the 
convergence of industries, but also the emergence of new industry fields 
not only "between" industries, but also "beyond" these industries. 

Summarizing the results concerning strategic sensitivity, it is worth 
emphasizing that while there is strong support from technologies in terms of 
the assessment of opportunities, in the case of strengthening the 
propensity to risk, this impact was much less often indicated in the case of 
all the technologies considered. 

In the case of strategic entrepreneurship, a broad scope of the use of 
technology 4.0 can be noted in almost all of its dimensions. Cloud 
computing can play an important role when companies develop 
collaboration with business partners in the exploration and exploitation of 
innovation opportunities. The relationships between IT capability and agility 
have been supported by Ping et al. (2018), who confirmed that IT capability 
and business intelligence use have a positive impact on strategic agility. 
Unfortunately, the literature does not indicate how companies should 
manage their IT resources to deliver greater agility (Queiroz et al., 2018).  

Generating valuable information from data can be an important driver 
of innovation. Accessing and using Big Data from different sources helps 
companies to come up with new ideas and better understand the needs of 
consumers. To improve innovation competencies, companies can expand 
their existing skills, processes and knowledge in product innovation, or 
renew their knowledge and skills (Ghasemaghaei & Calic, 2019). Digital 
technologies are based on ICT systems that standardize information and 
allow organizations to rapidly code, store, formalize and distribute 
increasing amounts of knowledge, which is becoming ever more diverse. 
Digital platform capability may enhance the different aspects of network 
capability. Digital architecture has a significant influence on how internal 
units and external partners interact (Cenamor et al., 2019).  

In turn, artificial intelligence is or can be applied to a wide range of 
organizational functions, such as assembly lines, interaction with 
customers, suppliers, employees and making strategic decisions. 
Successful use of the opportunities AI presents is possible with the full 
involvement of employees, as they interact with each other and integrate 
their behaviour with AI systems (Makarius et al., 2020). 

It is worth adding that the spreading  of IoT guarantees the proliferation 
of "intelligent spaces" - physical and digital environments where people and 
technology systems interact in a coordinated and networked manner. 
These elements relate to the spaces, processes, services and objects that 
make up engaging, interactive and automated activities (Sestino et al. 
2020). 

A significant relationship is also noticeable between the use of modern 
technologies and operational flexibility. As in the first two attributes, the key 
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technology is Big Data. When it comes to delivering business value, 
academics note that Big Data analytics help companies improve their 
business processes or customer experience and satisfaction. The concept 
of Big Data Analytics (BDA) arose from the need to effectively manage 
large volumes of data to improve business insight, in particular the 
operational process (Côrte-Real et al., 2019). In the same vein, Ballestar et 
al. (2020) argue that robotic devices are associated with better 
performance, higher productivity and employment rates, as well as  
a knowledge-driven value process. 

IoT is also spreading and can help industries increase the accuracy 
and precision of their processes, minimize costs and see the benefits of 
real-time information that can help them make informed decisions. IoT 
offers the ability to monitor the actual performance and KPIs of an 
organization (Rajput and Singh, 2018). 

In addition, organizations can reap the benefits of AI by building their 
own innovation ecosystem, or by joining an existing ecosystem of 
technology partners, vendors, customers and other stakeholders. Building 
an innovation system requires shifting to an organization that enables 
interdisciplinary collaboration, data-driven decision making, and an agile, 
experimental and flexible mentality (Makarius et al., 2020). 

The results of our SLR show that the 4.0 technologies investigated 
support the strategic leadership attribute to a small extent. However, we 
found some importance in the relationship-building process. Faruquee et al. 
(2020) studied the effectiveness of management mechanisms in the era of 
digital transformation (in the context of supplier management). Their 
findings make it clear that digital connectivity at the company level is not  
a substitute for building strong interpersonal relationships. Technologies 
that support relational capital (such as Enterprise Resource Planning 
software) can be much more helpful than technologies that try to replace 
relational values (such as artificial intelligence, blockchain). Companies that 
strive to adopt new technologies should not consider advanced digital 
technologies as an alternative to trust. 

If companies want to survive and operate in an era where speed is 
paramount, they need to adapt, and to implement the right combination of 
agility-oriented IT capabilities (Tallon et al., 2019). Ravichandran (2018, p. 
23) indicates that “IT enables firms to enhance the flexibility of firm 
resources”. Highly unpredictable events in the business environment 
require businesses to be agile, and IT is viewed as a way to respond faster 
in a changing environment. In  previous research, it was found that IT 
capability strongly relates to agility (Lu & Ramamurthy, 2011).  
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Concluding remarks 
The literature in the areas of strategic management and information 

systems in organizations indicates a growing interest of researchers in the 
connection between both issues. The use of Industry 4.0 technologies is 
not only for business support, but more and more often is of strategic 
importance for companies (Ghobakhloo, 2018; Młody & Weinert, 2020). 
The results of our SLR demonstrate that Industry 4.0 technologies support 
strategic agility. However, the extent of this impact varies. Our results show 
support from technologies such as 1) IoT / M2M, 2) Cloud computing, 3) 
Smart, mobile devices, mobile applications, 4) BI Solutions and 5) 
advanced data analytics / Big Data. A significant impact of these 
technologies was observed in the case of selected agility attributes, in 
particular: the ability to assess opportunities, the ability to cooperate, the 
ability to innovate and operational flexibility. 

The volatility of the business environment forces companies even in 
stable industries to adopt strategic agility based on digital technologies. A 
static approach may result in a loss of competitive advantage. It is believed 
that if organizations are to survive and thrive in fast-paced era, they need 
new ways to create and implement the right combination of agility-oriented 
capabilities (Tallon et al., 2019). 

Strategic agility in the Industry 4.0 era means that an organization can 
leverage its IT infrastructure, applications and data, as well as a range of 
assistive technologies, so as to redirect and develop new value 
propositions to gain a competitive advantage. It is also worth noting that 
much is still unknown, and, as Jesse remarks: “while there is no doubt 
about the need for keeping pace with the technical progress it is blurry how 
much this affects leadership and organizational agility” (Jesse, 2018, p. 
486). 

 
Limitations 

With regard to the results of this study, several limitations should be 
noted. Firstly, we decided to use the list of journals suggested by Peppard 
(2018) and Tallon et al. (2019) as the most influential in the area of 
strategic management. Embedding strategic agility in the strategic 
management framework was the basic selection criterion. We are aware 
that with the use of bibliographic and abstract databases taking into 
account a wider list of journals and a wider range of languages, the number 
of identified articles could be greater, but our intention was to reduce the 
phenomenon of garbage in - garbage out (Klimas et al. 2020). Secondly, 
the search criteria within the accepted list of journals included subjectively 
selected phrases determining a priori selection. At the a posteriori selection 
stage, additional criteria constitute a significant limitation, the consequence 
of which could be incorrect cleaning of the initial database. However, in 
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order to minimize the risk, we used researcher triangulation. Finally, we are 
aware that boundaries between technologies are sometimes difficult to 
define as they are blurred, e.g. the differences between advanced data 
analytics solutions, and BI solutions and advanced IT systems. This results 
from two aspects – first, there are no complex and general definitions, 
second, the application possibilities are still developing, depending on 
industry characteristics. 

 
Future research areas 

In today’s world, agility and new skills have been induced by Industry 
4.0 in many organisations, not only in companies. Our SLR can be  
a starting point for determining the directions of further research that may 
be required in industries other than manufacturing (Götz, 2019; Hizam-
Hanafiah et al., 2020; Walter, 2021). Our results show the connections and 
dependencies between 4.0 technologies and the attributes of strategic 
agility, however, the open question remains as to how technologies develop 
agility, to what extent and for which entities and industries. Future research 
should use a mixed research approach, including qualitative and 
quantitative methods. In particular, interviews with senior strategic 
managers on digital transformation could lead to a better understanding of 
the impact technology has on strategic agility. In the first place, research 
should focus on capital-intensive sectors open to the implementation of 4.0 
technology, such as the automotive or electromechanical industries. 
 
Funding: The project financed within the Regional Initiative for Excellence 
programme of the Minister of Education and Science of Poland, years 
2019-2023, grant no. 004/RID/2018/19, financing 3,000,000 PLN 
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