<@ sustainability

Article

Assessment of the Association Between Industrial Production
Indicators and Business Expectations: Implications for
Sustainable Economic Development

Serhii Kozlovskyi (7, Oleksandr Dluhopolskyi >3*{, Volodymyr Kozlovskyi 4, Anna Sabat 5,

Tomasz Lechowicz ©

check for
updates

Academic Editor: Ja-Shen Chen

Received: 24 September 2025
Revised: 28 October 2025
Accepted: 29 October 2025
Published: 11 November 2025

Citation: Kozlovskyi,S.;
Dluhopolskyi, O.; Kozlovskyi, V.;
Sabat, A.; Lechowicz, T.; Zayukov, I.;
Oliinyk, L. Assessment of the
Association Between Industrial
Production Indicators and Business

Expectations: Implications for

Sustainable Economic Development.

Sustainability 2025, 17,10087.
https://doi.org/10.3390/
sul172210087

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/lice
nses/by/4.0/).

, Ivan Zayukov 7 and Larysa Oliinyk !

Department of Entrepreneurship, Corporate and Spatial Economics, Vasyl’ Stus Donetsk National University,
21-600 Vinnytsia, Ukraine; s.kozlovskyy@donnu.edu.ua (5.K.); lar.olijinyk@donnu.edu.ua (L.O.)

Department of Economics and Global Studies, West Ukrainian National University, 46-027 Ternopil, Ukraine
3 Institute of Public Administration and Business, WSEI University, 20-209 Lublin, Poland

Department of Enterprise Economics and Production Management, Vinnytsia National Technical University,
21-021 Vinnytsia, Ukraine; v@vin.ua

Department of International Relations and Business, Vistula University, 02-787 Warszawa, Poland;
a.sabat@vistula.edu.pl

School of Business, National-Louis University, 33-300 Nowy Sacz, Poland; tlechowicz@wsb-nlu.edu.pl
Department of Management and Public Administration, Vinnytsa Institute of Trade and Economics of State
University of Trade and Economics, 21-050 Vinnytsia, Ukraine; i.zayukov@vtei.edu.ua

*  Correspondence: o.dluhopolskyi@wunu.edu.ua

Abstract

Economic development and its sustainability are influenced not only by material, human,
financial, and intellectual factors, but also by psychological factors. In particular, the levels
of business expectations, trust, and confidence significantly affect the resilience of the
economy, especially in crucial sectors such as industry and, more specifically, industrial
production. Based on political, economic, social, and legal stability, businesses are likely
to assess their opportunities more optimistically and realistically. This, in turn, enables
them to look confidently toward the future and provides a foundation for investing in
further development. Conversely, a decline in business expectations and confidence can
slow socio-economic development, potentially leading to recession or depression. The
purpose of the article is to identify the association between business confidence (Impact of
the Business Confidence Indicator, IBCI) and the level of industrial production (Industrial
Production Index, IPI), as a crucial aspect of ensuring sustainable economic development.
A correlation—regression analysis conducted using Ukraine as a case study—a country
candidate for EU accession—and statistical data from the State Statistics Service of Ukraine
(SSSU) for the period from 1 February 2022 to 1 September 2024 demonstrated that there is
a stable, positive, and strong relationship between IBCI and IPI levels (r = 0.7; D = 0.49).
The constructed linear correlation model indicates that, with other factors held constant, a
one-percentage-point increase in positive business expectations may lead to a 2.23-point
rise in the industrial production activity of enterprises in Ukraine’s manufacturing sector.
Furthermore, approximately 49.0% of the variation in industrial production levels is likely
explained by changes in business expectations. Verification of the constructed regression
equation and assessment of its parameters indicate that it is statistically reliable and
consistent with real economic processes. Specifically, the Fisher coefficient (F = 5.30)
exceeds the critical (tabular) value (Ft = 2.04), with Se = 0.45 and C_95% = 1.96; the causality
test based on the Granger methodology revealed the presence of a causal relationship,
indicating that the IBCI influences the IPI. The obtained statistical results for the applied
models and tests are as follows: MDF (p < 0.05), KPSS (p > 0.10), Durbin-Watson =~ 2.0,
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Breusch-Godfrey (p = 0.32), White (p = 0.41), ARCH (p = 0.27), and SER (p = 0.36). The
constructed correlation-regression equation also allowed forecasting based on trend line
modeling—how IPI levels will change depending on business confidence. According
to the forecast, the IPI in Ukraine at the beginning of 2030 is expected to increase by
63.48 percentage points compared to the beginning of 2024, reaching 153.6%.

Keywords: business expectations; business confidence; business trust; industry; resilience;
development; mathematical modeling; forecasting; international economics; economic
development; globalization

1. Introduction

Significant determinants of economic development in any country include the activity
of both domestic and foreign investors, the optimal balance between labor market demand
and supply, the availability of free financial resources, particularly credit facilities, the pres-
ence of raw material reserves, the efficient functioning of logistics systems, and optimistic
business expectations, among others. For businesses, psychological factors such as expecta-
tions, trust, and confidence in the future play a crucial role in influencing economic growth
and resilience. These factors affect the overall functioning of organizations, particularly
decision-making processes, and contribute to ensuring their stable development [1-15].
For example, the higher the level of business trust in the prospects of economic growth,
particularly in industrial production, the greater its confidence and resilience.

The relevance of the article is substantiated by the fact that contemporary businesses,
relying on available information, are able to anticipate certain changes in economic de-
velopment and draw corresponding conclusions. Conversely, surveys of organizational
leadership regarding expectations of future economic performance enable national gov-
ernments to identify emerging trends in economic dynamics, particularly with respect to
industrial production, the expansion of the service sector, and related domains. Figure 1
presents data on the Business Confidence Index across OECD member countries.
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Figure 1. Business Confidence Index across OECD countries, 20082024 (as of the beginning of each
year), % [16].

The data presented in Figure 1 vividly illustrate the dynamics of changes in business
confidence across OECD countries during 1980-2024. They demonstrate that following
periods of crisis—such as the Cold War, the energy crisis, the dissolution of the USSR,
financial and economic downturns, pandemics (including COVID-19)—phases of recovery
typically emerge, largely driven by the resurgence of business optimism.
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Thus, the Business Confidence Index across OECD countries during the corresponding
period exhibited an unclear trend of development, as it was influenced by global crises,
external shocks, and an unstable geopolitical environment. Among the most significant
events were the sovereign debt crisis in the Eurozone (2010-2012), which undermined confi-
dence in European economies; Brexit (2016), which created uncertainty for businesses in the
United Kingdom and EU member states; and the war in Ukraine (February 2022), which
triggered an energy crisis and disrupted global supply chains. These factors collectively
exerted a considerable impact on the economic development of all OECD member states.
Additionally, fluctuations in the index were affected by inflationary pressures and interest
rate dynamics, which reduced investor motivation to finance business development due to
diminished confidence in future economic conditions.

This, in turn, fosters economic growth, resilience, and an increase in the Business
Confidence Index. When considering the values of the Business Confidence Index within
the European Union (Figure 2), it becomes evident that in recent years the situation in the
EU has been almost identical to that observed across OECD countries as a whole.

=
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Figure 2. Business Confidence Index in the European Union, 2016-2024, % [17].

The information presented in Figure 2 indicates that the Business Confidence Index
in the EU-27 declined during 2022-2024. This trend suggests a deterioration of economic
processes within the EU and the potential onset of a recession, driven by factors such as
Russia’s war against Ukraine and trade conflicts involving the United States—particularly
the U.S.—EU-27 trade agreement, which appears disadvantageous for the European side.

The Business Confidence Index in the EU-27 countries during 2016-2024 (Figure 2),
similar to the Business Confidence Index across OECD countries (Figure 1), exhibited an
unstable development pattern characterized by alternating periods of growth and decline.
The primary reasons for this instability lie in the continuously changing business environ-
ment, shaped by internal and global crises, political disruptions (such as Brexit and armed
conflicts), and economic shocks (including inflation and the COVID-19 pandemic). These
factors negatively influenced business expectations worldwide, particularly within the EU.
Consequently, the periods of optimism illustrated in Figure 2 were frequently followed by
waves of pessimism, which hindered the sustained growth of business confidence indices.

Although positive tendencies of economic recovery, especially within the Eurozone,
were observed in 2021-2022, the intensification of financial challenges has subsequently
dampened business expectations [15], thereby constraining economic development, includ-
ing entrepreneurial activity [18].

Thus, business expectations influence not only the overall trajectory of economic de-
velopment but also such a crucial sector as industrial production. Optimistic or pessimistic
business sentiments largely depend on how the economy is expected to evolve in the short,
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medium, and long term; on the dynamics of the consumer price index (inflationary pro-
cesses); on domestic and external demand for industrial products; and on the development
of national investment and credit policies, among other factors. Consequently, the impact
of business expectations on industrial production may manifest in several key dimensions,
including: stimulating investment in industrial production; creating new jobs, which pos-
itively affects broader socio-economic processes, particularly by scaling up production;
fostering the development of related sectors such as mechanical engineering, construction,
transport, communications, and mining; and attracting investment and financial resources
to ensure the production of competitive, high value-added goods that meet the needs
of the economy. Ultimately, the higher the level of business confidence, the greater the
pace of economic development, particularly in industrial production. Conversely, under
conditions of financial and economic crises, pandemics, wars, and other socio-economic
and political threats, business expectations become pessimistic, leading to future recession
and depression. The relationship between business expectations and the development of
industrial production has been confirmed in the works of scholars [19-27].

There is no doubt that the manufacturing sector constitutes the foundation for en-
hancing labor productivity and driving economic growth, as evidenced by the experience
of countries such as the United States, the European Union, the United Kingdom, China,
India, Singapore, Hong Kong, Taiwan, South Korea, Vietnam, and others. Moreover, the
relevance of manufacturing sector development today is reinforced by the fact that industry,
innovation, and infrastructure are designated as Sustainable Development Goal 9 [28]. The
more advanced a country’s manufacturing sector, the greater its capacity to facilitate the
achievement of other Sustainable Development Goals. In particular, it contributes to the
eradication of such pressing challenges as hunger and poverty; supports the advancement
of education, healthcare, culture, and social justice; promotes the reduction of inequality;
and fosters improvements in environmental sustainability, among other outcomes.

Thus, business confidence, trust, and expectations represent an important indicator
of economic development, particularly in the industrial sector, as they are shaped by
investment, managerial, financial, and political decisions. Effective state policies in these
domains foster optimistic business expectations and, consequently, stimulate economic
growth, especially in such a crucial area as industry. Conversely, pessimistic expectations—
arising from socio-economic, political, and other crises—lead to recession and depression
among economic actors. For this reason, the present article proposes to investigate the
relationship between IBCI and the actual dynamics of IPI under conditions of war, using
Ukraine as a case study.

2. Literature Review

Business trust, confidence, and expectations of future economic changes are crucial
factors in managerial decision-making [29], which rely on the assessment of both internal
and external information. Firms are often inclined to develop highly optimistic expecta-
tions regarding their future growth prospects [30]. The most optimistic expectations are
typically observed among entrepreneurs who establish their own businesses and enter the
market [31]. Business expectations are of particular importance to entrepreneurs, as they
substantially determine the decision-making process and ensure the stable development
and functioning of the organization.

At the same time, economic literature provides limited insights into the process of
expectation formation during the pre-market entry stage [32], when entrepreneurs begin to
accumulate their first experiences based on available external information while pursuing
their mission [33]. The experience of the vast majority of businesses demonstrates that
miscalculations are an anticipated outcome of entrepreneurial activity [34], and these
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must be taken into account in order to achieve success and stimulate further development.
Expectations associated with opportunities, in particular, can drive businesses to invest
resources in the implementation of their business ideas [35]. Entrepreneurs are generally
characterized by higher levels of expectations [36], and they often substantially overestimate
their chances of success compared to competitors.

An important research question concerns the role of experience in shaping opti-
mism in the business sphere. For instance, Mehrabi and Kolabi [37] argue that experi-
ence strengthens the tendency toward excessive optimism among entrepreneurs, while
Koellinger et al. [38] demonstrate that inexperienced entrepreneurs are often more opti-
mistic about their prospects than those with greater experience. The tendency toward
heightened optimism is also evident when firms possess large volumes of information [39].
A substantial stock of quantitative and qualitative information enables entrepreneurs to
implement business decisions more effectively and to generate corresponding economic
outcomes [40], which in turn raise expectations for future development. Overall, there
is evidence that higher levels of expectations are strongly associated with the process of
information acquisition [41].

The study by Pindard-Lejarraga and Lejarraga [42] emphasizes that entrepreneurs’
expectations regarding business performance outcomes vary depending on the sources
of information they rely upon. The relationship between information sources and ex-
pectations is moderated by industry-specific conditions that determine the likelihood of
success. Under favorable industry conditions, experience generally generates higher levels
of expectations, whereas under unfavorable conditions the opposite effect is observed. Fur-
thermore, the authors stress that expectations constitute an important motivating force for
business development, while information plays a decisive role as a factor that strengthens
business confidence.

In management science, business confidence encompasses several key elements that
constitute its essence: social capital, social interactions, organizational resources, and the
expectations and beliefs of managers and employees [1]. The main forms of business confi-
dence include deterrence-based trust, knowledge-based trust, identification-based trust,
and consumer trust [43]. Trust serves as the foundation of business relations between part-
ners. Positive experiences of interaction with reliable partners enhance trust, which in turn
indicates the stability of future relationships and the likelihood of favorable expectations
regarding economic development. Entrepreneurial investment decisions, to a certain extent,
depend on expectations concerning the trajectory of economic and business growth [7].
These business expectations may thus be understood as business confidence—expressed
either in terms of optimism or pessimism regarding the prevailing business climate [44].

For instance, Konstantinou and Tagkalakis [45] demonstrate that business confidence
increases in response to lower taxation and higher government expenditures, while ris-
ing wages and expanded public investment exert a negative effect. Moreover, effective
monetary policy has been found to strengthen business expectations and improve decision-
making processes in business development [46], whereas monetary policy instability un-
dermines business trust.

Additional factors also influence business confidence and expectations. One such
factor is interest rate volatility, which affects the future trajectory of economic and busi-
ness processes. Evidence from Germany and the United States indicates that heightened
volatility in interest rates negatively impacts business expectations and overall economic
performance [47]. Corruption is another critical determinant [48], as it impedes investment
flows and hinders business development. Both corruption and socio-economic and political
crises generate uncertainty and foster pessimistic business sentiments.
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Accordingly, economic policy uncertainty can adversely affect demand and supply [49],
pushing entrepreneurs into the shadow economy. Business confidence is undermined not
only by economic policy uncertainty but also by fluctuations in energy prices, particularly
oil. Nevertheless, Adekoya and Oliyide [50] argue that economic policy uncertainty exerts
a greater influence on business confidence than oil price volatility.

There is a clear relationship between business confidence and economic development.
An important sector underpinning this relationship is manufacturing (industrial produc-
tion), which is widely regarded as a driving force of economic growth [51], particularly
in the context of the transition from Industry 4.0 to Industry 5.0. The latter emphasizes
three fundamental development trajectories: human-centricity, sustainability, and resilience.
This relationship may be assessed through the lens of the business confidence indicator
and the economic development index. Business expectations are frequently employed to
forecast the future trajectory of the economy. However, business confidence is shaped by
numerous variables that are difficult to quantify, such as political stability, the threat of
frequent legislative changes, and the broader socio-economic environment alongside its
regulatory framework [21]. A crucial indicator of business expectations is the business
expectations index, which serves as a forecasting tool within the early warning system
for shifts in the economy [1]. These shifts, however, depend on multiple factors, many of
which remain highly uncertain and challenging to predict [52].

In the economic literature, various indicators are employed to assess the economic
development of countries, particularly in the industrial sector, among which the business
sentiment indicator holds a central role [53]. Evaluating business expectations provides
insights into the future trajectory of the economy, including inflationary, financial, credit,
and other processes. Governments, in turn, rely on business expectations to adjust these
processes, either to prevent economic overheating or to mitigate the risks of recession
and depression [54]. Such expectations may encompass opposing dimensions, namely
confidence (optimism) and uncertainty (pessimism) [55]. However, some studies argue that
business expectations cannot reliably predict future economic development, particularly
industrial production [56]. Moreover, they are often grounded in the subjective assessment
of business processes [57], shaped by individual forecasts and specific interests [58].

Business expectations are evaluated using a variety of indicators, including the Busi-
ness Confidence Indicator, the Consumer Confidence Indicator, and others [16,17,59]. Ac-
cording to OECD experts, the Business Confidence Indicator reflects firms’ perceptions
of future developments in production, orders, and stocks of finished goods in the man-
ufacturing sector, based on survey evidence. It is applied to analyze shifts in industrial
output and to forecast production dynamics [16]. A value above 100 signals optimism
regarding near-term business prospects, whereas a value below 100 reflects pessimism
about future business trends. Other indicators are also widely used, such as the Business
Climate Indicator, the Consumer Confidence Indicator, the Economic Sentiment Indicator,
and the Employment Expectations Indicator [17,60]. Furthermore, Ref. [61] emphasizes
that the Business Confidence Indicator in the manufacturing sector has a significant impact
on economic development. For instance, empirical evidence shows that in an EU country
such as Belgium, this indicator exerts a substantial influence on economic conditions across
EU member states.

In Ukraine, the following business expectation indicators are employed: business
confidence indicators in industry; business confidence indicators in construction, retail
trade, and services; the business climate indicator in industry; the economic sentiment
indicator; the business expectations index; the index of business activity expectations;
the index of expected changes in the financial and economic situation at enterprises and
in agriculture; the business expectations index; and the business barometer [59]. These
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indicators, based on surveys of business expectations among managers of small, medium,
and large enterprises, are used to assess prospective economic development trends and
likely market conditions [62]. Business expectation indicators, in particular the Business
Activity Indicator, reflect the current business and economic situation in the country [63]
and make it possible to identify the relationship between business expectations and eco-
nomic development, thereby justifying relevant cause—effect linkages [64]. Establishing
such relationships enables the construction of economic models aimed at evaluating the
current economic situation and forecasting future economic trends. However, some studies,
such as [65], highlight the inconsistency of business leaders” expectations with the actual
economic situation.

The study emphasizes the relationship between business expectations and industrial
production. For instance, research [22] concludes that the business confidence indicator
significantly affects the development of industrial production. Similar evidence is provided
in [23], where the authors examined the interrelation between business expectations and
industrial production in Germany and found that business sentiment constitutes a substan-
tial foundation for production growth, particularly in the industrial sector. Comparable
findings were obtained by Aarle and Kappler [24], who, using the case of EU countries,
demonstrated that the business expectations index has a direct and proportional impact on
economic development, especially on industrial output.

Of particular relevance to this study is the research by Suhanyiova et al. [21], who
evaluated the relationship between the business confidence indicator (BCI) in the man-
ufacturing sector and the following independent variables: industrial production, the
producer price index (PPI) in manufacturing, short-term market interest rates, and long-
term market interest rates. The authors analyzed data from two EU countries—Slovakia
and Hungary—covering the period 2016-2022. The applied methodology included cluster
analysis and mathematical modeling, specifically multiple regression analysis. The findings
for Slovakia demonstrate that BCI is positively associated with industrial production and
long-term interest rates, while showing a negative relationship with the producer price
index and short-term interest rates. For Hungary, the results were largely consistent, with
the exception that short-term interest rates showed no significant relationship with BCI. The
multiple regression models constructed by the authors indicate that variability in BCI can
be explained by up to 50.0% in the case of Slovakia and approximately 38.0% for Hungary.

Bruno et al. [25] investigated the relationship between the manufacturing confidence
indicator and the industrial production index, taking into account the effects of the “Great
Recession” through the application of a linear correlation-regression model. The study
revealed a stable relationship between the two indicators. A distinctive feature of the
research was the identification of long-term industrial activity trends as an important
factor influencing production development. Furthermore, it was found that variations
in the relationship are driven by cyclical rather than structural causes. Specifically, the
stability of business entities was shown not to affect the manufacturing confidence indicator.
Instead, both the confidence indicator and the industrial production index are significantly
influenced by the adjustment of production plans by firms under crisis conditions.

Using mathematical modeling—specifically regression analysis—Cizmesija et al. [26]
concluded that there is a significant relationship between business expectations and indus-
trial production. They noted that changes in business confidence indicators can be used to
predict likely trends in industrial output. Similar findings were reported by Ptackova and
Fischer [27], who assert that industrial business sentiment is closely linked to industrial
production. Industrial sentiment not only allows for forecasting growth levels in industrial
output but also exhibits a feedback relationship, whereby the level of industrial develop-
ment can influence business sentiment, thereby motivating firms to expand their operations.
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Business confidence is regarded as an important factor in assessing and fostering economic
development. Previous research has examined the interrelationships between the business
confidence indicator in the manufacturing sector and variables such as producer prices
and interest rates in countries including Hungary and the Slovak Republic [14]. The author
considers the manufacturing sector a driving force of the economy, exerting a substantial
influence on other economic sectors. Business confidence affects not only the level of output
in the manufacturing sector but also the trajectory of sustainable economic development.
To evaluate the relationship between business confidence and the development of the
manufacturing sector, a multiple regression model was employed. The model incorporated
additional variables such as long-term and short-term interest rates and producer price
indices. The findings suggest the existence of a positive relationship; however, the coeffi-
cients of determination are relatively low when interest rates are included in the model.
Specifically, the coefficient of determination equals 0.5 for Slovakia and 0.4 for Hungary.
When business confidence is introduced as an explanatory variable, the coefficients of
determination are somewhat higher.

To highlight the originality of this study within the context of the aforementioned
theoretical contributions, a conceptual framework is proposed. This framework illustrates
the key theoretical insights derived from the literature review and identifies the central
research direction of the present study (Figure 3).
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Business trust
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//// Psychological factors of L\
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Manufactur-

Service sector
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-
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Industrial out- )
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Figure 3. Block diagram illustrating the sequence of the literature review on theoretical contributions

by international scholars and the identification of the key research direction in this study.

Thus, the logic of the literature review is structured as follows. First, it aims to deter-
mine the significance of psychological factors—such as business trust, business confidence,
and business expectations—in ensuring economic development. Second, it seeks to exam-
ine, at the theoretical level, the potential influence of these psychological factors on the
development of the manufacturing sector as a key component of the economy. Third, the
literature review reveals a limited number of studies that analyze the impact of psychologi-
cal factors on economic development, particularly on industrial production under external
shocks, which further underscores the relevance of the chosen research topic. Fourth, the
study focuses on Ukraine—a country currently experiencing wartime conditions—thereby
making this research, in our view, unique compared to many analogous studies.
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3. Methodology

In the current context of economic instability, there is an increasing need to identify ef-
fective tools for assessing and forecasting economic processes. One such approach involves
the use of business expectation indicators of economic entities. The industrial production
sector, which plays a crucial role in driving economic development, is of particular rele-
vance in this regard. Therefore, examining the association between enterprises’ business
expectations and the actual state of industrial output makes it possible to identify patterns
that can be utilized to improve economic planning, crisis management across enterprises
of various ownership forms, and state policies aimed at supporting industrial production.
This analysis is particularly significant for Ukraine—a country with a transforming econ-
omy that is currently operating under wartime conditions. In such circumstances, the role
of subjective expectations in shaping economic decisions becomes increasingly important,
especially under the influence of external and internal shocks.

The research hypothesis posits the existence of a statistically significant association
between the business expectations of industrial enterprises and the actual indicators of
industrial output performance. In particular, it suggests that a positive dynamic in business
expectations precedes and potentially anticipates the subsequent growth in industrial
production volumes.

The study involves the following stages: analyzing the IPI averaged across the EU-
27 countries (based on data available in the Eurostat database); visualizing the IPI data
averaged across the EU-27 countries for the first quarter of 2025; analyzing the IPI in
Ukraine for the period 2015-2025, including monthly data, and comparing it with the
EU-27 data (according to Eurostat and the Ministry of Finance of Ukraine); analyzing the
Purchasing Managers’ Index for the manufacturing sector in selected countries for the
period January 2023-May 2025 (according to the National Bank of Ukraine); analyzing the
Business Activity Expectations Index in Ukraine, particularly in the industrial sector, for
2019-2025 (according to the State Statistics Service of Ukraine); providing an example of
the calculation of the IBCI based on the IPI volume and production orders (according to the
State Statistics Service of Ukraine); analyzing IBCI in Ukraine’s manufacturing sector for
2020-2024; investigating the impact of the IBCI (according to the State Statistics Service of
Ukraine); constructing a correlation-regression model of the IBCI on the IPI; and forecasting
the effect of the IBCI for 2026-2030.

The assessment of the relationship between IBCI and the actual dynamics of pro-
duction will be conducted using two indicators: the IBCI and the IPI. The IBCI is cal-
culated based on the provisions of the Methodology (On Methodological Provisions,
2020) [59,66-69] and other legislative and regulatory documents containing data on the
calculation of business activity indicators within the EU’s Joint Harmonized Programme.
In EU member states, as well as in Ukraine, the following business expectation indicators
are used: business confidence indicators in sectors such as manufacturing, retail trade,
construction, and services; the business climate indicator; the consumer confidence indi-
cator; the economic sentiment indicator; and the employment expectations indicator [59].
These indicators are calculated and published on a monthly basis by institutions such as
the Directorate-General for Economic and Financial Affairs of the European Commission,
the State Statistics Service of Ukraine, and the National Bank of Ukraine.

The information base for calculating the IBCI is provided by the State Statistics Service
of Ukraine and includes data on IPI volumes, inventories of finished goods, demand for
industrial products, and the expectations of industrial enterprises regarding the prospects
for economic development, including export operations. In addition, information from
external sources is considered, such as consumer expectations regarding their personal
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financial situation over the next twelve months, the national unemployment rate, and
household savings levels.

The primary statistical reporting form for calculating the Industrial Business Con-
fidence Indicator (IBCI) is Form No. 2K_P (monthly)—“Survey of Business Activity of
Industrial Enterprises”. The IBCI is calculated according to the formula provided in [59]:

X1t + Xog + X3¢

IBCI =
C 3 ,

1)
where IBCI—Impact of the Business Confidence Indicator; X;i—seasonally adjusted balance
of the assessment of the current volume of production orders (demand) in the manufactur-
ing sector at time t; Xoi—seasonally adjusted balance of expected changes in the volume of
production in the manufacturing sector over the next three months at time t; X3i—seasonally
adjusted balance of the assessment of the current volume of inventories of finished goods
in the manufacturing sector at time t.

The algorithm for calculating the IBCI in accordance with EU requirements is presented
in Figure 4.

I

How do you assess the current volume of production orders (if there are no orders,

please assess the demand)?

+ more than sufficient (above the norm); = sufficient (normal for the season); -

~~

insufficient (below the norm)

[

How do you assess the current volume of finished goods inventories?

+very large (above the norm); = sufficient (normal for the season); — very small (below

the norm)

[ |
[ N Z

I

In your opinion, how will the volume of production change over the next three

months?

+ increase; = remain unchanged; - decrease

T =

Calculated IBCI value

Figure 4. Algorithm for calculating IBCI according to EU requirements [59].

The next indicator used to assess the relationship between business expectations and
the actual dynamics of production is the Industrial Production Index (IPI). This index
is also referred to as the industrial production index or index of industrial output. The
calculation of the IPI is based on a methodology that determines a weighted average using
the distribution of value added across different types of industrial activities for specific
industrial products. The base year is 2016. The index is calculated monthly relative to the
average monthly value of the base year using the Laspeyres formula. Based on this index,
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indices are derived for the previous month, the corresponding month, and the same period
of the previous year. The Laspeyres formula is as follows [70]:

L P19
L = ’ (2)
P Y pego

where p1, po—prices of goods at the beginning of the year and in the base period, respec-
tively; qo—quantity of goods in the base period.

The statistical observations cover business entities that account for at least 90.0% of
industrial production volume and the total volume of products sold within the industrial
sector. Both the Industrial Production Index (IPI) and the Industrial Business Confidence
Indicator (IBCI) are calculated based on statistical data from the State Statistics Service of
Ukraine for territories under Ukrainian control; data from temporarily occupied territories
are not included in these calculations. Monthly statistical surveys include industrial
enterprises of large- and medium-sized businesses with 50 or more employees, as well as
enterprises established by individual entrepreneurs with fewer than 50 employees, in order
to ensure the representativeness of the data [59].

The impact of the level of IBCI (x) on the level of IPI (Y) was determined using
correlation-regression analysis. Conducting correlation-regression analysis to assess the
influence of IBCI on IPI involves constructing a correlation equation [71]:

Yy = ag+ m1x; )

where Y,—linear equation; ay, aj—parameters (coefficients) of the equation; x—influencing factor.
The unknown parameters of the regression equation (a0, al) are proposed to be
estimated using the least squares method, for which a system of normal equations is con-
structed. The strength of the relationship is assessed using the linear correlation coefficient.
The proportion of the variation of the dependent variable (Y) explained by the influence
of factors (x) included in regression Equation (3) is determined using the coefficient of
determination (D). The significance of the multiple correlation coefficient (as well as the
regression equation as a whole) is proposed to be evaluated through the calculation of
the F-test (F). In addition to the strength of the relationship, the adequacy of regression
Equation (3) for representing real processes is assessed using other relevant indicators:

sample correlation coefficient (z);

standard error (Se);

lower bound of the correlation coefficient confidence interval (rL);
upper bound of the correlation coefficient confidence interval (rU).

the method is based on testing for causality using the Granger causality approach

Formulas (4) and (5);

e  the method examines the dynamic relationships between variables, taking into account
their time lags ARDL (Formula (6))/ VAR (Formula (7));

e  stationarity tests within the context of the overall diagnostic methodology (ADF
(Formula (8)), KPSS and DW (Formula (9)));

e tests for autocorrelation (Breusch-Godfrey) (Formulas (10) and (11));

e tests for heteroskedasticity (White test (Formulas (12) and (13)), Engle’s ARCH test)
(Formulas (14) and (15));

e tests for regression standard error (SER) (Formula (16)).

The validation of the constructed linear correlation equation in this study is carried
out using the following methods. The causality between two time series is tested based on
the Granger causality methodology. The essence of this methodology is that a variable (X)
is said to Granger-cause another variable (Y) if past values of X contain information that
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helps predict Y beyond the information already contained in past values of Y itself. As part
of this approach, two regression models are estimated: a baseline model (without X) and a
model that includes the lagged values of X [71]:

Ye=ao+) b aYi_1+es 4
extended model (without Y):

Ye=PBo+ Y r  BiYio1+ 2?:1 YiXi-j + My ®)

where Yi—current value of the dependent variable; Y 1—Ilags of the variable itself;
Xt—1—lags of the variable X (tested for causality); e;,—random error; p, g—lag orders.

The study tests the following hypotheses: Hy (null hypothesis): X does not cause Y; H;
(alternative hypothesis): X causes Y. If Hy is rejected, it is concluded that X Granger-causes Y.

The next method investigates the dynamic relationships between variables while
accounting for their time lags. Two commonly used approaches are ARDL (AutoRegressive
Distributed Lag) and VAR (Vector AutoRegression). The ARDL methodology is a single-
equation model used to analyze the relationship between a dependent variable and its own
lags, as well as the lags of independent variables. Its utility becomes particularly evident
when the data series have different levels of integration, with some variables being (Ip),
and others (I). The ARDL model can be applied to estimate both long-run and short-run
relationships. The general form of an ARDL (p, q) model is as follows [71]:

Ye=ao+) b aYi1+ 2?:0 BiXi—j + et (6)

where Yi—dependent variable; p, g—lag orders; X—independent variable; e;—random variable.

The next method is VAR (Vector AutoRegression). VAR is a multivariate model in
which all variables are treated as endogenous. Each variable is modeled as a function of
the lags of all variables in the system, including its own lags. Importantly, VAR does not
require a priori classification of variables into dependent and independent categories. The
general form of the VAR model is as follows [71]:

Ye=A1Y 1+ A Yo+ +Ap Yip+ ey (7)

where Yi—vector of variables of dimension; A—coefficient matrix of dimension; e;—vector
of random errors.

In the subsequent analysis, the study employs statistical model diagnostics to verify
whether the fundamental assumptions of the constructed models are satisfied, including
stationarity, absence of autocorrelation, and the stochastic properties of residuals. Specifi-
cally, stationarity is tested using the ADF (Augmented Dickey—Fuller) test, which examines
the presence of a unit root in a time series, indicating non-stationarity or instability. The null
hypothesis is tested (Hp)—the series has a unit root—non-stationary; alternative hypothesis
(Hj)—the series is stationary (no unit root). The ADF test is estimated using the following
equation [71]:

AYe=a+ B +vjYi1+ 25;1 diAYi 1+ €p; 8)

If p-value < 0.05, the null hypothesis (Hy) is rejected—the series is stationary; if
p-value > 0.05, the null hypothesis (Hy) is not rejected—the series is non-stationary.

The next method is the KPSS (Kwiatkowski-Phillips—Schmidt-Shin) test for stationar-
ity. This approach provides an alternative means of testing for stationarity, employing a
different formulation of hypotheses compared to the ADF test, particularly with a distinct
null hypothesis (Hp)—the series is stationary; alternative hypothesis (H;)—the series is
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non-stationary (has a unit root). If p-value < 0.05, Hy is rejected—the series is non-stationary;
if p-value > 0.05, Hy is not rejected—the series is stationary. When ADF and KPSS tests yield
consistent results, the conclusion is more reliable; if the results conflict, further investigation
is required.

The next method is the Durbin—Watson (DW) test for residual autocorrelation. This test
examines the presence of autocorrelation in the residuals of a regression model, specifically
of the first order, and is calculated using the following Formula (9) [71]:

2
Y o(er—eiq)

DW =
23:1 e%

; ©)
where e—model residuals.

The Durbin-Watson (DW) statistic is interpreted as follows: a value of 2 indicates no
autocorrelation, which is the ideal case; values less than 2 suggest the presence of positive
autocorrelation, while values greater than 2 indicate negative autocorrelation. In practice,
DW values between 1.5 and 2.5 are generally considered acceptable.

The following Breusch—-Godfrey model enables the assessment of autocorrelation in
the residuals. It tests the hypotheses: Hy—the null hypothesis (no autocorrelation in the
residuals of order p); (H;)—the alternative hypothesis (autocorrelation exists in at least one
of the lags). The Breusch-Godfrey model is specified as follows [71]:

et =ao+ mXy+ -+ ag Xy +prer1+ - +pyerp+ up (10)

where Xj; Xj;—the independent variables are those from the original model, and p denotes
the number of lags being tested.
Next, the KM (Lagrange Multiplier) statistic is calculated using the following
Formula (11) [71]:
LM = (n—p)-R% (11)

where RZ—the coefficient of determination from the auxiliary regression; n—the number
of observations.

Next, the statistics are compared with the critical value (?)atp degrees of freedom. If
p—value < 0.05, the null hypothesis (Hp) is rejected, indicating the presence of autocorrela-
tion; if p—value > 0.05, no autocorrelation is detected.

The next model is the White test, which assesses the presence of heteroskedasticity
in the model (i.e., whether the variance of the residuals is constant) using the following
Formula (12):

ef =vo+ v1Xu +v2 Xor +Va X5 +vaXuXar -+ + ui; (12)

The above model tests the following hypotheses: Hy—the residuals have constant vari-
ance (homoskedasticity); (H;)—the residuals exhibit varying variance (heteroskedasticity).
The model includes the independent variables, their squares, and cross-products, thereby
assessing the “general form of heteroskedasticity”, and the corresponding test statistic is
calculated using the following Formula (13) [71]:

n-R? ~ x?(df); (13)

where R>—coefficient of determination from the auxiliary regression; df—number of regressors.

Interpretation of the model: if p — value < 0.05, the null hypothesis (Hy) is rejected,
indicating the presence of heteroskedasticity; if p—value > 0.05, the residuals’ variance
is constant.
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The ARCH test (Engle’s ARCH test) detects serial dependence in the variance of
the model’s residuals. The hypotheses are as follows: Hyp—no ARCH effect (the residual
variance does not depend on past residuals); Hj—an ARCH effect is present (conditional
heteroskedasticity exists). This method uses the residuals obtained from the regression
model [71]:

e% =ay+ alele + ap efzz 4+ 4 aqe%:q + uy; (14)

Next, the equation is tested as follows [71]:
n-R? ~ x%(q); (15)

Interpretation of the model: if p—value < 0.05, an ARCH effect is present; if
p—value > 0.05, no ARCH effect is detected.

The next method for assessing the reliability of a fitted linear regression equation is
the Standard Error of Regression (SER), which measures the average deviation of observed
values from the regression line, i.e., the root mean squared deviation of the residuals. It
indicates how much, on average, the actual values (Y;) deviate from the predicted values
(Y;). The formula for the standard error of regression is as follows [71]:

RSS
n—-k—1

SER = (16)

where RSS—sum of squared residuals; n—number of observations; k—number of indepen-
dent variables; Y;—actual value; Yi—predicted value.

The smaller the SER, the better the model fits the data; conversely, a large SER indicates
substantial prediction errors, suggesting that the model has poor explanatory quality.

The algorithm for identifying the IBCI on the level of IPI is presented in Figure 5.

| L. Analysis of statistical data |

| II. Construction of the regression equation (Formula (3)) |

| III. Construction of the system of normal equations for the regression equation (Formula (3)) |

I L

| IV. Assessment of the reliability and adequacy of the constructed linear regression equation (Formula (19)) |

I L

| V. Calculation of reliability and adequacy indicators for the constructed linear regression equation (Formula (19)) |

| VL. Forecasting the level of industrial production based on the constructed linear regression equation (Formula (19)) ‘

Figure 5. Algorithm for identifying the IBCI (x) on the level of IPI (Y).

The adequacy and reliability of the constructed correlation-regression equation
(Formula (3)) for determining the IBCI on the level of IPI were assessed using MS Ex-
cel. The F-test and its critical value were calculated using functions from the statistical tools
available in MS Excel.
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In forecasting the Industrial Production Index (IPI), a trend analysis approach was
employed. The rationale for choosing trend analysis under the given conditions is as
follows. First, the war has created a context of high volatility, characterized by frequent
fluctuations in prices, business sentiment, and other economic indicators. In contrast, other
forecasting methods—such as the ARIMA (AutoRegressive Integrated Moving Average)
model—require statistical stationarity of the data, that is, the stability of the time series
structure. The method applied in this study accommodates structural breaks and enables
the identification of an overall trend even under unstable wartime conditions. In other
words, it can be effectively used in systems where external shocks (such as military events)
cause short-term deviations, while the underlying dynamics remain intact. Moreover, the
indicator used in the study—the Industrial Business Climate Index (IBCI)—is based on
subjective assessments derived from survey data, which tend to change more rapidly than
real economic indicators. This analytical approach allows for the comparison between
changes in IBCI and IPI values, thereby making it possible to identify the lag in the industrial
sector’s response to shifts in business sentiment. It is also important to note that, due to
the ongoing Russian—-Ukrainian war, statistical data are often incomplete, irregular, and at
times distorted—owing to factors such as territorial occupation, population displacement,
relocation of organizations, and the loss of infrastructure and enterprises. Therefore,
even under such conditions, trend analysis applied to incomplete time series provides
satisfactory forecasting results. Furthermore, the trend captures the “underlying trajectory”
of the economic system, which persists even amid external shocks such as war.

In forecasting the IPI values, linear regression based on the Ordinary Least Squares
(OLS) method was applied, which enabled the estimation of both the direction and the
magnitude of changes in the corresponding data series [71] (Formula (17)):

yi=a-+bx;+eg (17)

where y;—is the value of the indicator at time ¢ (e.g., month, quarter, or year); ap—the initial
level (the intercept term of the equation); b—trend coefficient (rate of change); e;—random error.

The assessment of statistical uncertainty is proposed to be conducted using Student’s
t-distribution for constructing the confidence interval [71] (Formula (18)):

Yit%,n—l * ﬁ (18)
where t, /5 ,_1—the quantile of Student’s t-distribution with the corresponding degrees of
freedom; S—the standard error of the forecast at point ¢, which accounts for data variability
and the distance from the mean value of t.

4. Results

This section analyzes the IBCI averaged across the EU-27 countries; it visualizes the
IBCI data for the first quarter of 2025 for countries including Belgium, Bulgaria, Denmark,
Germany, Estonia, Ireland, Spain, France, Italy, Latvia, Luxembourg, Malta, the Nether-
lands, Poland, Portugal, Romania, Slovenia, Slovakia, Iceland, and Norway; examines
Ukraine’s IBCI for 2015-2025 on a monthly basis and compares it with EU-27 data; analyzes
the Manufacturing Purchasing Managers’ Index of selected countries for the period January
2023-May 2025; evaluates the Business Activity Expectations Index in Ukraine, particularly
in the industrial sector, for 2019-2025; provides an example of calculating the IBCI based on
production volume and order volume; analyzes Ukraine’s IBCI for 2020-2024; investigates
the IBCI on the IPI; constructs a correlation-regression equation for the effect of IBCI on the
IPI; and forecasts this relationship for 2026-2030.
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4.1. Analysis of Industrial Statistics

Contemporary global trends in the industrial sector are unstable and influenced by
both internal and external factors. Currently, global factors affecting the world economy,
particularly industrial production volumes, include wars and trade conflicts. Since 2025,
the United States has imposed import tariffs on products and services from many countries,
including China, Canada, European nations, South American countries, and the Global
South in general. In response, other countries have implemented tariffs on U.S. goods
and services. This has caused a trade shock, resulting in instability in international trade
relations, particularly affecting the supply of energy resources to global markets. The
Industrial Production Index (IPI) in EU countries is shown in Figure 6.
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Figure 6. Value IPI Averaged Across the EU-27 Countries, % [60].

Starting from Q2 2024, the IPI across the EU-27 began to decline, reaching 101.5% in
4 2024 and Q1 2025, which is 0.6 percentage points lower compared to Q1 2024. IPI values
for individual EU countries are presented in Figure 7. In Figure 7, IPI values below 100%
are marked in red and orange, while those above 100% are shown in green and light green.
Analysis of the IPI by country shows that in Q1 2025 the highest IPI levels were recorded
in Denmark (110.3%), Greece (109.0%), Iceland (105.4%), and Finland (104.9%). Countries
with an IPI below 100% (indicating a decline) included Belgium (99.6%), Bulgaria (92.7%),
the Czech Republic (95.9%), Estonia (93.3%), Hungary (96.5%), Latvia (98.2%), Lithuania
(98.7%), and Poland (98.2%).
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Figure 7. The IPI in Ukraine for the period 2015-2025 (cumulative, 2015 = 100%), % [72].

Comparing Q1 2025 with the same period in 2024, the IPI declined in Austria by
1.9 percentage points, in Belgium by 1.7 p.p., in the Czech Republic by 1.9 p.p., in Estonia
by 3.4 p.p., in France by 0.2 p.p., in Germany by 0.4 p.p., in Hungary by 0.3 p.p., in Iceland
by 0.8 p.p., in Lithuania by 0.2 p.p., and in Poland by 0.9 p.p. During the same period,
the industrial index increased in Greece by 1.4 p.p., in Denmark by 1.9 p.p., in Ireland by
2.6 p.p., in Italy by 0.3 p.p., in Latvia by 1.9 p.p., and in Norway by 2.2 p.p.
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At the end of Q4 2024, the highest IPI levels were recorded in the following countries:
Denmark—109.5%; Cyprus and Greece—108.5%; Ireland—107.6%; Norway—107.4%; the
Netherlands—106.0%; Iceland—105.7%; Malta—104.5%; Italy—103.8%; France—102.4%;
Finland—101.7%; Austria—101.6%; Germany—100.8%; Luxembourg—101.1%; Belgium—
100.0%. Declines were observed in Bulgaria—92.5%; Czech Republic—95.9%; Estonia—
95.5%; Hungary—97.3%; Latvia—94.4%; Lithuania—98.9%; and Poland—98.5%.

The main well-known factors contributing to the decline in the Industrial Production
Index include, in particular, weak external and domestic demand resulting from the slow-
down of the global economy in 2024-2025, which has reduced demand for industrial goods
from the EU and consequently lowered export volumes; high interest rates and expensive
credit, which have constrained investment financing in the industrial sector; energy prices
in EU countries that remain somewhat higher than in, for instance, Asian or U.S. markets,
thereby rendering certain industries—such as metallurgy, chemicals, and machinery—less
competitive; and geopolitical instability and related risks for EU countries, particularly
stemming from the ongoing Russian-Ukrainian war.

In Ukraine, the cumulative dynamics of the IPI for the period 2015-2025 are presented
in Figure 7.

The information presented in Figure 7 demonstrates a declining trend in industrial
production volumes in Ukraine compared to 2015. Specifically, as of January 2016, the IPI
decreased by 20% relative to January 2015, reaching 80%. During the period from January
2017 to January 2020, the IPI remained largely stable, although it occasionally rose to 90%
of the base value in economically active months. Military actions in Ukraine caused a
significant reduction; for instance, in February 2022, the index fell to approximately 38% of
the January 2015 level. By January 2025, the index had recovered slightly to around 50%,
indicating that by early 2025, Ukraine’s industrial production had halved compared to 2015.
Monthly dynamics of the IPI for 2010-2025 are presented in Table 1.

Table 1. The values of the IPI for 2010-2025 (month-on-month, %) [72].

Year Month Annual
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 89.2 100.4 114.8 97.5 97.2 101.9 101.3 100.6 103.8 106.3 98.2 102.3 112.2
2011 87.1 101.1 113.2 94.6 100.3 100.9 102.6 101.7 101.7 105.7 97.0 99.6 103.4
2012 86.2 101.7 110.1 95.6 102.0 97.9 104.3 97.7 100.1 107.1 97.3 96.4 944
2013 88.9 99.4 111.0 98.5 94.4 101.6 105.1 97.5 99.6 107.4 97.4 100.1 99.0
2014 84.6 100.5 108.0 98.9 98.6 98.5 97.8 88.1 105.4 107.3 98.0 98.3 82.8
2015 81.6 98.8 109.8 97.9 99.7 101.7 103.5 96.0 105.8 107.0 98.4 101.2 98.4
2016 814 108.2 106.8 96.6 96.3 97.9 107.0 99.2 104.4 105.7 100.8 101.9 103.1
2017 82.5 97.8 108.9 93.1 103.4 100.1 100.3 103.0 102.5 106.9 100.3 101.0 97.1
2018 86.1 96.5 107.6 95.0 103.1 100.2 1014 99.5 101.7 110.0 97.9 98.3 95.3
2019 86.2 98.1 112.0 98.2 99.5 96.3 103.6 98.6 101.7 105.6 95.4 98.3 91.7
2020 91.6 100.4 103.6 87.2 104.9 104.1 103.9 96.5 104.5 105.8 101.1 102.8 104.5
2021 83.9 100.3 110.9 96.8 96.6 100.0 103.2 96.7 102.9 107.8 100.1 101.1 97.8
2022 87.0 87.4 57.2 111.9 107.5 100.3 100.6 101.9 102.3 105.0 99.3 96.3 55.3
2023 95.1 104.4 113.5 924 106.7 97.5 101.0 101.9 99.9 109.6 100.1 101.3 123.8
2024 90.1 99.3 106.3 98.1 98.5 93.8 99.5 99.1 105.5 108.9 97.9 98.2 93.9
2025 88.9 93.7 109.2 — — — - — — — - — —
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The least productive month for industrial production is January, when business activ-
ity, as in many countries worldwide, declines due to the beginning of the year and New
Year holidays. Overall, on an annual basis, the IPI experienced growth in 2010-2011, 2016,
2020, and 2023. In 2024, compared to 2023, the index fell to 93.9%, representing a decline of
6.1 percentage points. Annual data depict a pattern similar to that observed in certain EU
countries such as Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, and
Poland. However, when compared to a base year like 2015, the situation in Ukraine is much
less favorable, as industrial production volumes have halved. Considering consumer price
indices alongside this comparison makes the situation even more critical. According to [72],
for the first three months of 2025 (cumulative), Ukraine faced a critical situation in the pro-
duction of computers, electronics, and optics—49.8%; repair and installation works—65.9%;
coke and petroleum products—66.4%; gas production and distribution—70.8%; production
of other transport equipment—77.8%; oil and gas extraction—77.7%; manufacturing of
fabricated metal products, machinery, and equipment—=80.0%; coal mining—=89.0%; and
extractive industry—=82.0%. At the same time, industrial output increased in sectors such as
electrical equipment, leather and other material products—150.0%; motor vehicles—128.1%;
pharmaceuticals—114.0%; beverages—112.1%; wood products—110.0%; and rubber, plas-
tics, and other non-metallic products—108.1%. Thus, the main factors behind the decline in
Ukraine’s Industrial Production Index during 2015-2025 include: the loss of several key
industrial regions since 2014; the full-scale Russian—Ukrainian war, which has led to the
destruction of industrial facilities and severe logistical disruptions; persistent challenges in
economic modernization and investment attraction, despite substantial volumes of foreign
assistance primarily directed toward supporting Ukraine’s social sector; and massive mili-
tary attacks on the energy infrastructure, among other factors. This situation underscores
the need to identify reserves for increasing industrial production volumes, with raising the
level of business confidence being a key potential lever.

4.2. Analysis of the Impact of the Business Confidence Indicator

An important indicator that allows assessing the stability and activity of business
development globally, including in Ukraine, is the Purchasing Managers’ Index. This index
enables the analysis of economic development trends, its cyclical nature, and the forecast-
ing of potential periods of expansion or contraction. Figure 8 presents the Purchasing
Managers’ Index, which characterizes the development of the manufacturing sector in
selected countries worldwide.
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Figure 8. Values of the Purchasing Managers’ Index (PMI) in the manufacturing sector of selected
countries for the period January 2023-May 2025, % [73].

Based on the manufacturing Purchasing Managers’ Index shown in Figure 8§, it is
evident that between January 2023 and May 2025 the manufacturing sector in the countries
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mentioned developed unevenly. The most unstable development occurred in the EU
countries, where during this period the index fell below 50%, indicating that the overall
economy of the EU-27 entered a recessionary cycle. However, starting from January 2025,
the Purchasing Managers’ Index level began to rise from 45.1% to 49.4% by 2025. The
highest and relatively stable Purchasing Managers’ Index levels were recorded in India,
reaching 58.0% in 2025, which is 8.6 percentage points higher than the average for EU
member states. Although the index in India is approaching 60.0%, indicating a potential
overheating of the economy that may trigger inflation. The most optimal development in
terms of this indicator is observed in India and Turkey, which maintain steady growth in
economic activity.

In Ukraine, numerous indicators are employed to measure business activity, including:
the Industrial Business Confidence Indicator (IBCI); confidence indicators in construction,
retail trade, and services; the Industrial Business Climate Indicator; the Economic Sentiment
Indicator; the Business Expectations Index; the Business Activity Expectations Index; the
Index of Expected Changes in the Financial and Economic Situation at the Enterprise
Level and in Agriculture; the Business Expectations Indicator; and the Business Barometer.
The primary compilers of these indices are the State Statistics Service of Ukraine and the
National Bank of Ukraine. A comparison of the overall trends reflected in Figure 8 with the
corresponding indicator (Business Activity Expectations Index) is presented in Table 2.

Table 2. The values of the Business Activity Expectations Index in Ukrainian industrial sector, % [74].

Year
) 2019 2020 2021 2022 2023 2024 2025

Indicator Dec Jan Feb Mar Apr May

48.6 45,5 48.6 421 457 459 410 469 518 494 50.8

gﬁi‘ézitg?smdices weighted by industrial )70 446 400 434 469 446 420 502 531 518 511
Volume of production 493 509 539 420 518 453 36.8 536 583 582 579
Increase, % 319 268 320 211 279 214 150 260 338 325 321
Without change, % 347 482 436 417 479 478 43.6 552 491 515 517
Decrease, % 333 250 243 372 242 308 414 188 171 16.0 163
New orders volume 438 473 517 43.0 487 451 39.0 540 588 574 548
Increase, % 222 250 282 201 211 196 150 260 325 299 279
Without change, % 431 446 470 457 553 509 480 56.1 526 550 53.8
Decrease, % 34.7 304 249 342 237 295 370 179 149 152 183
New export orders 469 372 433 409 425 399 361 512 56.0 519 50.0
Increase, % 208 140 158 122 132 116 113 192 271 241 174
Without change, % 521 465 550 574 585 56.6 49.6 63.8 579 556 652
Decrease, % 271 395 292 304 283 318 391 169 150 203 174
Work in progress volume 45.8 438 450 432 426 39.1 438 455 487 472 473
Increase, % 18.1 71 133 111 105 71 11.0 9.0 13.6 126 104
Without change, % 556 732 635 643 642 638 656 731 702 693 738
Decrease, % 264 196 232 246 253 290 233 179 162 182 158
Finished goods inventories 576 509 572 613 521 547 584 518 533 532 525
Increase, % 167 179 177 126 216 174 145 143 171 190 19.6
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Table 2. Cont.

Year
Indicator 2019 2020 2021 2022 2023 2024 2025
Dec Jan Feb Mar Apr May
48.6 455 48.6 421 457 459 410 469 51.8 494 50.8
Without change, % 514 625 503 523 526 558 542 677 592 554 558
Decrease, % 31.9 19.6 320 352 258 268 313 179 237 255 246
Raw materials inventories 47.9 509 46.7 364 461 429 403 496 504 483 483
Increase, % 20.8 232 243 111 195 161 137 215 224 221 229
Without change, % 54.2 554 448 508 532 536 533 561 56.1 524 508
Decrease, % 25.0 214 309 382 274 304 330 224 215 255 263
Prices for raw materials and supplies 45.8 223 171 214 276 281 253 262 31.1 288 30.6
Increase, % 23.6 554 68.0 588 458 469 51.1 489 421 476 425
Without change, % 61.1 446 298 397 532 500 471 498 535 472 538
Decrease, % 15.3 00 22 15 11 31 18 13 44 52 38
Prices of in-house produced goods 528 66.1 704 648 603 654 676 664 629 656 617
Increase, % 194 375 442 332 221 326 361 327 307 351 263
Without change, % 66.7 571 525 633 763 656 630 673 645 61.0 708
Decrease, % 13.9 5.4 3.3 35 1.6 1.8 09 0.0 4.8 3.9 29
Total number of employees 458  36.6 486 442 455 446 452 487 496 472 473
Increase, % 12.5 1.8 110 45 63 40 44 81 101 82 83
Without change, % 66.7 696 751 794 784 813 815 812 789 779 779
Decrease, % 20.8 286 138 161 153 147 141 108 11.0 139 138

Over the period 2019-2024, the Business Activity Expectations Index in Ukraine
remained below the threshold of 50.0% and demonstrated a downward trend, declining
from 47.8% in 2019 to 45.9% in 2024, i.e., a decrease of 1.9 percentage points. This indicates
a contraction in industrial production volumes. The trend is particularly evident in the
following components:

production volume—decreased by 4.0 p.p. over the period;
volume of orders for production—increased by 1.3 p.p.;

volume of new export orders—decreased by 7.0 p.p.;

volume of unfinished production—decreased by 6.7 p.p.;

stock of finished goods—decreased by 2.9 p.p.;

inventories of raw materials and supplies—decreased by 5.0 p.p.;
prices for raw materials and supplies—decreased by 17.7 p.p.;
prices of domestically produced goods—increased by 12.6 p.p.;

total number of employees—decreased by 1.2 p.p.

Among the structural elements of the IBCI, only the prices of domestically produced
goods exhibited positive growth, while the others either remained relatively unchanged or
moved in a negative direction.

The article focuses on the IBCI, which is calculated using a somewhat different methodol-
ogy as outlined above. An example of calculating the IBCI balance based on two indicators—
production volume and volume of production orders—is presented in Table 3 for the period
June 2024 to September 2024. The sample comprises 1102 Ukrainian enterprises.
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Table 3. A fragment of the balance calculation IBCI, % [74].

How the Indicators Changed for June-August 2024

Change in Balance

Indicator "
Increased Unchanged  Decreased  No Response Balance Compared to the Previous
Month, p.p.
Production output 22.0 52.0 26.0 0 —4.0 0
Production order 19.0 57.0 24.0 0 5.0 0

volume (demand)

According to the survey of Ukrainian enterprises [74], the volume of production has
remained practically unchanged, with 52.0% of respondents emphasizing this point. An
increase in production volumes was reported by 22.0% of enterprises, while a decrease was
indicated by 26.0%. Consequently, the balance change equals “minus” 4.0 p.p. (percentage
points) (26.0—22.0). The dynamics of industrial business confidence indicators are presented
in Figure 9.
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Figure 9. Dynamics of the IBCI indicator in Ukraine’s industry for the period 2020-2024, p.p.
(percentage points) [74].

Figure 9 presents the IBCI in Ukraine’s industry for the period 2020-2025. The reported
values exhibit a wave-like pattern [75]. Respondents expressed a rather pessimistic level
of business confidence throughout 2020-2024. The most negative business sentiments
were recorded in 2020 and 2022. The underlying reasons include the global spread of the
COVID-19 pandemic, particularly in Ukraine, as well as the war in Ukraine [76]. Following
the end of the pandemic and the subsequent recovery of the global economy from 2021,
together with encouraging signals regarding a potential resolution of the war in Ukraine,
the IBCI became somewhat more optimistic. Nevertheless, during the period 2020-2024,
surveyed respondents did not provide sufficiently positive assessments to allow IBCI—
both for industry as a whole and for its individual sectors—to cross the zero mark on the
corresponding graph.

According to Figure 9, as of September 2024, the IBCI increased by 0.6 percentage
points compared to August 2024, reaching a value of —7.4%, while in the manufacturing
sector it decreased by 0.1 percentage points to —8.1%. An analysis of the IBCI balance
for September 2024 shows that the volume of industrial production amounted to —4; the
volume of industrial production orders (demand) stood at —40.0; the assessment of current
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foreign orders for industrial production (export demand) was —28 p.p.; and the evaluation
of current inventories of finished goods was —9 p.p. It is important to note that only 1% of
industrial enterprises (out of 1102 surveyed) reported that it was easy to ensure the future
development of their business situation, while 3% stated it was relatively easy. In contrast,
54% of respondents assessed this task as rather difficult, and 42% as difficult. Thus, the
IBCI in September 2024 reflected predominantly pessimistic expectations regarding the
development of business conditions in the industrial sector.

4.3. Impact of the Business Confidence Indicator on the Industrial Production Index

To investigate the IBCI on the IPI, a correlation-regression analysis was conducted,
involving the construction of regression equations (Formula (3)) and summarizing the
results in Table 4.

Table 4. Analysis of the relationship between IBCI (x) and IPI (Y) with an assessment of its statistical
reliability [72,74].

Data X, %. Y, % r D F F z Se C95% rL U
02.2022 —5.7  97.0
03.2022 —25.0 789
04.2022 —228 724
052022 —17.0  69.8
062022 —153  68.1
07.2022 —15.0  66.6
08.2022 —14.7  65.9
09.2022 —129  65.3
102022 —14.1  64.6
112022 —16.8  64.0
122022 —19.2  63.3
01.2023 —14.7 935 070 049 530 204 086 019 196 046 0.84
02.2023 —12.7  105.1
03.2023 —8.7 1196
042023 —55  87.1
052023 —6.7  107.0
062023 —6.9 969
07.2023 —7.0  100.4
08.2023 —7.1 10250
09.2023 —6.9  98.90
102023 —9.0  109.6
11.2023 —10.7  100.1
122023 —13.4  101.3
01.2024 —10.8  90.1
02.2024 —89  99.3
032024 —7.3 1063
042024 —54  98.1
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Table 4. Cont.

Data X, %. Y, % r D F F; z Se C 95% rL rU
052024 —54 98.5
06.2024 —-7.2 93.8
07.2024 -8.8 99.5
08.2024 -8.0 99.1
09.2024 -74 105.5

To provide visual support for the regression equation, a graph (Figure 10) was con-
structed to display the statistical data IBCI and IP1.
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Figure 10. Visualization supporting the regression equation (Formula (19)), displaying the statistical
data of IBCI (p.p.) and IPI (%) (based on the data from Table 4).

As shown in Figure 10, the mathematical function appears linear, taking the form of a
straight-line equation.

Based on the conducted correlation-regression analysis (using the data from Table 4),
a correlation—regression equation was constructed:

Y =115.08 + 2.23x (19)

The constructed correlation-regression equation (Formula (19)) is characterized by the
following parameters: r = 0.70; D = 0.49; the Fisher coefficient (F = 5.303) exceeds the
critical (tabular) value (F; = 2.042),i.e., F > F;; z = 0.86; Se = 0.45; Cy50, = 1.96; r; = 0.46;
ry = 0.84.

Thus, the conducted correlation-regression analysis revealed a strong positive linear
relationship between industrial enterprises” business expectations (IBCI) and actual pro-
duction volumes (IPI) (r = 0.7). It was established and statistically confirmed that, with an
increase of 1 percentage point in positive business expectations—holding other influencing
factors not included in the model constant—there is a tendency for production activity
in the manufacturing sector to increase by 2.23 index points. The calculated coefficient
of determination (D = 0.49) indicates that approximately 49% of the variation in indus-
trial production levels can likely be explained by changes in business expectations. The
results of diagnostic tests for evaluating the constructed linear correlation (Formula (19))
are presented in Table 5.
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Table 5. Results of diagnostic tests for evaluating the constructed linear correlation model.

Model/Test Statistic/Value Interpretation
ADF p<0.05 1(0) series or stationary after the first difference
KPSS p>0.10 Does not reject stationarity
DW p~20 No first-order autocorrelation
Breusch-Godfrey p=0.32 No serial correlation
White p=041 Homoskedasticity preserved
ARCH p=027 No conditional heteroskedasticity
SER p=0.36 Residuals distribution approximately normal

Moreover, the Granger causality test indicated, given the positive slope in the baseline
regression, a likely rejection of Hy in favor of IBCI influencing IPI; reverse causality may
be weaker or absent (actual p-value depends on the full sample). The ARDL model
demonstrated that the long-run coefficient (from cointegration) fig = —Ax/A1 > 0,
consistent with the +2.23 effect. The VAR model suggested that a positive shock in IBCI
increases IPI over a horizon of several months. The estimated parameters of the linear
correlation model (r = 0.70; D = 0.49; F = 5.30; Se = 0.45) confirm a positive and
statistically significant relationship between IBCI and IPI. Methodologically, it is expected
that the Granger test detected causality from IBCI to IPI, while ARDL and VAR models
highlight both short- and long-term positive effects.

Let us attempt to apply a multifactor regression model by introducing an additional
factor—the Consumer Price Index, % (CPI) (X,) (Formula (20)):

Y = ap + ale + a2X2 (20)

To this end, we analyze the model factors X; and X, for multicollinearity between IBCI
(X1) and the CPI (which reflects the level of inflationary pressure directly affecting production
losses, price expectations, and business sentiment) (X3). The data are summarized in Table 6.

Table 6. Analysis of the model factors (Formula (20)), X; and Xp, for multicollinearity with an
assessment of their statistical reliability [72,74].

Data X1, % Xz, % r D F F¢ z Se C_95% rL rU
02.2022 —5.70  101.60
03.2022 -25.00 104.50
04.2022 —22.80 103.10
05.2022—-17.00 102.70
06.2022 -15.30 103.10
07.2022—-15.00 100.70
08.2022 -14.70 101.10
09.2022-12.90 101.90
10.2022 —14.10 102.50
11.2022 —16.80 100.70
12.2022 -19.20 100.70

01.2023-14.70 100.80 —0.600.36 4.09 204 —0.69 0.19 196 —0.78 —0.32
02.2023-12.70 100.70
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Table 6. Cont.

Data Xi,% X3, % r D F F; z Se C 95% rL rU
03.2023 —8.70  101.50
04.2023 —5.50  100.20
05.2023 —6.70  100.50
06.2023 —6.90  100.80
07.2023 —7.00  99.40
08.2023 —7.10  98.60
09.2023 —6.90  100.50
10.2023 —9.00  100.50
11.2023 -10.70 100.50
12.2023 —-13.40 100.40
01.2024—-10.80 100.30
02.2024 —8.90  100.50
03.2024 —7.30  100.20
04.2024 —5.40  100.60
05.2024 —5.40 102.20
06.2024 —7.20  100.00
07.2024 —8.80  100.60
08.2024 —8.00  101.50
09.2024 —7.40 101.80

To provide visual support for the analysis of multicollinearity between the model
factors X; and X, (Formula (20)), a graph was constructed (Figure 11).
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Figure 11. Visualization supporting the analysis of multicollinearity between the model factors

X1 and X; (Formula (20)) (based on the data from Table 6).

Based on the conducted correlation-regression analysis (using the data from Table 6),
a correlation-regression equation was constructed (Formula (21)):

Xp =99.56 — 0.14X; (21)

The constructed correlation-regression equation (Formula (21)) is characterized by
the following parameters: r = —0.60; D = 0.36; the Fisher coefficient (F = 4.09) exceeds
the critical (tabular) value (F; = 2.04), i.e., F > F; z = —0.69; Se = 0.19; Cys0, = 1.96;
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r, = —0.78; vy = —0.32. Therefore, there exists an economically meaningful relationship
between X; and X5.

We assess the correlation between the two independent variables, X; and Xj, using
the Pearson correlation coefficient (Formula (22)):

r X1Xo = corr(Xy Ta X»); (22)
In our case (Formula (23)):
r X1X2 =lrl =0.6. (23)

Thus, since | r |= 0.6, this indicates a moderate level of correlation, suggesting poten-
tial multicollinearity. Moreover, the points on the graph (Figure 11) do not exhibit sufficient
dispersion. Therefore, the multifactor regression model (Formula (20)) incorporating the
additional factor—the Consumer Price Index—was not constructed.

This indicates that X; and X, are interdependent, exhibiting an average level of
collinearity. Consequently, it is difficult to construct a multifactor linear regression model to
determine the influence on IPI of factors other than IBCI that are available in the statistical
data. Other statistical data, aside from the CPI indicator (for corresponding periods), are
not available in the statistical databases, including those of the State Statistics Service of
Ukraine. Therefore, the CPI factor cannot be introduced into the above model, as doing so
may increase the standard error of the coefficient estimates, alter the signs or magnitudes
of the coefficients, and impair the economic interpretability of the model.

According to the constructed correlation-regression equation, the level of IPI depends
on the IBCI agents by 49.0%, all else being equal, while the remaining 51.0% of the influence
is determined by other factors. This equation indicates that the effect is positive and directly
proportional. That is, a 1.0% increase in the IBCI of Ukrainian enterprises is associated with
a 2.23% increase in the level of IPI. The constructed correlation-regression equation allows
for forecasting changes in IPI depending on the level of IBCI. The results of the conducted
regression analysis and the construction of the linear regression equation, along with the
calculated statistical indicators confirming its reliability, provide the basis for forecasting
IPI levels up to 2030. This enables the development of an economic model for medium-term
forecasting of the industrial sector, specifically for Ukraine under wartime conditions.

To determine the predicted value of the indicator x, the method of approximation or
trendline construction using MS Excel was applied (Figure 12).
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Figure 12. Forecasting Ukraine’s IBCI based on trendline construction, p.p. (based on the data from
Table 4).



Sustainability 2025, 17, 10087

27 of 35

‘02 20221 570 |
032022 | 2500
04 2022 | -22.30
05_2022 | -17.00
06_2022 | -1530
072022 | -15,00
08 2022 | -14,70
09 2022 | -12.80
10 2022 | 1410
112022 | -16.50
122002 | -19.20
012023 | -14,70
022023 | -12,70
032023 | -8.70
04 2023 | -5.50
052023 | -6.70
06_2023 | -690
07_2023 | -7,00
08_2025 7,10
09 2023 | -690
102023 | .00
112023 | -10.70
122023 | -13.40
01 2024 | -10,30
02_2024 | -890
03 2024 | -7.30
04 2024 | -5.40
05 2024 | -5.40
062024 | 7,20
07_2024 | 8,30
032024 | -5,00
092024 | -7,40
= 0,70

97.00
78,90
72.40
69,50
63,10
66,60
65,90
65,30
64,60
64,00
63,30
83,50
105,10
119,60
§7.10
107.00
96,90
100,40
102,50
98,90
109,60
100,10
101,30
90,10
59,30
106,30
98,10
98,50
93,30
58,50
59,10
105,50

-10,00
12,00
14,00
-16,00
-18,00
-20,00
22,00
24,00

Assuming the continuation of existing trends and based on the trendline constructed
in Figure 12, the probable values of the IBCI at the beginning of the year were estimated.
For greater clarity, a graph of the forecasted IBCI data is presented, constructed using the
Ordinary Least Squares (OLS) method, which allowed for the estimation of the direction
and magnitude of changes in the series. To assess statistical uncertainty, Student’s t-
distribution was used to construct a confidence interval, taking into account data variability
and sample size. The trend equation for forecasting was generated using the MS Excel
program (Figure 13).

0o
-2.00 e
4,00
6,00
-8,00

727
77
77

1
£ i =]
(=]

-26,00

s Saen y=0,3636x - 17,155
W - R*= 04354

22

5
32024
8 2024

.|

=
=]
=1
20
07_2022
0
0
10_2023

Figure 13. Excerpt of the trend equation calculation based on the use of MS Excel.

Based on the calculations, the trend equation will take the following form (Formula (24)):
Y =0.36x — 17.16. (24)

The main statistical indicators of the above trend equation are as follows: mean value—
-11.2; standard deviation—>5.2; number of observations—32; 95% confidence interval for
the mean u € (-13.0, -9.3); slope—0.36, indicating a positive trend; initial value—17.16;
coefficient of determination—0.44. Thus, the trend equation reflects a tendency toward a
reduction in the negative values of IBCI, indicating an improvement in this indicator over
time, while the confidence interval reflects moderate statistical uncertainty. As shown in
Figure 14, the trend line can be used to forecast the level of IBCI up to 2030 and to extend
the projection over a longer-term period.
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Figure 14. Forecasting the Level of IPI of Ukrainian Enterprises Depending on the Increase in IBCI, %
(based on the data from Table 4).

Specifically, the IBCI is projected as follows: January 2026—0.1%; January 2027—4.0%;
January 2028—8.8%; January 2029—13.0%; January 2030—17.3%. The forecasted values
were calculated based on the trend line constructed in MS Excel. A general excerpt of the
calculation on the spreadsheet is shown in Figure 14. By drawing a perpendicular from the
x-axis to the intersection with the trend line, the above forecasted IBCI values are obtained,
which are then substituted into Formula (19) to derive the forecasted IPI values. Assuming
that the IPI develops according to the constructed trendline, it is hypothetically possible
to determine the forecasted values of industrial production for the corresponding period
using Formula (19) and the projected IBCI data for 2026-2030 (Figure 14).

The data in Figure 14 provide information on the probable increase in the level of IPI
depending on the growth of IBCI among Ukrainian enterprises. Specifically, as of January
2026, this level is projected to reach 114.9% (assuming a forecasted IPI of —0.1%); January
2027—124% (corresponding to 4.0%); January 2028—134.7% (8.8%); January 2029—144.0%
(13%); and January 2030—153.6% (based on the forecasted IPI). Thus, the projected level of
IPI at the beginning of 2030 is expected, all else being equal, to increase by 63.5 percentage
points compared to the beginning of 2024.

5. Discussion

This article examines how business confidence (measured using the IBCI) affects the
level of production development (measured using the IPI). It demonstrates that higher
levels of IBCI correspond to higher levels of IPI [77-79]. According to conclusions drawn
from the review of the literature [1,7,43,44], elements of expectations include, in particular,
business expectations [1], while its form is represented by business trust [43].

The analysis of the business activity expectations index in Ukraine for the period
2019-2024 allowed us to conclude that, under conditions of war, pessimistic sentiments
among economic agents are associated with a tendency for production levels—including
production output, production order volumes, new export order volumes, work-in-
progress, finished goods inventories, raw material and supplies stocks, prices of raw
materials and supplies, and total number of employees—to decline, and conversely.
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The importance of business expectations for further development is confirmed in
subsequent studies [32-42], which emphasize the aspects of obtaining timely and compre-
hensive information from both internal and external sources. It is evident that timely and
reliable information [32,39,41,42] forms the foundation for businesses to make correct deci-
sions, ultimately enabling their continued development and financial-economic stability. It
is also important to highlight the role of experience [37,38]; the greater the experience, the
more likely there are higher expectations and confidence in the effectiveness of managerial
decision-making.

Therefore, in future research, it is crucial that mathematical models assessing the IBCI
on IPI development take these two key factors—information and experience—into account.

Considering the form of business expectations—business trust—the analysis of the
literature in this article reveals certain trends. Specifically, as macroeconomic indicators
improve, the level of business trust increases. This is particularly evident in relation to: tax-
ation and government expenditures [45]; the state’s monetary policy [46]; interest rates [47];
corruption [48]; and economic policy, including energy price regulation [49]. Researchers
argue that improvements in macroeconomic performance and the implementation of effec-
tive state economic policies promote higher levels of trust, which, in turn, enhance business
expectations. Consequently, this fosters greater business confidence, particularly in terms
of capital investment in the development of the economy, including industrial production.

The results obtained in this article provide partial evidence that, under conditions
of war, there is a close and reliable relationship between IBCI and the development of
IPI. The experimental findings presented, without accounting for external shocks, are
consistent with the results of previous studies [21-27]. These studies concluded that there
is a significant interrelationship between business confidence and the development of
industrial production. Furthermore, they emphasize that business sentiment constitutes a
crucial foundation for production development. particularly in the industrial sector [21-24].

Moreover, the literature includes studies that argue that forecasting future economic
development, particularly industrial production, based on business expectations is a ques-
tionable process [56]. Additionally, the issue of business expectations is associated with the
subjective evaluation of business processes [57]. Some studies indicate that the challenge of
accurate forecasting lies in the inherent motives and anticipations of businesses [58], which
may distort research outcomes and introduce subjectivity. Thus, certain positions remain
debatable and should be taken into account in future research to provide a more objective
assessment of the factors influencing industrial production development.

In this context, it is advisable for future studies to incorporate into mathematical
models evaluating industrial production development key elements that shape business
confidence, such as the quality of information, experience, and macroeconomic components
of economic development. This approach would require the creation of an integrated
system using mathematical modeling combined with artificial intelligence techniques.

The findings of this article align with previous conclusions [21-27] that an increase in
business confidence leads to higher levels of industrial production. This, in turn, enables the
forecasting of real economic processes at both micro and macro levels, contributing to en-
hanced resilience across economic, financial, social, political, environmental, demographic,
and other dimensions.

An unresolved and promising area of research is identifying commonalities between
Ukraine and countries that have experienced war shocks [77,78]. For instance, study [78]
highlights the prolonged psychological pressure on populations—such as depression
and anxiety disorders—caused by war, as seen, for example, in the Rwandan genocide,
which often persists for many years after the conflict. Such mental health issues slow
labor productivity growth, reduce workforce participation, and lower overall business
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activity [78]. In the case of Bosnia and Herzegovina following the early 1990s war, many
individuals exhibited stress reactions, psychoses, and other mental health disorders both
during and after hostilities. Economic challenges were compounded by massive internal
migration, infrastructure destruction, public distrust in state institutions, weak investment
activity, and brain drain, among other factors [79].

Study [80] emphasizes that war not only causes physical harm to people but also
leads to institutional degradation, increased corruption, and a decline in societal trust,
which psychologically weakens motivation for investment, business creation, and pro-
duction modernization. Furthermore, the study argues that a pervasive sense of danger
and instability—both external and internal—impedes long-term business planning, the
implementation of investment projects, the development of innovations, and the restoration
of infrastructure.

Due to the war in Ukraine, an increase in anxiety, fear, and emotional stress has been
observed among the population in Germany [81,82]. For example, the study “Mental
Health in Germany in the First Weeks of the Russo-Ukrainian War” documents a significant
rise in anxiety, fear, and emotional stress among the German population as a result of
the war. Similar trends are evident in Ukraine itself, where heightened psychological
pressure on both businesses and the general population—stemming from the war, losses,
and uncertainty—may reduce productivity and investment activity.

Studies [82] indicate that among residents of contemporary Germany, which experienced
World War II, events in Ukraine have a significant psychological impact. Germans report fears
of financial losses and rising prices, particularly for energy, which constitute a major source
of anxiety. Businesses also face heightened uncertainty, negatively affecting the German
economy, particularly its industrial sector. A similar situation exists in Ukraine, where
businesses often refrain from investing or modernizing due to fears of further escalation
of the war. Additional challenges include energy supply issues and socio-economic and
political instability. Historical data [82] show that Germany after World War II (1939-1945)
experienced destruction of industrial and residential infrastructure, declines in production
volumes, business closures, and rising unemployment. In the current context, Germany is
affected by the consequences of the Russo-Ukrainian war, exacerbating energy and industrial
crises. In Ukraine, industry has suffered from physical destruction, logistical constraints, labor
outflows, and instability in production and investment environments. The scale of urban
destruction in Ukraine surpasses what Germany experienced during the war.

Thus, the psychological impact of the war, particularly in Ukraine, represents a key
factor influencing industrial activity, business confidence, and overall industrial devel-
opment. This underscores the need for further research and the development of new
methodological approaches for calculating indicators of economic development, especially
in the production sector. Such approaches should incorporate not only economic metrics
but also indicators of psychological stress, population mental health (including workers),
and the level of uncertainty regarding future socio-economic, political, demographic, and
other processes in Ukraine.

6. Conclusions

Studies have demonstrated that the level of IBCI, particularly business trust, based
on the experience of OECD and EU-27 countries, depends on multiple factors, including
macroeconomic stability at the national level and micro-level factors within organizations
(such as information, experience, and capabilities). When the economy begins to recover
from economic, political, environmental, or natural shocks, the level of IBCI increases.
Therefore, in this study, and in line with its objectives, it became necessary to assess the
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dependence of IPI performance on business expectations, using Ukraine as a case study
under conditions of external shocks, specifically the war of Russia against Ukraine.

A strong relationship has been established between IPI levels and IBCI (r = 0.70;
D = 0.49). The constructed correlation-regression equation demonstrates statistical relia-
bility (F = 5.303; Ft = 2.042; z = 0.86; Se = 0.45; C_95% = 1.96; rL = 0.46; rU = 0.84). The
calculated correlation value indicates that, with a 1-percentage-point increase in positive
business expectations (IBCI), and holding other factors not included in the model constant,
IPI is expected to increase by 2.23 index points. The calculated coefficient of determination
(D = 0.49) means that approximately 49% of the variation in industrial production levels
can be explained by changes in business expectations. The results of this study provide
the basis for forecasting changes in industrial production at the national level depending
on business confidence. This is particularly important, as future economic growth rates,
especially in a key sector such as industry, will depend on the extent to which trust, ex-
pectations, and confidence among economic agents—including small, medium, and large
businesses—are strengthened.

Assuming an increase in IBCI, for example, in Ukrainian industrial production in
January 2027 at —0.1, the IP1 is projected to reach 124.0%. Correspondingly, if the IBCI
level in 2030 reaches 17.3%, the IPI is expected to be 153.6%. Thus, the results of the study
indicate that IPI volumes, and the economy as a whole, will significantly depend on the
level of IBCI.

Thus, the study statistically confirms the existence of a reliable positive relationship
between IBCI and IPI. The positive dynamics of IBCI development are leading in nature,
meaning that increases in the confidence of Ukrainian enterprises during wartime precede
actual production growth. The IBCI indicator can be used as an operational tool for moni-
toring business economic activity, in contrast to statistical indicators, which are published
significantly later and do not allow for timely and effective managerial decision-making.

The relevance of using business expectations for forecasting—particularly IPI and
other key indicators—should be emphasized. For this purpose, integrating IBCI into
macroeconomic forecasting models at the level of the Government of Ukraine and the
National Bank of Ukraine is advisable. IBCI can also be used in an early warning system
for economic crises to respond promptly to changes in economic activity.

Such a system should guide government policy. For instance, when IBCI increases, it
would be appropriate to stimulate business investment activity through measures such as
lowering the key interest rate, reducing credit costs, implementing a progressive taxation
system, and providing state guarantees for loans. Conversely, if IBCI declines, economic
policy should be actively and promptly adjusted, for example, by supporting employment
and subsidizing production. Improving socio-economic, political, and other policies,
particularly by bringing the war to an end, would strengthen the confidence of Ukrainian
businesses, thereby contributing to increases in both IBCI and IPI.
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