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Abstract: This study evaluates the impact of structural changes in exports and imports on GDP dynamics within the 

context of the Fourth Industrial Revolution (4IR), contrasting these effects with those observed during the 

Third Industrial Revolution. Using World Bank data for 1970-2021, the analysis shows that global trade 

peaked in 2008 at 61.43% of world GDP, followed by a gradual shift toward deglobalization driven by trade 

wars and import substitution policies. A comparative methodological approach is applied to examine GDP 

growth trajectories in relation to changes in the shares of exports and imports in GDP. The findings confirm 

that GDP growth rates are significantly influenced by both countries’ income levels and structural trade 

shifts. The study demonstrates that 4IR amplifies GDP growth when export expansion outpaces import 

growth, while also increasing the volatility of GDP responses to structural changes in trade flows. Income-

specific patterns are identified: low- and lower-middle-income countries tend to benefit from export-led 

substitution strategies, whereas upper-middle- and high-income countries gain more from balanced trade 

expansion. Future research will focus on exploring the role of artificial intelligence in shaping global 

economic growth. 

1 INTRODUCTION 

Today, the global economy is undergoing a rapid 

transition toward digital and smart technologies. 

This transition drives the intensification of digital 

transformation processes across modern ecosystems 

in the era of the Fourth Industrial Revolution (4IR), 

powered by information systems as well as digital 

and intelligent technologies [1] - [4].  

Artificial intelligence, machine learning, 

blockchain, the Internet of Things, big data 

analytics, augmented and virtual reality, cloud 

computing, robotics, and digital twins are reshaping 

the rules of doing business and transforming how 

companies interact with customers and various 

stakeholder groups. 

The digital economy has evolved from Industry 

3.0 to Industry 4.0, which is characterized by 

qualitatively new features. Traditional companies 

are no longer the central actors in economic reality; 

instead, a new economic entity has emerged – the 

digital ecosystem. This stage of digital economic 

transformation involves integrating digital and smart 

technologies, innovative solutions, and advanced 

management approaches into all areas of activity. 

Such technological change requires companies to 

fundamentally transform their operations, customer 

relationships, and strategic management models. 

These transformations contribute to the 

modernization and reorganization of business 

processes and business models within the Industry 

4.0 paradigm. 

It should be emphasized that the development of 

4IR is closely interconnected with the evolution of 

global trade processes. From the standpoint of 

Schumpeterian economic theory, the Great 

Recession of 2007-2008 can be interpreted as a 

841 

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), December 2025



“positive disruption” and as a marker of the 

transition from the Third to the Fourth Industrial 

Revolution. 

Statistical analysis shows that in 2008, total 

exports and imports reached their maximum relative 

value of 61.43% of world GDP for the entire 1970-

2021 period. After this point, the long-term upward 

trend in global trade – stable since the mid-1980s – 

was disrupted (Fig. 1) [5] - [7]. A new global trend 

began to emerge: deglobalization, marked by trade 

wars, reindustrialization, and import substitution. 

The synchrony between the onset of 4IR and the 

reversal of world trade dynamics suggests a 

hypothesis that the former may have influenced the 

latter. 

Given this context, the present article examines 

the impact of global trade (including structural 

import substitution processes) on changes in GDP 

dynamics under the conditions of the Fourth 

Industrial Revolution. 

2 LITERATURE REVIEW 

Over the past decade, issues related to the 

development of the Fourth Industrial Revolution 

(4IR) have attracted considerable scholarly 

attention [8]-[16]. At the same time, the question of 

when the 4IR actually began remains open. There is 

no universal criterion for its determination, which is 

not surprising, as any historical periodization is 

inherently conditional. The boundaries between the 

First, Second, and Third Industrial Revolutions are 

also blurred. 

By early 2016, however, the concept of the 

Fourth Industrial Revolution had already been 

clearly articulated, as evidenced by such 

publications as Industry 4.0 [17] and The Fourth 

Industrial Revolution [18]. This suggests that the 

processes identified by these authors had begun 

somewhat earlier.  

As T. Philbeck and N. Davis noted, “the idea of 

4IR is often taken to be a synonym for ‘Industry 

4.0’, an initiative that emerged in Germany between 

2011 and 2015, focusing on the application of digital 

technologies to manufacturing. 

These two terms are not unrelated, but they 

describe different things. Industry 4.0 is an 

important component within the larger framing of 

4IR, with its narrower, vital focus on the relationship 

between digitalization, organizational 

transformation, and productivity enhancement in 

manufacturing and production systems” [17]. During 

this period, a symbolic shift occurred in 2012, when 

a technology company (Apple) became the world’s 

most valuable firm, surpassing ExxonMobil for the 

first time [20]. 

Industry 4.0Industry 3.0

Figure 1: Exports and imports relative to world GDP in 1970-2021, %. Built on data [5] - [7]. 
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This trend has only intensified. By mid-2024, the 

world’s five most valuable companies were all 

technology firms (Microsoft, Apple, NVIDIA, 

Alphabet (Google), Amazon), with a combined 

market capitalization of nearly 14 trillion dollars. 

Meanwhile, ExxonMobil, once the leader, had fallen 

to 17th position [20]. 

The large-scale diffusion of new technologies 

has historically been associated with the 

redistribution of global economic power. During the 

transition from the Second to the Third Industrial 

Revolution, for example, leadership shifted from 

Great Britain to the United States. 

Recent scholarship frequently employs such 

concepts as artificial intelligence, cyber-physical 

systems, big data, Industry 4.0, Industry 5.0, open 

innovation, Society 5.0, and the super-intelligent 

society. The transition from Society 4.0 to Society 

5.0 is expected to be driven by the implementation 

of Internet of Things technologies, robotics, and big 

data, transforming society into an integrated smart 

environment (Society 5.0). The concept envisions 

the adaptation of services and industrial activities to 

the real needs of individuals, as well as the 

development of advanced digital platforms 

integrated into all spheres of life. 

Researchers also emphasise that Industry 5.0 

should not be viewed as a new industrial revolution 

but rather as an extension of Industry 4.0 

technologies, achieved through increased 

collaboration between humans and intelligent 

machines. Within Industry 5.0, the nine core 

elements of Industry 4.0 are expanded by placing 

creativity and human well-being at the centre of 

industrial systems, thus combining the efficiency of 

machine technologies with human ingenuity. 

A growing number of publications indexed in 

leading scientometric databases address these 

themes [21]-[28]. These works explore key 

characteristics and challenges for producers in the 

age of Industry 4.0 and 5.0, assess innovative 

models of adaptability for modernisation, and 

discuss long-term evolutionary trajectories such as 

the transition from Industry 4.0 to Nature 4.0 within 

the broader context of Society 5.0. 

Some scholars also examine the relationship 

between 4IR development, global trade, and GDP. 

However, a search conducted in the Scopus database 

for 2009–2024 revealed only 12 publications that 

simultaneously addressed the keywords “Global 

Trade”, “Gross Domestic Product”, and “Industry 

4.0/4IR/Fourth Industrial Revolution”. The most 

frequently used keywords in the retrieved 

publications include: Gross Domestic Product, 

International Trade, Global Trade, Climate Change, 

Innovation, Environmental Impact, Urbanisation, 

and Theoretical Models. 

The institutions most actively engaged in 

research on this topic include University College 

London; Tsinghua University; The Bartlett Faculty 

of the Built Environment; the International Institute 

for Applied Systems Analysis (IIASA); the 

Collaborative Innovation Center for Emissions 

Trading System; University of East Anglia; 

Univerzita Hradec Králové; Agricultural Research 

Council (Pretoria); the Ministry of Education of the 

PRC; and Zhejiang University. Most contributing 

authors are affiliated with China, the United 

Kingdom, the United States, Austria, Canada, the 

Czech Republic, Japan, Poland, South Africa, South 

Korea, and Switzerland. Notable contributions 

include works by M. Burri & T. Cottier [29]; 

C. M. T. Johnston & J. Buongiorno [30]; Y. Sun

et al. [31].

Major funding organisations supporting research 

on the relationship between global trade and GDP in 

the context of Industry 4.0 include the National 

Natural Science Foundation of China; the UK 

Department for Business, Energy and Industrial 

Strategy; the Environmental Restoration and 

Conservation Agency; the Fundamental Research 

Funds for the Central Universities; the Japan Society 

for the Promotion of Science; the Ministry of 

Education, Culture, Sports, Science and Technology 

(Japan); the National Office for Philosophy and 

Social Sciences; the Natural Environment Research 

Council; the Science and Technology Research 

Partnership for Sustainable Development; and 

Zhejiang University. 

Another group of scholars analyses the impact of 

structural changes in import substitution on GDP 

dynamics and economic growth. Among them are 

M. P. Abreu, S. A. Bevilacqua & M. D. Pinho [32];

A. R. Adewale [33]; J. A. Datas-Panero [34];

D. Irwin [35] - [36]; and A. Mendes, M. Bertella &

R. Teixeira [37]. The problem of import substitution

is particularly relevant in developing countries such

as Pakistan, Indonesia [38], Chile [39], and Nigeria

[40] - [41]. For instance, researchers in Nigeria

argue that “the strategy of import substitution is

relevant for rapid industrialization in the country”

[40].

Despite these contributions, comparative studies 

analysing GDP growth trajectories against the 

backdrop of structural changes in export and import 

shares remain limited. Existing research 

predominantly focuses on the relationship between 

economic growth and the expansion of international 
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trade, while import substitution is usually examined 

solely within industrial sectors, overlooking the 

service sector. Moreover, few studies approach this 

issue from the standpoint of the macroeconomic 

structure of GDP, and the structural nature of import 

substitution remains largely understudied. 

The transition to the Fourth Industrial Revolution 

has fundamentally reshaped global value creation, 

altering both the structure and geography of 

international trade. Digitalisation, artificial 

intelligence, automation, and advanced data 

analytics have enabled new forms of production, 

logistics, and services that diverge significantly from 

the patterns characteristic of Industry 3.0. Recent 

studies highlight that 4IR technologies reduce 

information asymmetries, improve supply chain 

efficiency, encourage reshoring and nearshoring, and 

stimulate the rapid expansion of digital services 

trade. These technological shifts influence the 

elasticity of GDP growth with respect to export and 

import dynamics, increasing both the speed and 

volatility of structural adjustments. 

AI-driven supply-chain optimisation reduces 

transaction costs and supports more efficient 

resource allocation, enabling firms to adjust import 

needs and diversify export markets. Automation 

reduces dependence on offshore manufacturing, 

contributing to partial reindustrialization in high-

income economies. Meanwhile, digital platforms 

and cloud-based services accelerate the growth of 

intangible exports, creating new sources of value for 

advanced economies while intensifying competition 

for middle-income countries. Consequently, the 

relationship between structural trade changes and 

GDP growth has become increasingly heterogeneous 

across income groups, reinforcing the need for 

differentiated empirical assessment. 

In this regard, the structure of the present study 

involves two key stages: (1) demonstrating that GDP 

dynamics follow different trajectories depending on 

structural changes in the export and import shares of 

GDP; and (2) comparing GDP growth rates during 

the emergence of 4IR with the period dominated by 

the Third Industrial Revolution. 

Therefore, the purpose of this study is to assess 

changes in GDP dynamics in the context of 

structural shifts in exports and imports during the 

development of the Fourth Industrial Revolution. 

3 METHODOLOGY 

Although this study relies on descriptive and 

comparative methods rather than regression 

modelling, such an approach is appropriate for 

analysing long-term structural trends over 1970–

2021. Conducting regression analysis would require 

harmonised global panel data on structural breaks, 

technological adoption rates, and institutional 

differences – datasets that extend beyond the scope 

of this research. Instead, the comparative structural 

approach employed here allows the authors to 

identify generalisable patterns across income groups 

and industrial eras. This methodological choice is 

consistent with existing macro-comparative studies 

on long waves of technological change and global 

trade restructuring. 

Traditionally, import substitution has been 

viewed as an instrument of industrialisation and 

economic growth. However, the key methodological 

challenge concerns how to “record” the occurrence 

of import substitution. At the micro level, this 

process is straightforward: goods and services 

previously produced or purchased abroad are 

subsequently produced and purchased domestically. 

At the macroeconomic level, however, this process 

is far less transparent. 

Based on the classical expenditure approach to 

GDP: 

𝑌 = 𝐶 + 𝐼 + 𝐺 + 𝐸𝑥 − 𝐼𝑚, (1) 

where 𝑌 – Gross Domestic Product (GDP), 𝐶 – 

consumption, 𝐼 – investment, 𝐺 – government 

spending, 𝐸𝑥 – export, 𝐼𝑚 – import.

At first glance, one might argue that, ceteris 

paribus, a decrease in imports should lead to an 

increase in GDP, and thus the maximisation of GDP 

would occur when imports approach zero and 

exports reach a maximum. However, this 

proposition is incorrect; the optimum exists under 

entirely different structural conditions. 

Changes in the absolute values of imports also do 

not allow us to determine whether import 

substitution has occurred. For instance, a 

simultaneous decrease in both exports and imports 

cannot be interpreted as import substitution. 

Therefore, it is more appropriate to consider relative 

indicators – namely, changes in the shares of exports 

and imports in GDP. 

Let us examine (1) at two moments in time, 𝑡 and 

𝑡 + 1: 

𝑌𝑡 = 𝐶𝑡 + 𝐼𝑡 + 𝐺𝑡 + 𝐸𝑥𝑡 − 𝐼𝑚𝑡 , (2)

𝑌𝑡+1 = 𝐶𝑡+1 + 𝐼𝑡+1 + 𝐺𝑡+1 + 𝐸𝑥𝑡+1 − 𝐼𝑚𝑡+1, (3)
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GDP growth between periods is defined 

as: 

𝑦𝑡+1 =
(𝑌𝑡+1 − 𝑌𝑡)

𝑌𝑡
, (4) 

Export and import shares in GDP at time 𝑡: 

𝑒𝑥𝑝𝑡 =
𝐸𝑥𝑡

𝑌𝑡
, 

(5) 

𝑖𝑚𝑝𝑡 =
𝐼𝑚𝑡

𝑌𝑡
, 

(6) 

Changes in export and import shares:

∆𝑒𝑥𝑝𝑡+1 = 𝑒𝑥𝑝𝑡+1 − 𝑒𝑥𝑝𝑡, (7) 

∆𝑖𝑚𝑝𝑡+1 = 𝑖𝑚𝑝𝑡+1 − 𝑖𝑚𝑝𝑡 (8) 

Thus, the main hypothesis of this study is that the 

GDP growth rate (𝑦𝑡+1)  depends on changes in

exports and imports in GDP structure (Table 1).  

In this research, a strong quantitative criterion of 

import substitution is defined as a decrease in the 

import share in GDP accompanied by an increase in 

the export share. A weak quantitative criterion is 

defined as a decrease in both import and export 

shares in GDP, with the decrease in imports 

exceeding the decrease in exports. 

The statistical basis of the study consists of 

World Bank data:  

1) Exports of goods and services (% of GDP) [5];

2) Imports of goods and services (% of GDP) [6];

3) GDP growth (annual %) [42];

4) World Trade Statistical Review 2021 [7].

Data extraction and pre-processing were

performed using a Python-based program capable of 

analysing large datasets, visualising trends, applying 

machine learning techniques, and automating data-

processing routines. 

The principal method applied in this study is 

comparative analysis. It is used to compare GDP 

dynamics under conditions of structural changes in 

export and import shares. The analytical logic 

progresses from general global patterns to specific 

income-group trajectories.

Table 1: Options for structural import substitution (changes in exports and imports). 

Option 
In the GDP structure Description of the option from the perspective 

of import substitution Export Import 

1 Increase 

∆𝑒𝑥𝑝𝑡+1 > 0
Increase 

∆𝑖𝑚𝑝𝑡+1 > 0

1.1 The share of exports is growing faster than the share 

of imports (∆𝑒𝑥𝑝𝑡+1 > ∆𝑖𝑚𝑝𝑡+1)

Harmonious structural import substitution (by 

export) is taking place 

1.2 The share of exports is growing at the same level 

as the share of imports ∆𝑒𝑥𝑝𝑡+1 = ∆𝑖𝑚𝑝𝑡+1

The status quo is maintained 

1.3 The share of exports is growing more slowly than the 

share of imports ∆𝑒𝑥𝑝𝑡+1 < ∆𝑖𝑚𝑝𝑡+1

Structural export substitution (by import) is taking 

place 

2 Increase 

 ∆𝑒𝑥𝑝𝑡+1 > 0
Decrease 

∆𝑖𝑚𝑝𝑡+1 < 0
Active (effective) import substitution is taking 

place 

3 Decrease 

∆𝑒𝑥𝑝𝑡+1 < 0
Increase 

∆𝑖𝑚𝑝𝑡+1 > 0
Export substitution by import is taking place 

4 Decrease 
∆𝑒𝑥𝑝𝑡+1 < 0

Decrease 

∆𝑖𝑚𝑝𝑡+1 < 0

4.1 Exports are falling faster than imports in the GDP 

structure (∆𝑒𝑥𝑝𝑡+1 < ∆𝑖𝑚𝑝𝑡+1)

Passive (negative) export substitution occurs 

4.2 Imports are falling faster than exports in the GDP 

structure (∆𝑒𝑥𝑝𝑡+1 > ∆𝑖𝑚𝑝𝑡+1)

Passive (negative) import substitution is taking 

place 

4.3 Imports and exports in the GDP structure decrease 

equally (∆𝑒𝑥𝑝𝑡+1 = ∆𝑖𝑚𝑝𝑡+1)

The status quo is maintained 
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4 RESULTS 

The dynamics of import changes in the GDP 

structure, at first glance, agree with the dynamics of 

the GDP itself (Fig. 2). However, this is not the case. 

The correlation coefficient between the dynamics of 

GDP and the structural dynamics of exports 

(imports) is only 60%. The synchronicity of 

structural changes in exports and imports is observed 

only at the global level. 

Table 2 shows the number of cases of structural 

changes in exports and imports. 

Table 2: The number of cases falling into each of the 

quadrants of structural change in exports and imports. 

Export 

Import 

Decrease 

∆𝑖𝑚𝑝𝑡+1 < 0
Increase 

∆𝑖𝑚𝑝𝑡+1 > 0
Increase 

(∆𝑒𝑥𝑝𝑡+1 > 0)
1280 (16%) 2947 (36.84%) 

Decrease 

∆𝑒𝑥𝑝𝑡+1 < 0
2421 (30.26%) 1352 (16.90%) 

As presented in Table 2, in 2421 cases there is a 

trend of reduction in exports and imports. The 

largest group (2947 cases) shows simultaneous 

growth in both exports and imports, which might 

suggest overall trade expansion.  

The calculations given in Table 3 prove that the 

value of average GDP growth is significantly 

influenced by structural changes in exports and 

imports. At the same time, the greatest GDP growth 

is observed when the share of exports increases and 

the share of imports decreases. As the calculations 

show, under such conditions, the average GDP 

growth is 4.17%. Under conditions of a 

simultaneous increase in the share of exports and 

imports, the average GDP growth is estimated at 

3.98%. On average, under conditions of an increase 

in the export share and a decrease in the import 

share, as well as a simultaneous increase in both 

export and import shares, GDP growth is 4.38% and 

4.68%, respectively (Table 4). 

The highest GDP growth is observed in cases 

involving countries with upper middle income or 

high income levels and a simultaneous increase in 

the shares of exports and imports (Table 4). In these 

cases, the average annual GDP growth is 5.61%. 

Table 3: Average GDP growth under conditions of 

structural change in exports and imports, %. 

Export 

Import 

Decrease 

∆𝑖𝑚𝑝𝑡+1 < 0

Increase 

∆𝑖𝑚𝑝𝑡+1 > 0

Increase 

(∆𝑒𝑥𝑝𝑡+1 > 0)
4.17 3.98 

Decrease 

∆𝑒𝑥𝑝𝑡+1 < 0
2.75 3.72 

With a middle income level, an increase in the 

export share and a decrease in the import share, the 

average GDP growth is slightly lower but still 

significant, at 5.41%. It is important to note that for 

countries with high income or upper middle income 

levels, the maximum GDP growth is achieved with a 

simultaneous increase in exports and imports within 

the GDP structure. For other countries, with middle 

income, lower middle income, or low income levels, 

the optimal approach for ensuring economic growth 

is an increase in exports in the structure alongside a 

structural decrease in imports. 

It is also necessary to highlight that for countries 

with middle income, lower middle income, or low 

income levels, a simultaneous decrease in both 

exports and imports in the structure is more 

preferable (from the perspective of GDP growth) 

than a structural decrease in exports under 

conditions of structural import growth. For example, 

for countries with middle income, in the first case, 

GDP growth is 4.4%, while in the second, it is 

3.75%. For countries with high income or upper 

middle income levels, the situation is diametrically 

opposite. Thus, for high income countries in the case 

(∆expt+1 < 0; ∆impt+1> 0), GDP growth is 3.18%, 

while in the case (∆expt+1 < 0; ∆impt+1< 0), it is 

significantly lower, at only 1.24%. 

Thus, it can be stated that the income level and 

structural changes in exports and imports have a 

substantial impact on GDP growth, and there are 

different growth patterns for two groups of 

countries.  
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Figure 2: GDP growth, exports and imports relative to world GDP in 1970-2021, %. Built on data [5] - [7]. 

Table 4: Average GDP growth depending on the average income level under conditions of structural change in exports and 

imports, %. 

Income level 
∆𝑒𝑥𝑝𝑡+1 > 0
∆𝑖𝑚𝑝𝑡+1 < 0

∆𝑒𝑥𝑝𝑡+1 > 0
∆𝑖𝑚𝑝𝑡+1 > 0

∆𝑒𝑥𝑝𝑡+1 < 0
∆𝑖𝑚𝑝𝑡+1 > 0

∆𝑒𝑥𝑝𝑡+1 < 0
∆𝑖𝑚𝑝𝑡+1 < 0

1. High income 1.80 3.27 3.18 1.24 

2. Upper middle income 5.15 5.61 4.81 4.62 

3. Middle income 5.41 5.24 3.75 4.40 

4. Lower middle income 4.97 4.92 3.17 3.83 

5. Low income 4.54 4.38 3.04 3.68 

Average 4.38 4.68 3.59 3.55 

The first group includes countries with upper 

middle income or high income levels, while the 

second includes countries with middle income, 

lower middle income, or low income levels. The 

change in growth patterns occurs during the 

transition from middle income levels to upper 

middle income levels. 

As shown in Table 5, the scenario of a structural 

increase in exports alongside a decrease in imports is 

most typical for countries with middle income or 

lower middle income levels. It is least typical for 

countries with high income levels. 

The scenario of a simultaneous increase in the 

shares of exports and imports within the GDP 

structure is most typical for countries with high 

income levels. It is least typical for countries with 

low income levels.  

The scenario of a decrease in exports in the 

structure alongside an increase in imports is most 

typical for countries with lower middle income 

levels. It is least typical for countries with high 

income levels. 

The scenario of a simultaneous decrease in the 

shares of exports and imports within the GDP 

structure is most typical for countries with upper 

middle income levels. It is least typical for countries 

with low income levels. 

The study illustrates (Table 6) that, without 

accounting for structural changes in exports and 

imports, GDP growth was faster under the 

conditions of Industry 3.0 than under Industry 4.0 

(3.91% and 2.5%, respectively). However, the 

maximum growth during the era of Industry 3.0 

occurs in scenarios of structural export growth 

alongside a reduction in the import share within the 

GDP structure, reaching 4.46% annually. In the era 

of Industry 4.0, the emphasis shifts. The highest 

growth is observed in countries where the share of 

exports grows faster than the share of imports. 

-6,00
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2,00
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8,00
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Table 5: The Distribution of Observations by Income Level in the Context of Structural Changes in Exports and Imports 

within GDP. 

Income level 
∆𝑒𝑥𝑝𝑡+1 > 0
∆𝑖𝑚𝑝𝑡+1 < 0 

∆𝑒𝑥𝑝𝑡+1 > 0
∆𝑖𝑚𝑝𝑡+1 > 0 

∆𝑒𝑥𝑝𝑡+1 < 0
∆𝑖𝑚𝑝𝑡+1 > 0 

∆𝑒𝑥𝑝𝑡+1 < 0
∆𝑖𝑚𝑝𝑡+1 < 0 

1. High income 2 (6.9%) 31 (26.5%) 2 (10%) 16 (18.6%) 

2. Upper middle income 7 (24.1%) 25 (21.4%) 5 (25%) 23 (26.7%) 

3. Middle income 8 (27.6%) 27 (23.1%) 3 (15%) 22 (25.6%) 

4. Lower middle income 8 (27.6%) 23 (19.7%) 7 (35%) 16 (18.6%) 

5. Low income 4 (13.8%) 11 (9.4%) 3 (15%) 9 (10.5%) 

Total 29 (100%) 117 (100%) 20 (100%) 86 (100%) 

Table 6: GDP growth depending on the direction and speed of structural change in exports and imports, %. 

Option 

In the GDP structure Industry 3.0 

(before 2011) 

Industry 4.0 

(2012-2021) Export Import 

Without taking into account the structure of exports and imports 3.91 2.50 

1 Increase ∆𝑒𝑥𝑝𝑡+1 > 0 Increase ∆𝑖𝑚𝑝𝑡+1 > 0 4.07 3.60 

(1.1) The share of exports is growing faster than the share 

of imports (∆𝑒𝑥𝑝𝑡+1 > ∆𝑖𝑚𝑝𝑡+1)
4.08 3.75 

(1.2) The share of exports is growing more slowly than the share of imports 

∆𝑒𝑥𝑝𝑡+1 < ∆𝑖𝑚𝑝𝑡+1
4.06 3.50 

(1.3) The share of exports is growing at the same level 

as the share of imports ∆𝑒𝑥𝑝𝑡+1 = ∆𝑖𝑚𝑝𝑡+1

n/d n/d 

2 Increase ∆𝑒𝑥𝑝𝑡+1 > 0 Decrease ∆𝑖𝑚𝑝𝑡+1 < 0 4.46 3.09 

3 Decrease ∆𝑒𝑥𝑝𝑡+1 < 0 Increase ∆𝑖𝑚𝑝𝑡+1 > 0 4.19 1.94 

4 Decrease ∆𝑒𝑥𝑝𝑡+1 < 0 Decrease ∆𝑖𝑚𝑝𝑡+1 < 0 3.22 1.56 

(4.1) Imports are falling faster than exports in the GDP structure (∆𝑒𝑥𝑝𝑡+1 >
∆𝑖𝑚𝑝𝑡+1)

3.07 2.14 

(4.2) Exports are falling faster than imports in the GDP structure (∆𝑒𝑥𝑝𝑡+1 <
∆𝑖𝑚𝑝𝑡+1)

3.42 0.72 

(4.3) Imports and exports in the GDP structure decrease equally (∆𝑒𝑥𝑝𝑡+1 =
∆𝑖𝑚𝑝𝑡+1)

n/d 1,49* 

Notes: * one observation. 

In the most disadvantageous position during the 

era of Industry 4.0 are countries where exports fall 

faster than imports in the GDP structure. The 

average annual GDP growth in such cases is 0.72%. 

The analysis of deviations from average GDP 

growth rates shows that the transition from Industry 

3.0 to Industry 4.0 is characterized by a significant 

increase in volatility in the context of structural 

changes. Specifically, the coefficient of variation 

under Industry 4.0 more than doubled compared to 

Industry 3.0, rising from 1.39 to 3.03 percentage 

points (Table 7). 

Accordingly, the maximum positive deviation in 

the era of Industry 3.0 was 0.55 percentage points, 

while in Industry 4.0 it was 1.25 percentage points. 

The maximum negative deviations were -0.84 

percentage points and -1.78 percentage points, 

respectively. Thus, against the background of 

slowing economic growth, the role of structural 

changes in exports and imports within GDP has 

strengthened. 

5 DISCUSSION AND 

LIMITATIONS OF THE 

RESEARCH 

The empirical findings indicate that the transition 

from Industry 3.0 to Industry 4.0 has substantially 

reshaped the relationship between export–import 

structures and GDP growth. These results should be 

interpreted in the context of current research on 

digital transformation, global value chains, and 

technological restructuring. 
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Table 7: Deviation from average GDP growth depending on the structural change in exports and imports, p.p. 

Option 
In the GDP structure Industry 3.0 

(before 2011) 

Industry 4.0 

(2012-2021) Export Import 

1 Increase 

∆𝑒𝑥𝑝𝑡+1 > 0
Increase 

∆𝑖𝑚𝑝𝑡+1 > 0
0.16 1.10 

(1.1) The share of exports is growing faster than the share 

of imports (∆𝑒𝑥𝑝𝑡+1 > ∆𝑖𝑚𝑝𝑡+1)
0.17 1.25 

(1.2) The share of exports is growing more slowly than the share of imports 

∆𝑒𝑥𝑝𝑡+1 < ∆𝑖𝑚𝑝𝑡+1
0.15 1.00 

(1.3) The share of exports is growing at the same level 

as the share of imports ∆𝑒𝑥𝑝𝑡+1 = ∆𝑖𝑚𝑝𝑡+1
n/d n/d 

2 Increase ∆𝑒𝑥𝑝𝑡+1 > 0 Decrease ∆𝑖𝑚𝑝𝑡+1 < 0 0.55 0.59 

3 Decrease ∆𝑒𝑥𝑝𝑡+1 < 0 Increase ∆𝑖𝑚𝑝𝑡+1 > 0 0.28 -0.56

4 Decrease ∆𝑒𝑥𝑝𝑡+1 < 0 Decrease ∆𝑖𝑚𝑝𝑡+1 < 0 -0.69 -0.94

(4.1) Imports are falling faster than exports in the GDP structure (∆𝑒𝑥𝑝𝑡+1 >
∆𝑖𝑚𝑝𝑡+1)

-0.84 -0.36

(4.2) Exports are falling faster than imports in the GDP structure (∆𝑒𝑥𝑝𝑡+1 <
∆𝑖𝑚𝑝𝑡+1)

-0.49 -1.78

(4.3) Imports and exports in the GDP structure decrease equally (∆𝑒𝑥𝑝𝑡+1 =
∆𝑖𝑚𝑝𝑡+1)

n/d -1.01

Range of variation 1.39 3.03 

First, the observed increase in GDP growth 

volatility under 4IR can be attributed to accelerated 

technological diffusion and digitalisation. AI-driven 

optimisation improves responsiveness to market 

fluctuations but simultaneously heightens exposure 

to global disruptions, including supply-chain 

bottlenecks, geopolitical tensions, and technological 

shocks. This dual effect contributes to the higher 

coefficient of variation documented in the study. 

Second, the results reveal two distinct growth 

models. High-income and upper-middle-income 

economies benefit most from a balanced expansion 

of both exports and imports. This aligns with their 

deep integration into global value chains, where they 

rely on technologically sophisticated intermediate 

imports while exporting high-value-added goods and 

digital services. Their comparative advantage is 

rooted in innovation capacity, digital platforms, and 

advanced manufacturing systems. 

In contrast, middle-income and low-income 

economies exhibit stronger GDP growth under 

export-led substitution, particularly when import 

shares decline. This reflects ongoing efforts to 

strengthen domestic production capacity, reduce 

dependence on imported intermediates, and leverage 

cost or resource advantages. However, for these 

economies, AI and automation may generate 

additional challenges by shifting global production 

toward more technologically advanced centres, 

increasing the need for targeted export development 

strategies.  

Third, the structural break associated with 4IR 

suggests that global trade has become more sensitive 

to technological disruptions. Automation, robotics, 

and digital platforms reshape comparative 

advantages more rapidly than in previous industrial 

eras, making the structural composition of trade 

flows a critical determinant of macroeconomic 

performance. 

Several limitations of the study should be 

acknowledged: 

1) The analysis does not include regression

modelling, lag structures, or instrumental

variables; therefore, causal inference remains

limited.

2) The use of aggregate country-level data does

not allow for capturing micro-level

mechanisms of 4IR adoption, such as firm-

level productivity or sectoral digitalisation.

3) The Industry 4.0 period (2012–2021) is

relatively short and includes major shocks such

as the COVID-19 pandemic, which may distort

long-term structural patterns.

4) The study does not differentiate between types

of exports (goods vs. services), despite the fact

that 4IR disproportionately accelerates the

growth of digital services.

These limitations highlight promising directions 

for future research, particularly in expanding the 

analysis through econometric modelling, sectoral 

decomposition, and firm-level datasets.

849 

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), December 2025



6 CONCLUSIONS 

The results of the study allow for several key 

conclusions. 

1) The term import substitution is widely used in

the academic literature, as evidenced by a

substantial body of research in economic

theory and international economic relations.

Although conceptually well-established, its

macroeconomic measurement remains

methodologically challenging.

2) The findings confirm the hypothesis that GDP

growth rates depend on structural changes in

the shares of exports and imports. The analysis

demonstrates that GDP dynamics follow

different trajectories depending on the direction

and magnitude of these structural trade shifts.

High-income countries are characterised by

simultaneous increases in both export and

import shares within the GDP structure,

reflecting their integration into global value

chains.

3) The study compares GDP growth patterns

during the emergence of the Fourth Industrial

Revolution with those observed during the

period dominated by Industry 3.0. The

comparison reveals important structural

differences in how economies respond to

changes in trade composition.

4) The results show that structural substitution of

imports by exports is associated with more

dynamic GDP growth relative to long-term

averages. The Fourth Industrial Revolution

affects GDP growth not only by accelerating

technological transformation but also by

increasing volatility. This is reflected in a more

than twofold rise in the coefficient of variation

(from 1.39 to 3.03 percentage points),

indicating greater sensitivity of GDP growth to

structural trade adjustments.

Future research will extend this work by 

examining the impact of artificial intelligence 

technologies on economic growth across countries 

with different income levels and technological 

trajectories. 
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