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Abstract: The research aims to develop industry-specific
solutions for managing the quality of green digital products to
support sustainable development in agriculture, industry, and
the service sector of developing economies. To this end, it
examines the empirical experience of the 30 most sustainable
developing economies, as measured by the SDG Index, in each
geographic region of the world in 2026. The results
quantitatively assess the relationship between the quality of
green digital products and the sustainability of sectoral
development in developing economies, revealing that this
relationship is strongest in industry but weak in agriculture and
the service sector. An industry-specific model of green digital
product quality in developing economies was developed,
demonstrating that Al-driven automation of production and
distribution processes is the most effective product quality
management measure in developing economies, whereas the
complementary measure of green HRM is relatively ineffective.
Based on this model, a new approach to such management was
developed and supported by a roadmap extending to 2036. This
approach enables flexible adaptation to the specific
characteristics of each sector and thereby promotes the most
sustainable progress by combining improvements in quality and
productivity across all sectors while maintaining a balanced
sectoral structure of national GDP.
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as have approaches to measuring quality. The
relationship between quality and global

Transition processes in the modern economy
have fundamentally transformed the nature of
competition in markets open to international
participation. Although product quality
remains at the core of the global
competitiveness of producers and sellers,
buyers’ quality requirements have changed,
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competitiveness is most clearly reflected in
product quality certification under the
international 1SO 9001 standard.

One of the large-scale transition processes
that has substantially altered the conditions of
global competition and perceptions of
product quality in recent years is the
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worldwide transition toward a green model of
economic activity in response to climate
change. Circular use of natural resources,
involving the reintegration of raw materials
and materials into production and distribution
processes, makes it possible to reduce the
depletion of natural resources and decrease
waste generated by economic activity.

A distinctive feature of environmentally
friendly production is the creation of green
jobs, in which professional activities require
employees to pay greater attention to
environmental  protection. Green  jobs
represent a complex synthesis of, on the one
hand, broad opportunities and favorable
conditions for environmental protection
provided by employers that foster an
environmentally responsible organizational
culture, make green investments, and
encourage environmental initiative among
their employees.

On the other hand, employees occupying
green jobs possess a set of environmental
competencies, both personal (e.g., a
pronounced commitment to caring for the
environment) and professional (e.g., in-depth
knowledge of current environmental
legislation and proficiency in advanced
environmental protection technologies). The
environmental characteristics of products,
shaped by the extent to which green personnel
are involved in their production and
distribution, largely determine product
quality and global competitiveness in the
modern world.

Another transition process characteristic of
the present period that significantly affects
the interpretation of product quality and the
ways in which it can be improved in the
context of global competition is the
digitalization of economic activity associated

with the Fourth and Fifth Industrial
Revolutions.  Today, production and
distribution  operations are undergoing

comprehensive automation based on artificial
intelligence (Al) technologies.

Al-driven automation enables producers and
distributors not only to manufacture
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technically more sophisticated products but
also to improve their quality characteristics,
reduce defect rates, and achieve substantial
productivity gains. Accordingly, the digital
characteristics of products, which depend on
the Al-driven automation of their production
and distribution, largely determine product
quality and global competitiveness.

The systemic response of producers to both
transition processes in the contemporary
economy has been the production of green
digital ~ products.  Developed OECD
economies were the first to establish such
production. Through substantial investment,
they succeeded in balancing Al-driven
automation with green employment in
production while simultaneously achieving
high-quality  green  digital  products,
outstanding productivity, and strong global
competitiveness.

The problem is that developing economies
cannot simply replicate the successful
experience of developed economies because
they lack sufficient investment resources. Al-
driven automation and green employment
come into sharp conflict with one another, a
contradiction that is particularly pronounced
in developing economies and prevents them
from achieving high product quality and
strong global competitiveness.

The need to address this problem stems from
the fact that the insufficient effectiveness of
green digital product quality management in
developing economies reduces their global
competitiveness and limits their access to
markets open to international participation.
As a result, developing economies become
less sustainable, widening the gap in the level
and pace of sustainable development between
developed and developing economies and
intensifying global inequality at the country
level.

As an original solution to this problem, this
research proposes an innovative approach to
managing the quality of green digital products
that provides greater management flexibility
through industry-specific adaptation. The
implementation of the authors’ approach in
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developing economies will enable them to
achieve significantly greater effectiveness in
managing the quality of green digital
products, attain strong global
competitiveness, and secure a stable position
in markets open to international participation.
Accordingly, the research aims to develop
industry-specific solutions for managing the
quality of green digital products to support
sustainable development in agriculture,
industry, and the service sector of developing
economies.

2. Literature Review

2.1. A Critical Perspective on the
Established Universal Approach to
Managing the Quality of Green Digital
Products

The theoretical foundation of the conducted
research is provided by the concept of product
quality management reflected in the works of
Mamurova et al. (2025) and Yulisetiarini et
al. (2024). Nowadays, an approach to
managing the quality of green digital products
has emerged that can be described as
universal because it applies the same product
quality management tools across all sectors of
the economy.

The principal tools include HR management
of green personnel through their selection,
recruitment, corporate training, and work
incentives (Bogoviz et al., 2018; Egnatosyan
et al., 2023), as well as Al-driven automation
of production and distribution processes
through the acquisition of existing digital
technologies and the development of
proprietary ones, followed by their
implementation and use in economic activity
(Babakhanova et al., 2024; Kaliyeva et al.,
2025; Ualtayev et al., 2024).

In quantitative terms, product quality,
including the quality of green digital
products, is currently commonly measured in
terms of the value of officially registered
international 1ISO 9001 quality certificates
within an economy, as this enables

international comparisons.

A critical examination of the existing
approach reveals a significant limitation; it
disregards sector-specific differences in the
relationship between green employment and
Al-driven automation, on the one hand, and
product quality across different sectors of the
modern economy (industry, agriculture, and
the service sector) on the other. Without
accounting for these differences, the
established quality management approach
demonstrates limited effectiveness in each
sector, preventing the full realization of the
overall potential for improving the quality of
green digital products in developing digital
economies.

2.2. Sector-Specific Features of Managing
the Quiality of Green Digital Products from
the Perspective of Sustainable
Development

The sustainability of a sector’s development
is commonly measured in terms of the value
added generated within that sector and its
share in the country’s GDP structure. An
increase in the value added generated by a
particular sector and an expansion of its share
in the structure of an open national economy
directly indicate growth in productivity,
production capacity, and capacity utilization
within that sector. They also indirectly signal
improvements in the quality of the sector’s
products, because only high-quality products
can achieve strong global competitiveness
and high demand, thereby enabling an
expansion in production volumes (Civelek et
al., 2025).

Accordingly, when product quality is low,
insufficient global competitiveness makes
production economically unjustified because
it hinders sales. At the level of the national
economy, sustainable economic development
implies maintaining a stable sectoral structure
of GDP while increasing the value added
generated in each sector (Drobot et al., 2024).
The sector-specific features of managing the
quality of green digital products are as
follows.
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In agriculture, HR management of green
personnel involves soil conservation and the
climate adaptation of natural resource use,
while Al-driven automation of production
and distribution processes is associated with
the development of smart farms and online
trade in finished agricultural products. The
contradiction ~ between  quality  and
productivity lies in the fact that improving
quality requires an individualized approach to
each cultivated plant or animal, whereas
increasing  productivity  requires  the
standardization of plant and animal care
(Litvinova et al., 2017; Troyanskaya et al.,
2017).

In industry, HR management of green
personnel involves organizing recycling and
improving the resource and energy efficiency
of economic activity, while Al-driven
automation of production and distribution
processes is embodied in the creation of
autonomous smart industrial production
systems. The contradiction between quality
and productivity is manifested in the fact that
Al-automated industrial production achieves
economies of scale but reduces the number of
jobs (Paizov et al., 2011; Usenov et al., 2022).
In the service sector, HR management of
green personnel is associated with reducing
the resource and energy intensity of service
delivery processes and minimizing the waste
they generate, while Al-driven automation of
production and distribution  processes
involves shifting services to an electronic
format. The contradiction between quality
and productivity lies in the fact that Al-based
automation tools, such as chatbots and online
consultants, make it possible to increase
productivity but lead to job losses and are also
less functional and less attractive to
customers than green personnel. (Omir et al.,
2024; Tovmasyan, 2023).

2.3. Gaps in the Literature, RQs, and
Hypotheses

The review of the available research literature
revealed that only a limited number of
published studies, such as those by Gyiazov
et al. (2023a, 2023b), address certain aspects
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of managing the quality of green digital
products in developing economies (Tanasic et
al., 2022). Nevertheless, the sector-specific
characteristics of such management, as well
as the relationship between the quality of
green digital products and production
productivity in developing economies,
remain insufficiently studied, constituting a
gap in the literature. This gap needs to be
addressed and gives rise to the following two
research questions (RQs):

RQi: How is the management of the quality
of green digital products related to the
sustainability of agricultural, industrial, and
service-sector development in developing
economies?

Based on the previously published studies by
Galoyan et al. (2023a, 2023b), which
highlight differences in the effects of
digitalization and greening measures across
sectors, this article proposes Hypothesis Hj:
the degree of Al-driven automation of
production and distribution processes and the
extent to which green personnel are involved
in these processes are differently associated
with the shares of agriculture, industry, and
the service sector in the GDP structure of
developing economies.

RQ2: How do the quality characteristics of
green digital products and productivity in
agriculture, industry, and the service sector
affect the intensity of quality certification for
these products in developing economies?

In accordance with the existing studies by
Mkrtchyan and Navasardyan (2024) and
Orlova et al. (2024), which draw attention to
differences in the intensity of product quality
certification across sectors, this article
proposes Hypothesis H,: the quality
characteristics of green digital products (the
degree of Al-driven automation of production
and distribution processes and the extent to
which green personnel are involved in these
processes) and the shares of agriculture,
industry, and the service sector in GDP affect
the intensity of quality certification for these
products in developing economies in different
ways.
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To address the identified gap in the literature,
provide research-based answers to the stated
RQs, and test the proposed hypotheses, this
research examines the sector-specific features
of managing the quality of green digital
products in agriculture, industry, and the
service sector from the perspective of the
sustainability of these sectors, drawing on the
empirical  experience  of  developing
economies.

3. Materials and Methods

3.1. Statistical Basis of the Study and
Sample Structure

To reflect the most recent empirical
experience of the modern economy, this
article examines statistical data available at
the beginning of 2026 and representing the
results for 2025. To ensure a balanced
representation of developing economies in
the sample and maintain its
representativeness, five countries from each
geographic region of the world, as identified
by UNSTATS (2026), were included.

To account for the sustainability of national
economies, the sample includes five
developing economies that are not OECD
members and have the highest SDG Index

Table 1. Statistical basis of the research

scores in each of the six world regions. From
Eastern Europe and Central Asia, the sample
includes Croatia (with an SDG Index score of
82.4 points), Malta (79.3 points), Moldova
(78.8 points), Belarus (78.5 points), and
Serbia (78.2 points).

From Eastern and South Asia, the sample
includes Thailand (75.3 points), China (74.4
points), Maldives (74.0 points), Vietnam
(73.4 points), and Singapore (71.5 points).
From LAC, the sample includes Uruguay
(77.4 points), Cuba (76.5 points), Argentina
(74.8 points), Dominican Republic (74.1
points), and Brazil (73.8 points). From
MENA, the sample includes Tunisia (72.0
points), Morocco (71.7 points), Jordan (71.0
points), Algeria (70.1 points), and the United
Arab Emirates (69.8 points).

From Oceania, the sample includes Fiji (72.9
points) and Papua New Guinea (53.4 points),
as well as Palau, the Solomon Islands, and
Tonga, for which no SDG Index scores were
assigned. From Sub-Saharan Africa, the
sample includes Mauritius (70.3 points),
Cabo Verde (67.3 points), Gabon (65.6
points), Namibia (65.5 points), and Botswana
(64.5 points). The resulting sample and the
values of the statistical indicators examined
for each country are presented in Table 1.
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Algeria 52.21 58.36 2.01 34.80 14.51 45.68
Argentina 49.15 43.40 17.24 22.87 5.53 56.15
Belarus 41.49 54.48 86.75 31.58 6.90 49,98
Botswana 38.15 32.98 1.42 27.88 1.78 64.63
Brazil 59.17 47.89 13.57 20.15 6.09 59.74
Cabo Verde 13.92 52.06 15.90 10.72 5.04 67.92
China 77.74 83.67 61.38 35.64 6.66 57.70
Croatia 50.46 27.69 55.49 18.95 2.83 60.93
Cuba 20.85 0.00 0.00 23.85 1.24 73.39
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Dominican Republic 38.98 39.64 2.66 28.42 4.60 60.10
Fiji 32.48 49.90 0.00 13.88 14.05 56.96

Gabon 38.30 49.99 0.00 47.19 6.75 42.34
Jordan 60.63 45.10 22.94 27.37 5.56 56.77
Maldives 37.53 53.15 0.00 9.33 4.59 69.86
Malta 46.86 5.21 27.94 10.08 0.47 81.33
Mauritius 41.74 37.79 21.13 17.69 4.62 63.87
Moldova 27.19 45.27 7.31 16.92 7.38 61.46
Morocco 53.70 36.31 9.88 25.25 10.55 52.31
Namibia 26.30 42.75 4.71 28.95 6.99 54.98
Palau 34.33 0.00 0.00 13.02 2.73 73.08

Papua New Guinea 24.37 0.00 0.00 36.53 17.02 41.96
Serbia 46.62 41.70 66.43 22.31 3.29 59.73
Singapore 69.59 28.63 19.39 22.67 0.02 71.59
Solomon Islands 34.33 0.00 0.00 23.37 29.73 46.92
Thailand 58.94 50.91 26.10 31.07 8.75 60.18
Tonga 27.09 0.00 0.00 17.67 18.57 49.54
Tunisia 47.88 51.29 19.57 21.96 10.29 62.69
United Arab Emirates 67.95 58.90 27.14 44.33 0.77 54.90
Uruguay 46.84 38.92 35.16 16.89 6.38 65.17

Viet Nam 60.74 46.86 14.41 37.65 11.64 42.74

Source: Developed by the authors based on the materials from Global Green Growth Institute (GGGI, 2026), Oxford
Insights (2026), WIPO (2026), and World Bank (2026a, 2026b, 2026c).

As shown in Table 1, the sample consists of
30 countries. The set of variables examined,
whose values are presented in Table 1,
includes the degree of Al-driven automation
of production and distribution processes (Dg),
as assessed by Oxford Insights (2026); the
extent of green personnel involvement in
these processes, as assessed by the Global
Green Growth Institute (GGGI, 2026); the
value of officially registered 1SO 9001 quality
certificates (QI), as assessed by WIPO
(2026); and the shares of agriculture (Ag), as
assessed by the World Bank (2026a), industry
(1d), as assessed by the World Bank (2026b),
and the service sector (Sv), as assessed by the
World Bank (2026c), in GDP.

3.2. Research Design

At the first stage of the research, correlation
analysis is used to answer RQ. This method
is applied to calculate the correlation
coefficients between the shares of agriculture
(Ag), industry (1d), and the service sector (Sv)
in GDP and the degree of Al-driven
automation of production and distribution

processes (Dg), as well as the extent of green
personnel involvement in these processes
(Gr).

Hypothesis H; is considered supported if the
variation in correlation coefficients across
sectors is high, that is, exceeds 30% in
absolute terms. Based on the results of the
correlation analysis, general
recommendations are  formulated for
improving the management of the quality of
green digital products to support sustainable
development in each sector of developing
economies: agriculture, industry, and the
service sector. A general multicollinearity test
is also conducted to identify and exclude any
mutually duplicative variables, if present.

At the second stage of the research, regression
analysis is used to answer RQ.. This method
is applied to determine the regression
relationship between the value of officially
registered 1SO 9001 quality certificates (QlI),
as the dependent variable, and a set of
independent variables, including Dg, Gr, Ag,
Id, and Sv. The research model is specified as
follows:

QI:a+b1Dg+bzGr+b3Ag+b4Id+b58v, e (1)
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In model (1), a is the constant, b represents
the regression coefficients, and e is the
standard error of the overall model.
Hypothesis H; is considered supported if the
variation in the regression coefficients bs, ba,
and bs is high (i.e., exceeds 30% in absolute
terms). The reliability of the regression
analysis results is assessed using Fisher’s F-
test, Student’s t-test, residual analysis as a test
for heteroskedasticity, and standard errors for
each independent variable.

At the third stage of the research, a forecast is
developed to determine the prospects for the
sustainable development of agriculture,
industry, and the service sector by projecting
increases in the degree of Al-driven
automation of production and distribution
processes and the extent of green personnel
involvement in these processes through 2036.
For this purpose, the Monte Carlo method is
used to generate 100 random values
representing projected Dg and Gr values,
considering their sample means and standard
deviations in 2026.

m Al technology diffusion

0.37
0.32

The resulting projected values of the
independent variables, Dg and Gr, are
substituted into the regression equation (1).
This makes it possible to identify the
expected future values of the dependent
variable Ql, that is, the probable value of
officially registered I1SO 9001 quality
certificates. Based on the identified projected
values, a roadmap for improving the quality
of green digital products in developing
countries is developed.

4. Results

4.1. Relationship Between the Quality of
Green Digital Products and the
Sustainability of Sectoral Development in
Developing Economies

At this first stage of the study, correlation
analysis of the statistical data presented in
Table 1 was conducted to answer RQi. The
resulting correlation coefficients between the
management of the quality of green digital
products and the sustainability of sectors in
developing economies in 2026 are illustrated
in Figure 1.

Green employment

I —
Industry (including Agriculture, forestry, and  Services, value added (% of
construction), value added (% fishing, value added (% of GDP)
of GDP) GDP) -0.06
-0.18
-0.22 -0.22

Figure 1. Correlation between green digital product quality management and sectoral

sustainability in developing economies
Source: Developed by the authors
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The results of the correlation analysis
presented in Figure 1 indicate that, in
developing economies, a higher degree of Al-
driven automation of production and
distribution processes is associated with
greater sustainability in industry (the
correlation between Dg and Id was 0.37), but
with lower sustainability in agriculture (the
correlation between Dg and Ag was -0.22)
and the service sector (the correlation
between Dg and Sv was -0.06).

Similarly, as the extent of green personnel
involvement increases, the sustainability of
industry rises (the correlation between Gr and
Id was 0.32), whereas the sustainability of
agriculture declines (the correlation between

Table 2. Cross-correlation of variables

Gr and Ag was -0.22), as does the
sustainability of the service sector (the
correlation between Gr and Sv was -0.18).

The variation in the obtained correlation
coefficients between the shares of agriculture,
industry, and the service sector in the GDP
structure of developing economies and the
degree of Al-driven automation of production
and distribution processes amounted to
1055.11%, while the corresponding variation
for the extent of green personnel involvement
was -1047.64%. Thus, in both cases, the
variation was very high, exceeding 30% in
absolute terms. This supports Hypothesis Hs.
The results of the multicollinearity test are
presented in Table 2.

Cross-correlation Dg Gr Ql Id Ag Sv
Dg 1.00 - - - - -
Gr 0.48 1.00 - - - -
Ql 0.43 0.37 1.00 - - -
Id 0.37 0.32 0.08 1.00 - -
Ag -0.22 -0.22 -0.30 0.11 1.00 -
Sv -0.06 -0.18 0.05 -0.69 -0.66 1.00

Source: Developed by the authors

Since none of the correlation coefficients in
Table 2 exceeded 0.90, there are no
duplicative variables in this study, and the

multicollinearity test was successfully
passed.
4.2. Sectoral Model of Green Digital

Product Quality and a Roadmap for Its
Improvement in Relation to Productivity

At this second stage of the research,
regression analysis of the statistical data
presented in Table 1 was conducted to answer
RQ>. The results are presented in Table 3.

The results presented in Table 3 indicate that
the strength of the linear relationship between
the dependent variable and the set of

independent variables is high, as the multiple
R was 0.5394. Simultaneously, the
management factors (the degree of Al-driven
automation of production and distribution
processes and the extent of green personnel
involvement in these processes), together
with the shares of agriculture, industry, and
the service sector in GDP, determine 29.09%
of the variation in the intensity of quality
certification of green digital products in
developing economies.

Accordingly, a sectoral model of green digital
product quality in developing economies was
developed in the form of the following
multiple linear regression equation:

QI=70.30+0.56Dg+0.13Gr-1.53Ag-0.791d-0.97Sv, e=20.8265 )
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Table 3. Results of the regression analysis

Regression statistics Fisher’s F-test
Multiple R 0.5394 Significance F 0.1199
R? 0.2909 Significance level 0.15
Normalized R? 0.1432 ki=m 5
Standard error 20.8265 ko=n-m-1=30-5-1 24
Observations (n) 30 Table F 1.8047
Factor variables (m) 5 Observed F 1.9695
Variance analysis
- df SS MS
Regression 5 4271.3058 854.2612
Residual 24 10409.8443 433.7435
Total 29 14681.1501 -
Coefficients, standard errors, and Student’s t-test
- Coefficients Standard error t-statistic P-value
Y-intercept 77.3050 81,9538 0.9433 0.3549
Dg 0.5573 0,3132 1.7792 0.0879
Gr 0.1320 0,2291 0.5760 0.5700
Id -0.7880 0,7584 -1.0391 0.3091
Ag -1.5275 1.1421 -1.3374 0.1936
Sv -0.9753 0.9980 -0.9773 0.3382

Source: Developed by the authors

Model (2) indicates that a one-point increase
in the degree of Al-driven automation of
production and distribution processes in
developing economies contributes to an
increase in the value of officially registered
ISO 9001 quality certificates by 0.56 bn PPP$
GDP. For the independent variable Dg,
Student’s t-test was passed at the 0.10
significance level, as the t-statistic was
1.7792 and the p-value was 0.0879. The
standard error for the independent variable
Dg was 0.3132 and was therefore relatively
low.

In turn, a one-point increase in the extent of
green personnel involvement in the economic
activities of developing economies leads to an
increase in the value of officially registered
ISO 9001 quality certificates by 0.13 bn PPP$
GDP. For the independent variable Gr,
Student’s t-test was passed at the 0.60
significance level, as the t-statistic was
0.5760 and the p-value was 0.5700.
Consequently, the relationship between green
employment and the prevalence of
international 1SO 9001 quality certificates in
developing economies is relatively weak. The
standard error for the independent variable Gr

was 0.2291 and was therefore relatively low.

At the same time, a 1% increase in the share
of industry in the GDP structure of
developing economies results in a decrease in
the value of officially registered 1ISO 9001
quality certificates by 0.79 bn PPP$ GDP. For
the independent variable Id, Student’s t-test
was passed at the 0.35 significance level, as
the t-statistic was —1.0391 and the p-value
was 0.3091. The standard error for the
independent variable 1d was 0.7584 and was
therefore relatively low.

A 1% increase in the share of agriculture in
the GDP structure of developing economies
leads to a decrease in the value of officially
registered 1SO 9001 quality certificates by
0.53 bn PPP$ GDP. For the independent
variable Ag, Student’s t-test was passed at the
0.20 significance level, as the t-statistic was
—1.3374 and the p-value was 0.1936. The
standard error for the independent variable,
Ag, was 1.1421, which was relatively low.

Additionally, a 1% increase in the share of the
service sector in the GDP structure of
developing economies is accompanied by a
decrease in the value of officially registered
ISO9 9001 quality certificates by 0.97 bn
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PPP$ GDP. For the independent variable Sv,
Student’s t-test was passed at the 0.35
significance level, as the t-statistic was
—0.9773 and the p-value was 0.3382. The
standard error for the independent variable Sv
was 0.9980 and was therefore relatively low.
The variation in the obtained regression
coefficients for the independent variables Id,
Ad, and Sv (bs, b4, and bs in research model
(1)) in model (2) amounted to —35.05% and
was therefore very high, exceeding 30% in

Table 4. Analysis of regression model residuals

absolute terms. This supports Hypothesis H..
The standard error of model (2) was relatively
low at 20.8265, indicating the overall high
quality of the model. Fisher’s F-test was
passed for model (2) at the 0.15 significance
level, since the significance F was 0.1199
and, with ki=5 and k.=24, the table F-value
was 1.8047, which was exceeded by the
observed F-value of 1.9695. The residuals of
the regression model are presented in Table 4.

Observation Predicted QI Residue Observation Predicted QI Residue
1 19.9621 -17.9521 16 22.2716 -1.1416
2 29.1823 -11.9423 17 13.8944 -6.5844
3 23.4437 63.3063 18 25.0059 -15.1259
4 15.1951 -13.7751 19 10.4898 -5.7798
5 33.1631 -19.5931 20 10.7270 -10.7270
6 9.5458 6.3542 21 -4.8299 4.8299
7 37.1415 24.2385 22 27.9314 38.4986
8 30.4001 25.0899 23 32.1413 -12.7513
9 -3.3415 3.3415 24 -13.1495 13.1495
10 16.2219 -13.5619 25 20.3312 5.7688
11 14.0496 -14.0496 26 1.8028 -1.8028
12 16.4522 -16.4522 27 16.5881 2.9819
13 31.6178 -8.6778 28 33.2952 -6.1552
14 22.7372 -22.7372 29 21.9338 13.2262
15 16.1274 11.8126 30 28.1983 -13.7883

Source: Developed by the authors.

To perform the heteroskedasticity test, Figure
2 was constructed based on the residual
analysis results presented in Table 4, with the
residuals shown on the y-axis and the
independent variables in model (2) shown on
the x-axis.

The residual plots in Figure 2 show a random
dispersion of points around the horizontal
axis. Therefore, heteroskedasticity is absent,
confirming the reliability of model (2). Thus,
all diagnostic tests were successfully passed
and confirmed the suitability of model (2) for
further use in the subsequent stages of the
presented research.

At this third stage of the research, to
determine the prospects for the sustainable
development of agriculture, industry, and the
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service sector, a forecast was developed for
increases in the degree of Al-driven
automation of production and distribution
processes and the extent of green personnel
involvement in these processes through 2036.
Accordingly, projected changes in the values
of the independent variables Dg and Gr were
estimated for this period.

To generate the forecast, the Monte Carlo
method was used to produce 100 random
values for each of Dg and Gr, representing
their projected values while accounting for
their sample means in 2026 (44.18 and 37.43,
respectively) and standard deviations (15.33
and 21.27, respectively), as presented in
Table 5.
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Figure 2. Graphs of residues
Source: Developed by the authors
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Table 5. Projected values of Dg and Gr through 2036 (Developed by the authors)
No. Dg Gr No. Dg Gr
1 56.1553 84.0351 51 29.5686 49.38
2 29.2062 40.4807 52 37.6498 14.6969
3 61.6362 64.0774 53 50.4008 5.85169
4 62.0925 9.06716 54 53.9941 7.96459
5 63.4191 249311 55 38.2485 59.0071
6 70.887 46.8356 56 42.2298 9.82872
7 34.8504 25.2392 57 39.0434 30.6189
8 56.3729 43.9949 58 40.8138 93.3648
9 43.8698 72.0765 59 80.579 43.0792
10 36.2255 58.9528 60 34.6919 30.0513
11 46.4143 27.7996 61 43.1126 56.064
12 59.7137 36.0696 62 19.2267 29.2527
13 76.5382 34.8438 63 38.151 34.9585
14 47.6761 14.3423 64 14.6587 32.0904
15 28.7245 1.42692 65 56.3922 82.0874
16 41.2952 34.7733 66 25.6861 63.0595
17 57.4133 24.776 67 56.6092 84.107
18 37.4515 69.8249 68 60.2422 36.9914
19 47.2836 24.1708 69 51.7837 28.4852
20 40.1558 47.1452 70 52.4991 61.3783
21 49.9337 51.4022 71 56.6451 9.20117
22 25.6399 45.6336 72 43.0749 31.0475
23 49.1433 9.75298 73 25.0996 62.8191
24 28.2994 24.9813 74 33.0675 0.33015
25 42.7831 44.2496 75 23.405 52.4553
26 28.0547 -5.545 76 36.426 -16.956
27 64.6506 46.8535 77 38.2459 44,8451
28 49.8784 24.9717 78 44,6791 32.591
29 44.0375 7.98582 79 43.2289 25.4972
30 61.7692 31.9324 80 54.0503 75.5634
31 25.9456 70.3538 81 42.5109 55.2581
32 33.2482 29.5846 82 39.2822 58.1639
33 62.8623 88.0704 83 25.7563 19.2034
34 53.0203 65.3401 84 58.3092 66.6971
35 66.4096 53.2018 85 30.7705 21.4173
36 47.6207 45.8954 86 36.1597 52.6291
37 24.7669 15.812 87 54,9491 43.9573
38 42.7972 67.2869 88 31.5806 39.0302
39 69.8815 16.982 89 38.2864 18.5222
40 41.0142 24.6613 90 25.2715 3.09252
41 55.5395 35.1239 91 57.7414 35.3807
42 37.7473 51.4224 92 48.0345 16.126
43 50.7038 60.5441 93 46.1893 78.8895
44 40.3037 43.2091 94 32.9512 25.8931
45 27.6305 35.9734 95 49.084 6.80878
46 35.4337 64.3688 96 44.2122 63.0125
47 50.1862 6.05104 97 27.7497 30.6121
48 73.2498 17.8161 98 48.5463 37.4357
49 55.7193 41.4856 99 67.6183 54.3183
50 44.2228 66.5926 100 44.5735 11.7364
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The projected values of the independent
variables Dg and Gr presented in Table 5 are
organized by constructing histograms of their
normal distribution, as shown in Figure 3.

In the histograms, values below the 2026

baseline levels (Dg below 44.18, that is, from
14.66 to 41.03, and Gr below 37.43, that is,
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Figure 3. Histograms of the normal distribution of forecast values
Source: Developed by the authors

The remaining, highly probable values are
substituted into the regression model (2). This
makes it possible to determine the expected
future values of the dependent variable QI,
that is, the probable value of officially
registered ISO 9001 quality certificates.
Based on the identified projected values, a
roadmap for improving the quality of green
digital products in developing countries was
developed, as presented in Table 6.

To improve the management of the quality of
green digital products in support of the
sustainable development of agriculture,
industry, and the service sector in developing
economies, it is recommended to increase the
degree of Al-driven automation of production
and distribution processes to 73.99 points by
2036 (+61.45% compared with 2026), as well
as to increase the extent of green personnel
involvement in the economic activities of
developing economies to 82.33 points by

2036 (+119.97% compared with 2026).

The authors’ recommendations form the
scientific core of the proposed new sector-
specific approach to managing the quality of
green digital products, which differentiates
this management across sectors of developing
economies. The roadmap presented in Table
6 demonstrates that implementation of the
authors’ recommendations will increase the
value of officially registered 1SO 9001 quality
certificates to 41.15 bn PPP$ GDP by 2036
(+121.03% compared with 2026).

Improving the management of the quality of
green digital products in developing
economies will support the sustainable
development of agriculture, industry, and the
service sector by increasing the value added
generated in each of these sectors while
preserving the sectoral structure of GDP
through 2036.
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Table 6. Road map

Value Ratio of values to base values, %
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D < T 35 o & D < T 35 o &
=9 c o Sa =) c o Sa
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© ©

Base values in 2026 44,18 37.43 18.62 - - -
2028 47.62 38.20 20.63 7.77 2.07 10.81
B o 2030 54.21 49.24 25.76 22.69 31.55 38.36
Q 3 2032 60.80 60.27 30.89 37.61 61.02 65.92
LEI_ s 2034 67.39 71.30 36.02 52.53 90.50 93.47
2036 73.99 82.33 41.15 67.45 119.97 121.03

Source: Developed by the authors

5. Discussion

The obtained results extend the literature of
Mamurova et al. (2025) and Yulisetiarini et
al. (2024), as well as the concept of product
quality management, by revealing previously
unknown sector-specific characteristics of
such management and clarifying the
relationship between the quality of green
digital products and production productivity
in developing economies.

In support of Galoyan et al. (2023a, 2023b),
Hypothesis H1 was confirmed, demonstrating
that the degree of Al-driven automation of
production and distribution processes and the
extent of green personnel involvement in
these processes are indeed differently
associated with the shares of agriculture,
industry, and the service sector in the GDP
structure of developing economies.

The answer to RQ: is that the opportunities
for managing the quality of green digital
products are greatest in the industry
(confirming the findings of Paizov et al.
(2011) and Usenov et al. (2022)) and support
its sustainable development. However, these
opportunities are limited in agriculture (in
contrast to the findings of Litvinova et al.
(2017) and Troyanskaya et al. (2017)) and the
service sector (in contrast to the findings of
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Omir et al. (2024) and Tovmasyan (2023)),
where Al-driven automation of production
and distribution  processes and the
involvement of green personnel hinder
sustainable development.

In support of Mkrtchyan and Navasardyan
(2024) and Orlova et al. (2024), Hypothesis
H, was confirmed, demonstrating that the
quality characteristics of green digital
products and the shares of agriculture,
industry, and the service sector in GDP
indeed affect the intensity of quality
certification for these products in developing
economies in different ways.

The answer to RQ- is that, among the quality
characteristics of green digital products, the
degree of Al-driven automation of production
and distribution processes is the most
significant, whereas the extent of green
personnel involvement in these processes is
secondary and relatively insignificant.
Among the sectors of developing economies,
the contradiction between quality and
productivity is most pronounced in
agriculture, less pronounced in the service
sector, and least evident in industry.

Taken together, the findings provide an
evidence-based foundation demonstrating the
inapplicability of the existing universal
approach to managing the quality of green
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digital products, in contrast to the findings of
Babakhanova et al. (2024), Bogoviz et al.
(2018), Egnatosyan et al. (2023), Kaliyeva et
al. (2025), and Ualtayev et al. (2024). Instead,
a sector-specific approach to managing the
quality of green digital products is
recommended. Under this new approach,
quality management should be adapted to the
specific characteristics of each sector in
developing economies.

To this end, the authors’ approach
recommends increasing the degree of Al-
driven automation of production and
distribution processes and the extent of green
personnel involvement in industry to ensure
systematic growth in both quality and
productivity. In agriculture and the service
sector, by contrast, quality and productivity
should be managed separately, with moderate
Al-driven automation and limits on the
number of green jobs.

6. Conclusion and Limitations

The principal findings obtained from the
research conducted in this article can be
summarized as follows. The relationship
between the quality of green digital products
and the sustainability of sectoral development
in developing economies was clarified and
found to be strongest in the industry but weak
in agriculture and the service sector.

A sectoral model of green digital product
quality in developing economies was
developed, mathematically expressing the
effects of management factors and sectoral
productivity on the intensity of quality
certification under the international 1ISO 9001
standard. Based on this model, the authors
concluded that the most effective product
quality management measure in developing
economies is Al-driven automation of
production and distribution processes,
whereas the complementary measure of green
HRM is relatively ineffective. It was also
concluded that the contradiction between
quality and productivity is most pronounced
in agriculture, while it is less significant in

industry and the service sector.

Given the identified sector-specific features
of green digital product quality management,
a new approach to such management was
developed that enables flexible adaptation to
the specific characteristics of each individual
sector and thereby ensures the most
sustainable progress, combining
improvements in quality and productivity in
each sector while maintaining a balanced
sectoral structure of national GDP.

First, the new approach includes scientific
and practical recommendations for improving
the management of the quality of green digital
products. The authors’ applied sector-specific
solutions for managing the quality of green
digital products to support the sustainable
development of sectors in developing
economies involve increasing the degree of
Al-driven automation of production and
distribution processes and the extent of green
personnel involvement in these processes in
industry to ensure systematic growth in both
quality and productivity. In agriculture and
the service sector, by contrast, quality and
productivity should be managed separately,
with moderate Al-driven automation and
limits on the number of green jobs.

Second, the authors’ approach s
supplemented by a roadmap for improving
the quality of green digital products in
developing countries in relation to
productivity. The developed roadmap
proposes target values for the degree of Al-
driven automation of production and
distribution processes and the extent of green
personnel involvement in these processes in
developing economies through 2036, as well
as the associated projected increase in the
value of officially registered 1SO 9001 quality
certificates, which is expected to reach 41.15
bn PPP$ GDP by 2036 (+121.03% compared
with 2026).

In conclusion, the limitations of the research
should be noted. These limitations are
associated with the sample size of 30
observations and five independent variables,
the generalized nature of the study based on
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countries from different regions of the world, representation of economic activity across
and the fact that sectoral experience was sectors, including employment, labor
examined using  officially  available productivity, and value added generated.

international statistics on the shares of Acknowledgment:  This research was
economic sectors in GDP. supported by the Higher Education and
These limitations should be addressed in Science Committee of the Ministry of
future research by examining larger country Education, Science, Culture and Sports of the
samples, conducting in-depth case studies of Republic of Armenia (Research Project
individual countries and regions to account “Accelerating the Digital and Green
for the geographic dimension of green digital Transformation of Agri-Food SMEs in
product quality management, and extending Moldova and Armenia,” No. 26NARD-
the developed model by incorporating 1D007).

variables that provide a more detailed

References:

Babakhanova, N. U., Dzhumanova, A. B., Troyanskaya, M. A., Benci¢, S., & Petrenko, Y. S.
(2024). SAP-LAP model of change management for the sustainable employment of the
population in the conditions of dissemination of Al. Global Journal of Flexible Systems
Management, 25(S1), 91-109. doi: 10.1007/s40171-024-00393-0

Bogoviz, A. V., Ragulina, Y. V., Alekseev, A. N., Lavrov, M. N., & Kletskova, E. V. (2018).
Economic stimuli for creation of highly-efficient jobs for a modern human. In E. Popkova
(Ed.), The impact of information on modern humans (pp. 624-630). Cham, Switzerland:
Springer. doi: 10.1007/978-3-319-75383-6_80

Civelek, M., Durda, L., Hlawiczka, R., Hajduk, L., & Hruska, R. (2025). Increasing
competitiveness through marketing innovation: An examination of resource-based view and
institutional theory-related factors in international contexts. Journal of Competitiveness, 17(4),
65-91. doi: 10.7441/joc.2025.04.03

Drobot, E., Petrenko, Y., Hajduk, L., & Ben¢i¢, S. (2024). The concept of business ethics circles
in the context of sustainable development. Journal of Infrastructure Policy and Development,
8(7), 5162. doi: 10.24294/jipd.v8i7.5162

Egnatosyan, S., Avetisyan, A., & Khachikyan, S. (2023). Zero net energy building design as the
way to increase the energy security of Armenia. E3S Web of Conferences, 420, 07021. doi:
10.1051/e3sconf/202342007021

Galoyan, D., Mkrtchyan, Y., Hrosul, V., Buhrimenko, R., Smirnova, P., & Balamut, H. (2023a).
Formation of adaptation strategy for business entities in the context of digital transformation
of the economy. Review of Economics and Finance, 21(1), 616-621. Retrieved from
https://refpress.org/wp-content/uploads/2023/06/Paper-3_REF.pdf

Galoyan, D. R., Mayilyan, F. N., Bazinyan, Y. A., Movsisyan, M. E., & Torosyan, A. A. (2023b).
Triple exploitation of human capital in developing countries. In E. G. Popkova & B. S. Sergi
(Eds.), ESG Management of the Development of the Green Economy in Central Asia (pp. 375-
383). Cham, Switzerland: Springer. doi: 10.1007/978-3-031-46525-3 40

Global Green Growth Institute (GGGI). (2026). Measuring performance in achieving SDG
targets: Green growth index 2023. GGGI Technical Report No. 32. Seoul, Republic of Korea:
GGGI. Retrieved from https://greengrowthindex.gggi.org/

994



International Journal for Quality Research, 20(3), 979-998, 2026, doi: 10.24874/1JQR20.03-19

Gyiazov, A. T., Gamulinskaya, N. V., Markeev, S. A., & Popkova, Z. V. (2023a). Case
experience of conducting climate-responsible entrepreneurship in the digital economy markets
in Russia. In E. G. Popkova (Ed.), Smart Green Innovations in Industry 4.0 (pp. 97-109).
Cham, Switzerland: Springer. doi: 10.1007/978-3-031-45830-9_11

Gyiazov, A. T., Isakov, N. Z., Kyzy, Z. A., & Darkenbaev, T. S. (2023b). Practical experience
of climate-responsible business in the digital economy markets in the Eurasian Economic
Union (EAEU). In E. G. Popkova (Ed.), Smart Green Innovations in Industry 4.0 (pp. 77-83).
Cham, Switzerland: Springer. doi: 10.1007/978-3-031-45830-9_9

Kaliyeva, S. A., Maxyutova, A. F., Rakhmetova, R. U., & Alpeissova, S. (2025). Assessment of
the impact of the digital economy on labor resources transformation in Kazakhstan. Economy
Strategy and Practice, 20(1), 19-30. doi: 10.51176/1997-9967-2025-1-19-30

Litvinova, T. N., Kulikova, E. S., Kuznetsov, V. P., & Taranov, P. M. (2017). Marketing as a
determinant of the agricultural machinery market development. In E. Popkova (Eds.),
Overcoming uncertainty of institutional environment as a tool of global crisis management
(pp. 465-471). Cham, Switzerland: Springer. doi: 10.1007/978-3-319-60696-5_59

Mamurova, F. I., Mamurova, D. I., & Khodzhaeva, N. Sh. (2025). The contribution of artificial
intelligence to the development of an innovative culture and the enhancement of higher
education quality. Journal of Trends and Challenges in Artificial Intelligence, 2(4), 139-150.
doi: 10.61552/JA1.2025.04.005

Mkrtchyan, T., & Navasardyan, M. (2024). Qualitative dimensions of economic growth: A new
perspective.  Proceedings on  Engineering  Sciences, 6(2), 863-874. doi:
10.24874/PES06.02A.013

Omir, A, Satybaldin, A., Ruzanov, R., & Khajiyeva, G. (2024). Measuring healthcare efficiency
in Kazakhstan: an application of data envelopment analysis. Journal of Eastern European and
Central Asian Research, 11(1), 1-15. doi: 10.15549/jeecar.v11i1.1428

Orlova, O. P., Sharonova, A. D., Sergeeva, |. G., Margarjan, A. Sh., Bagaeva, I. V., &
Klochkova, A. V. (2024). Implementation of the Cluster Approach with Digital Tools for
Waste Recycling in St. Petersburg and the Leningrad Reg. In E. de la Poza & S. E. Barykin
(Eds.), Navigating digital transformation: Original research across smart cities, Sustainable
Development and Beyond (pp. 151-173). Nova Science Publishers, Inc., 1, 151-172.

Oxford Insights. (2026). Government Al Readiness Index 2025. Great Malvern, UK: Oxford
Insights. Retrieved from https://oxfordinsights.com/ai-readiness/government-ai-readiness-
index-2025/

Paizov, A. M., Usenov, K. J., & Alibaev, A. P. (2011). Technology of combined breaking the
ore under two-tiered arrangement making. In 14th Asian regional conference on soil
mechanics and geotechnical engineering. Hong Kong, China: Hong Kong Polytechnic
University.

Tanasic, Z., Janjic, G., Sokovic, M., & Kusar, J. (2022). Implementation of the Lean concept and
simulations in SMEs — A case study. International Journal of Simulation Modelling, 21(1),
77-88. https://doi.org/10.2507/1JSIMM21-1-589

Tovmasyan, G. (2023). Factors that influence domestic tourism demand: Evidence from
Armenia. Economics & Sociology, 16, 11-25. doi: 10.14254/2071-789X.2023/16-2/5

995


https://www.scopus.com/authid/detail.uri?authorId=57980364500

Mkrtchyan et al., Sector-specific solutions for quality management of green digital products to support sustainable
development in agriculture, industry, and the service sector

Troyanskaya, M. A., Ostrovskiy, V. L., Litvinova, T. N., Matkovskaya, Y. S., & Bogoviz, A. V.
(2017). Possibilities and perspectives for activation of sales in the agricultural machinery
market within sectorial development of Russian and European economies. In E. Popkova
(Ed.), Overcoming uncertainty of institutional environment as a tool of global crisis
management (pp. 473-480). Cham, Switzerland: Springer. doi: 10.1007/978-3-319-60696-
5 60

Ualtayev, M. D., Ualtayeva, A. S., Kaliyeva, S. A., & Vasa, L. (2024). Problems and prospects
for legal regulation of innovations in digital and information technologies of the labour market
in Kazakhstan. Transformations in Business and Economics, 23(3), 325-344.

UNSTATS. (2026). The Sustainable Development Goals Report 2025. New York, NY: United
Nations. Retrieved from https://unstats.un.org/sdgs/report/2025/The-Sustainable-
Development-Goals-Report-2025.pdf

Usenov, K. Zh., Kuvakov, S. Zh., Alibaev, A. P., Kuvakov, Zh. M., & Takeeva, A. R. (2022).
The change in physical and mechanical properties of rocks in the course of mining in Makmal
Mine. IOP Conference Series: Earth and Environmental Science, 991(1), 012016. doi:
10.1088/1755-1315/991/1/012016

WIPO. (2026). 1SO 9001 quality/on PPP$ GDP. Retrieved from https://www.wipo.int/gii-
ranking/en/indicators/635?sort=country&dir=ASC

World Bank. (2026a). Agriculture, forestry, and fishing, value added (% of GDP). Retrieved
from https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS

World Bank. (2026b). Industry (including construction), value added (% of GDP). Retrieved
from https://data.worldbank.org/indicator/NV.IND.TOTL.ZS

World Bank. (2026c). Services, value added (% of GDP). Retrieved from
https://data.worldbank.org/indicator/NV.SRV.TOTL.ZS

Yulisetiarini, D., Silviana, R. A., & Muhsyi, A. (2024). The influence of e-service quality and

price on loyalty through customer satisfaction in klik indomaret application. Journal of Trends
and Challenges in Artificial Intelligence, 1(2), 75-80. doi: 10.61552/JAI.2024.02.005

Tatul Mkrtchyan Stanislav Bencic Dusan Maséar

Armenian State University of Danubius University, Danubius University
Economics, Yerevan, Republic  Sladkovi¢ovo, Slovak Republic  Sladkovi¢ovo, Slovak Republic
of Armenia stanislav.bencic@vsdanubius.sk  dusan.masar@vsdanubius.sk
tatulmkrtchyan@yahoo.com ORCID 0000-0002-5753-1553 ORCID 0000-0003-0780-5103

ORCID 0000-0003-2057-8590

Richard Heriban

Centre of Social and
Psychological Sciences
(CSPS), Bratislava, Slovakia
richard.heriban@savba.sk
ORCID 0009-0000-6640-9966

996


mailto:tatulmkrtchyan@yahoo.com

