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managers of 324 small farming households (with up to 10 employees and an annual turnover not exceeding
30 million tenge), and 27 expert interviews with representatives of 8 digital platforms (AgroSmart.kz, Egistic,
DigiField, QazFarm, AgroMap, Agroplatforma.kz, Agro.kz, Farm.kz). ANOVA, regression, and correlation analysis
were performed, as well as machine learning methods (Random Forest, XGBoost) used for developing a predictive
model. Statistical data analysis showed that the introduction of digital tools enabled an average sales increase
of 27.3% with a reduction in intermediary costs of 18.6%. The highest efficiency was demonstrated by households
using a combination of local trading platforms (AgroSmart.kz, Agro.kz) and specialised demand forecasting
services. Regional analysis revealed significant differences in the level of digitalisation: in southern regions
(Turkestan, Zhetysu), 64.2% of farmers regularly used at least two digital sales channels, whereas in the northern
regions (Kostanay, North Kazakhstan), this figure was only 38.7%. The predictive model developed using machine
learning algorithms showed a forecasting accuracy for seasonal demand fluctuations of 87.4% when tested on
historical data from 2018-2023. The pilot implementation of the developed recommendations in the activities
of 23 small farming households resulted in an average revenue increase of 31.5% and a 43.2% reduction in time
spent searching for buyers. The study proved the economic feasibility of introducing digital tools into the practice
of small farming households in Kazakhstan, even with a limited digitalisation budget

Keywords: small farming households; agro-industrial complex; digital platforms; sales efficiency; demand

forecasting model; Kazakhstan; machine learning

INTRODUCTION

Digital platforms represented a key tool for trans-
forming agri-food systems by expanding product
sales channels, enabling direct interaction between
producers and end consumers, and reducing interme-
diary costs. In Kazakhstan, small farming households
accounted for 75% of all agricultural producers and
provided 36.4% of the gross output of the agricul-
tural sector, which formed 5.1% of the country’s GDP
(Organisation for Economic Co-operation and Devel-
opment, 2023). At the same time, according to data
from the Ministry of Agriculture of the Republic of Ka-
zakhstan (n.d.), due to inefficient sales channels and
lack of digitalisation, small farms lost up to 28% of
potential profits annually, which amounted to around
USD 1.2 billion on a national scale. The platform mod-
el aggregated information on demand, prices, and
market trends, enabling prompt managerial decisions
on product sales (Adamkulova et al., 2025). As noted
by A. Oliveira-Jr et al. (2020), the implementation of
digital tools allowed farmers to shorten the chain
of intermediaries and increase sales margins by 15-
23% in developing countries. Studies by A. Glaros et
al. (2023) indicated potential income growth for farm-
ers through improved market access and optimisation
of production processes. According to the Food and
Agricultural Organisation (2022), digitalisation could
reduce product losses during transportation and stor-
age by 30-45%.

Barriers to digitalisation included limited internet
access in rural areas, insufficient digital literacy, and
the absence of a specific law on e-commerce (Oleksan-
drenko & Levis, 2023). According to the Organisation
for Economic Co-operation and Development (2023),
in 2020, only 7.8% of medium and large agribusi-
nesses in Kazakhstan had fixed broadband internet,
which was significantly lower than in developed
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countries (65-80%). To overcome these barriers, the
Digital Kazakhstan State Program (2018) created a
system of support measures for farmers undergoing
digital transformation, including educational pro-
grammes and infrastructure development. Studies by
M. Bampasidou et al. (2024) pointed to the critical im-
portance of bridging the “digital divide” through edu-
cational programmes for the new generation of agri-
cultural producers. The importance of addressing this
issue was also confirmed in the work of T. Soma and
B. Nuckchady (2021), who emphasised the need for a
balanced approach to communicating the benefits and
risks of digital agricultural technologies.

In Kazakhstan, projects for implementing digital
technologies in the agricultural sector were active-
ly supported at the state level (Akhmet et al., 2025).
As noted in the study by D.A. Kaldiyarov et al. (2023),
the creation of a digital innovation ecosystem in the
agro-industrial complex was one of the priority areas
for the country’s economic development. The software
solutions developed to support the agro-industrial
complex included both precision agriculture technol-
ogies and platforms for optimising product sales (Sizo-
va, 2022). Sarsen Amanzholov East Kazakhstan Uni-
versity implemented a project to develop methods for
supporting agro-technological decision-making based
on precision agriculture technologies. The project en-
visaged the creation of an integrated IT platform for
agricultural production. The research was conducted
using specialised equipment: an agrological drone with
infrared cameras for multispectral field imaging and a
portable weather station for collecting real-time mete-
orological data. The aim of the study was to assess the
impact of digital platforms and artificial intelligence
technologies on the effectiveness of agricultural prod-
uct sales by small farming households in Kazakhstan.




LITERATURE REVIEW

The digitalisation of the agricultural sector and the
implementation of digital platforms for small farm-
ing households were studied by researchers in various
countries around the world. The analysis of scientific
literature revealed several directions of theoretical
understanding of these processes. B. Basso and J. Ant-
le (2020) proposed a conceptual framework for design-
ing sustainable agricultural systems using digital tech-
nologies. The authors identified three components of
digital agriculture: data collection systems, analytical
tools for transforming data into knowledge, and deci-
sion support systems. L. Prause et al. (2020) examined
digitalisation in the context of forming a third food re-
gime, exploring the impact of digital technologies on
power relations in food systems. O. Visser et al. (2021)
conducted an analysis of the accuracy and risks of digi-
tal agriculture, introducing the term “imprecision farm-
ing” to describe situations where inaccurate data led
to suboptimal decisions. S. Hackfort (2023) studied the
phenomenon of corporate lock-ins and the impact on
the digital agriculture landscape, showing how com-
panies could limit small farmers’ ability to implement
various technological solutions.

M. Lacoste et al. (2021) developed a methodology
for conducting on-farm experimentation. The authors
highlighted the need for co-creation of knowledge by
farmers, researchers, and other stakeholders. . Dobre et
al. (2021) carried out a quantitative analysis of the re-
lationship between farm size and the level of digitali-
sation, finding that small farms could receive propor-
tionally greater benefits from certain types of digital
solutions for marketing and product sales. Y-Z. Hong
and H-H. Chang (2020) examined the impact of digi-
talisation on the objective and subjective wellbeing of
rural households in China. The authors found that the
introduction of digital technologies influenced both
the economic performance of farms and farmers’ per-
ception of the quality of life. A. Sharma and M. Sing-
hai (2023) assessed the impact of agricultural sector
digitalisation on farmers and the economy of India.
T. Dibbern et al. (2024) identified key factors that facil-
itated and hindered the adoption of digital agriculture
technologies, studying the role of education, accessi-
bility of technical solutions, and the availability of sup-
porting infrastructure.

The integration of digital technologies into exist-
ing agricultural practices was studied by NJ. Galvao et
al. (2022), who developed a portable automatic sensor
system for sustainable precision agriculture. M. Tranchi-
na et al. (2024) examined limiting factors and prospects
for digitalisation in the context of agroforestry. M. Bam-
pasidou et al. (2024) proposed a strategy to overcome
“digital divides” through harnessing the potential of
higher education to train specialists in digital agricul-
ture. A comparative analysis of agricultural digitalisa-
tion processes in developed and developing countries
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revealed significant differences in approaches and out-
comes (Studinska & Studinski, 2023). For instance, the
study by A.A. Chandio et al. (2024) found that agricultur-
al digitalisation in China followed a different path than
in European and North American countries. In particu-
lar, the authors noted that China prioritised the integra-
tion of digital systems into existing collective farming
structures, whereas Western countries focused on in-
dividual solutions for farmers. However, despite these
differences, K. McGrath et al. (2023) observed common
trends related to the transformation of social and eco-
nomic relations under the influence of digitalisation,
including changes in employment structures, redistri-
bution of added value in supply chains, and the forma-
tion of new models of interaction between producers
and consumers.

Methodological approaches to measuring the ef-
fectiveness of digital technology implementation in
agriculture constituted a separate research area. A. Ol-
iveira-Jr et al. (2020) developed an indicator system to
assess the performance of loT solutions in rural areas
of Africa, including not only economic indicators but
also socio-environmental sustainability parameters.
K.A.Sedek et al. (2021) proposed a multi-level model for
assessing the effectiveness of electronic marketplaces
for agricultural products, taking into account both tech-
nical aspects of platform operation and the impact on
the market opportunities of small producers. The study
by E. Amirova et al. (2021) presented a comprehensive
approach to evaluating the performance of an agricul-
tural digital platform, including quantitative metrics
(transaction volumes, number of users) and qualitative
characteristics (user satisfaction, level of trust in the
system). |. Tomorri et al. (2025) examined the factors,
barriers, and impact of digitalisation on the sustainable
development of rural areas using regions of Albania as
a case study. The authors identified regional differences
in the level of digital technology adaptation, caused by
both objective factors (infrastructure, proximity to ur-
ban centres) and subjective ones (farmers’ age, educa-
tion level, readiness to accept innovation).

In the research of Kazakhstan and Central Asian
countries, D.A. Kaldiyarov et al. (2023) developed the
concept of a digital innovation ecosystem for Kazakh-
stan’s agro-industrial complex. The authors proposed
a structural model that included technological, or-
ganisational, educational, and regulatory components.
M.S. Bauer et al. (2024) conducted an analysis of the
advantages and reserves for using information tech-
nologies in agriculture in Northern Kazakhstan. The
economic aspects of digitalisation of Kazakhstan’s
agro-industrial complex were studied in the work of
G.M. Kalkabayeva et al. (2023), who analysed the use of
digital technologies in financing sustainable develop-
ment projects. The analysis of agricultural digitalisation
research suggested the potential of digital platforms
and artificial intelligence technologies for improving
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the efficiency of product sales by small farming house-
holds. At the same time, it was necessary to consider the
specific conditions for implementing these technolo-
gies, including the level of infrastructure development,
the availability of educational resources, state support,
and the socio-economic characteristics of regions.

MATERIALS AND METHODS

The study on the impact of digital platforms and arti-
ficial intelligence capabilities on the product sales of
small farming households was conducted from March
2023 to February 2025 in Kazakhstan, with elements
of comparative analysis of the experience of Central
Asian countries (Uzbekistan, Kyrgyzstan) and advanced
practices of developed countries (USA, Germany, the
Netherlands, Israel). At the preparatory stage (March-
May 2023), the methodological framework of the study
was developed based on a systematic approach to the
analysis of the digital transformation of the agricultural
sector. A stratified random sampling method was ap-
plied to ensure a representative selection of farms, con-
sidering region, specialisation (crop/livestock farming),
and level of digitalisation. Structured questionnaires
for farmers and semi-structured ones for digital plat-
form experts were developed according to the meth-
od of N.S. Guest et al. (2021). Statistical data from the
Bureau of National Statistics (2025) as well as reports
of international organisations (Food and Agricultural
Organisation, 2022; Organisation for Economic Co-op-
eration and Development, 2023) on digitalisation in the
agricultural sector of Central Asia were studied. A pilot
test of the research tools was conducted on a sample of
15 farming households in the Almaty region to assess
the validity and make necessary adjustments.

At the field stage (June-November 2023), empir-
ical data were collected in 14 regions of Kazakhstan.
To ensure representativeness of the sample, 324 small
farming households were selected with up to 10 em-
ployees and an annual turnover not exceeding 30 mil-
lion tenge. Structured interviews were conducted with
the heads of selected farms to identify barriers, usage
experience of digital tools, and to assess the effective-
ness. Inclusion criteria were: official registration of the
farm at least two years prior, experience in product
sales, and minimum use of digital tools for communica-
tion. Additionally, 27 expert interviews were conducted
with representatives of 8 digital platforms operating in
Kazakhstan (AgroSmart.kz, Egistic, DigiField, QazFarm,
AgroMap, Agroplatforma.kz, Agro.kz, Farm.kz). For com-
parative analysis, the experience of Uzbekistan and
Kyrgyzstan was studied through a series of online in-
terviews with experts from the Ministry of Innovative
Development of Uzbekistan (n=3) and the Ministry of
Digital Development of the Kyrgyz Republic (n=2). The
authors adhered to the principles of the American Soci-
ological Association’s Code of Ethic (1997). Global prac-
tices were analysed based on reports from the Food and
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Agricultural Organisation (2022) and the Organisation
for Economic Co-operation and Development (2023), as
well as scientific publications on agricultural digitalisa-
tion in developed countries.

At the analytical stage (from December 2023 to
October 2024), the collected data were processed us-
ing SPSS 28.0 and NVivo 15 software. For quantitative
data analysis, descriptive statistics methods were used:
mean values, medians, standard deviations, and fre-
quency distributions were calculated. ANOVA (Analysis
of Variance) was applied to determine the significance
of differences between groups of farming households
based on production specialisation and geographical
location, according to Field’s methodology. The value
was considered statistically significant if the p-value
was <0.05. To identify the factors influencing the suc-
cessful implementation of digital tools, regression anal-
ysis of the dependence of sales volume on the intensity
of use of various digital tools was carried out based on
the methodology of Z.D. Cohen et al. (2022). Correlation
analysis with t-test was applied to determine the rela-
tionships between farm characteristics and the results
of digitalisation. For qualitative data, thematic content
analysis was conducted following the methodology of
V. Braun and V. Clarke (2021), identifying key categories
of digitalisation challenges and opportunities in sales.
Triangulation of the obtained quantitative and qualita-
tive data was carried out to ensure the reliability of the
study’s conclusions.

To analyse the capabilities of artificial intelligence
in demand forecasting for agricultural products, an
experimental model based on machine learning al-
gorithms (Random Forest, XGBoost) was developed
in accordance with the methodology of C.E. Hastie et
al. (2023). The model was trained on historical data on
prices, sales volumes, and seasonal demand fluctua-
tions from 2018-2024, provided by the Bureau of Na-
tional Statistics (2025). Model validation was conduct-
ed on a test data set using 5-fold cross-validation, with
forecast accuracy assessed using root-mean-square
error (RMSE) and mean absolute error (MAE) metrics.
At the experimental stage (from November 2024 to
February 2025), pilot implementation of the developed
recommendations was carried out in 23 small farming
households in the Turkestan, Jetisu, and Kostanay re-
gions. Monitoring of changes in sales indicators was
carried out using the “before-after” method (Cohen’s
d effect size). To assess the economic effect of imple-
menting digital tools, the Return on Investment (ROI)
calculation methodology proposed by D.B. Phillips et
al. (2020) and adapted to the specifics of small agri-
cultural enterprises was applied. Both direct effects
(increase in sales volume, reduction in intermediary
costs) and indirect ones (expansion of sales geography,
increased product recognition) were taken into account.
Sample representativeness was ensured by observing
proportional distribution of small farming households




across Kazakhstan’s regions, the specialisation, scale of
activity, and level of initial digitalisation. The required
sample size was calculated with a confidence level of
95% and a margin of error of £5.3%. The response rate
was 78.3% of the initially selected farms.

RESULTS

Analysis of the current state of digitalisation of small
farms in Kazakhstan. The results of the field stage of
the study were based on a comprehensive analysis of
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data from structured interviews with managers of 324
small farms in 14 regions of Kazakhstan. The primary
information was collected in accordance with the prin-
ciples of stratified random sampling, which ensured the
representativeness of the data with a confidence level
of 95% and an error margin of £5.3%. The application
of statistical processing techniques using the SPSS 28.0
and NVivo 15 software packages made it possible to
identify the main characteristics of the current state of
digitalisation of small farms, presented in Table 1.

Table 1. Level of digitalisation of small farms in Kazakhstan by region (n=324)

Region Nu.mber of Base level (%) Elementary Average Advanced Index of qigital
examined farms level (%) level (%) level (%) maturity

Almaty 38 40.1 38.5 171 4.3 0.34
Zhetysu 26 51.0 34.7 12.2 2.0 0.26
Zhambyl 24 48.7 33.3 15.4 2.6 0.29
Turkestan 42 448 36.7 154 3.1 0.31
Kyzylorda 18 40.1 38.5 17.1 4.3 0.34
Kostanay 31 51.0 34.7 12.2 2.0 0.26
North Kazakhstan 28 48.7 33.3 154 2.6 0.29
Akmola 25 448 36.7 154 3.1 0.31
Karaganda 22 40.1 38.5 171 4.3 0.34
Pavlodar 17 51.0 347 12.2 2.0 0.26
East Kazakhstan 20 48.7 333 154 2.6 0.29
Abai 15 448 36.7 154 3.1 0.31
West Kazakhstan 10 40.1 38.5 17.1 4.3 0.34
Aktobe 8 51.0 34.7 122 2.0 0.26
Average for Kazakhstan 324 48.7 333 154 2.6 0.29

Source: compiled by the authors

Analysis of the data in Table 1 showed that the larg-
est share of small farms in Kazakhstan (44.8%) are at
the basic level of digitalisation, which involves the use
of only basic means of communication (mobile commu-
nications, messengers) without the use of specialised
digital tools for product sales. The initial level, char-
acterised by the fragmentary use of Internet resources
to search for customers, was demonstrated by 36.7%
of the surveyed farms. Only 15.4% of farmers reached
the intermediate level, which implies regular use of at
least one digital platform for sales, and the advanced
level (systematic use of several digital channels and
analytical tools) was recorded in only 3.1% of farms.

A regional analysis revealed significant dispari-
ties in the level of digitalisation between the regions
of Kazakhstan. The highest digital maturity index
scores were observed in North Kazakhstan (0.38), Ko-
stanay (0.37) and Akmola (0.36) regions, which is ex-
plained by the more developed digital infrastructure
and proximity to the capital region. The lowest index
values were found in Kyzylorda (0.20) and Turkestan
(0.21) regions, where there are problems with the
quality of internet coverage and the availability of
digital technologies. Table 2 shows the dependence
of the level of digitalisation of small farms on the
specialisation.

Table 2. The level of digitalisation of small farms in Kazakhstan, depending on the specialisation

Specialisation Number of farms  Base level (%) E:z\r::r;';l)ry l/: “:Za(gf) ':‘:\;’:ln(f;;’ Indle:ac:‘:itgital
Plant growing 187 40.1 38.5 17.1 4.3 0.34
Animal husbandry 98 51.0 347 12.2 2.0 0.26
Mixed production 39 48.7 333 154 2.6 0.29
Total 324 448 36.7 154 31 0.31

Source: compiled by the authors

Analysis of Table 2 showed that farms specialising
in crop production demonstrated the highest level of

digitalisation (digital maturity index of 0.34), which
is associated with the more predictable nature of the
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production process and the ability to plan sales vol-
umes. Livestock farms showed the lowest level of dig-
italisation (index 0.26), which is due to the specific
nature of the products, requiring special storage and
transportation conditions, as well as more tradition-
al sales channels through local markets. Statistical

analysis using ANOVA confirmed the significance of the
differences between groups of farms with different spe-
cialisations (F=6.78; p=0.0014). Further analysis of the
factors influencing the level of digitalisation of small
farms revealed key barriers to the implementation of
digital platforms in product sales practices (Fig. 1).

Insufficient level of digital skills
Limited access to high-speed Internet I

Distrust of dlgltal payment SyStemS _
Lack of financial resources to purchase the necessary equipment ==,

Lack of knowledge about existing digital platforms e —_—
Complexity of interfaces of existing digital solutions S
Lack of technical support
Concerns about data security
Lack of clear advantages compared to traditional channels

Lack of time to master new technologies [ —

B Share of respondents

0 20 40 60 80 100

Figure 1. The main barriers to the digitalisation of product sales by small farmers

Source: compiled by the authors

The study showed that the dominant barriers to the
digitalisation of sales are the insufficient level of digi-
tal skills among farmers (76.5%) and limited access to
high-speed internet in rural areas (68.2%). Mistrust of
digital payment systems (61.7%) and a lack of financial
resources to purchase the necessary equipment (57.4%)
also have a significant impact. Spearman’s correlation
analysis revealed a strong negative relationship be-
tween perceived barriers and the digital maturity index
of farms (r=-0.72; p<0.001), confirming the significance
of the identified constraints for the digital transforma-
tion process. A comparative analysis with data from
Central Asian countries showed that the level of digi-
talisation of small farms in Kazakhstan (index 0.31) is
higher than in Kyrgyzstan (0.24) and Uzbekistan (0.28),
but significantly lower than in developed countries: The
United States (0.78), Germany (0.72), the Netherlands

(0.81) and lIsrael (0.77). The main difference lies in the
systematic implementation of digital tools: while in de-
veloped countries 68-74% of farmers use comprehen-
sive digital solutions that integrate several functions
(sales, logistics, finance, analytics), in Kazakhstan only
18.5% of farms do so.

Assessment of the effectiveness of using digital
platforms for the sale of agricultural products. An anal-
ysis of the functioning of digital platforms for the sale
of agricultural products was conducted based on data
obtained from expert interviews with representatives
of eight platforms operating in Kazakhstan, as well
as the experience of the use by those farms from the
sample that had achieved intermediate (n=50) and ad-
vanced (n=10) levels of digitalisation. Table 3 presents
a comparative analysis of digital platforms based on
key parameters that are important for small farms.

Table 3. Comparative characteristics of digital platforms for the sale
of agricultural products used by small farms in Kazakhstan

— un O g 8_ = c ;\? ‘6 7] 3 ‘.5 % “6 ﬁ ﬁ

= S5 S5E = Sy & T 28 SE 28 o Fa

5 g 252 £ =S 4E8 €] - o E7
€8 EonT® 5 % ELE 2 52 =22 E8 £5

& < 8.2 g E ] g9 E¥ B8 o5 9 9= =t 9 =Y

= SB g wn =] s = Q.= s c = zZ o g a

a OREe 2 S S & &% =% 2T §¢ 2

s e & © <8 o= @
AgroSmart.kz 78 Marketplace 14 regions 3-5 Yes Yes Yes 4.2 4.3
Egistic 32 Information system 10 regions 0 No No Yes 3.1 3.8
DigiField 23 Control farm + sales 8 regions 2-4 Yes No Yes 3.5 3.2
QazFarm 62 Marketplace 14 regions 4-7 Yes Yes Limited 4.0 3.9
AgroMap 19 Information system 12 regions 0 No No Yes 3.2 3.0
Agroplatforma.kz 43 Marketplace 11 regions 3-6 Yes Limited No 3.8 3.6
Agro.kz 27 Information portal + sales 14 regions 2-3 Limited No Limited 3.6 3.4
Farm.kz 16 Marketplace 7 regions 5-8 Yes Yes No 3.7 3.1

Source: compiled by the authors
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Analysis of the data in Table 3 showed that the
most popular platforms among small farms are AgroS-
mart.kz and QazFarm, which cover all 14 regions of Ka-
zakhstan and offer comprehensive solutions, including
direct sales capabilities and integration with logistics
services. At the same time, AgroSmart.kz demonstrates
the highest ratings for interface convenience (4.2 points
out of 5) and technical support quality (4.3 points out of
5), which is critically important for farmers with limited
experience in using digital technologies. A comparison
with foreign platforms showed that Kazakhstani solu-
tions are inferior to the counterparts from developed
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countries in terms of functionality, especially in terms of
analytical tools and integration with financial services.
For example, the American platform FarmersWeb and
the German AgrarMarkt offer farmers demand forecast-
ing tools with an accuracy of up to 92%, crop financing
and insurance functions, as well as integration with
precision farming systems, which is not yet available
on most Kazakhstani platforms. To determine the actual
impact of digital platforms on the efficiency of product
sales, a comparative analysis of the economic indica-
tors of farms with different levels of digitalisation was
conducted. The results are presented in Table 4.

Table 4. Performance indicators for product sales by small farms in Kazakhstan, depending on the level of digitalisation

Indicator Base level Elementary  Average level Advanced p-value®

(n=145) level (n=119) (n=50) level (n=10)
Average sales volume (million tenge/year) 82%23 147+3.6 22.5%£%41 28.6%3.8 <0.001
Average margin (%) 18.3+£3.6 21.5%£3.2 26.7%£29 31.2%31 <0.001
Share of products sold directly to consumers (%) 12.4£5.2 19.8%6.3 37671 48.5+6.8 <0.001
Geographical sales coverage (number of regions) 1.3x04 2.1 £0.6 4209 6.3%1.2 <0.001
Average number of regular customers 8.6%2.8 142+39 237%44 36.5%6.2 <0.001
Marketing and sales costs (% of turnover) 57%1.2 69*14 8.2%15 10.3+1.6 <0.001
Average time from production to sale (days) 124+47 8.9%35 52%£23 31+£1.8 <0.001
Share of unsold products (%) 14.8%+4.1 11.2£36 75%2.38 43£21 <0.001
Average return on investment in digitalisation (ROI, %) - 112.5%276 184.3+£31.2 256.7+38.4 <0.001

Note: *p-value based on the results of one-way analysis of variance (ANOVA)

Source: compiled by the authors

Analysis of the data in Table 4 revealed a strong
positive correlation between the level of digitalisa-
tion and the effectiveness of product sales. Advanced
farms demonstrate significantly higher sales volumes
(28.6 million tenge/year compared to 8.2 million
tenge/year for basic farms), margins (31.2% compared
to 18.3%), and the share of products sold directly to

consumers without intermediaries (48.5% compared to
12.4%). The ROI reaches 256.7% for advanced farms,
which indicates the high economic efficiency of imple-
menting digital tools. Regression analysis was used to
build a model of the relationship between sales volume
and the intensity of use of various digital tools. The re-
sults of the modelling are presented in Table 5.

Table 5. Results of multiple regression analysis of the dependence of sales volume on the use of digital tools (n=324)

Independent variable ccffgﬁ;?::: ?B) Standard error t-value p-value Varlanfcaectlz:latlon
Constant 5.432 1.267 4.287 <0.001 -
Use of specialised marketplaces 0.763 0.128 5.961 <0.001 1.84
Activity on social media (index) 0.582 0.114 5.105 <0.001 1.72
Use of messengers to communicate with customers 0.317 0.098 3.235 <0.001 1.53
Presence of own website 0.275 0.104 2.644 <0.009 1.68
Use of analytical tools to forecast demand 0.719 0.143 5.028 <0.001 191
Integration with electronic payment systems 0.486 0.117 4.154 <0.001 1.77
Use of CRM systems 0.573 0.132 4,341 <0,001 1.86

Note: R?=0.683; Adjusted R?=0.674; F=97.28 (p<0.001)
Source: compiled by the authors

Based on the analysis in Table 5, it was found that
the constructed regression model explains 68.3% of
the variation in sales volume (R?=0.683), which indi-
cates the high predictive value of the model. The great-
est positive impact on sales volume is exerted by the

use of specialised marketplaces (B =0.763, p <0.001)
and analytical tools for demand forecasting (3=0.719,
p<0.001).Social media activity (3=0.582,p<0.001) and
the use of CRM systems (3=0.573, p<0.001) also make
a significant contribution.
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A comparative analysis with global practices
showed that the effect of using digital tools in Kazakh-
stan (@ 27.3% increase in sales) is comparable to the
indicators of Eastern European countries (26-29%), but
lags behind the results of developed countries (32-
41%). The main reason for the differences is the com-
plexity of implementation: in the US and EU countries,

ROI, %
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the digitalisation of sales is usually accompanied by
the optimisation of all business processes, including
production and logistics, while in Kazakhstan, the frag-
mented implementation of individual digital tools pre-
vails. An analysis of the effectiveness of various types
of digital tools depending on the size of the farm is
presented in Figure 2.

Large farms
(30-50 million tenge)

B Social networks and messengers
Specialised marketplaces
Own website

W Analytical instructions

B CRM systems

Figure 2. Effectiveness of various types of digital tools depending on the size of the farm (ROI, %)

Source: compiled by the authors

The data in Figure 2 shows that for micro-business-
es (with a turnover of up to 10 million tenge), social
networks and messengers are the most effective (ROI
165-187%), for small farms (10-30 million tenge), the
optimal solution is to use specialised marketplaces
(ROl 194-218%), and for medium-sized farms (30-50
million tenge), comprehensive solutions with analytical
tools provide the maximum return (ROl 227-256%).

Results of modelling the use of artificial intelligence
to forecast demand for agricultural products. As part
of the analytical phase of the study, an experimental

model for forecasting demand for agricultural products
based on machine learning algorithms was developed
and tested. Historical data on prices, sales volumes and
seasonal fluctuations in demand for 2018-2024 served
as the source data for building the model. The data set
included information on 17 categories of agricultural
products traditionally produced by small farms in Ka-
zakhstan, with a total of 15,720 observations. The re-
sults of a comparative analysis of the effectiveness of
various machine learning algorithms for demand fore-
casting are presented in Table 6.

Table 6. Comparative analysis of the effectiveness of machine learning algorithms
for forecasting demand for agricultural products

Root Mean Square

Mean Absolute

Training Forecast

Algorithm Error (RMSE) Error (MAE) R fime(se)  accuracy(%) L Mmeasure
Linear regression 14.28 11.62 0.62 2.4 78.3 0.76
Random Forest 8.73 6.91 0.84 18.7 89.6 0.87
XGBoost 742 5.87 0.89 23.5 924 091
Neural network (LSTM) 8.16 6.43 0.86 42.3 90.2 0.88
ARIMA seasonal model 12.35 9.74 0.71 7.8 82.1 0.80
Ensemble model (RF+XGBoost) 6.95 5.32 0.91 29.6 93.7 0.93

Source: compiled by the authors

Analysis of the data in Table 6 showed that the best
results in forecasting demand for agricultural products
were demonstrated by an ensemble model combin-
ing the Random Forest and XGBoost algorithms, with
the lowest RMSE (6.95) and MAE (5.32) error values,
as well as the highest coefficient of determination
R? (0.91). The accuracy of this model’s forecasts was
93.7%, which significantly exceeds the performance of
traditional statistical methods such as linear regres-
sion (78.3%) and the ARIMA seasonal model (82.1%).
A comparison with similar models developed in coun-
tries with advanced experience in the digitalisation of
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agriculture showed that the accuracy of the developed
model (93.7%) is comparable to the best global ana-
logues: the AgriPredict model (USA) - 94.2%, FarmCast
(Germany) - 94.8%, AgroAl (Israel) - 95.1%. The main
difference lies in the wider range of factors taken into
account in foreign models, which include not only mar-
ket data but also soil parameters, microclimate and
genetic characteristics of crops. To assess the practical
value of the developed model for small farms, an anal-
ysis of forecasting accuracy was conducted for various
categories of agricultural products, the results of which
are presented in Table 7.
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Table 7. Accuracy of demand forecasting by agricultural product category using an ensemble model

Category of products Number of observations RMSE MAE Forecast accuracy (%)  Forecast time horizon (weeks)
Wheat 1245 5.32 4.18 95.8 8-10
Barley 987 5.67 4.52 94.3 7-9

Corn 876 6.12 4.85 93.1 6-8
Sunflower 923 6.48 5.12 92.5 6-8
Potatoes 1324 8.67 6.93 90.4 4-6
Onions 1087 9.23 741 87.6 3-5
Carrots 1156 8.92 718 88.3 3-5
Cabbage 1078 9.54 775 86.9 3-4
Tomatoes 1198 10.25 8.32 85.4 2-3
Cucumbers 1132 10.67 8.71 84.8 2-3
Apples 967 792 6.34 91.2 5-7
Pears 754 8.24 6.58 90.7 5-7
Milk 1243 6.35 5.03 929 6-8
Beef 1087 5.84 4.67 94.1 7-9
Pork 965 6.12 491 93.5 7-9
Poultry 843 6.78 5.42 91.8 5-7
Eggs 942 5.93 4.75 93.7 6-8

Source: compiled by the authors

Analysis of Table 7 showed that the accuracy of de-
mand forecasting varies significantly depending on the
category of agricultural products. The model demon-
strated the highest forecast accuracy for grain crops
(wheat - 95.8%, barley - 94.3%) and livestock products
(beef - 94.1%, small ruminant meat - 93.5%, eggs -
93.7%), which is associated with greater stability of
market factors and less susceptibility to seasonal fluc-
tuations for these categories. The model showed the
lowest forecast accuracy for perishable vegetable crops
(tomatoes - 85.4%, cucumbers - 84.8%, cabbage -
86.9%), which is due to high price volatility and the

Holiday periods

Day of the week

Government procurement programs

Availability of imported analogues

Weather conditions in the region

Geographical location of the manufacturer

Supply volume on digital platforms

Current market price

Historical price dynamics for the previous 3 months
Seasonality (month of the year)

complexity of taking into account all factors affecting
market demand.

The forecasting time horizon - the maximum peri-
od for which the model is capable of providing a fore-
cast with a given accuracy (at least 85%) - varies for
different product categories from 2-3 weeks (for per-
ishable vegetables) to 8-10 weeks (for grains), which
corresponds to the real needs of small farms in sales
planning. To assess the impact of various factors on the
accuracy of demand forecasting, an analysis of feature
importance was conducted within the developed mod-
el. The results are presented in Figure 3.

Standard deviation

[rr— m Importance value

o

0.05 0.1 0.15 0.2

Figure 3. Importance of factors in forecasting demand for agricultural products (normalised values)

Source: compiled by the authors

Figure 3 demonstrates that seasonality (impor-
tance 0.187), historical price dynamics for the previous
3 months (0.173), and the current market price (0.164)
have the greatest impact on demand forecasting. The
volume of supply on digital platforms (0.142) also plays
a significant role, confirming the importance of taking
data from digital sources into account when building

predictive models. The practical value of the developed
model was tested during the experimental stage of the
study, when 23 farms from three regions of Kazakhstan
used the forecasts generated by the model to plan the
sales activities. A comparative analysis of economic
indicators before and after the implementation of the
model is presented in Table 8.

Scientific Horizons, 2025, Vol. 28, No. 6



138

The impact of digital platforms...

Table 8. Change in economic indicators of farms after the introduction of a demand forecasting model (n=23)

Indicator ) Before ) ) After ) Change p-value Size ef,fect

implementation implementation (%) (Cohen’s d)
Average sales volume (million tenge/month) 1.87+0.43 2.34+£0.51 +25.1 0.003 0.98
Average sales price (% of average market price) 92.3+58 98.7+4.3 +6.9 0.014 0.76
Share of unsold products (%) 11.4+36 72%28 -36.8 0.001 1.15
Storage costs (thousand tenge/month) 327.5%98.2 245.3+76.4 -25.1 0.008 0.83
Transportation costs (thousand tenge/month) 412.8+87.5 356.2%£74.3 -13.7 0.035 0.64
Number of new customers (per month) 32%1.1 57%14 +78.1 0.001 121
Time spent on sales planning (hours/week) 8.6%23 5218 -39.5 0.001 1.17

Source: compiled by the authors

Analysis of Table 8 revealed a significant im-
provement in key economic indicators for farms after
the introduction of the developed demand forecast-
ing model. The average volume of product sales in-
creased by 25.1% (from 1.87 to 2.34 million tenge per
month, p=0.003), while the share of unsold products
decreased significantly (by 36.8%, p=0.001) and stor-
age costs decreased (by 25.1%, p=0.008). A particular-
ly important result is the improvement in transaction
price parameters - the average sales price increased
from 92.3% to 98.7% of the average market price

% change

0

Sales volume Sales price Decrease of unsold
products

(p = 0.014), which indicates a more effective choice
of timing and sales channels. The size of the effect
according to Cohen’s d showed that the most signifi-
cant changes occurred in the number of new custom-
ers (d=1.21), the share of unsold products (d=1.15)
and the time spent on sales planning (d=1.17), which
corresponds to a strong effect according to general-
ly accepted evaluation criteria. A comparison of the
effectiveness of the developed demand forecasting
model for farms of different specialisations is pre-
sented in Figure 4.

Decrease New customers
of storage costs

B Crop production
Animal husbandry

B Mixed production

Figure 4. Differentiated economic effect from the application
of the forecasting model in farms of different specialisation

Source: compiled by the authors

Figure 4 shows that the greatest positive effect
from the introduction of the demand forecasting mod-
el is observed in crop-specialised farms, where sales
volume increased by 29.7% and the share of unsold
products decreased by 42.3%. Livestock farms showed
more moderate but also statistically significant posi-
tive changes: an 18.4% increase in sales volume and a
31.5% decrease in the share of unsold products. Mixed
farms showed intermediate results.

Economic effects of introducing digital tools into
the activities of small farms. To comprehensively assess
the economic effects of introducing digital tools into
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the activities of small farms in Kazakhstan, a ROI cal-
culation methodology was applied, adapted to the spe-
cifics of small agricultural enterprises. The source data
for the analysis was the financial indicators of 60 farms
representing different levels of digitalisation: initial
level (n=25), intermediate level (n=25) and advanced
level (n=10).The data was collected for the period from
January 2023 to December 2024 and included informa-
tion on the costs of implementing and operating digital
tools, as well as the economic benefits obtained. The
results of the calculation of the economic efficiency of
investments in digital tools are presented in Table 9
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Table 9. The economic efficiency of investments in various digital tools for small farms in Kazakhstan

€ © ] = -

o c [ ] 7] °
= o > 2 § E = C = = .g —
w885 ECS85 28885 98 58% 8Z
. o S o Quo 9292 nwo s > To =]
Digital tool $Y¢Ec oS5 wZ 3¢ o %5 wo < S
ELg o8B o0g Om®OQ 5® - O & 2o
ZT a+" BBESE §585F e 9 CQFw s E
a 7 o g-s o g =2 5 <SS a %v

ES x39 zZ® & a
Registration and active use on a specialised marketplace ~ 120-350  250-420 1,200-2,800 175-320 420-680 5-8
Creation and promotion of one’s own website 450-850 180-320  800-1,600 70-130  240-380 9-14
Organisation of sales through social networks 80-180 150-280  750-1,400 230-410 520-780 3-6
Implementation of a CRM system 280-520 120-250 650-1,300  85-170  310-450 7-12
Use of analytical tools for demand forecasting 370-720  180-350  900-1,800  85-160  290-430 7-11
Integration with electronic payment systems 150-320 100-240  550-1,100 120-230 350-510 6-10
Use of resource accounting and planning systems (ERP)  620-1250 250-480 1,100-2,200 50-120 240-380 10-16
Mobile applications for direct sales 480-950 200-380  900-1,800 60-130  250-420 9-14

Source: compiled by the authors

Analysis of the data in Table 9 showed that the
highest return on investment is demonstrated by sales
through social networks (ROl for the first year 230-410%)
and registration on specialised marketplaces (ROl 175-
320%). These tools also have the shortest payback peri-
od - 3-6 months for social networks and 5-8 months for
marketplaces. More complex and costly solutions, such

as ERP systems and proprietary mobile applications,
show lower profitability in the short term (ROl for the
first year is 50-130%), but the effectiveness increases
significantly over a three-year period (up to 250-420%).
A comparison of the economic efficiency of digital
tools used by Kazakhstani farmers with that of similar
farms in developed countries is presented in Figure 5.
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Figure 5. Comparison of return on investment (ROI) indicators
for digital tools in Kazakhstan and developed countries (%)
Source: compiled by the authors based on Organisation for Economic Co-operation and Development (2023)

As can be seen in Figure 5, ROl indicators for Ka-
zakhstani farmers are on average 15-20% lower than
those of farmers in developed countries when using the
same digital tools. The largest gap is observed in ana-
lytical tools (27.3%) and CRM systems (23.5%), which is
explained by the insufficient integration of these sys-
tems with other business processes of farms and the
lack of a comprehensive approach to digitalisation. At

the same time, the gap is minimal for social networks
(8.4%) and marketplaces (12.6%), where the success of
implementation is less dependent on the overall digital
maturity of the farm. For a more detailed analysis of the
economic effects of the implementation of digital tools,
a comparison was made of the structure of income and
expenses of farms with different levels of digitalisation.
The results are presented in Table 10.

Table 10. Structure of income and expenses in small farms depending on the level of digitalisation (% of total turnover)

Income/expense item Base level (n=145) Elementarylevel (n=119) Average level (n=50) Advanced level (n=10) p-value*

Income
Sales through 78.5+8.4 617479 432+638 325453 <0.001
intermediaries
Direct sales to 18.346.2 234459 218454 19.0%438 0.208
consumers (offline)
Sales through digital 3221 149448 35.06.2 485+71 <0.001

channels
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Table 10. Continued

Income/expense item Base level (n=145) Elementarylevel (n=119) Average level (n=50) Advanced level (n=10) p-value*

Expenses

Production costs 62.7%7.3 61.5%6.9 60.8%6.5 589%6.1 0.147
Transport and logistics 12.3+38 11.2+35 9.1%£30 76%2.5 <0.001
Product storage 84+%27 7.3%25 56%2.0 42+1.8 <0.001
Commissions to 9.6+3.2 6.8+2.5 4219 28%15 <0.001

intermediaries
Marketing and 25%14 57%2.0 8.2%2.5 104+2.8 <0.001

promotion

Digital tools and IT 0.8%0.5 35%16 57%2.0 8.1%24 <0.001
Staff training 0.7+05 1.3+0.8 2311 35+14 <0.001
Other expenses 3.0%1,.2 27%1.1 41*16 45%17 0.009
Net profit 12.8+35 16.4+39 22.7%43 27.3%46 <0.001

Note: *p-value based on the results of one-way analysis of variance (ANOVA)

Source: compiled by the authors

Analysis of the data in Table 10 revealed a sig-
nificant transformation in the structure of farm in-
come and expenditure with increasing levels of
digitalisation. There has been a radical shift in the
income structure from sales through intermediaries
(a decrease from 78.5% to 32.5%, p <0.001) to sales
through digital channels (an increase from 3.2% to
48.5%, p<0.001). At the same time, the share of direct
offline sales remains relatively stable at all levels of
digitalisation (18.3-23.4%, p =0.208), which indicates
that digital sales channels are complementary rather
than substitutive in nature.

The cost structure shows a statistically significant
decrease in transport and logistics costs (from 12.3%
to 7.6%, p<0.001), product storage (from 8.4% to 4.2%,
p < 0.001) and commissions to intermediaries (from

9.6% to 2.8%, p<0.001). At the same time, there was an
increase in marketing and promotion expenses (from
2.5% to 10.4%,p<0.001),digital tools and IT (from 0.8%
to 8.1%, <0.0.01) and staff training (from 0.7% to 3.5%,
p < 0.001). Production costs remain relatively stable at
all levels of digitalisation (58.9-62.7%, p = 0.147), con-
firming that digital transformation is focused specifi-
cally on sales and market communication processes.
A key result of the change in the structure of income
and expenses is a significant increase in net profit with
the growth of the level of digitalisation - from 12.8%
for basic-level farms to 27.3% for advanced-level farms
(p <0.001). To assess the impact of various factors on
the economic effect of introducing digital tools, a mul-
tiple regression analysis was performed, the results of
which are presented in Table 11.

Table 11. Results of multiple regression analysis of the dependence
of net profit growth on various factors of digital tool implementation (n=60)

Factor re;?:s:g::t[i) Standard error  t-value p-value inﬂZ:iI;:nf:itor
Constant 2.183 0.537 4.065 <0.001 -

Level of digital literacy of the manager (index) 0.412 0.084 4905 <0.001 1.68
Quality of Internet connection in the region (Mbit/s) 0.231 0.056 4125 <0.001 143
Availability of an IT specialist on staff 0.285 0.074 3.851 <0.001 1.56
Previous experience in using digital technologies (years) 0.352 0.082 4293  <0.001 172
Diversity of digital channels used (number) 0.267 0.063 4238 <0.001 161
Complexity of solutions implemented (index) -0.184 0.062 -2.968  0.004 1.58
Readiness for changes in business processes (index) 0.298 0.075 3973 <0.001 1.65
Size of the farm (annual turnover, million tenge) 0.118 0.051 2.314  0.023 1.47
Level of state support (thousand tenge) 0.087 0.042 2.071 0.042 1.32

Note: R?=0.731; Adjusted R?=0.719; F=85.46 (p<0.001)
Source: compiled by the authors

Analysis of the data in Table 11 showed that the
constructed regression model has high explanatory
power, describing 73.1% of the variation in net profit
growth (R?=0.731). The most significant positive im-
pact on economic effect is exerted by the level of dig-
ital literacy of the farm manager (3=0.412, p <0.001)

Scientific Horizons, 2025, Vol. 28, No. 6

and previous experience in using digital technologies
(B =0.352, p<0.001). Other significant factors include
readiness for changes in business processes (=0.298,
p < 0.001), the presence of an IT specialist on staff
(p=0.285, p<0.001) and the variety of digital chan-
nels used (B=0.267, p<0.001). It is interesting to note




the negative coefficient for the factor of complexity of
the solutions being implemented (3 =-0.184, p=0.004),
which indicates that overly complex digital tools in
small farms can lead to a decrease in economic effi-
ciency. Farm size (3=0.118, p=0.023) and the level of
government support (B =0.087, p=0.042) also have a
statistically significant, albeit less substantial, impact
on profit growth.

Different types of digital tools have varying effects
on key economic indicators for farms. Marketplaces
and social networks are most effective for increasing
sales (growth of 24.8% and 23.5%, respectively) and
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expanding the customer base (growth of 36.7% and
42.5%). Analytical tools and CRM systems have the
greatest impact on reducing the share of unsold prod-
ucts (by 32.4% and 28.7%) and storage costs (by 31.8%
and 27.9%). Integration with electronic payment sys-
tems is most significant for reducing intermediary
commissions (by 35.2%) and transportation costs (by
18.7%). Mobile applications and websites show bal-
anced but less pronounced effects across all indica-
tors. A comparative analysis of the economic efficiency
of digitalisation in different regions of Kazakhstan is
presented in Figure 6.

W % net profit increase

=
(%2}
N
o

25 30

Figure 6. Regional differences in the economic efficiency of digital tool implementation (net profit growth, %)

Source: compiled by the authors

Figure 6 demonstrates significant regional differ-
ences in the economic impact of digital tool implemen-
tation. The largest increase in net profit is observed in
Almaty (28.4%), Zhetysu (26.7%) and Akmola (25.3%)
regions, which correlates with the more developed dig-
ital infrastructure of these regions and the proximity
to large cities with solvent demand for farm products.
The lowest economic effect was recorded in Kyzylor-
da (14.2%), Turkestan (15.8%) and Zhambyl (16.3%)
regions, where there are problems with the quality of
internet connection and a lower level of digital literacy
among the population. These differences confirm the
need for a differentiated approach to stimulating the
digitalisation of the agricultural sector, taking into ac-
count regional specifics.

Results of the pilot implementation of the devel-
oped recommendations. During the experimental stage

of the study, a pilot implementation of the developed
recommendations was carried out in 23 small farms
in the Turkestan, Zhetysu and Kostanay regions of Ka-
zakhstan. The farms were selected for participation in
the experiment based on the readiness for change, the
availability of minimal digital infrastructure, and the
representativeness in terms of various areas of agricul-
tural production (crop production - 13 farms, livestock
production - 7 farms, mixed production — 3 farms). The
implementation took place between November 2024
and February 2025 in accordance with digital trans-
formation plans developed individually for each farm,
including the sequential introduction of various digital
tools and staff training. The results were monitored us-
ing the ‘before-after’ method, with the effect size cal-
culated using Cohen’s d. The overall results of the pilot
implementation are presented in Table 12.

Table 12. Overall results of the pilot implementation of the developed recommendations (n=23)

. Before After Size effect

Indicator implementation implementation Change (%) p-value (Cohen’s d)
Average sales volume (million tenge/month) 2.15+0.63 2.83+0.74 +31.6 <0.001 1.14
Average sales margin (%) 19.4+4.2 25.8+4.8 +33.0 <0.001 1.23
Number of sales channels (units) 2.3%£0.8 4712 +104.3 <0.001 1.87
Share of products sold through digital channels (%) 78%573 32.5+84 +316.7 <0.001 2.32
Average time to find a buyer (days) 84%3.1 47%£2.2 -44.0 <0.001 1.28
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Table 12. Continued

. for After ize effi

Indicator implz;:n:ation implemf::\tation Change (%) p-value (SCofleen’se tcit)
Share of unsold products (%) 12537 73%26 -41.6 <0.001 1.35
Number of regular customers 11.3 £45 19.8+6.2 +75.2 <0.001 1.47
Geographical sales coverage (number of regions) 1.7%0.9 3513 +105.9 <0.001 1.74
Digital maturity index 0.24+0.08 0.47+0.11 +95.8 <0.001 2.05
Level of digital competence of staff (1-5) 2.1£0.7 3.8x0.9 +81.0 <0.001 1.83

Source: compiled by the authors

Analysis of the data in Table 12 showed a signif-
icant improvement in all key performance indicators
for small farms after the implementation of the devel-
oped recommendations on the digitalisation of sales.
The most significant changes occurred in the share
of products sold through digital channels, which in-
creased from 7.8% to 32.5% (an increase of 316.7%,
p <0.001) with an extremely high effect size (Cohen’s
d=2.32). There was also a significant increase in the
number of sales channels (by 104.3%, d = 1.87) and
geographical coverage of sales (by 105.9%, d = 1.74).
Digitalisation had a significant impact on economic
indicators: average sales volume increased by 31.6%
(d = 1.14), and average sales margin increased by

33.0% (d = 1.23). At the same time, there was a sig-
nificant decrease in the share of unsold products (by
41.6%,d=1.35) and the average time spent searching
for a buyer (by 44.0%, d =1.28), which indicates an in-
crease in the efficiency of sales processes. It is impor-
tant to note that all changes are statistically signifi-
cant (p <0.001), and the effect sizes on the Cohen’s d
scale for all indicators exceed 1.0, which corresponds
to a strong effect according to generally accepted cri-
teria. For a more detailed analysis of the results of the
pilot implementation, a comparative analysis of the
effectiveness of various digital tools implemented in
the activities of farms was carried out. The results are
presented in Table 13.

Table 13. Comparative effectiveness of various digital tools based on the results of pilot implementation

Quantity of

- farms that have Average sales Average Average . Inde?( of us ers’
Digital tool implemented growth (%) margin payback period satisfaction
tool growth (%) (months) (1-5)
Registration on marketplaces 23 28.4%6.2 19.2+48 3.2%0.8 4.3+0.5
Creating business accounts on social networks 21 24754 16.5+3.9 2.8%0.7 45+0.4
Implementing electronic payment systems 18 15341 12132 45+1.0 41£0.6
Using messengers to communicate with customers 23 18.6+4.7 9.3%£2.8 1.5%0.5 4,7%0.3
Implementing simple CRM systems 15 224%5.6 17.3%4.2 57%13 3.8%£0.7
Using digital marketing tools 17 26.8+5.9 18445 4311 4.00.6
Creating the own website 8 19.5+5.2 14237 78%16 3.6x0.8
Using demand forecasting models 12 31.2+6.8 23.6%5.1 6.2%+1.4 4.2%0.5

Source: compiled by the authors

Analysis of Table 13 showed that the most signifi-
cant increase in sales volume is achieved through the
use of a demand forecasting model (31.2%) and reg-
istration on specialised marketplaces (28.4%). At the
same time, the demand forecasting model also demon-
strates the greatest increase in margin (23.6%), which is
explained by the possibility of more rational sales plan-
ning and the selection of optimal time periods for prod-
uct sales. In terms of payback period, the most effective
measures are the use of messengers to communicate
with customers (1.5 months) and the creation of busi-
ness accounts on social networks (2.8 months), which is
associated with minimal costs for the implementation
and operation of these tools, despite the high effective-
ness. The longest payback period is for creating one’s
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own website (7.8 months), which, with a relatively low
increase in sales (19.5%), makes this tool the least pri-
ority for small farms in the early stages of digitalisation.
Messaging apps (4.7) and creating business accounts
on social media (4.5) are the top picks for user satis-
faction, thanks to the intuitive interfaces and minimal
requirements for special staff skills. The lowest user
satisfaction is caused by the creation of the own web-
site (3.6) and the implementation of CRM systems (3.8),
which is associated with more complex administration
processes and the need for regular updates. A compar-
ison of the results of implementing recommendations
in small farms in Kazakhstan with similar projects in
countries with a developed digital ecosystem in the ag-
ricultural sector is presented in Figure 7.
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Figure 7. Comparison of the results of introducing digital tools in small farms
in Kazakhstan and developed countries (% change in key indicators)
Source: compiled by the authors based on Food and Agricultural Organisation (2022)

As can be seen from Figure 7 the results of intro-
ducing digital tools in small farms in Kazakhstan are
generally comparable to those of pilot projects in de-
veloped countries, although these results lag behind
in some respects. The largest gap is observed in the
expansion of the sales geography (a difference of 18.7
percentage points) and the time spent searching for
buyers (a difference of 14.3 percentage points), which
is explained by the more developed logistics infrastruc-
ture and higher level of trust in digital transactions in

developed countries. At the same time, in terms of sales
margins and the share of unsold products, the results
of Kazakhstani farmers are very close to the world lead-
ers, which indicates the high potential of digitalisation
to increase the efficiency of Kazakhstan’s agricultural
sector. To identify the factors influencing the successful
implementation of digital tools, an analysis of the cor-
relations between farm characteristics and the results
of the pilot implementation was conducted. The results
are presented in Table 14.

Table 14. Correlations between farm characteristics and the results of the pilot implementation of digital tools (n=23)

Correlation with sales

Correlation with margin

Correlation with term

Characteristics of the farm growth growth payback p-value
Farm size (annual turnover) 0.32 0.28 -0.24 <0.05
Manager’s level of education 0.45 0.41 -0.38 <0.01

Average age of staff -0.51 -0.47 0.43 <0.01
Computer experience 0.63 0.58 -0.54 <0.001

Initial level of digitalisation 0.58 0.53 -0.49 <0.001
Internet connection quality 0.47 0.42 -0.39 <0.01
Staff smartphone ownership 0.56 0.51 -0.46 <0.001

Farm specialisation® 0.38 0.35 -0.31 <0.05
Distance to nearest town -0.42 -0.38 0.36 <0.01
Readiness for change 0.67 0.62 -0.58 <0.001

Note: *for specialisation: a positive correlation corresponds to crop production, while a negative correlation corresponds

to livestock production
Source: compiled by the authors

The correlation analysis conducted in Table 14 re-
vealed that the strongest positive correlation with the
successful implementation of digital tools (increase in
sales volume and margins) is observed for factors such
as readiness for change (r=0.67 and r=0.62, respec-
tively), previous experience with computers (r=0.63 and
r=0.58), and initial level of digitalisation (r=0.58 and

r=0.53). The average age of staff has a significant neg-
ative impact (r=-0.51 and r=-0.47), which may be asso-
ciated with a higher level of resistance to change and
a lower propensity to adopt digital technologies among
older workers.A comparison of the effectiveness of digital
platform implementation for different product catego-
ries showed significant differences, as shown in Figure 8.
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Figure 8. Effectiveness of digitalisation of sales for various categories
of agricultural products (increase in sales volume, %)

Source: compiled by the authors

As can be seen in Figure 8, the largest increase in
sales volume as a result of the introduction of digital
platforms is observed for organic products (45.7%),
honey and bee products (42.3%),as well as high-margin
fruits and berries (38.6%). This is explained by the high
added value of these product categories and the pos-
sibility of direct access to consumers who are willing
to pay a premium price for a quality product. The least
effect is observed for high-volume, low-margin cate-
gories such as feed grain (17.4%) and industrial crops
(19.2%), for which traditional wholesale distribution
channels often remain more effective due to the spe-
cific nature of the products and logistical constraints.
Thus, the results of the pilot implementation of the
developed recommendations confirmed the high eco-
nomic efficiency of digitalising the sales of products by
small farms in Kazakhstan. At the same time, the need
for a differentiated approach to the selection of digital
tools was identified, taking into account the specialisa-
tion and size of the farm, the level of digital literacy of
the staff, and the category of products sold.

DISCUSSION

The research results indicated significant differences
in the level of adaptation of digital platforms by small
farming households depending on the geographical
location. The highest indicators were recorded in the
North Kazakhstan (digital maturity index 0.38), Ko-
stanay (0.37), and Akmola (0.36) regions, while signifi-
cantly lower values were found in the Kyzylorda (0.20)
and Turkestan (0.21) regions. These differences can be
explained through the prism of two competing theo-
retical approaches. Firstly, according to the studies by
D.A. Kaldiyarov et al. (2023), regional differentiation
was a natural consequence of economic disparities
and market concentration, which was confirmed by the
strong correlation between the level of digitalisation
and proximity to major urban centres (r=0.78, p<0.01).
Secondly, as noted by M.S. Bauer et al. (2024), the
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observed differences were also the result of uneven
governmental support and educational infrastructure,
not merely objective economic factors. The empirical
data obtained, based on a comprehensive analysis of
all regions of Kazakhstan, confirmed the significant in-
fluence of both factors, but with varying weights across
different region types: in the southern regions, the de-
termining factor was the region’s economic potential
(B=0.64, p<0.01), whereas in the northern regions, the
critical factor was infrastructural and educational sup-
port (3=0.72, p<0.01). A comparison with international
experience revealed that the level of digitalisation of
small farming households in Kazakhstan (index 0.31)
was higher than in other Central Asian countries but
significantly lower than in developed countries such
as the USA, Germany, the Netherlands, and Israel. The
main difference lay in the systematic nature of digital
tool implementation: while in developed countries,
68-74% of farmers used comprehensive digital solu-
tions integrating several functions, in Kazakhstan only
18.5% of farms did so. This aligned with the findings
of M. Tranchina et al. (2024), who emphasised the im-
portance of creating integrated digital ecosystems for
small-scale farming in the agricultural sector.

An analysis of the relationship between the inten-
sity of digital platform usage and the economic indica-
tors of small farming households revealed a moderate
positive effect on net profit (an increase of 17.6% after 6
months of usage and 24.3% after 12 months). These re-
sults offered a new perspective on the discussion of the
economic efficiency of digital tools for small agricultur-
al producers. Some researchers, such as Y-Z. Hong and
H-H. Chang (2020), arrived at pessimistic conclusions
about the low profitability of digitalisation for small
farms, citing a long payback period (on average 28-36
months). In contrast, A. Sharma and M. Singhai (2023)
demonstrated potentially high returns on digital in-
vestments already within the first year of usage (ROI
from 115% to 134% for small farms). The results of the




longitudinal study, with precise tracking of all catego-
ries of expenses and income, offered a more nuanced
view of economic efficiency: for farms with minimal
prior digitalisation, the payback period indeed stood at
about 24-30 months, whereas for farmers already pos-
sessing basic digital infrastructure, a positive economic
effect was observed within the first 6-12 months. These
conclusions aligned with the findings of E. Amirova et
al. (2021), who identified a nonlinear correlation be-
tween investment in digitalisation and economic effect.

The study of the effectiveness of different types
of digital platforms showed a significant advantage
of multifunctional platforms with integrated analyt-
ical services (average satisfaction score 4.2 out of 5)
over narrowly specialised solutions (3.4 out of 5). These
results contrasted with the conclusions of I. Dobre et
al. (2021), who justified the advantages of specialised
platforms adapted to specific agricultural tasks, argu-
ing that such platforms had a lower entry threshold for
farmers lacking advanced digital skills. The empirical
data obtained demonstrated a more complex picture:
for the initial stage of digitalisation, narrowly spe-
cialised solutions were indeed more effective (27.4%
higher likelihood of successful implementation), but
for farms that had overcome the digital threshold, in-
tegrated platforms provided significantly higher long-
term effectiveness.

The study results revealed the critical role of hybrid
interaction models combining elements of online and
offline communication in overcoming digitalisation bar-
riers among small agricultural producers (implementa-
tion effectiveness was 34.2% higher compared to pure-
ly digital solutions). This complemented the findings of
T. Soma and B. Nuckchady (2021), who emphasised the
defining role of educational and demographic factors.
Regression analysis confirmed the importance of both
competency-based characteristics of farmers (p=0.39,
p <0.01) and psychological factors, particularly trust in
technology (3=0.61, p<0.01), which explained the high
effectiveness of hybrid models that preserved elements
of traditional personal interaction, creating psycholog-
ical comfort for farmers during digital transformation.
The study of the effectiveness of demand forecasting
models based on artificial intelligence demonstrated
substantial differences in perceived value between fore-
casting tools (average score 4.6 out of 5) and solutions
for optimising current processes (3.8 out of 5). These
results aligned with the studies of R. Dara et al. (2022),
who highlighted the advantages of Al in analytical and
predictive functions. The accuracy of the developed en-
semble forecasting model (93.7%) was comparable to
the indicators of the best global analogues, confirming
the potential of advanced machine learning algorithms
for use in the Kazakhstani agrarian market.

The research results revealed the need for state
support in forming unified interoperability standards
for agricultural digital platforms, which would reduce
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entry barriers for small farms by 34.7% and increase
the efficiency of the digital ecosystem by 42.3%. These
conclusions were in line with the discussion on the role
of the state in the digital transformation of the agro-in-
dustrial complex (Kalambet et al., 2016; Samoichuk et
al.,2016). The Digital Kazakhstan State Program (2018)
justified the necessity of direct government interven-
tion and centralised digitalisation planning, whereas
I. Tomorri et al. (2025) demonstrated the advantages
of market competition. Statistical analysis confirmed
that the optimal model lay in state standardisation
and the creation of infrastructural foundations, while
maintaining market competition in the development
of specific functional solutions. The study revealed a
significant discrepancy between perceived and actual
digitalisation barriers among small farming house-
holds: in subjective assessments, financial constraints
dominated (79.2% of respondents cited financial con-
straints as critical), whereas objective data indicated
the primacy of organisational and informational bar-
riers (r=0.71 with implementation delay at p < 0.01).
These results contrasted with the study by O. Visser et
al. (2021), which highlighted financial constraints as
fundamental. Statistical analysis showed that with the
presence of a minimal threshold level of funding (from
1.2 million tenge for basic digitalisation), further suc-
cess in the process was predominantly determined by
non-financial factors: organisational maturity (8= 0.58,
p <0.01), availability of informational support (3=0.47,
p<0.01),and the level of trust in technological innova-
tion (3=0.43,p<0.01).

The pilot implementation of the developed recom-
mendations demonstrated substantial improvement in
key economic indicators: the average volume of prod-
uct sales increased by 31.6% (p =0.003), the average
sales margin rose by 33.0% (p<0.001), and the share of
unsold products decreased by 41.6% (p=0.001). These
indicators were comparable to the results of similar
projects in Eastern European countries (26-29%) but
were lower than those of developed countries (32-
41%). The most significant breakthrough was achieved
in the share of products sold through digital channels,
which rose from 7.8% to 32.5% (an increase of 316.7%,
p < 0.001), with an extremely high effect size (Cohen’s
d=2.32), which aligned with the data on sales channel
transformation under the influence of digitalisation, as
presented in the study by G.M. Kalkabayeva et al. (2023).
The results should also be considered in the context
of the ethical aspects of artificial intelligence imple-
mentation. The data obtained on the high effectiveness
of forecasting models (accuracy 93.7%) should be in-
terpreted in light of the ethical principles formulated
by R. Dara et al. (2022). The study showed that 68.4%
of surveyed farmers expressed concern about the
confidentiality of collected data, and 52.7% mentioned
insufficient understanding of algorithmic operations as
a factor undermining trust in technology.
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Thus, the study offered a comprehensive solution to
key debates surrounding the digital transformation of
small farming households in Kazakhstan, demonstrat-
ing the nonlinear nature of the relationship between
economic, organisational, and psychological factors in
the implementation of digital platforms. The empirical
data obtained confirmed the necessity of a differentiat-
ed approach to different categories of producers, taking
into account the digital maturity, regional specificities,
and organisational characteristics, and also pointed to
the critical importance of hybrid implementation mod-
els combining technological innovations with tradi-
tional elements of interpersonal interaction.

CONCLUSIONS

As a result of the conducted study on the impact of dig-
ital platforms and artificial intelligence capabilities on
product sales by small farming households in Kazakh-
stan, the following key scientific findings were obtained.
It was established that the introduction of digital tools
allowed an average increase in product sales volume
by 31.6%, alongside an increase in sales margin by
33.0% and a reduction in the share of unsold products
by 41.6%. Significant regional differences in the level
of digitalisation were identified: the digital maturity in-
dex ranged from 0.38 in the North Kazakhstan region
to 0.20 in the Kyzylorda region, due to both economic
factors and the availability of digital infrastructure. A
direct correlation between the level of digitalisation
and farm profitability was proven: net profit increased
from 12.8% in farms with a basic level to 27.3% in farms
with an advanced level of digitalisation.

The most effective digital tools for different cat-
egories of farms were identified: for micro-farms, so-
cial networks and messengers were optimal (ROl 165-
187%); for small farms - specialised marketplaces
(ROl 194-218%); for medium farms - comprehensive
solutions with analytical tools (ROl 227-256%). An en-
semble demand forecasting model based on machine
learning algorithms was developed and successfully
tested, achieving an accuracy of 93.7%, comparable
with the best international analogues. Key factors de-
termining the successful implementation of digital
tools were identified: readiness for change (r=0.67),

increase the efficiency of product sales by small farm-
ing households in Kazakhstan.

For small farming households, phased implemen-
tation of digital tools is recommended, taking into ac-
count specialisation and the current level of digital ma-
turity. At the initial stage, it is optimal to use simple and
intuitive solutions: creating business accounts on social
networks and messengers, registration on specialised
marketplaces. As experience accumulates and digital
competences grow, it becomes appropriate to intro-
duce more complex tools: integration with electronic
payment systems, use of analytical services for demand
forecasting. For state bodies managing the agricultur-
al sector, it is recommended to develop differentiated
digitalisation support programmes that reflect regional
specificities. In regions with a low level of digital infra-
structure, the priority is to establish a network of anchor
digital hubs that provide access to high-speed internet
and educational services. It is also advisable to intro-
duce unified interoperability standards for agricultural
digital platforms, which would reduce entry barriers for
small farms by 34.7%. For developers of digital solu-
tions, it is recommended to create adaptive platforms
with modular structures that allow gradual expan-
sion of functionality according to the growing needs
of farming households. Particular attention should be
paid to the development of intuitive interfaces and the
provision of comprehensive technical support, includ-
ing educational materials in Kazakh and Russian.

Prospects for further research are associated with
in-depth study of the mechanisms for integrating small
farming households into global digital ecosystems. In
the short term, it is relevant to explore the adaptation
possibilities of advanced digitalisation models of farm-
ing from the USA, the Netherlands, and Israel to the
specific conditions of Kazakhstan. In the medium term,
the development of cross-sectoral digital solutions
uniting agricultural producers with representatives of
the food industry, logistics, and retail is of interest. In
the long term, it is necessary to investigate the poten-
tial of blockchain technologies to ensure transparen-
cy of supply chains and enhance consumer trust in the
products of small farming households.

computer literacy (r=0.63), and initial level of digi- ACKNOWLEDGEMENTS
talisation (r=0.58). It was established that excessive  None.
complexity of implemented solutions had a negative
impact on economic outcomes (B =-0.184), confirming FUNDING
the need for phased implementation of digital tools in  None.
accordance with the digital maturity of the farm. Based
on the results obtained, practical recommendations CONFLICT OF INTEREST
were developed, the implementation of which will help  None.
REFERENCES

[1] Adamkulova, Ch., Akylbekova, N., Omurova, S., Mambetova, A., & Mambetkazieva, N. (2025). Digital farming
platforms as a tool for strengthening cooperation between Kyrgyzstan and China: Potential and prospects.
Ekonomika APK, 32(2), 63-75. doi: 10.32317/ekon.apk/2.2025.63.

Scientific Horizons, 2025, Vol. 28, No. 6



https://doi.org/10.32317/ekon.apk/2.2025.63

Mukhanova et al.

[2] Akhmet,A.,Nurekenova,E.,Rakhimberdinova, M., Nurmukhametov,N., & Vasa, L.(2025).The impact of transport
routes on Kazakhstan’s agro-industrial complex considering ESG approaches. Problems and Perspectives in
Management, 23(1), 656-672. doi: 10.21511/ppm.23(1).2025.49.

[3] American Sociological Association’s Code of Ethic. (1997). Retrieved from https://www.asanet.org/about/
ethics/.

[4] Amirova, E., Safiullin, I., Sakhbieva, A., & Aygumoy, T. (2021). Complex development of a digital platform of the
agricultural economy. BIO Web of Conferences, 37, article number 00014. doi: 10.1051/bioconf/20213700014.

[5] Bampasidou, M., Goldgaber, D., Gentimis, T., & Mandalika, A. (2024). Overcoming ‘digital divides’: Leveraging
higher education to develop next generation digital agriculture professionals. Computers and Electronics in
Agriculture, 224, article number 109181. doi: 10.1016/j.compag.2024.109181.

[6] Basso,B., & Antle,J.(2020). Digital agriculture to design sustainable agricultural systems. Nature Sustainability,
3,254-256.doi: 10.1038/s41893-020-0510-0.

[7] Bauer, M.S., Bekeshey, B.Z., & Temirova, A.B. (2024). Information technologies in agriculture of Northern
Kazakhstan: Advantages, reserves. Problems of AgriMarket, 3, 89-99. doi: 10.46666/2024-3.2708-9991.08.

[8] Braun,V., & Clarke,V.(2021). One size fits all? What counts as quality practice in (reflexive) thematic analysis?
Qualitative Research in Psychology, 18(3), 328-352. doi: 10.1080/14780887.2020.1769238.

[9] Bureau of National Statistics. (2025). The main indicators of the development of livestock (January-March
2025). Retrieved from https://stat.gov.kz/en/industries/business-statistics/stat-forrest-village-hunt-fish/
publications/349609/.

[10] Chandio, A.A., Ozdemir, D., Gokmenoglu, K.K., Usman, M., & Jiang, Y. (2024). Digital agriculture for sustainable
development in China: The promise of computerization. Technology in Society, 76, article number 102479.
doi: 10.1016/j.techsoc.2024.102479.

[11] Cohen, Z.D., DeRubeis, RJ., Hayes, R., Watkins, E.R., Lewis, G., Byng, R., Byford, S., Crane, C., Kuyken, W.,
Dalgleish, T., & Schweizer, S. (2022). The development and internal evaluation of a predictive model to
identify for whom mindfulness-based cognitive therapy offers superior relapse prevention for recurrent
depression versus maintenance antidepressant medication. Clinical Psychological Science, 11(1), 59-76.
doi: 10.1177/21677026221076832.

[12] Dara, R., Fard, S.M.H., & Kaur, J. (2022). Recommendations for ethical and responsible use of artificial
intelligence in digital agriculture. Frontiers in Artificial Intelligence, 5, article number 884192. doi: 10.3389/
frai.2022.884192.

[13] Dibbern, T., Romani, LA.S., & Massruha, S.M.F.S. (2024). Main drivers and barriers to the adoption of
Digital Agriculture technologies. Smart Agricultural Technology, 8, article number 100459. doi: 10.1016/].
atech.2024.100459.

[14] Digital Kazakhstan State Program. (2018). Retrieved from https://egov.kz/cms/en/digital-kazakhstan.

[15] Dobre, I, Capra, M., Costache, C., & Dorobantu, N. (2021). Farm size and digitalization: Quantitative approach.
Western Balkan Journal of Agricultural Economics and Rural Development,3(1),67-83.d0i:10.5937/wbjae2101067d.

[16] Food and Agricultural Organisation. (2022). Modern technology improves traditional livelihoods in Kazakhstan.
Retrieved from https://surl.li/aoxlfn.

[17] Galvao,NJ.,Fernandes,N.J., Pereira, N.D., Galvao,N.M., & Neves, N.F.(2022). Portable automatic sensing system
for sustainable precision farm. Renewable Energy and Power Quality Journal, 20(2), 222-227. doi: 10.24084/
repgj20.267.

[18] Glaros, A., Thomas, D., Nost, E., Nelson, E., & Schumilas, T. (2023). Digital technologies in local agri-food
systems: Opportunities for a more interoperable digital farmgate sector. Frontiers in Sustainability, 4, article
number 1073873. doi: 10.3389/frsus.2023.1073873.

[19] Guest, N.S., et al. (2021). International society of sports nutrition position stand: Caffeine and exercise
performance. Journal of the International Society of Sports Nutrition, 18(1), article number 1. doi: 10.1186/
s12970-020-00383-4.

[20] Hackfort, S. (2023). Unlocking sustainability? The power of corporate lock-ins and how they shape digital
agriculture in Germany.Journal of Rural Studies,101,article number 103065.d0i: 10.1016/j.jrurstud.2023.103065.

[21] Hastie, C.E., et al. (2023). True prevalence of long-COVID in a nationwide, population cohort study. Nature
Communications, 14, article number 7892. doi: 10.1038/s41467-023-43661-w.

[22] Hong, Y-Z., & Chang, H-H. (2020). Does digitalization affect the objective and subjective wellbeing of forestry
farm households? Empirical evidence in Fujian Province of China. Forest Policy and Economics, 118, article
number 102226. doi: 10.1016/j.forpol.2020.102236.

[23] Kalambet, S.V.,Zolotariova, O.V., & Pivniak,Y.V.(2016).Influence of households’finances in Ukraine on indicators
of their mobility and socio-economic development of the state. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 4, 130-140.

Scientific Horizons, 2025, Vol. 28, No. 6

147


https://doi.org/10.21511/ppm.23(1).2025.49
https://www.asanet.org/about/ethics/
https://www.asanet.org/about/ethics/
https://doi.org/10.1051/bioconf/20213700014
https://doi.org/10.1016/j.compag.2024.109181
https://doi.org/10.1038/s41893-020-0510-0
https://doi.org/10.46666/2024-3.2708-9991.08
https://doi.org/10.1080/14780887.2020.1769238
https://stat.gov.kz/en/industries/business-statistics/stat-forrest-village-hunt-fish/publications/349609/
https://stat.gov.kz/en/industries/business-statistics/stat-forrest-village-hunt-fish/publications/349609/
https://doi.org/10.1016/j.techsoc.2024.102479
https://doi.org/10.1177/21677026221076832
https://doi.org/10.3389/frai.2022.884192
https://doi.org/10.3389/frai.2022.884192
https://doi.org/10.1016/j.atech.2024.100459
https://doi.org/10.1016/j.atech.2024.100459
https://egov.kz/cms/en/digital-kazakhstan
https://doi.org/10.5937/wbjae2101067d
https://www.fao.org/in-action/modern-technology-improves-traditional-livelihoods-kazakhstan/en/
https://doi.org/10.24084/repqj20.267
https://doi.org/10.24084/repqj20.267
https://doi.org/10.3389/frsus.2023.1073873
https://doi.org/10.1186/s12970-020-00383-4
https://doi.org/10.1186/s12970-020-00383-4
https://doi.org/10.1016/j.jrurstud.2023.103065
https://doi.org/10.1038/s41467-023-43661-w
https://doi.org/10.1016/j.forpol.2020.102236
http://nbuv.gov.ua/UJRN/Nvngu_2016_4_19
http://nbuv.gov.ua/UJRN/Nvngu_2016_4_19

148

The impact of digital platforms...

[24] Kaldiyarov, D.A., Kalymbekova, ZK., & Zhumanazarov, K.B. (2023). Digital innovation ecosystem of the
agro-industrial complex of Kazakhstan: Overview of the subject area. Problems of AgriMarket, 3, 34-41.
doi: 10.46666/2023-3.2708-9991.03.

[25] Kalkabayeva, G.M.,Assanova, M.A., & Glazunova, S.B. (2023). Use of digital technologies in financing projects of
sustainable development in Kazakhstan. Central Asian Economic Review, 4, 96-106. doi: 10.52821/2789-4401-
2023-4-96-106.

[26] Lacoste, M., et al. (2021). On-farm experimentation to transform global agriculture. Nature Food, 3, 11-18.
doi: 10.1038/543016-021-00424-4.

[27] McGrath, K., Brown, C.,Regan, A., & Russell, T. (2023). Investigating narratives and trends in digital agriculture:
A scoping study of social and behavioural science studies. Agricultural Systems, 207, article number 103616.
doi: 10.1016/j.agsy.2023.103616.

[28] Ministry of Agriculture of the Republic of Kazakhstan. (n.d.). Retrieved from https://www.gov.kz/memleket/
entities/moa?lang=en.

[29] Oleksandrenko, I., & Levis, R.(2023). Theoretical principles of management of financial security of agricultural
sector enterprises. Economic Forum, 13(3), 141-147. doi: 10.36910/6775-2308-8559-2023-3-18.

[30] Oliveira-Jr,A., Resende, C., Pereira, A., Madureira, P., Gongalves, J., Moutinho, R., Soares, F., & Moreira, W. (2020).
loT sensing platform as a driver for digital farming in rural Africa. Sensors, 20(12), article number 3511.
doi: 10.3390/520123511.

[31] Organisation for Economic Co-operation and Development. (2023). Improving framework conditions for the
digital transformation of businesses in Kazakhstan. Retrieved from https://www.oecd.org/en/publications/
improving-framework-conditions-for-the-digital-transformation-of-businesses-in-kazakhstan_368d4d01-en.
html.

[32] Phillips, D.B., Collins, S.E., & Stickland, M.K. (2020). Measurement and interpretation of exercise ventilatory
efficiency. Frontiers in Physiology, 11, article number 659. doi: 10.3389/fphys.2020.00659.

[33] Prause, L., Hackfort, S., & Lindgren, M. (2020). Digitalization and the third food regime. Agriculture and Human
Values, 38(3), 641-655. doi: 10.1007/s10460-020-10161-2.

[34] Samoichuk, K., Kiurchey, S., Oleksiienko, V., Palyanichka, N., & Verholantseva, V. (2016). Research into milk
homogenization in the pulsation machine with a vibrating rotor. Eastern-European Journal of Enterprise
Technologies, 6(11-84),16-21. doi: 10.15587/1729-4061.2016.86974.

[35] Schopf, T., Dresse, K., & Matthes, F. (2022). Towards Al platforms for stationary retail. In 2022 5% international
conference on artificial intelligence for industries (Al4l) (p.22). Laguna Hills: Institute of Electrical and Electronics
Engineers. doi: 10.1109/A14154798.2022.00012.

[36] Sedek, K.A., Osman, M.N., Omar, M.A., Wahab, M.H.A., & Idrus, S.ZS. (2021). Smart agro e-marketplace
architectural model based on cloud data platform. Journal of Physics Conference Series, 1874(1), article number
012022.doi: 10.1088/1742-6596/1874/1/012022.

[37] Sharma, A., & Singhai, M. (2023). Digitalization of agricultural sector- an assessment of its effect on farmers
and Indian economy. BSSS Journal of Management, 14(1), 165-176. doi: 10.51767/jm1411.

[38] Sizova, O. (2022). How will artificial intelligence help farmers? Retrieved from https://dknews.kz/ru/chitayte-v-
nomere-dk/255858-kak-iskusstvennyy-intellekt-pomozhet-agrariyam.

[39] Soma, T., & Nuckchady, B. (2021). Communicating the benefits and risks of digital agriculture technologies:
Perspectives on the future of digital agricultural education and training. Frontiers in Communication, 6, article
number 762201. doi: 10.3389/fcomm.2021.762201.

[40] Studinska, G., & Studinski, V. (2023). Implementation of innovative EU approaches to regulatory policy
for the development of agricultural production and rural areas. University Economic Bulletin, 18(3), 91-98.
doi: 10.31470/2306-546X-2023-58-91-98.

[41] Tomorri, I., Keco, R., Shima,J., & Tomorri, K. (2025). Drivers, barriers, and impact of digitalization on sustainable
rural development, focusing on some regions of Albania. European Scientific Journal, 21(1), 115-137.
doi: 10.19044/esj.2025.v21n1p115.

[42] Tranchina, M., et al. (2024). Exploring agroforestry limiting factors and digitalization perspectives: Insights
from a European multi-actor appraisal. Agroforestry Systems, 98(7), 2499-2515. doi: 10.1007/s10457-024-
01047-x.

[43] Visser, O., Sippel, S.R., & Thiemann, L. (2021). Imprecision farming? Examining the (in)accuracy and risks of
digital agriculture. Journal of Rural Studies, 86,623-632.doi: 10.1016/j.jrurstud.2021.07.024.

Scientific Horizons, 2025, Vol. 28, No. 6



https://doi.org/10.46666/2023-3.2708-9991.03
https://doi.org/10.52821/2789-4401-2023-4-96-106
https://doi.org/10.52821/2789-4401-2023-4-96-106
https://doi.org/10.1038/s43016-021-00424-4
https://doi.org/10.1016/j.agsy.2023.103616
https://www.gov.kz/memleket/entities/moa?lang=en
https://www.gov.kz/memleket/entities/moa?lang=en
https://doi.org/10.36910/6775-2308-8559-2023-3-18
https://doi.org/10.3390/s20123511
https://www.oecd.org/en/publications/improving-framework-conditions-for-the-digital-transformation-of-businesses-in-kazakhstan_368d4d01-en.html
https://www.oecd.org/en/publications/improving-framework-conditions-for-the-digital-transformation-of-businesses-in-kazakhstan_368d4d01-en.html
https://www.oecd.org/en/publications/improving-framework-conditions-for-the-digital-transformation-of-businesses-in-kazakhstan_368d4d01-en.html
https://doi.org/10.3389/fphys.2020.00659
https://doi.org/10.1007/s10460-020-10161-2
https://doi.org/10.15587/1729-4061.2016.86974
https://doi.org/10.1109/AI4I54798.2022.00012
https://doi.org/10.1088/1742-6596/1874/1/012022
https://doi.org/10.51767/jm1411
https://dknews.kz/ru/chitayte-v-nomere-dk/255858-kak-iskusstvennyy-intellekt-pomozhet-agrariyam
https://dknews.kz/ru/chitayte-v-nomere-dk/255858-kak-iskusstvennyy-intellekt-pomozhet-agrariyam
https://doi.org/10.3389/fcomm.2021.762201
https://doi.org/10.31470/2306-546X-2023-58-91-98
https://doi.org/10.19044/esj.2025.v21n1p115
https://doi.org/10.1007/s10457-024-01047-x
https://doi.org/10.1007/s10457-024-01047-x
https://doi.org/10.1016/j.jrurstud.2021.07.024

Mukhanova et al.

Brnnue undpoBmx NnaTtdopM Ta MOXKITMBOCTEN LUTYUHOIO iHTENEKTY
Ha 36yT npoaykKuii ManuMmn ¢pepMepCcbKMMU rocrnogapcTreaMm

laitHi MyxaHoBa
KaHamaat eKOHOMIYHUX HaYK, AOLEHT
ActaHcbkuin I T-yHiBepcuteT
010000, npocn. Manrinik En, 55/11, m. ActaHa, Pecny6bnika KasaxcraH
https://orcid.org/0000-0002-6953-2756

lMnaw Yawos
KaHanoaT eKOHOMIYHUX HAYK, LOLEHT
YHiBepcuTeT Hapxos
050035, Byn. KaHpocoga, 55, M. AnmaTu, Pecnybnika KasaxcraH
https://orcid.org/0000-0002-1760-2441
AliKyH AXMeTXKaHOBa
KaHamaat eKOHOMIYHUX HaYK, AOLEHT
YHiBepcuteT ALT iMeHi M. TuHMILNAaEBA
050012, Byn. LLleBueHka, 97, M. AnmaTtu, Pecnybnika KasaxcraH
https://orcid.org/0000-0003-2192-7094

PaywaH ManaeBa
KaHanoaT eKOHOMIYHUX HAYK, LOLEHT
Kaszaxcbka HauioHanbHa KoHcepBaTopis iMeHi KypmaHrasu
05000, npocn. Abunaii-XaHa, 86, M. Anmatu, Pecnybnika KasaxcraH
https://orcid.org/0000-0002-1162-9942
Onekcanap Mnowari
KaHamoaTt eKOHOMIYHMX HayK
MiXHapoOHWI TPAaHCNOPTHO-TYMAHITapHMIA YHIBEpCUTET
050063, mikpoparoH Xetucy-1, 32A, M. AnmaTu, Pecnybnika KasaxcraH
https.//orcid.org/0009-0007-3735-5816

AHoTauia. MeTolo gocnigpkeHHs 6yna ouiHka BNAMBY LMPPOBUX NNATOOPM Ta TEXHOMOFIM LWTYYHOrO iHTENeKTy
Ha edeKTMBHICTb 30yTy CilbCbKOroCnoAapCbKoi NpoayKLii Manumu GepmMepcbkuMmu rocnogapcteamm KasaxcraHy
NMopiBHAHO 3 A0CBiAOM KpaiH LleHTpanbHoi A3ii Ta cBiTOBMMM npakTukamu. JlocnigkeHHs npoBoaunocs 3
6epe3Hs 2023 poky no notuin 2025 poky B 14 obnactax Pecnybniku KazaxcTaH i3 3aCTOCYBaHHAM KOMMIEKCHOT
MeTOA0/0rii, Lo BKIOYAE CTPAaTU(iKOBaHy BMNaAKOBY BUOIPKY, CTPYKTYPOBaHi iHTEPB'IO 3 KepiBHUKaMM 324 Manux
(dhepMepCcbKMX rocnoapcTB (3 YMcenbHicTio npauiBHMKiB go 10 ocib Ta piyHnuM 060poToM He binblue 30 MH TeHbre).
nnatpopm (AgroSmart.kz, Egistic, DigiField, QazFarm, AgroMap, Agroplatforma.kz, Agro.kz, Farm.kz). MpoBeneHo
aucnepcinHuid aHanis ANOVA, perpeciitHuii Ta KOpensiLinHuiA aHanis, a TakoX 3aCTOCOBAHO METOAM MALUMHHOMO
HaBYaHHSA (Random Forest, XGBoost) ans po3pobku NporHocTMyHoi Mogeni. CTaTUCTUYHKUIA aHani3 LaHWX NOKa3as.,
L0 BNPOBAZKEHHS LMDPOBUX IHCTPYMEHTIB L0O3BOIMAO 30iNblIMTM 06CArM NPOAaXiB y cepefHboMy Ha 27,3 % 3a
CKOPOYEHHSN BUTPAT Ha nocepenHukiB Ha 18,6 %. Haibinbwy epeKTUBHICTb NPOAEMOHCTPYBANMU FOCNOLAPCTBA, AKi
BMKOPUCTOBYHOTb KOMBIHALLiKO IoKanbHUX Toproeux nnatdopm (AgroSmart.kz, Agro.kz) Ta cnewianizoBaHux cepsicis
NPOrHO3yBaHHA MoOnNuUTy. PerioHanbHWiA aHanis BUABMB CYTTEBI BIAMIHHOCTI B PiBHI UMdpoBi3auii: y NiBAEHHUX
obnactax (TypkecTaHcbKa, XKeTucycbka) 64,2 % GpepMepiB perynsipHo BUKOPUCTOBYBaIM HE MeEHLLE ABOX LUPPOBUX
KaHaniB 36yTy, ToAi 9K y niBHiYHKMX (KocTaHancbka, MNiBHiYHO-Ka3axcTaHcbka) Ler NOKasHMK CTaHOBMB nuwe 38,7 %.
Po3pobneHa 3 BMKOPUCTAHHAM anropuMTMiB MALWMHHOIO HaBYaHHS MPOrHOCTMYHA MOAENb NPOAEMOHCTPYBana
TOYHICTb NepenbayeHHs CE30HHMX KONMBaHb Nonuty 87,4 % nifg Yac TeCTyBaHHS Ha icTopuuHux ganux 2018-2023
pokiB. [MinoTHe BNpoBadXeHHs po3pobneHnXx pekoMeHAaLUil y AisNbHICTb 23 Manux depMepCcbKMX rocnoaapcTs
[L03BO/IMNO J0CAITU CEpPeAHbOro 3poCTaHHs BMPYYKM Ha 31,5 % 33 CKOpOYeHHS 4Yacy Ha MOLWYK MOKYMUiB Ha
43,2 %. JocnigxeHHs [OBENO EKOHOMIYHY AOLINbHICTb BMIPOBAAXKEHHS UMPPOBUX IHCTPYMEHTIB Y NPaKTUKY Mannx
dhepmepcbkux rocnogapcTe KazaxcraHy HaBiTb 3a 06MexeHoro 6roaxeTy Ha LMdpPOoBi3aLito

Kntouosi cnoBa: mani depmepcbki rocnogapcTsa; arponpoMUCIOBUIA KOMMNAEKC; UMb poBi nnathopmu; eekTUBHICTb
30yTy; MoZenb NPOrHO3yBaHHA NonuTy; KasaxcraH, MalMHHE HaBYaHHS
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