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FACTORS OF PRODUCT INNOVATION AMONG
EARLY-STAGE ENTREPRENEURS IN SOUTHEAST
EUROPE: AN EMPIRICAL ANALYSIS OF GEM DATA

Abstract

Purpose: The paper aims to examine the determinants of product and
service innovation among early entrepreneurs in Southeast Europe with a
focus on technological equipment, business ownership, expected growth and
internationalization.

Methodology: The analysis was conducted using the 2020 GEM database,
using ordinal logistic regression. In the sample, 343 valid answers were identified,
focused exclusively on TEA entrepreneurs of Southeastern Europe. The dependent
variable refers to the degree of innovation of the product or service, and the model
included the innovation of the technology used, ownership structure, expected
growth and internationalization.

Findings: The use of innovative technologies and processes is a strong and
statistically significant predictor of product and service innovation. Entrepreneurs
who use technologies that are new at the national and global level have a
significantly greater advantage to bring innovative products and services. Also,
entrepreneurs who expect greater growth of the company show a higher level of
innovation compared to those with lower growth expectations. The variables of
ownership structure and business internationalization did not show a statistically
significant impact on product and service innovation.

Originality/value: The work brings empirical insight into the factors that shape
the innovativeness of products and services in the early stages of entrepreneurship,
which represents a relatively poorly researched area in the domestic context.

Practical implications: The findings can be used by political decision-makers to
shape innovation in the early stages of entrepreneurship, especially in the domain
of fostering and introducing globally new technologies.
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Limitations: The research is limited by the available data from one year, based
on the attitudes of the respondents. Future research could include longitudinal data
and qualitative methods to confirm these findings.

Key words: Innovation, ownership, business growth, internationalization, GEM.

JEL classification: L26

DPAKTOPU NTHOBAILIUJE ITPOU3BOJA MEBY
HNPEAY3ETHUILIUMA Y PAHUM ®A3AMA Y JYTOUCTOYHOJ
EBPOIIM: EMIIMPUJCKA AHAJIN3A IIOJATAKA GEM-a

ArncTpakr

Cepxa: Lum pada je ucnumusarse OemepmuHanmu UHO8ayuja npouseooa u yciyea mely
panum npedysemnuyuma y Jyeoucmounoj Eeponu ca @okycom Ha mexmoniowky on-
PEMBEHOCH, GTLACHUMEBO HAO npedy3efiem, O4eKUBAHU PAcm U UHMEPHAYUOHATUAYY.
Memoodonocuja: Ananusa je cnpoeedena rxopuwherwem GEM 6aze nooamaxa u3z
2020. eooune, npumenom opounanue jocucmuike pezpecuje. Y y30pKy je uoenmu-
¢urosaro 343 eanuona ooeosopa, ghokycupana uckwyuueo Ha TEA npedyzemmuke
Jyeoucmoune Espone. 3asucna npomensusa ce 0OHOCU HA CMenel UHOBAMUBHOCU
npousgo0a unu ycuyee, a Mooei je 00yXeamuo uHO8AMUSHOCH Kopuuifiene mexHono-
2uje, Cmpykmypy 61AaCHUWIMGA, OYeKUBAHU PACH] U UHMEPHAYUOHATUIAYU]Y.
Pezynmamu: Ynompeba unoeamueHux mexHono2uja u npoyeca je CHaxcam u cma-
MUCMUYKY 3HAYAJAH NPeOUKmop unosayuja npouszeooa u yciyea. llpedysemuu-
Yu Koju Kopucme mexnonozuje Koje ¢y Ho8e Hd HAYUOHATHOM U 2NOOATHOM HUBOY
umajy 3uauajuo eely npeonocm da doHecy uHosamusHe npouszgode u yciyee. Ta-
Kohe, npedyzemuuyu Koju ouexyjy eefiu pacm KomMnanuje nokaszyjy Uil HU60 UHO-
samusHocmu 'y nopelersy ca OHUMa ca HUMCUM O4eKUBAUMA PACTA.

Bapujabne cmpykmypa enacnuwimea u uHMeEPHAYUOHATUIAYUJA NOCTOBARA HUCY
nokasajie cmamucmudKy 3Ha4ajan ymuyaj Ha uHogayuje npouzeood u yciyad.
Opueunannocm/epeonocm: Pad donocu emnupujcku ysuo y gaxmope xoju 06-
JUKYJY UHOBAMUBHOCH NPOU3600A U YCAYed Y pAHUM hazama npedy3emHuumsa,
WMo npedcmasba peramugHo ciado ucmpasicery ooiacm y oomahem KOHMeEKCMY.
Ipaxmuune umnauxayuje: Hanazu moey oumu xopuwhenu o0 cmpane nomumuykux
OJoHoCunaya 00yKa 3a 0OIUKOBARbE UHOBAYUJA Y PAHUM hazama npedy3emHuumsd,
nocebHO y O0OMeHy He208arba U YEoliersa HOBUX MEXHONO2Ujd HA 210OATIHOM HUBOY.
Oczpanuuersa: Mcmpaosicusarse je oepanuueno 00CmynHum nooayuma u3 jeome 2o-
OuHe, Ha 0CHOBY cmagosa ucnumanuxa. byoyha ucmpascusara 6u moena oa 0b6yx-
same J1OHSUMYOUHATHE NOOAMKe U K8AIUMAamugHe Memooe Kako ou ce nomepouiu
06U HaA3U.

Kwyune peuu: Hunosayuje, erachuuimeo, pacm nocio8ard, UHMEPHAYUOHAIU3A-
yuja, GEM.
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Introduction

Entrepreneurs are actors of society who contribute significantly to economic
growth (Munyo & Veiga, 2024). Those who are in the early stages of the development
of entrepreneurial ventures stand out, because their activities have a positive effect in
developed, but also in developing countries (Ivanovi¢-Djuki¢ et al., 2018). Their actions
are characterized by a high level of risk and uncertainty, which enables them to create the
conditions for creating innovations that can change market dynamics. The innovativeness
of their products is a vital success factor. Innovations allow them to stand out from
the competition, secure first customers and attract investors. In the region of Southeast
Europe, which consists of economies facing structural challenges, the innovations of
young companies play an even more significant role in increasing competitiveness and
modernizing the market. Although the importance of innovation for economic growth
has been confirmed and widely recognized in earlier research (Cameron, 1996; Hasan
& Tucci, 2010; Ivanovié-Djuki¢ et al., 2018), empirical research that focuses on specific
factors that shape the innovativeness of products and services, especially in the context
of SEE, remains limited (Abazi-Alili et al., 2014). There is a clear need for a deeper
understanding of the mechanisms through which certain aspects of business can contribute
to the development of innovative products and services. This paper aims to examine how
technological equipment, ownership structure of the company, expectations regarding
growth and internationalization of business influence the innovativeness of entrepreneurs
in the early stages of development in SEE. The analysis is based on data from the Global
Entrepreneurship Monitor (GEM) database for 2020. The structure of the paper includes
the theoretical framework and development of hypotheses, methodological part, analysis
of results, discussion and concluding considerations with practical implications.

Theoretical background

Entrepreneurs are often considered in the literature as foci of innovation (Love &
Roper, 2015; Audretsch, 2002, Janosik et al., 2024). In terms of innovative activities, their
advantages are reflected in the ability to make quick decisions, willingness to take risks
and flexibility in responding to market opportunities, while limitations are manifested in
the scope and availability of the necessary resources. Functioning in conditions of limited
formalization, within fluid business models allows them to experiment with new ideas
faster (Blank & Dorf, 2020). Such adaptability and openness encourage an environment
suitable for innovation, especially in situations of a clearly observed market gap that is
not satisfied by existing solutions (Nambisan, 2017). In this context, innovation does not
depend predominantly on resources, but on the ability to identify and exploit opportunities
- which is the essence of entrepreneurial behavior (Shane & Venkataraman, 2000; Matic,
et al 2023; Ognjenovi¢, 2024). Early entrepreneurs can often be motivated by the need
to offer something different to the market (Global Entrepreneurship Monitor, 2020), so
innovation becomes not only a strategic advantage, but also a necessity for survival and
growth (Estay et al., 2013). Innovative activities of entrepreneurs in the early stages
of the development of their ventures are often associated with higher growth rates and
probability of survival (Huergo & Jaumandreu, 2004; ). In regions with institutional
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challenges, such as Southeast Europe, innovative entrepreneurial firms become catalysts
for change and modernization of the economy (Abazi-Alili et al., 2014; Bylund &
McCaffrey, 2017). Their ability to harmonize local knowledge and global practices
makes them potential sources of industry transformation and the opening of new markets
(Radakovi¢, 2024). Innovative outcomes are influenced by a range of interrelated factors.
Their understanding is important for the theoretical mapping of innovation processes in
entrepreneurship, but also for the formulation of practical recommendations aimed at
strengthening innovation capacities. The identification of relevant factors that contribute
to the development of innovations in specific stages of company development is an
important research challenge.

Technological capacity

Digital technologies have been the source of many innovations that have transformed
economies (Jiao et al., 2025). Application of advanced technological solutions (blockchain,
artificial intelligence, IoT) significantly raise the level of innovation of products and
services (Gruji¢ & Vojinovi¢, 2024; Omari et al., 2025; Jiao et al., 2025). Omari et al.
(2025) showed that the financing of R&D activities by entrepreneurs contributes to the
appearance of new products on the market. Technological diversification is posited as a
mediator between entrepreneurial orientation and product and service innovation (Lin et
al., 2023; Mati¢ et al., 2025). Small businesses can profit from the use of digital tools (in
which we can include affordable software, mobile applications with specific purposes in
business), which help them to create or market their products and services more efficiently
(Danil et al., 2025). The development, adoption and spread of new technologies leads to a
strengthening of competitiveness, because it enables faster recognition and integration of
external knowledge into one’s own innovations (Cuevas-Vargas et al., 2022). As markets
accelerate, firms that are more digitally developed have a greater advantage in the speed
of response to external challenges, which directly reflects on innovation (Guo et al., 2023).
Based on the previous consideration, HI hypothesis is set:

H1: The technological equipment of entrepreneurs in the early stages of enterprise
development has a positive effect on the innovativeness of products and services.

Ownership structure

Concentration of ownership in the hands of an individual can be associated with
greater agility and a greater focus on innovation. When an entrepreneur controls the
company independently, without coordination with partners, he can react more quickly to
market changes, adapt to customer needs and direct resources towards the development of
new products and services. In such circumstances, there is greater freedom when setting
goals, because there are fewer bureaucratic obstacles and conflicts of interest. An owner
who independently participates in the business is more strongly motivated and focused on
growth, while multiple entrepreneurs in the ownership structure usually have a short-term
orientation (Ma et al., 2022). A multi-participant structure may be more passive towards
change, while an individual is more prone to risk and innovation. Henselek et al. (2023)
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show that ventures with fewer employees per founder are more flexible. Decisions are
made faster and innovative initiatives are launched more easily. The innovative process
slows down with an increase in the number of employees per owner, because the founder
loses part of his direct influence (Henselek et al., 2023). Concentrated ownership control
combined with R&D investments improves the performance of companies (Chatterjee &
Bhattacharjee, 2021). Theoretically, we conclude that a high degree of ownership control
by early entrepreneurs can be a factor that encourages innovation, and accordingly the
following hypothesis is put forward:

H2: The concentration of ownership control of entrepreneurs in the early stages of
venture development has a positive effect on product and service innovation.

Expected growth

Entrepreneurs who expect the growth of their own enterprise treat innovation as
a tool to achieve their expectations. Entrepreneurial aspirations stimulate the creation
of new jobs and encourage innovation (Khefacha et al., 2024). Market expansion
and global competition raise growth expectations, and this increases the pressure on
entrepreneurs to innovate their products and services to remain competitive (Castano
et al.,, 2016). Poblete (2022) shows in his research that high entrepreneurial growth
ambitions have a positive effect on the innovative behavior of company owners. He
came to identical findings in 2018, when he pointed out that entrepreneurs who introduce
innovative products or services have more ambitious growth plans (Poblete, 2018). In
other words, entrepreneurs who are ambitious innovate more, and those innovators strive
for greater growth. Mocnik & Sirec (2016) confirmed in their work that the introduction
of product and service innovations raises the expectations of company growth. This
result is particularly prominent and significant for developed European countries, while
it was weaker in Southeastern economies. In summary, it is theoretically and empirically
justified to assume that entrepreneurs with higher growth expectations invest more often
in product and service innovations, and therefore the following hypothesis is put forward:

H3: Greater growth expectations of entrepreneurs in the early stages of venture
development have a positive effect on the innovativeness of products and services.

Internationalization

The innovativeness of entrepreneurs in the early stages of the development of
their ventures is often linked to their export orientation. Entrepreneurs who are oriented
towards exports and foreign markets have a special innovation profile. Entering the
foreign market exposes them to strong competition and new knowledge, which at
the same time enables, but also forces them to innovate their products and services
(Stojanovi¢ et al., 2023). Businesses that participate with high intensity in foreign
markets are more easily able to develop new products and overcome innovation barriers
(Love & Ganotakis, 2013). Ramos-Hidalgo et al (2022) confirm that innovation plays
a vital role in internationalization because it enables internal changes and adaptation of
resources, which is necessary for sustainable growth in foreign markets. SMEs need to
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constantly expand their markets through exports while innovating in order to remain
competitive, where the ability to learn is a key advantage to conquer new markets
(Harrison & Pooe, 2022). Exporters who introduce organizational innovations in parallel
significantly improve innovation performance after entering foreign markets (Juergensen
et al., 2024). These findings suggest that export orientation can stimulate product and
service innovation, and therefore the following hypothesis is put forward:

H4: Internationalization (organizational orientation) of entrepreneurs in the early
stages of venture development has a positive effect on the innovativeness of products
and services.

Methodology

The research was conducted by analyzing data from the GEM Adult Population
Survey (APS) database from 2020, with a focus exclusively on respondents from
Southeast European countries who are classified as TEA entrepreneurs (entrepreneurs
at the start-up stage and start-up companies). The total number of valid responses after
filtering was 343, while the total sample size was 6000, with the remaining responses
discarded due to missing data or unfocused categories.

Ordinal logistic regression was used for statistical processing, with the aim of
identifying the importance of individual predictors on the level of product innovation.
Variables related to the characteristics of entrepreneurs and their firms are included in
the model, while the gender variable is included as a control variable, to neutralize the
potential influence of demographic differences on perceived or actual product innovation.

The dependent variable, as well as all independent variables, are shown in the
following table with the response categories used in the model.

Table 1: Variable description

Variable name Variable description Response categories and codes
Product innovation | Are the products/services |1 —Not new, 2 — New to local
(dependent variable) | new to the market? market, 3 — New to the country, 4 —
New to the world
Technological Are the technologies / 1 — Not new, 2 — New to local
capacity procedures used new? market, 3 — New to the country, 4 —
New to the world
Ownership Is the business partially 0—No, I —Yes
owned by the employer?
Growth expectation | Number of jobs the 1 —No employees,2—-1t05,3—-6
entrepreneur expects to to 19,4 - 20+
create
Internationalization |Is more than 25% of 0—No, I —Yes
revenue generated abroad?
Gender (control Gender of the respondent? |1 — Male, 2 — Female
variable)

Source: Authors’ analysis
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Figure 1: Conceptual model

Process
Innovation

Product
Innovation

Internationalizati
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Expected
Growth

Source: Authors’ analysis

Research results and discussion

The model proved to be significant (Chi-Square = 116.033, df =9, p < 0.001),
which confirms that the included predictors contribute to explaining the variance in the
dependent variable. The model fit statistics indicate that there is no significant difference
between the model and the observed data (Deviance y* = 222.715, df = 198, p=0.110),
which indicates a good fit of the model. The value of the pseudo-R-squared coefficient
further illuminates the explanatory power of the model. The Nagelkerke R? is 0.342 and
is an adjusted version of the Cox and Snell coefficient. This value implies that the model
explains about 34% of the variance of the dependent variable. McFadden’s R* is 0.185.
In the context of logistic and ordinal regression, this value indicates a good ability of the
model to distinguish different levels of the dependent variable, since values between 0.2
and 0.4 are often considered very satisfactory in this type of analysis.

The thresholds between the categories of the dependent variable (thresholds) show
the locations that determine the transitions between the levels of innovation: “not new”,
“new in the place”, “new in the country”, and “new in the world”. Their values are all
statistically significant, indicating that the categories are properly ordinally distributed
and that the model successfully discriminates between them.
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Table 2: Parametric findings

Parameter Estimates
95% Confidence Interval
Estimate lsiifriér Wald [df |Sig. Lower Upper
Bound Bound
Threshold | [teanewprod = 1] -5,062 1,013 | 24,957 1 0 -7,048 -3,076
[teanewprod = 2] -3,78 0,996 | 14,405 1 0 -5,732 -1,828
[teanewprod = 3] -2,143 0,953 | 5,054 1| 0,025 -4,011 -0,275
Location [teanewproc=1] -5,369 0,897 | 35,802 1 0 -7,127 -3,61
[teanewproc=2] -3,373 0912 13,672 1 0 -5,161 -1,585
[teanewproc=3] -2,878 0,904 | 10,129 1| 0,001 -4,65 -1,105
[teanewproc=4] Oa . . 0].
[teayyspon=0] -0,063 0,278 | 0,051 1| 0,822 -0,607 0,482
[teayyspon=1] Oa . . 0].
[teayyj5y=1] -0,576 0,548 | 1,105 1| 0,293 -1,651 0,498
[teayyjSy=2] -0,929 0,431| 4,635 1| 0,031 -1,774 -0,083
[teayyj5Sy=3] -0,811 0,46| 3,104 1| 0,078 -1,712 0,091
[teayyjSy=4] Oa . . 0].
[teaexpst=0] -0,337 0,325| 1,077 1| 0,299 -0,974 0,3
[teaexpst=1] Oa . . 0f.
[gender=1] -0,413 0,272 2,307 1| 0,129 -0,946 0,12
[gender=2] Oa . . 0].
Link function: Logit.
a This parameter is set to zero because it is redundant.

Source: Authors’ analysis

Ordinal regression parameter estimates indicate the effects that the independent
variables have on the likelihood that respondents report a higher level of product
innovation. The interpretation is done in relation to the reference categories that are
automatically defined by SPSS.

For the variable novelty of used technologies or procedures (teanewproc), the
results show that compared to the reference category “new technologies at the world
level”, respondents who use technologies that are not new (Estimate =-5.369, p <0.001),
that are new only at the local level (Estimate =-3.373, p <0.001), or new at the national
level (Estimate = -2.878, p = 0.001) are significantly less likely to report a higher level
of product innovation. We can interpret these negative coefficients so that the use of less
innovative technologies statistically significantly reduces the chance of an entrepreneur
developing an innovative product, which is in line with expectations. The obtained
results confirm the previous research, according to which technological equipment and
innovation are strongly connected. Our results are consistent with the results of Jiao
et al (2025) and Omari et al (2025), according to which the application of advanced
technologies directly contributes to the development of innovations. The agreement on
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the importance of technological equipment for competitiveness and innovation coincides
with the findings of Cuevas-Vargas et al. (2022) and Dinesh (2021). Based on the above,
we conclude that hypothesis H1 is confirmed.

The variable indicating whether the firm is partially owned by the employer
(teayyspon) did not show a statistically significant effect (Estimate = -0.063, p = 0.822).
This result suggests that the ownership structure in this form does not significantly
affect the perception of product innovation among early entrepreneurs. This finding
indicates that the hypothesis H2 is rejected. We find similar results in Choi et al (2011),
who in the context of Chinese firms found that the concentration of ownership is not
statistically significantly related to innovation. Likewise, Dinesh (2021) points out that
entrepreneurial ownership, although more pronounced in some contexts such as India,
does not necessarily lead to higher levels of product innovation. This instability of the
relationship may be the result of institutional limitations and low support for innovation,
which is often the case in the countries of Southeast Europe.

When it comes to the expected growth of the entrepreneurial venture in the next
five years (teayyjdy), the results show that entrepreneurs who expect between 6 and 19
new jobs are significantly less likely to report highly innovative products compared to
those who expect more than 20 jobs (Estimate = -0.929, p = 0.031). The category 1-5
jobs (Estimate = -0.576, p = 0.293) as well as the category 6—19 (Estimate = -0.811,
p = 0.078) have a similar negative, but marginally significant effect, although their
statistical significance is not at a significant level. These findings could indicate that only
more ambitious entrepreneurs (those who plan large growth) tend more towards more
innovative products. These findings are consistent with the work of Castafio et al (2016),
in which they emphasize that high growth aspirations create the need and pressure to
introduce innovations. Empirically, similar results are reached by Poblete (2022), whose
research shows that ambitious entrepreneurs more often introduce innovations as part
of a growth strategy. In the context of Southeast Europe, where institutional factors can
weaken the intensity of the relationship (Moénik & Sirec, 2016), the basic trend remains.
The findings of this research confirm hypothesis H3, as the most ambitious entrepreneurs
see product innovation as a key part of their strategy.

The international orientation variable (teaexpst) did not prove to be a statistically
significant predictor (Estimate =-0.337, p = 0.299), which suggests that export orientation
in this model is not directly related to the level of product innovation, at least not in a
statistically significant way. Based on this, hypothesis H4 was rejected.

Finally, the gender variable, used as a control, has a negative but statistically
insignificant effect (Estimate = -0.413, p = 0.129). This indicates that there is no
significant difference between men and women when it comes to the reported level of
product innovation, after controlling for the other variables in the model.

Conclusion
Within this research, the influence of four determinants that can affect the
innovativeness of products and services among early entrepreneurs in Southeast Europe

was examined. The issues are technological equipment, ownership structure, expected
business growth and internationalization. By applying ordinal logistic regression to a
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sample of 343 TEA entrepreneurs from the GEM APS database for 2020, it was confirmed
that the level of technological equipment is the most significant factor of innovation.
Entrepreneurs who use technology that is new at the national and global level are many
times more likely to develop innovative products and services.

Also, entrepreneurs with ambitious growth expectations (planning to create more
than 20 jobs in the next five years) have been shown to have a higher level of innovation
compared to those with moderate or more modest growth plans. This finding indicated a
close intertwining of growth strategies and innovation activities in the early stages of the
development of entrepreneurial ventures.

On the contrary, the variables describing the concentration of ownership control
and the internationalization of business did not give statistically significant results, which
suggests that these dimensions, in the context of early entrepreneurship in Southeast
Europe and within the analyzed data, do not play a decisive role in shaping the innovation
of products and services.

This paper contributes to the theoretical literature by providing empirical evidence
on the central role of technological equipment and entrepreneurial aspirations in the
growth of innovation at the level of entrepreneurs who are in the initial stages of
developing their businesses. At the same time, it opens a discussion about the weaker
influence of ownership and internationalization factors, which may be a consequence of
the specific institutional circumstances of the observed region.

From the point of view of practical application, the results point to the need to
direct support towards the faster adoption of globally new technologies among early
entrepreneurs, as well as to encourage ambitious plans through facilitation of employment
and market expansion. Programs of state grants, subsidies and advisory services should
be aimed at technological education and development, but also at networks that connect
entrepreneurs with foreign partners and investors.

The limitations of the work are reflected in the fact that the database represents
a cross-section from the year 2020, which is based on the respondents’ assessment,
which may affect the bias in the perception of their own innovativeness. Future research
could include longitudinal analyses, to follow the dynamics of innovation over time, use
qualitative methods for a deeper understanding of the decision-making process, expand
the model with additional factors (institutional quality, access to capital) and comparative
analyzes between countries and regions.
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Abstract

This paper seeks to present the essence and models for predicting currency crises
based on the theoretical background and evidence of currency crises in the world.
Extensive literature has been used to delve deeper into the mechanisms of action
of currency crises on representative examples of countries. The findings suggest
that there are different causes of currency crises, but that there are certain typical
patterns of movement of certain macroeconomic indicators that are predictors of
currency crises. The study, based on a systematic review of empirical experiences,
emphasizes that the root causes lie in the poor economic fundamentals on which
the economy rests: high inflation, unfavourable economic structure, fiscal deficit,
speculative attacks on the currency and political instability. Such findings can
contribute to monetary authorities and researchers in building models for the early
detection of currency crises based on these variables. In addition, it was concluded
that without international aid, countries were not able to quickly cope with the
currency crisis.
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IMPUPOJA BATYTHHUX KPU3A:
IYTOBAJIHE IIOYKE U CUCTEMMU 3A IPEJIBUBAIBE

Ancrpakr

OBaj pag HAcTOjM Ja MPHUKAaXe CYIITHHY W MOJeIe 3a MpeaBnlame BaTyTHUX
KpH3a Ha OCHOBY TEOPHjCKE TO33/JIMHE M CBHJCHIM]EC BAIYTHUX KpU3a y CBETY.
OrmcexHa ymTeparypa je kopuinheHa kako Ou ce xy0sbe 3alio y MeXaHW3Me
JIeTIOBarba BAIYTHUX KpH3a Ha pENpe3eHTaTUBHUM INpUMEpHMa 3eMaba.
Hasna3u roBope na Iocroje pasiuuuTH y3pOLM BallyTHHX KpH3a, ald Ja HIaK
nocroje oxpeheHn THUMUUHM oOpaciy Kperama oapeheHMX MaKpOeKOHOMCKHX
ToKazaTrejba KOjH TIPEACTaBibajy MNpEAMKTOpe BalmyTHUX Kpusa. Cryamja, Ha
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OCHOBY CHCTEMAaTCKOT ITperiie/la eMIMPHjCKHX NCKyCTaBa, HarvlalaBa 1a OCHOBHH
Y3POLH JISKE Y JOIIMM EKOHOMCKHUM (DyHIaMEHTHMa Ha KOjiMa IPUBPEAa IO0YHBa:
BHCOKa WH(QIAIMja, HEMOBOJbHA TPHUBPEIHA CTPYKTypa, (PHUCKATHHA ACPHIINT,
LITIEKyJTaTUBHN HallaJyd Ha BayTy M IOJUTHYKAa HecTaOWIHOCT. OBakBa ca3Hama
MOTy JOIIPUHETH MOHETApHHUM BJIACTHMa M HCTPAKMBAYMMa y U3TPAJBH MO
3a paHO OTKPHBAm-E BAlyTHUX KpH3a 3aCHOBaHHMX Ha OBHM Bapujabnama. [logaTHo,
3aKJBY4CHO je na Oe3 mehyHaponHe moMmohm 3emibe HHCY ycmeBaje Op3o Ja ce
n300pe MPOTHB BaTyTHE KPH3E.

Kwyune peuu: sanymue kpuse, punancujcke kpuse, 0e6U3HU Kypcesu, CUCmeMu
Panoz ynosopasarba Ha Kpusy, MOHemapHa noaumuKa

Introduction

Financial crises have plagued the world, especially since the last century.
Sometimes the causative agents are from the real sector, and sometimes it can be banking
crises. Moreover, in some cases, it is impossible to find a clear cause of a crisis, because
it is a set of circumstances that influence the occurrence and development of financial
crises. Panic in the market without a clear cause (spread of rumours, for example) can
also be a trigger for the emergence of a banking crisis and then a financial crisis. Financial
crises are often facilitated by factors from the country, and in a globalized world there is a
growing insight into the effect of external factors that do not leave any country protected:
whether it is a small, medium, large country, or even regardless of the level of financial
and economic development. That is why this research is useful to a wide audience that
includes economic and public policy makers, states, researchers, and the entire academic
community. All countries can draw lessons, because all of them, we emphasize again, are
a possible “target” of crisis strikes. Over the past 100 years, the world has faced several
devastating crises that have shaken the global economy and financial markets. The Great
Depression (1929-1933), the oil shock (1973 oil crisis) and the global financial crisis
(2007-2009) left a significant mark on all of humanity. These major crises seem to have
occurred, as a rule, about 40 years apart. The COVID-19 crisis has also left its mark on
the conduct of international business and has threatened the functioning of the global
economy, finance, and trade (Stojadinovi¢-Jovanovié, Krsti¢, Markovi¢, 2020). We do
not want to be pessimistic, but following previous patterns of manifestation, we can say
that in the future the question is not whether the crisis will occur, but only when it will
manifest its (often devastating) effect.

While some researchers deal with the origins and determinants of currency crises
in a theoretical sense, others aim to predict future crises using various techniques and
tools. This study aims to find the most common empirical factors that can be a threat to
currency resilience, as well as to propose systems for evaluating and monitoring currency
crises. The factors are complex because it is a multidimensional crisis. Moreover, it is
often not possible to say what the root cause of the crisis is, because it can be caused by
an entire range of factors that can be from the interior, but also from abroad. This study
looks at the determinants of the crisis based on numerous examples of currency crises
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in earlier decades: the crisis of the European Currency Mechanism, the currency crises
in Mexico, Asia, Russia, Brazil, Argentina, Tiirkiye, Venezuela. Some countries are still
dealing with the consequences of the same, while in Russia and Argentina, for example,
currency crises had multiple episodes. The experience of the analysed countries shows
that the following triggers of currency vulnerability were the most present: inflationary
disturbances, speculative attacks on the currency, ineffective macroeconomic policy,
poor choice of exchange rate regime, high private and public debt, the spread of crises
(contagion) from abroad, budget problems, political turmoil, poor structure of the
economy. These are the common causes of most of the currency crises that are evaluated
in the paper. Although there is no precise classification of factors, in the literature it is
possible to show factors that are classified according to currency crisis models, which
will be further presented in the study. Also, the generations (models) of currency crises
differ according to the dominant factors, although the fact is that a significant number of
identical factors are present in each of the generations of currency crises.

On the other hand, the study offers a methodological framework that can be used
for quick and early identification of currency crises. The authors offer a comprehensive
insight into fractal analysis, a signal approach in identifying currency crises, as well as
discrete choice models in their assessment. The paper also highlights the importance
of certain modern techniques for considering the probability of currency crises, such
as Markov models, artificial neural networks, and decision trees. The development of
prediction systems based on machine learning will be the backbone of some scientists
in the future to be prompt and better assessing the potential risks of financial crises of

any type.

Insight into the causes of currency crises

Currency crises are a type of financial crisis. Financial crises arise as a disturbance
resulting from the interactions of the financial and real sectors in an economy. They are
most often explained as a sharp and rapid decline in the nominal value of a financial asset.
If a crisis is caused in one of the major economies of the world, it leads to spread to other
countries, which requires global coordination of the economic policies of the countries
(Dabrowski, 2010). There is an entire range of factors that describe a financial crisis: rising
interest rates, a strong depreciation of the national currency, mass panic and withdrawal of
deposits, and a crisis of public debt and money circulation (Radelet, & Sachs, 2007). Hardy
& Sever (2020) classify the determinants of currency crises into supply-side (decline in
labour productivity, poor allocation of capital, and reduced investment in intangible capital),
and demand-side (decline in consumption, demographic changes). Other authors point out
the distinction between the factors of currency crises (as the key causes of financial crises)
depending on whether the triggers are from home or abroad (Marjanovi¢, & Markovi¢,
2019a). Hindmoor & McConnell (2013) emphasize the signs of financial crises viewed
more through the prism of banking crises: an unexpected rise in interest rates, an enormous
increase in the number of non-performing loans, bankruptcies of large banks, a decrease in
the amount of borrowed funds.

In many cases, financial crises are manifested by currency crises. The causes of
currency crises can be different. The hasty liberalization of capital movements (credit
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and financial sector), in the conditions of an inadequate regulatory framework (a system
of supervision and control over banks as leading financial institutions) and the well-
known effect of short-term speculative capital, has been identified in most studies as
a trigger or reinforcing factor of currency crises (Markovi¢, 2015). Throughout the
scientific literature, a long list of factors of currency crises has been observed that are
more likely to cause a real currency crisis if the central bank does not have optimal
levels of foreign exchange reserves (Marjanovi¢, & Markovi¢, 2019). Among them are
the drastic depreciation of the exchange rate, as well as the effect of hot money, which
depletes the foreign exchange reserves managed by the central monetary institution.
That is why the following terms are mentioned as synonyms for currency crisis in the
literature: devaluation crisis, speculative crisis and foreign exchange crisis (Helisek,
2019).

A country with a currency crisis usually has a high depreciation of the national
currency (over 25% annually) or the rate of currency depreciation (again on an annual
basis) is 10 percentage points higher in the current year compared to the rate of depreciation
in the previous year (Frankel, & Rose, 1996). In this case, monetary authorities usually
sell foreign exchange reserves or raise interest rates to avoid speculative attacks.
Therefore, Ari & Cergibozan (2016) emphasize that a currency crisis cannot be judged
solely based on exchange rate movements; an indicator of a currency crisis can also be a
drastic depletion of foreign exchange reserves. If a country chooses a bad (unsustainable)
exchange rate regime, it is certain that at some point it will encounter the devastating
effects of the currency crisis (Poli¢, Markovi¢, & Stojadinovi¢-Jovanovi¢, 2024). That
is why monetary policy is a segment of economic policy that is crucial in preventing
financial and currency crises (Andelkovi¢, Kosti¢, & Milaci¢, 2025).

The factors of currency crises are often viewed in the literature through the study
of the generation of currency crises. Based on practical experience, there are three
generation models of currency crises that are presented with their root causes in Table 1.

Table 1. Models (generations) of currency crises and their determinants

The first generation of The second generation | The third generation of currency
currency crises of currency crises crises
- Mismanagement of monetary | - Speculative attacks on |- Banking crisis
policy currency (hot money) - Over-indebtedness of the country
- Ahuge trade balance deficit |- Bank panic and massive |- The high level of private sector
- A high budget deficit withdrawal of deposits debt
- Excessive growth of - Pessimistic forecasts of |- Moral hazard and negative
domestic credit supply investors selection
- Accelerated liberalization of capital
movements
- Contagion from other countries

Source: Markovi¢, & Marjanovi¢, 2021

In contemporary professional and scientific circles, the need to develop a fourth-
generation model of currency crises is discussed, bearing in mind some anomalies of
existing models (Padhan, & Prabheesh, 2019). New comprehensive models can help
to better understand and diagnose currency crises, better predict the vulnerability of
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countries, but also offer more adequate argumentation of previous models to successfully
implement anti-crisis policies.

Contemporary currency crises: records
from the analysed countries

For many years, from 1979 to 1992, the global monetary system was extremely
stable. However, starting in 1992, the unstable monetary situation in many countries
has awakened the attention of theorists and practitioners in the field of economics to a
phenomenon of a multidimensional nature, such as the currency crisis. The eroded stability
of the European Monetary Mechanism was the initial source of growing concerns at the
regional and global levels. This crisis was the result of post-German political conflicts
that surfaced after reunification (Gordon, 2000), as well as misguided economic policy
measures that caused high inflation and budget deficits in Italy and the United Kingdom
(Higgins, 1993). Of course, speculative attacks were also an indispensable part of the
process due to the pessimistic expectations of market participants, which was expressed
especially after the referendum in Denmark (Rose, & Svensson, 1994). Further, the
crisis spread to the Scandinavian countries and many currencies were devalued despite
interventions through foreign exchange reserves. Finally, there was an adjustment of key
interest rates, as well as the abandonment of currency pegs to the Deutsche Mark.

The devaluation of the peso at the end of 1994 triggered one of the biggest
currency crises in recent history. It is about the currency crisis in Mexico, which is a
mirror of the crisis of the first generation. Excessive budget spending and the consequent
foreign debts have put the country in a difficult position. This was followed by political
instability, a decrease in capital inflows, as well as a drastic decline in the amount of
foreign exchange reserves. The failure of the devaluation has undermined the credibility
of economic policymakers (Babi¢, & Zigman, 2000). This crisis threatened to take on
global proportions, and in the end, the International Monetary Fund intervened with a
sum of money that was intended to help vulnerable economies.

Asian countries (Singapore, Malaysia, Hong Kong, South Korea, Thailand,
Taiwan) faced serious problems at the end of the last decade of the twentieth century,
after a period of intense economic growth and development and overall socio-economic
success (1965-1996). For many economists, the crisis was unexpected, while the
monetary authorities were unprepared for the coming crisis. A huge amount of loans
with low interest rates have become non-performing due to the depreciation of national
currencies (Hughes, 2000). The inadequate debt structure in favour of the short-term one,
as well as the too rapid removal of restrictions on the capital movement, has made many
countries vulnerable. The high amounts of savings that were easily placed on the private
sector were one of the reasons for the banking crisis. These are the classic consequences
of the overheating of these economies, with loose regulation and supervision of financial
institutions. The recovery of Asian countries did not come until 1999, after a serious
restructuring of the banking sector, the establishment of better financial controls, and the
reduction of foreign borrowing (Kawai, 1998).

Russia has been hit by a currency crisis since 1997. Pinto & Ulatov (2010) cite
the reasons for the outbreak: (i) non-compliance with the agreed objectives of the fiscal
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deficit reduction program, (ii) high political risk, and (iii) the monopsony power of
certain banks. The fall in the prices of natural resources on which Russian exports are
based, the low inflow of investments, as well as speculative attacks directly affected the
occurrence of the currency crisis. The economy has not yet fully recovered, and the next
crisis broke out shortly after, in 2014. Hidden problems gradually accumulated. It was
obvious that at the same time Russia had certain unresolved problems in the structure
of the economy, a sharp drop in the prices of oil and non-ferrous metals as the main
export product, but this country also experienced economic sanctions from the United
States and European countries, which were reflected to some extent in the weakening of
macroeconomic parameters (Eberhardt, & Menkiszak, 2015).

Brazil was also a victim of the currency crisis in 1999. High inflation rates, as well
as increased imports due to the overvaluation of the domestic currency, were the internal
initiators of the crisis. Of the external factors, there was the effect of financial contagion
from Russia and Asian countries (Markovi¢, & Marjanovi¢, 2021).

Argentina’s economy, unlike before the crisis when it experienced an economic
boom thanks to successful economic policies, has been very unstable since the beginning
of the 21st century. The strengthening of the national currency, the illiquidity of
companies and the “bank run” have accelerated the currency crisis (James, & Kulkarni,
2009). The crisis was contained thanks to international financial intervention. However,
in 2018, Argentina experienced a new currency crisis, which again went through the
consequences of this type of financial crisis. Of the obvious determinants, the huge
budget deficit, natural disasters, but also the beginning of the pandemic in 2020 were
in the lead. All this has led to the manifestation of high inflation, the depreciation of the
currency, as well as the depletion of foreign exchange reserves.

Egypt’s currency crisis began in 2007 when the economy was hit by falling food
and energy prices, which are crucial for this country (Boshkov, 2019). This crisis occurred
at an inopportune time, just before the onset of the great global economic and financial
crisis (2007-2008), which was particularly worrying and put the country’s monetary and
economic authorities in an uncomfortable position. International financial assistance was
crucial for the country to recover by 2017 and to compensate for capital outflows due to a
decline in foreign direct investment and foreign exchange inflows from tourism.

Similar common determinants of currency crises have been manifested in Tiirkiye.
The currency crisis had the characteristics of a debt crisis. The balance of payments
deficit, delays in measures and reforms of economic policies and high inflation rates have
led the country to face one of the biggest crises in modern history (Onis, & Kutlay, 2021).
While the Turkish lira has stabilized with interest rate cuts and an adequate repayment
plan, the pandemic has once again exposed the hidden weakness of the Turkish economy
and the instability of the national currency (Orhangazi, & Yeldan, 2021).

Poor macroeconomic performance since 2012 has been the main cause of the
crisis in Venezuela. More specifically, highly concentrated exports, growth in public
spending, and rising borrowing costs, coupled with a decline in gross domestic product,
have set the stage for a flare-up of the currency and economic crisis. The crisis was also
contributed to by the so-called Dutch disease, a phenomenon related to over-reliance and
favouritism on one product — oil in this case. A rather undiversified export, as well as the
so-called rentier economy, makes a country very vulnerable if there is a fall in the price
of the product in question on the global market (Buxton, 2021), which was the case in
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Venezuela. Based on the previous evidence on the factors of currency crises, Figure 1 is
constructed.

Figure 1. Common factors of the world’s leading currency crises
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Overview of early warning systems for currency crises

Currency crises are undesirable because they have a negative impact on all
segments of the economy. They lead to a decline in economic activity, financial
instability, and undermining the credibility of monetary and public authorities, causing
the outflow of capital from the country and reducing investment. That is why systems
and models are being developed to predict potential currency crises. Although they are
imperfect, in fact, they are not able to completely stop the occurrence of crises with their
predictive properties, the study and upgrade of these models is necessary to better assess
future currency crises. Furthermore, failure to detect currency crises can be justified by a
country’s unstable macroeconomic fundamentals (Yépez, Flood, & Marion, 2010).

Early warning systems for currency crises combine economic and financial
indicators to identify a country’s vulnerability and/or the sustainability of the current
exchange rate regime (Radoi, & Gurau, 2019). Their power is to prevent economic losses
associated with the outbreak of a crisis at an early stage, by allowing policymakers to
assess the chances of its occurrence and respond on time. To begin with, it is necessary
to distinguish between external and internal predictors of currency crises. The most
important external indicators are exchange rate, foreign exchange reserves, current
account of the balance of payments, and external debt, while the most common internal
indicators are interest rate and non-performing loans (Abubakar, Utari, & Azwar, 2020).
Irrational expectations of investors must also be considered, which can lead to the
appearance of the so-called herd behaviour.
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One of the techniques in the development of a system for assessing and predicting
currency crises is a fractal analysis. It is based on the theory of fractals, which according
to this system represent time series. In fact, it is a mathematical technique for studying
the complex nature of financial indicators (Evertsz, 1995). Financial markets are non-
linear, complex systems that are determined by a range of unknown parameters that
are often beyond the control of market participants. There are many papers that prove
the possible use of this analysis in forecasting financial crises (Sornette, & Zhou, 2004;
Czarnecki, Grech, & Pamuta, 2008; Budinski-Petkovi¢ et al., 2014).

Non-parametric models for assessing currency crises are most often related to
the signal approach. This crisis detection system uses indicators that do not have a
characteristic movement in the pre-crisis period. A signal for a potential currency crisis
exists when the movement of a particular indicator deviates from a threshold value
(Markovi¢, & Marjanovic¢, 2021). This signal warns that a currency crisis could occur in
the next 24 months. Different authors use different indicators to predict future currency
crises. One of the most cited papers that applies a signal approach to warn of possible
episodes of currency crises uses the following parameters (Kaminsky, Lizondo, &
Reinhart, 1998): banking crisis, international reserves, exports, imports, terms of trade,
real exchange rate, the ratio of real interest rates on deposits in the country to real interest
rates abroad (real interest differential), surplus money supply M1, M2 multiplier, value
of domestic credits to the gross domestic product of the country, real interest rate on
deposits, the relationship between lending rate and deposit rate, the value of deposits
of commercial banks, the money supply of M3 relative to international reserves, the
industrial output index and the stock price index. After defining the variables, this
approach involves the following steps:

Step 1. Evaluation of indicators using the following matrix form (Berg, & Pattillo,
1999):

Table 2. Signal approach - matrix

Crisis within 24 months No crisis within 24 months
Signal was issued A B
No signal was issued C D

Source: Berg, & Pattillo, 1999.

where:

A — the number of months in which the indicator gave a good signal,

B — the number of months in which the indicator gave a bad signal,

C — the number of months in which the indicator did not issue a signal that should
be a good signal,

D — the number of months in which the indicator did not issue a signal, which
would be a bad signal.

Step 2. Defining the optimal threshold that minimizes the ratio of noise to signal
(noise-to-signal ratio):

=

=~
-+
o

L
+
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This step is very important because it selects a threshold value to achieve a balance
between the risk of bad signals, on the one hand, and the risk that the signal does not
occur, and that a currency crisis occurs, on the other.

Step 3. Calculation of the composite crisis indicator (Kaminsky, 1998):

where:

k. - composite indicator of the currency crisis.

St‘ - this indicator is equal to one (1) if the indicator i exceeds the limit value,
otherwise it is equal to zero (0),

w' - the inverse ratio of the noise and signal of the indicator i.

Step 4. Calculating the conditional probability of a crisis by looking at how often a
given index value is followed by a crisis over a 24-month period (Berg, & Pattillo, 1999):

months with k = j and a crisis within 24 months

Pr(ctr,lt+2.4|kt = }) = months with k = j

Here we obtain the value of the conditional probability of a currency crisis for the
country i in the time interval [t, t+24].

Parametric models for predicting currency crises include discrete choice models
and modern approaches that are still under development. First, discrete choice models
(probit and logit models) are based on a binary variable: 1 — when a crisis is present, 0 —
when there is no period with a crisis (Marjanovi¢, & Markovi¢, 2019a), with the aim of
accurately detecting the occurrence of a currency crisis. Unlike the signal approach, this
model determines the contribution of each of the indicators to the outbreak of the crisis.
Demirgiic-Kunt & Detragiache (2005) support discrete choice models and criticize the
signal approach because such an approach does not properly assess the potential for a
crisis outbreak because it does not consider how far the value of a particular indicator is
from a predefined threshold.

On the other hand, modern techniques for assessing currency crises are being
developed to compensate for the perceived shortcomings of earlier models. They are
primarily based on machine learning techniques but also include Markov models.
A Markov model seeks to address some of the shortcomings of applying the discrete
choice model in the construction of an early warning system for a crisis. A particular
advantage lies in the fact that these models also incorporate some immeasurable factors,
such as investor expectations, which are often subject to change (Fratzscher, 2002).
Machine learning techniques usually involve the use of neural networks and decision
trees. Artificial neural networks have emerged as a normal consequence of the following
circumstances: (i) the development of modern science and technology, including the Big
data, (ii) the need to reduce costs and, at the same time, increase the power of prediction
(Nag, & Mitra, 1999), (iii) the need for more flexible models for forecasting currency
crises (Fioramanti, 2008). The last technique within the framework of the currency
crisis early warning system is the decision tree. It is an instrument that is based on the
principles of classification and forecasting. It presents a kind of map of possible outcomes
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of a series of choices that are interconnected. In crisis early warning systems, each node
within the decision tree (binary trees) has two branches that symbolize outcomes. Then,
the probability for each of the outcomes is determined, while the end node depicts the
outcome of the decision trajectory.

Conclusion

Currency crises are one of the basic forms of financial crises that are unavoidable
when there are economic and financial disturbances in domestic and global markets.
Currency crises, sovereign debt crises, and banking crises are the most common examples
of financial crises. In addition, scientists are also considering a twofold crisis. It is a
combination of the currency crisis and banking crisis. The depreciation of the exchange
rate and the drastic drop in foreign exchange reserves reflect the emergence and presence
of a currency crisis in the country. The liberalization of capital flows, speculative attacks
on the currency, as well as the so-called hot money (short-term capital that often moves
from country to country) can be emphasized as the most common complementary factors
of currency collapses. Additionally, currency vulnerability is more often manifested in
small open countries that: poorly conduct economic policy, have a shallow financial
market and are politically unstable.

Therefore, currency crises are obviously anegative phenomenon and have a harmful
impact on the socio-economic development of the country, as well as on sustainable
development. To build resilient societies, the potential problems that currency crises bring
with them must be looked at in detail to construct an adequate regulatory framework.
This research aims to attract attention to all stakeholders involved in the implementation
of monetary, fiscal, and economic policy. Currency crisis detection systems must provide
a timely alarm so that monetary authorities can react appropriately to prevent a possible
currency crisis. The central bank has a dominant place in identifying, analysing, and
taking preventive measures to counteract currency crises. However, the government
institutions that manage fiscal policy are also making efforts to ensure coordination with
monetary policy. The central bank has several instruments and measures whose prompt
and effective use can help the country avoid the severe consequences of such crises.
Since the trigger of currency crises can be the real or private sector, it is necessary to
cooperate with the holders of all public policies and segments of economic policy. At
the international level, the International Monetary Fund plays an important preventive
role, both through financial resources and advisory services. Although there are divided
opinions about the effectiveness of these measures, in the last resort, the role of this
global institution in tackling currency crises can be crucial because modern financial
systems are highly interconnected and often exposed to global events (shocks) at the
same time. It is noted that the largest number of currency crises occurred in the last
decade of the last century. After several years of stagnation, the 2007 crisis restarted the
debate on the prevention of currency crises in many countries. Hence, there is a constant
interest in scientific and academic circles in the study of nature, essence, and systems for
assessing currency crises based on experience from the world.
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KOMITAPATUBHA AHAJIU3A IIEPOOPMAHCH
HUPKYJIAPHE EKOHOMMJE: EMIIMPUJCKA AHAJIU3A
HA ITPUMEPY EBPOIIE

ArncTpakT

Tpansuyuja ka moodeny yuprynapre exonomuje (L{E) npenosnama je xao kmwyuna
KOMNOHEHma y 00nuKosarsy oopoicuge OyoyhHocmu yogeuancmea, ¢ 003upom Ha
UHXEPEHMHY HEOOPICUBOCIT MPEHYMHO2 TUHEAPHOZ eKOHOMCKOZ MOONd NPOU3B00IsE
u nompouwirve. L{upkynapna exonomuja Hacmoju 0a MUHUMUSUPA CIBAPArse OMmnaod
KpO3 NOHOBHY ynompeDy pecypca i npou3e00a Ha Kpajy mUx0802 HCUBOMHO2 YUKIYCA,
npooyicasajyhu maxo 6ex mpajarea Mamepujaia u npou3e00a y npouz00HOM Npoyecy.
Esponcka komucuja (EK) noopoicana je npenasax ca nuneapHoe na YupKyiapHu mooei
Kako 6u ce cmarvuiie HeeamusHe Unmepaxyuje uzsmel)y ekonomuje u HCusomme cpeoume.
HUnouxamopu nepghopmaricu cadpocanu y Oxeupy 3a monumopure L{E npedcmaeswajy
Hajbowe uncmpymenme 3a npaherse Hanpemxa Ka yupkyiapnoj exomomuju. Lfumn
0602 ucmpaxcusarva je ucnumusarse nepgopmancu L{E y semmwama Eeponcke ynuje
(EY) — Xonanouju, @panyycrkoj u Hemauxoj. Ananuza noxkasyje CHajicHy nosezanocm
uzmely KYYHUX eKOTOWKUX Napamemapa u mwuxoeoz ymuyaja na nepgopmance L[E
nymem noCmynKka HeypoHcKe mMpedice. Yeuou cmeyeHu 08UM UCmpadicusarsem, 3aje0Ho
ca WUpUM UCIMPANCUBAUKUM KOHMEKCMOM CPOOHUX cmyouja, donpuroce Oomem
Pasymesarsy U3az06a U CIONCeHOCIU y umniemenmayuju u npakhery nanpemxa L{E y
PaZULUMUM KOHMEKCMUMA.

Kmwyune peuu: yupryrapua exonomuja, unoukamopu nepghopmancu, Komnapa-
MueHa ananusa, HeypoHcke mpedice, semme EY

Introduction

With the focus on recycling, reusing, and cutting waste in order to create a more
sustainable future, CE has become an important strategy for the advancement of sustainability.
Ezeudu et al. (2022) state that CE encourages social justice, economic prosperity, and
environmental quality — the fundamental principles of sustainable development. This concept
advocates for a transformation from the traditional linear model of ‘take-make-dispose’
to a more sustainable, closed-loop system where resource use is optimized, and waste is
minimized (Markovié et al., 2020; Radenovi¢ & Zivkovi¢, 2023; Radivojevi¢ et al., 2024).
Currently, just 7.2% of the world economy is circular, and this percentage is falling yearly as
a result of rising material extraction and consumption (Circle Economy, 2024). Due to fast
industrialization and population growth, there is an alarming trend in the rising exploitation
and use of resources worldwide. Hence, a change in society’s attitudes from materialism to
more environmentally friendly production and consumption practices is needed.

Fostering CE and combining technology into various industrial strategies and
regulations to ensure competitive, sustainable, low-carbon, and resource-efficient
economies has particularly been the focus of the EU (Korhonen et al., 2018). In 2015,
EC adopted the “Closing the Loop - An EU Action Plan for the Circular Economy”
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announcing the transition to a CE as a strategic move towards sustainability. The Action
Plan envisaged CE to offer significant benefits to EU countries, including improved
competitiveness by safeguarding businesses from resource scarcity and volatile prices,
creating new business opportunities, introducing innovative production and consumption
methods, and creating local jobs across various skill levels (EC, 2015). Additionally, CE
contributes to energy saving, biodiversity preservation, and pollution reduction, aligning
with key EU priorities like job growth, climate and energy, social agenda, and industrial
innovation (EC, 2015). The EU’s role is recognized as pivotal in enabling this transition
through regulatory frameworks, investment stimulation, and other supportive mechanisms.
Accordingly, to evaluate the success of initiatives aimed at promoting the CE in the EU, the
“Measuring Progress Towards Circular Economy in the European Union - Key Indicators
for a Monitoring Framework™ was adopted in 2018 (EC, 2018). This was followed by the
adoption of “A new Circular Economy Action Plan For a cleaner and more competitive
Europe”, which projected that implementing CE principles throughout the EU economy
could boost GDP by an additional 0.5% by 2030 and generate about 700.000 new jobs
(EC, 2020). Further, the plan aims to accelerate the transformational change required by the
European Green Deal to reach climate neutrality by 2050 (European Council, 2023), while
decoupling economic growth from resource use and building on CE actions implemented
since 2015 (EC, 2020). Finally, the plan emphasizes EU-level action with added value,
calling for long-term engagement from Member States, regions, and global cooperation,
aligning with the United Nations “The 2030 Agenda for Sustainable Development” (UN,
2015) and achieving sustainable development goals (SDGs), particularly Goal 12 on
ensuring sustainable consumption and production patterns.

However, the implementation and progress in adopting CE models vary
significantly across regions, necessitating a comparative analysis to understand these
disparities better. The relevance of CE is particularly pronounced in the EU countries,
given their diverse economic landscapes and environmental challenges. Thus, the current
research aims to provide a comparative analysis of CE indicators across EU nations,
namely the Netherlands, France, and Germany. It focuses on evaluating and critically
analysing the adoption and effectiveness of CE practices across these countries by
employing a neural networks approach. Through this analysis, the paper will contribute
to the understanding of the dynamics and complexities involved in transitioning to a CE,
offering insights into the successes and challenges faced by selected EU countries. The
findings will not only aid in policy formulation but also provide a framework for other
regions looking to implement or enhance their CE strategies.

The manuscript is structured in the following way. Firstly, the introduction is followed
by a section covering the theoretical background and literature review on CE performance
indicators. Then, the data and methods section come next. Finally, the report concludes
with a discussion of the research findings and their implications on CE performance in the
selected EU countries using Neural Designer-Machine Learning Software.

Theoretical backgrounds and Literature review

Resource extraction, production, transportation, and storage activities in the
conventional linear economy model are major contributors to greenhouse gas emissions
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(Smol et al., 2020). However, switching to a CE can help reduce emissions, mainly from
resource exploitation and production processes. By adopting strategies such as waste
reduction, energy-efficient production, and using renewable resources, carbon footprint
can be reduced and climate resilience enhanced (Yang et al., 2023). Additionally, through
particular strategies like recycling, re-manufacturing, and reuse, a CE helps mitigate
resource scarcity, ensuring that valuable materials are kept in productive use for longer
periods, thereby reducing the need for extraction of virgin resources (Payet, 2021).
CE fosters innovation and economic growth by creating new business opportunities,
stimulating investment in sustainable technologies, and driving efficiency gains across
value chains. By redesigning products and processes to minimize waste and maximize
resource use, diverse economic entities can unlock cost savings, enhance competitiveness,
and tap into emerging markets for green products and services (Caldera et al., 2022).
Furthermore, the change to a CE facilitates research and development in fields such as
sustainable transportation, renewable energy, and eco-materials science, among others,
spurring technological innovation (Jingiao et al., 2022; Anttonen et al., 2018). With no less
importance is the fact that CE promotes different kinds of economic and social resilience
by diversifying supply sources, reducing dependability on virgin resources, and creating
closed-loop systems that minimize supply chain vulnerabilities. By localizing production,
adopting modular designs, and implementing reverse logistics, businesses can enhance
their resilience to external shocks and uncertainties, ensuring continuity of operations and
supply (Islam et al., 2022). Moreover, by prioritizing sustainable practices and resource-
friendly considerations, a CE promotes fair labour practices, human rights, and social
justice, contributing to a more equitable and inclusive society. The process of transition to
a CE is vital and essentially sustainable observed from a global perspective if it addresses
pressing challenges such as resource scarcity, climate change, environmental pollution,
economic growth, natural hazards resilience, etc.

Recent studies have underscored the importance of developing and analysing CE
indicators to gauge the progress of different regions towards SDGs. For instance, Geng
et al. (2012) emphasized the role of national CE indicators, particularly in the context of
China, highlighting their importance in policy-making and achieving CE outcomes. The
knowledge gained from Chinese efforts on CE indicators, emphasizing the need for a
comprehensive set of sustainability indicators including social and business indicators, is
valuable to both developed and developing countries seeking to implement CE principles
within their regulatory policies.

Similarly, Korhonen et al. (2018) critically examined the concept of CE and its
limitations, emphasizing the need for scientific rigor in defining and operationalizing
CE indicators. According to Gregson et al. (2015), EU policies often overlook global
recycling networks, focusing instead on transforming waste into resources within the
EU, which poses challenges to CE effectiveness. CE has limited enactment in the EU
due to political and moral concerns. Mhatre et al. (2021) argue that infrastructure, laws,
and technology availability contribute to the CE in the EU, with recycling being the
most popular option. Mazur-Wierzbicka (2021) points to the fact that different countries
within the EU have adopted varying strategies, as well as the variations in the extent to
which these have been effective in meeting the challenges of a CE.

Silvestri et al. (2020) explore the adoption of the CE at the regional level within
the EU, by developing the CE Static Index (CESI) and the CE Dynamic Index (CEDI),
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which permitted both a static and a dynamic evaluation of the CE performance of EU
regions. Garcia-Bernabeu et al. (2020) created a composite indicator called CE, using
TOPSIS approach and a unique aggregation methodology, to evaluate EU nations’
performance and highlight areas for improvement. They highlighted the need for a
comprehensive monitoring framework at the national level to aggregate various CE
dimensions. The study by Robaina et al. (2020) revealed that the efficiency of resource
productivity and the determinants for a CE in Europe vary widely. They highlighted
that there are noticeable differences in CE advancement between European countries,
influenced by different policies and socio-economic development levels.

Vranjanac et al. (2023) used SmartPLS to study how CE innovation affects performance
in EU nations. They found that supportive environments and financing are crucial for
innovation to boost performance. The authors discussed the necessity of investments in
research and innovations to improve recycling efficiency and support the secondary raw
materials market. The findings contribute to understanding the dynamics of CE innovations
and their effects on performance within the EU context. Radivojevi¢ et al. (2024) investigated
the relationship between CE practices and economic growth by analysing data from 27 EU
countries over 2000-2021. They specifically examined the impact of three CE indicators
— Resource Productivity (RP), Generation of municipal waste per capita (MWpc), and
Recycling rate of municipal waste (RRMW) — on GDP per capita. The findings revealed that
CE practices not only enhance environmental sustainability but also significantly contribute
to economic growth in EU countries. This reinforces the need for integrated policies to
promote CE principles as part of sustainable development strategies.

However, notwithstanding the increasing volume of scholarly work on CE, there
is a gap in comparative studies specifically focusing on the selected EU countries — the
Netherlands, France, and Germany. By adopting CE principles and practices, countries,
regions and inter-countries entities can unlock environmental, economic, and social
benefits, securing a more sustainable and resilient future for generations to come. The
selection of France, Germany, and the Netherlands for the research tasks in this study
was influenced by their pioneering efforts in networking and collaborating with the Indo-
Pacific region. The Indo-Pacific region has gained widespread acknowledgement as the
preeminent geo-economic and geostrategic focal point globally. In economic terms, these
nations account for a large part of the world’s population, GDP, and marine trade. They
present a unique context due to their varied stages of economic development, regulatory
environments, and cultural perspectives on sustainability.

Initially, France was the country that initiated the focus on this region, mostly
because of its significant historical-colonial legacy. Following France, Germany,
and the Netherlands have joined cooperation programs with the Indo-Pacific region,
creating national guidelines. In the context of the EU as a supranational entity, despite
the undeniable importance of the Indo-Pacific region, scholarly literature addressing
the burgeoning interest of the EU in the region remains relatively sparse (Weiqing &
Yang, 2024). Nonetheless, Europe possesses significant interests, broadly categorized
into economic, environmental, and normative domains, as delineated in recent academic
publications (Abbondanza & Wilkins, 2023). Economically, the Indo-Pacific stands as
the second-largest export destination for the EU, with the combined trade between the
EU and the Indo-Pacific constituting approximately 70% of global trade. Moreover, their
economies frequently exhibit complementary attributes.
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Having this in mind, the conclusions and Joint Communication on the EU
Strategy for cooperation in the Indo-Pacific were adopted in 2021 (EC, 2021). Among
other things, this Strategy focuses on the fulfilment of specific activities, such as:
partnerships and cooperation agreements, value chains, trade negotiations, green
alliances, ocean governance, research and innovation, connectivity partnerships, and
others. The EU’s engagement in the region includes initiatives to promote sustainable
resource management practices, enhance environmental governance frameworks,
and address transboundary environmental challenges through regional cooperation
mechanisms. In the end, The EU’s Indo-Pacific strategy includes initiatives to promote
research collaboration, capacity-building, and knowledge exchange on environmental
issues, leveraging scientific expertise and technological innovations to support SDGs
achievements and environmental protection efforts. (EC, 2024).

This paper fills the gap by providing a comparative evaluation of CE indicators
across these countries, drawing insights from the latest research and policy developments.
This study analysis is grounded in the understanding that CE is not just an environmental
or economic strategy, but a comprehensive approach that intersects with technological,
cultural, and policy dimensions. As highlighted by Kirchherr et al. (2018), cultural and
market barriers play a significant role in adopting CE practices across the EU, pointing
to the complexity of implementing CE strategies. This paper, therefore, adopts a multi-
dimensional approach to analyse the CE indicators, considering the interplay of these
diverse factors through a neural network approach.

Methodology and Data

Following a neural network software solution, this research methodology examines
three EU countries: the Netherlands, Germany, and France. The objective is to determine
the relationship between inputs and outputs as a target variable in the context of a
comparative study and a CE paradigm. Neural network applications have become more
popular in the CE because of their functional features, reduced data needs, and ability to
predict the future over the long term (Nema et al., 2017). There are several benefits over
conventional analytical techniques. To construct the best neural network architecture for
certain CE performance metrics, the Neural Designer-Machine Learning Software solution
was applied. This is because it takes some intelligence to read the obtained data and analyse
them effectively. This software offers applied comparative analysis that can predict trends,
establish correlations, and identify patterns between inputs and outputs using a variety
of effective neural network algorithms (Lopez, 2023). The approach involves starting
with a small number of neurons and gradually increasing complexity until certain halting
conditions are met. Additionally, this predictive model’s expanding inputs approach is used
in selecting inputs. By determining the correlation between each input and each output in
the data set, this approach constructs a neural network that only includes the inputs that are
most closely connected with the correct outputs (Hennemann Hilario da Silva & Sehnem,
2022). The neural network approach was used to evaluate which indication had the greatest
influence and the most significant relationship between the input and output variables.
Specifically, the study focuses on certain selected countries that have made progress in
implementing the CE, particularly from an environmental point of view.
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Figure 1: Descriptive statistics map chart with trend lines for average values of
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Source: Author’s visualization according to available data from Eurostat Database

The most effective tools for monitoring progress toward the realization of CE
principles are CE performance indicators. These indicators are part of the CE Monitoring
Framework (Eurostat, 2023) and were chosen based on the most recent average values
of the indicators for the countries selected from the Eurostat Database, for the five years
2016-2020 (Figure 1):

Generation of municipal waste per capita (PC1) — indicator measures (Kg/
capita) the waste collected by or on behalf of municipal authorities and
disposed of through the waste management system. (Eurostat 2020a)
Generation of packaging waste per capita (PC2) — indicator measures (Kg/
capita) the packaging waste quantity in EU Member States. Packaging waste
means any packaging or packaging material covered by the definition of
waste in the Waste Framework Directive (EC, 2008), excluding production
residues. (Eurostat 2020b)

Recycling rate of municipal waste (WM1) — indicator measures (%) the
share of recycled municipal waste in the total municipal waste generation.
(Eurostat 2020c)

Recycling rate of packaging waste by type of packaging (WM2) — indicator
is defined as the share of recycled packaging waste in all generated packaging
waste (%). (Eurostat 2020d)

Circular material use rate (SRM) — the indicator calculates the percentage of
material that is recycled and repurposed into the economy, hence reducing the
amount of basic raw materials extracted during material consumption. The ratio
of the circular material usage to the total material use is called the circularity
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rate, or circular material use. More secondary resources replace primary raw
materials, lowering the environmental effects of primary material extraction, is
indicated by a greater circularity rate (%) value. (Eurostat 2020e)

*  Patentsrelated to waste management and recycling (C&I) —the patent indicator
keeps a count of the number of patents related to secondary raw materials and
recycling. This count is based on the Cooperative Patent Classification (CPC)
codes used to attribute recyclables and secondary raw materials. However, it
is important to note that this indicator only illuminates the latest recycling
technology and does not cover all waste management technologies or other
circular economy services and business models. (Eurostat 2020f).

Research results and Discussion

An analysis of the input variables’ correlations was conducted using the Neural
Designer software to identify the variables with the strongest correlation. Table 1 reveals that
the generation of municipal trash per capita (PC1) and the generation of packaging waste per
capita (PC2) have the highest correlation, with a coefficient value of 0.99 indicating their joint
contribution to the output variable. Moreover, their positive correlation suggests that the three
EU nations followed a similar approach in developing their output variable. On the other hand,
the highest negative correlation, which is -0.99, has variables Generation of packaging waste
per capita (PC2) and Circular material use rate (SRM), which means that these variables have a
diametrically opposite effect on the output variable and are not dependent on each other.

Table 1 Correlation coefficient of the analysed CE indicators

Indicators PC1 |PC2| WMI1 | WM2 | SRM | C&l
Generation of municipal waste per capita (PC1)*| 1 [0.99| 0.61 | -0.58 | -0.99 | 0.98
Generation of packaging waste per capita (PC2) 1 | 063 |-0.56| -0.99 | 0.99
Recycling rate of municipal waste (WM1) 1 0.39 | -0.51 | 0.68
Recycling rate of packaging waste by type of packaging (WM2) 1 0.73 | -0.58
Circular material use rate (SRM) 1 -0.99
Patents related to waste management and recycling (C&I) 1

*Note: PC1 indicator and PC2 indicator are inversed proportional

Source: Author’s calculation

The chart below illustrates the impact of input variables on the output variable
GERMANY, based on their respective values. A positive value for an input variable results
in an increase in the output variable. Conversely, when an input variable is increased and
the output variable is decreased, it produces a negative value. In case the output variable
is close to zero, it indicates that changes in the input variable do not have any significant
effect on it. Based on the Figure 2 below, the three most relevant inputs of this model are:

- PC1 with a value of -0.286.

- WM1 with a value of 0.232.

- PC2 with a value of -0.054.
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Germany has effectively increased its recycling rates over the past ten years, with
almost two-thirds of its municipal solid waste (MSW) going through the processes of
digestion, composting, and recycling. The recycling rate, inclusive of material recycling
and composting/digestion, has maintained a consistent level of 67% over the past five
years. France has witnessed a gradual rise in its recycling rate (Figure 2), climbing
from 42.9% in 2016 to 45.1% in 2018, but experiencing a decline thereafter. By 2020,
the recycling rate has reached 42.7%. Simultaneously, the proportion of waste sent to
landfills has decreased, dropping from 22.4% in 2016 to 18.1% in 2020:

- WM2 with a value of 0.277.

- PC2 with a value of 0.167.

- PC1 with a value of 0.127.

Between 2016 and 2019, the Netherlands produced around 9 million tonnes of
municipal garbage, a consistent level. But in 2020, the total climbed to 9.3 million tonnes,
a 5.8% rise. According to Figure 2 the three most relevant inputs of this model are:

- WM2 with a value of -0.173.

- PC1 with a value of 0.166.

- WM1 with a value of -0.144.

Figure 2: Inputs importance across the countries and Overall importance 2016-2020
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Source: Authors’ elaboration from the Neural Designer

The selected EU countries exhibit substantial variations in SRMs, with percentages
ranging from 27.5% in the Netherlands to 12% in Germany. France, during the analysed
period, maintained a mean SRM of 19%. These disparities highlight notable distinctions
in recycling capabilities and material consumption levels among analysed nations. In the
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analysed context, Germany produced a considerable 620 kilograms of municipal waste
per capita, surpassing the EU average of 527 kilograms (Perestrello, 2022). Meanwhile,
the Netherlands consistently generated around 9 million tonnes of municipal waste
between 2016 and 2019. However, in 2020, there was a notable 5.8% increase, resulting
in a total of 9.3 million tonnes. On a per capita basis, the Netherlands averaged 517
kilograms of municipal waste. France is in the middle with an average poverty indicator
of municipal waste generation per capita, with a mean value of 552 kg/capita. Based
on the highest number of patents, Germany leads in waste management and recycling
innovations with 80 patents. This positions it as the innovation leader among analysed
countries, significantly surpassing others. Following closely are France with 39 patents
and the Netherlands with 26 patents. It can be concluded OVERALL inputs importances
means of this model are (Figure 2):

- SRM with a value of 0.221.

- PC1 with a value of 0.193.

- C&I with a value of 0.188.

The training strategy is the process that is used to train a neural network. During
training, the neural network is taught to minimize loss by adjusting its parameters. The
type of training provided is determined by how these parameters are adjusted. In this
case, the quasi-Newton approach is used for training. Unlike Newton’s approach, it does
not require the computation of second derivatives. Instead, the quasi-Newton approach
uses gradient information to approximate the inverse Hessian at each iteration of the
algorithm (Song, 2018). The following chart shows how the error decreases with the
epochs during the training process.

Figure 3: Quasi-Newton method of error history

Quasi-Newton method error history
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This model’s accuracy is based on the Minkowski error (R), where 2 is the reference
value. In this model (Figure 3), the Minkowski error starts at 0.59 and decreases to 0.23
after 31 epochs, indicating that the model is accurate.

c
1
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"=1
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where E is error function, R is number 2, y, is the output layer, x_is the input layer, W is
weights array, t is time (Christiansen et al., 2014)

Another one model validity checker is the root mean square error, a statistic that
indicates the average difference between the model’s predicted values and the dataset’s
actual values, can be used to evaluate how well a neural network model fits a dataset.
A model’s ability to “fit” a dataset improves with a decreased root mean square error
(RMSE). The root mean square error, or RMSE for brief, can be calculated using the

following formula:
2
P —0;
RMSE = 'L : - 2

where X is a fancy symbol that means “sum”, P is the predicted value for the i"
observation in the dataset, O, is the observed value for the i observation in the dataset and
n is the sample size. RMSE value in this model is 0.68 which indicates the satisfactory
validity (very-good (0-0.50), good (0.50-0.60), satisfactory (0.60-0.70), or unsatisfactory
(>0.70)) following Moriasi et al. (2007).

Lastly, Figure 4 displays the graphical depiction of the deep architecture that
was produced as a result of the in-depth comparison analysis of a few chosen circular
economy indicators. A neural network, an unscaling layer, and a scaling layer are all
present. Yellow circles stand for scaling neurons, blue circles for perceptron neurons,
and red circles for unscaling neurons. For every six inputs, there are three outputs
generated. The neural network architecture’s three levels of complexity are indicated
by the quantity of hidden neurons. The network architecture is shown graphically in the
following diagram. It contains the subsequent layers:

- Scaling layer with 6 neurons (yellow).

- Perceptron layer with 3 neurons (blue).

- Probabilistic layer with 3 neurons (red).

Figure 4 Neural network architecture for the input/output comparative analysis of the
selected EU countries
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Source: Authors’ calculation in the Neural Designer-Machine Learning Software

EXEIEKOHOMUKA 39



http://www.ekonomika.org.rs

The following listing presents the mathematical equation represented by neural
network Box 1. This equation generates the outputs GERMANY, FRANCE, and
NETHERLANDS based on the inputs PC1, PC2, WM1, WM2, SRM, and C&I. In
classification models, the neural network spreads information in a feed-forward manner
across the scaling, perceptron, and probabilistic layers.

Box 1: Mathematical expression of the neural network comparative analysis

scaled PC one =(PC one -564.1329956)/38.25189972;
scaled PC two = (PC two -197.1820068)/18.2159996;
scaled WM one =(WM one -54.63330078)/9. 569849968
scaled WM_two_=(WM_two_-70.08000183)/4.674630165;
scaled SRM = (SRM-19.76000023)/5.300320148;
scaled C amprsn [ =(C amprsn 1-48.08929825)/20.00769997;

perceptron_layer 1 output 0 = tanh (-0.0260498 + (scaled PC one *-0.150281)
+ (scaled PC two *0.0269897) + (scaled WM one *0.126636) + (scaled WM
two_*0. 108936) + (scaled SRM*0.191541) + (scaled C amprsn_[*-0.164575));
perceptron_layer 1 output 1 = tanh (0.1125 + (scaled PC one *0.184082) + (scaled
PC_two_*-0.129688) + (scaled WM _one *0.096521) + (scaled WM_two_*-0.0174927)
+ (scaled SRM*-0.0272949) + (scaled C amprsn_1*0.03164006));

perceptron_layer 1 output 2 = tanh (-0.0515625 + (scaled PC one *-0.169043) +
(scaled PC two_*-0.0744629) + (scaled WM one *0.0323364) + (scaled WM two *-
0.196545) + (scaled_SRM* 0.173767) + (scaled_C_amprsn_I* 0.0827881));

probabilistic layer combinations 0 = 0.139343  +0.0166138*perceptron layer 1
output 0 -0.0495239*perceptron layer 1 output 1  -0.101257*perceptron layer 1
output 2
probabilistic layer combinations 1 = -0.177722 -0.0802124*perceptron_layer 1
output 0 -0.0871948*perceptron layer 1 output 1  -0.195862*perceptron layer 1
output 2

probabilistic layer combinations 2 =0.0154907 -0.197656*perceptron_layer 1 _output 0
-0.059082*perceptron_layer 1 output 1-0.123779*perceptron layer 1 output 2
sum=exp(probabilistic layer combinations 0)+exp(probabilistic layer combinations 1)
+ exp(probabilistic_layer combinations 2);

GERMANY = exp(probabilistic_layer combinations 0)/sum;
FRANCE = exp(probabilistic layer combinations 1)/sum;
NETHERLANDS = exp(probabilistic layer combinations 2)/sum

Conclusion

The efficacy of the CE paradigm can be assessed through multiple functional
lenses, including economic, social, and ecological dimensions. Its performance can be
spatially evaluated across various territorial scales, ranging from regional to global levels,
utilizing diverse modelling techniques ranging from rudimentary numerical methods to
sophisticated artificial intelligence approaches such as neural networks. In that sense,
this scientific paper uniquely contributes by examining the CE performance within the
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context of three distinct EU countries, highlighting the novel selection of these entities
for performed analysis.

Given the diverse economic landscapes and environmental challenges across EU
countries, the CE is particularly relevant in the selected EU countries — the Netherlands,
Germany, and France. The Netherlands was the third member of the EU to adopt an Indo-
Pacific strategy, after Germany and France. To protect and advance Dutch political and
economic interests, the Dutch government initiated an unambiguous choice in November
2020 towards a more active Dutch and EU posture in the Indo-Pacific. The German
Policy guidelines for the Indo-Pacific are very extensive, begging the question of whose
goals are to take precedence if difficult decisions need to be taken. The largest obstacle
is allocating the required funds and personnel to meet the expectations that have been
established among Indo-Pacific countries. Overall, the EU’s efforts to optimize and adapt
circular infrastructure are demonstrated by the umbrella strategy covering the entire EU.

Consequently, this study aims to add to the body of knowledge about evaluating
CE performance in this area. Moreover, the study employs an advanced methodological
framework incorporating optimized neural network architectures tailored to specific CE
performance metrics. The study utilizes a neural network software solution to explore
relationships between various input and output variables in CE performance across three
Indo-Pacific EU countries. Six key indicators from the EU CE monitoring framework
were analysed: Generation of municipal waste per capita, Generation of packaging waste
per capita, Recycling rate of municipal waste, Recycling rate of packaging waste by
type, Circular material use rate, and Patents related to waste management and recycling.
The applied optimization process uses a mathematical model to find the ideal operating
conditions in comparing the above-mentioned EU countries. This predictive model
enables authors to reproduce various operating scenarios and modify control variables
to increase efficiency. Particularly, performance circularity optimization means finding
the rules that, by the CE concepts, minimize or maximize the performance variables for
a specific set of countries participating in the Indo-Pacific Agreement.

A notable finding from this analysis is the strong correlation between the
generation of municipal waste per capita and the generation of packaging waste per
capita, highlighting the joint contribution of these input variables in the formation of
output variables in CE. The importance of input variables on the output variable for
Germany, as an example, demonstrates the influence of these indicators on national
CE performance. By accelerating the procedures for product sorting and breakdowns,
component refurbishment, and material recycling, machine learning can assist in
the development and enhancement of the reverse logistics infrastructure needed to
“close the loop” on goods and materials. To support efforts to fundamentally reshape
the economy into one that is resilient, regenerative, and long-term fit, integrating the
power of machine learning with a vision for a CE represents a significant, and currently
unexplored opportunity to harness one of the outstanding technological developments of
stakeholders’ energy.

While acknowledging the imperfections of the model, it signifies a significant
advancement in the analytical capabilities concerning CE performance within the selected
entities. Furthermore, the model’s adaptable architecture offers flexibility, enabling
modification of existing CE performance indicators and integration of new ones. Future
research endeavours should focus on refining composite indicator structures, expanding
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the scope of input variables, and devising additional relevant metrics, such as the virtual
material use rate, to further enhance analytical depth and accuracy.
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TEMETTUAT DEFTER (PROFIT REGISTER)
OF THE CHRISTIAN MAHALLES OF NIS (1845):
POP STANKO’S MAHALLE?

Abstract

The paper presents a detailed translation of the temettuat defter of the Pop
Stanko’s mahalle in Nis (1845) and a comparative analysis of the income of its
residents. Temettuat defters are a key primary source for researching the social
and economic history of the regions under the Ottoman rule in the 19th century.
What makes Pop Stanko's mahalle particularly interesting is the fact that it was
the largest Christian community in Ottoman Nis in the 19th century, and after
1878 the largest Serbian settlement in this city (Palilula). Therefore, the aim of
the research is to determine the economic profile of mahalle at the time when
the aforementioned defter was made and thus to shed light on a phase in its
evolutionary development, from a rural area on the outskirts of Nis into its urban
city core such was Palilula.

Key words: Nis, Palilula, Ottoman Empire, Christians, temettuat defter, 19" century
JEL classification: N33, N530, N930

TEMETVYAT JE®TEP (IEDPTEP ITPODPUTA)
XPUITHhAHCKHUX MAXAJIA Y HUIITY (1845):
ITOII CTAHKOBA MAXAJIA

Ancrpakr

Pao npeocmasma oemaman npesoo mememyam oepmepa Ilon Cmankose
maxane y Huwy (1845) u komnapamugny ananuzy npuxood FeHux cmaHOSHUKA.
Temenmyam Oeghmepu cy Kvyuan uzgop npeoz peda 3a UCHpadlcusarse coyujaine
U eKoHOMCKe ucmopuje nooHebs6a noo ocmanckom ynpasom 'y 19. eexy. Ono wmo
Ilon Cmankogy maxany 4unu HapoO4umo UHMepecanmuom je yurbeHuya oda je y
numarsy maxana Koja je ouna najeefia xpuwhancka 3ajednuya ocmarckoe Huwa y
19. 6exy, a naxon 1878. cooune u najeehe cpncko Haceme y osom epady ([lanunyna).
C moea, yum ucmpasicusarsa je oa ce ymspou npuspeoHi npo@ui maxaie y peme
Hacmawuka peueHoz Oegpmepa U HA MAj HAYUH pACEemU jeOHY (Dazy y HeHOM
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€BOIYMUBHOM pa38ojy 00 pypanre obracmu Ha pyoy Huwa y mezo60 ypbaro jezepo
Kaxeo je ouna Hanunyna.

Kwyune peuu: Huw, Ianunyna, Ocmancko yapemeo, xpuwhianu, mememyam
Oegpmep, 19. gex

Introduction

The Westernization of the Ottoman Empire, Tanzimat (1839-1876), is the era
during which the Ottoman state attempted through a series of reforms to bridge the
growing technological gap between itself and the leading countries of Christian Europe.
Internally, this meant going through the necessary reorganization of state institutions,
establishing the modern ones, and defining a clear and long-term course of internal
progressive state policy. With this goal in mind, during a period spanning most of the
19th century, various modern schools were established throughout the Empire, new
bureaucratic institutions and councils were introduced, almost every segment of industry
was modernized, and the army was organized according to the European model.

The dynamics of these reforms were largely determined by the economic capacity
of the Ottoman state. In the decades when the state was financially strong, sultans and
progressive statesmen sovereignly implemented reforms in the spirit of the Tanzimat.
However, when that was not the case, conservative and anti-reform circles grew stronger
and threatened to jeopardize the progress. Therefore, the reformists during the Tanzimat
were particularly focused on providing the state with stable economic resources for the
sake of securing further development (Gtiiran, 2014). One of the very first steps in this
was to enumerate the income of the population, so that the state could pursue a flexible
and reasonable tax policy. The achievements in that domain are decided to be evaluated
through the newly introduced temettuat defters (profit registers).

Temettuat defters

The new tax policy was launched immediately after the promulgation of the
Gtilhane Hatt-1 Serifi (1839), a document which announced the beginning of Tanzimat
Era. According to the Hatt-1 Serifi, all rights of non-Muslims and Muslims were equalized
before the state, and everyone was guaranteed the security of property, regardless of
religious or ethnic affiliation. All illegal taxes were abolished, as was the practice of
leasing state taxes (iltizam). This prevented the private tax farmers, who leased the
right from the state to collect the taxes, to multiply the tax collected and thus illegally
exhaust the people. Therefore, in the future state taxes were collected only by the
mubhassils, state officials who received a fixed salary for doing this job (inalcik, 1978).
Also, all taxes were unified under one state tax (Yiik¢ii, 2017). According to the state’s
assessment, fair tax collection and the emancipation of non-Muslims should have led
to greater accumulation of financial resources among them. It should directly affect the
positive economic situation of areas where non-Muslims were the majority, mainly in
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the European regions of the Ottoman empire (Rumelia). Therefore, the calculation of
various profits (temettuat) accumulated by the population was a next logical move.

The temettuat defters provide systematized information about taxpayers, the
real estate they own, animals, the amount of their income from commercial, craft and
other activities, as well as the amount of taxes they have paid. The taxes is the crucial
term here, so we will explain the novelties temettuat defters brought with this. As it
was mentioned above, all taxes that taxpayers used to pay before 1839 were unified
in Tanzimat. These taxes in the Classical period were labeled with the general name
tekalif-i orfive and compiled a vast array of taxes. Depending whether tekalif-i orfiye
was farmed at rural estates (ciftliks) and villages in countryside or mahalles and kasabas
in urban areas, this array could vary a bit. Now in Tanzimat the term tekalif-i orfiye was
changed into vergi-i mahsusa, or simply vergi, meaning a special tax or a tax on profit.
Vergi was a collective tax which was determined to each sancak by the Ottoman Ministry
of Finance. The sancak administration further distributed the payment of vergi according
to the paying capacity of the kazas which were subordinate to it. In the kazas, local
authorities further personalized the payment of vergi according to the paying power and
share in the profit of the villages, mahalles, and ¢iftliks which made up the kaza. Since
vergi was a collective tax, and the fixed rate threatened to burden the poor classes equally
with the wealthy elite, at the lowest levels of tax collection care was taken to ensure that
it was distributed according to the paying capacity of every taxpayer. In this way, every
taxpayer got his economic profile.

Aside from vergi, temetuat defters also register the payment of tithes (asar) on
various products of the land that the taxpayer earned. Until the Tanzimat, agar (i.e. dsiir
in the singular) was only nominally called tithe, while in practice it could tax up to
50% of crops that taxpayer grew on his land. Such a ratio was subjectively (and often
biasedly) assessed by tax collectors and local officials, depending on how successful was
the agricultural season or the fertility of the region. The Tanzimat put an end to this, so
tithes were henceforth determined precisely, as a clear 1/10 of the land products that a
taxpayer grew. Both vergi and asar in temetuat defters were presented as taxes paid for
the previous year, and at the end of the entry, the amount of general income the person
earned was also stated, so that the future tax rate could be determined more precisely.
The payment of the vergi and asar, sometimes both and sometimes one of them, was
made by exempt persons who did not make any profit, which was often evident from the
fact that they did not have any real estate on their name. Clergymen, both Muslim and
non-Muslim, were often exempt from taxes, too.

The Nis eyalet was included in both times (1840/41, 1844/45) when the temettuat
defters were conducted as a pilot project. The idea of the state was to do the temettuat
defters in the regions where the Tanzimat novelties had already been applied — Ankara,
Aydin, Bolu, Cezayir-i Bahr-i Sefid, Edime, Erzurum, Bursa, Konya, Ni§, Rumelia,
Thessaloniki, Silistre, Sivas, Skoplje and Vidin (Yikei, 2017).

Unfortunately, almost no temettuat defters from 1840/41 have survived today, and
those from 1844/45 are divided into 9 catalogues, numbering 17 747 defters (Yiikeii,
2017). Unlike the temettuat defters from 1840/41, when muhasills were the ones who
gathered the data, the 1844/45 defters were conducted by the local notables responsible
for the community which was covered by the defter. Among Muslims, these notables
were the imams and mahalle representatives (muhtars) and among non-Muslims were
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people like rabbis, priests, or village elders — kdybasis (Kiitiikoglu, 1995). After being
confirmed with the seal of these enumerators, the temettuat defters were forwarded to the
councils of kaza, and from there to the councils of higher administrative instance, sancak.
From there they were checked by the financial manager (defterdar) and the governors of
eyalet (vali), as higher authorities. In order to make the temettuat defter easier and more
reliable to use in the practice, the defter sheets had a form with exemplary questions and
answers, and then preliminary sent to the vali, defterdar and members of the responsible
local councils so they could get familiar with the survey.

Although they are valid sources which provide a wide range of reliable data,
from economic to demographic and religious, the temettuat defters are often plagued
by shortcomings and inconsistencies on the part of the enumerators (which depended
of their competence). That is why many temettuat defters lack data related to important
categories, such as the vergi paid by a person, the amount of tithe collected, and even
a sum of the collective income of whole mahalle, which, as a rule, should always be
summarized at the end of the defter.

Temettuat defter of Pop Stanko’s mahalle

Temettuat defter from 1844/45 followed the administrative organization of the Ni$§
eyalet into 4 kazas (Ni$, Prokuplje, Pirot and Samokov). Each of these kazas was further
divided into villages and mahalles where the defter was conducted. Though in general
the second time when the defter was done refers to the year 1261 by Hijri (1844/45), the
date when defter in Ni§ was conducted is clearly stated. It was on 29 Zilhicce 1261 AH,
meaning 29 December 1845, according to the Gregorian calendar. In the territory that
encompasses the town of Ni§, out of 21 mahalles we identified more than 10 non-Muslim
mahalles and several ¢iftliks whose inhabitants were Christians, and which were related
directly to NiS. Of those 10 Christian mahalles and infidel communities (neveryesi) in
Nis 8 were named after the orthodox Christian priests, as Pop Kosta’s, Pop Jova’s, Pop
Mita’s, Pop Porde’s, Pop Stanko’s mahalle, plus Pop Naum’s, Pop Jovan’s and Pop
Jovan’s kefere neveryesi (Kordig, 2019). Neveryesi might indicate Christian community
settled in Muslim mahalle, which would make such mahalle a religiously heterogenous
district. However, term neveryesi also might be a term for irregular Christian settlement,
a slum town, in this case inhabited by the Christians on the outskirts of Nis. With 101
registered households, Pop Jovan’s neveryesi was the biggest Christian community in
Nis, however, with 83 households Pop Stanko’s mahalle was the biggest fully recognized
Christian district in administrative context. Although these two communities might
be physically connected to each other, hence making a one body, we recognized Pop
Stanko’s mahalle as the core of district which will later grow into Palilula.

The anthroponymic findings clearly indicate that the residents of all these mahalles
and ciftliks were predominantly Christian Serbs, which some names particularly point
out (Ignjat, Goran-Goga etc.). However, Big and Small Gypsy mahalle (Kebir-i Kibtiyan
Mahallesi, Sagir-i Kibtiyan Mahallesi) might be an exception, since their names indicate
they were inhabited by Roma population. If that is the case, then Roma residents of those
mahalles were of Orthodox Christian fate and already with the Slavic names. In general,
most of the names are identified, but in some cases possible variations should be taken
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in consideration, such as with the names Miladin/Mladen or Hrista/Krsta/Rista. Unique
case was the name Lila, which is obviously a nickname or a shortened version of a name
we could not reconstruct. Usually, we would consider it a misspelling of a scribe, but at
the same time we found 2 more men with the name Lila in other mahalles in NiS. To add,
a certain Lila (the son of Zika) with the rest of the Christian notables from Ni3 in 1858
signed a collective address to authorities about the installment of the new bishop of Ni§
(BOA, HR. SYS. 1772/1). So, we left the name Lila as it was written.

Regarding toponyms in the vicinity of Ni§ where certain people had land, in three
cases we managed to identify villages as Malo§iste, Suvi Dol and Batu$inac with relative
certainty. But in other cases we had to keep the names as mere transliterations and mark
them with an asterisk* (though some names were obviously of Slavic origin, but we could
not locate and verify them as existing toponyms, such as HrastinCe, Izvor, GiraSince).

The names of most of the professions have equivalents in English (kiirk¢ti — furrier,
rgat — crop field worker/worker, bah¢ivan — gardener, hizmetkar — household servant,
meyhaneci — innkeeper etc.). However, some occupations are specific or were difficult to
translate, so we have either clarified them with an endnote or kept them in the original.
Kiirekei, for example, could mean a shovel-maker, but also a person who provides by
working on a field with a shovel or a hoe, a crop field worker. The same goes for simitci,
who cannot be translated as a simple baker, but a person who bakes and sells a special
kind of bagel, a simit. Kiraci is also a specific case. Though it could be understood as a
profession (renter and rentier), in the context of temettuat defter it refers to a residential
status of a person, therefore it should be understood as a newcomer, tenant (Todorov,
2024). Though kiracis in general belong to a group of land cultivators, labeling them
with this term adds particular value in researching demographic politics and migrations
based on the temettuat defters.

We have also kept the monetary and measurement units in the original. When
it comes to money, it is the silver kurus (made of 40 paras, i.e. 120 akges). The land is
represented in donim (920 m?), and the weight in kiye (~1.28 kg). We believe that by
carefully and practically establishing these rules, we preserved the authenticity but also
have overcome most of the problems which working with the Ottoman archival materials
entails.

We have organized the data related to the Pop Stanko’s mahalle in a composition
which contains the following categories: the number of household in the mahalle, name
of the taxpayer, his father’s name (brackets with the letter f), the amount of the vergi for
the previous year, the amount of crops in kiye that the taxpayer produced (and the tithe/
asar paid for it), the amount of the tax on alcohol (zecriye) for people who made brandies
and wines from fruits they grew in their vineyards and orchards, agricultural holdings
of the taxpayer — vineyards, meadows, pastures, fields (with income and paid tithe) and
the name of the place where they are located (if the place is mentioned in the register),
buildings/fields that the taxpayer has rented or leased (with the amount of kurus earned
or shared with other person), animals and livestock owned by the taxpayer, separate
amounts of money taxpayer earned from his job and funds he received from property
and other assets. In the Pop Stanko’s mahalle, aside from the taxes already mentioned,
the tax on sheep (adet-i agnam) is also documented, as another old tax imposed by the
Ottomans, in addition to the tithe. Also, summary data on the vergi and the income of
the all residents of mahalle (which should be at the end of the defter) are not shown.
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The temettuat defter of this mahalle is combined with the defters of a few ¢iftliks which
follow it and then the sum of all of them is stated together. This makes it difficult to draw
a precise conclusion about the distribution of the vergi and other financial data related
Pop Stanko’s mahalle as community, so we stated nothing in this regard.

The temettuat defter which refers to Pop Stanko’s mahalle is entitled as Temettuat
defter of reaya which live in Papaz Istanko mahalle, and it goes like this:

Household no. 1. Carpenter Nikola (f. Stamen). Last year he paid vergi with 110
kurus and asar for 50 kiye of wheat (12 kurus) and 50 kiye of corn (10 kurug). He pays
tax on alcohol (12 kurusg). He owns 2 doniims of vineyards (income 165 kurus per year)
and 3 doniims of land in Malosiste (income 225 kurus per year, taxed with 22 kurus). His
total income is 350 kurus.

Household no. 2. Gardener Misa (f. Jovan). Last year he paid vergi with 95 kurus
in cash and asar for 50 kiye of wheat (12 kurus) and 20 kiye of corn (4 kurus). He pays
tax on alcohol (24 kurus). He owns 3 dontims of vineyards (income 300 kurus per year),
1 dontim of garden (income 50 kurus per year) and 3 doniims of land in Hrastince*
(income 165 kurus). He keeps 1 mare and 1 female calf. He earns a total of 450 kurus
from gardening.

Household no. 3. Innkeeper Luka (f. Stojko). Last year he paid vergi with 95 kurus
and asar for 200 kiye of wheat (50 kurus) and 150 kiye of corn (20 kurus). He owns 3
doniims of vineyards (income 60 kurus per year), 3 donliims of meadows (income 60
kurus per year), 15 dontims of land (income 800 kurus per year, taxed with 80 kurus) in
Batusinac. He keeps 1 cow. In total, he earns 780 kurus from land and 550 kurus from
the tavern.

Household no. 4. Kiract Miladin (f. Porde). Last year he paid vergi with 105
kurus and asar for 50 kiye of wheat (12 kurus) and 100 kiye of corn (20 kurus). He pays
tax on alcohol (50 kurug). He owns 5 doniims of vineyards (income 450 kurus per year)
and 8 dontims of land (income 325 kurus, taxed with 32 kurus) in Hrastince. He keeps
1 donkey, 1 cow and a calf. In total, he earns 350 kurus from work and 754 kurus from
other things.

Household no. 5. Tailor Pavle (f. Hrista). Last year he paid vergi with 69 kurus
and asar for 100 kiye of corn (20 kurus). He pays tax on alcohol (7 kurus). He owns 2
doniims of vineyards (income 75 kurus per year) and 2 dontims of land (income 180
kurus, taxed with 20 kurus) in Hrastin¢e*. In total, he earns 255 kurus from land and 400
kurus from work.

Household no. 6. Kumcu Stamen (f. Spasa). Last year he paid vergi with 160 kurus
and agar for 200 kiye of wheat (50 kurus) and 60 kiye of corn (12 kurus). He pays tax on
alcohol (23 kurus). He owns 3 doniims of vineyards (income 225 kurus per year) and 2
parcels of 4 and 6 doniims of land (income 320 kurus, taxed with 62 kurus). He keeps 1
mare. In total, he earns 782 kurus from land and 500 kurus from work.

Household no. 7. Innkeeper Filip (f. Goga). Last year he paid vergi with 180 kurus
and asar for 100 kiye of wheat (25 kurug), 200 kiye of barley (40 kurus) and 140 kiye
of corn (28 kurus). He pays tax on alcohol (42 kurus). He owns 4 doniims of vineyards
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(income 300 kurus per year), 1 doniim of garden (income 150 kurus) and 4, 4 and 9
doniims of land (income 930 kurus, taxed with 93 kurus) in Malosiste, Isprazna* and
Batusinac. He keeps 1 ox, I mare and 1 milking cow. In total, he earns 1250 kurus from
the tavern and 1339 kurus from other things.

Household no. 8. Potter Misa (f. Rista). Vergi paid last year is not stated. He paid
asar for 100 kiye of wheat (25 kurus) and 100 kiye of corn (20 kurus). He pays tax on
alcohol (9 kurus). He owns 2 donlims of vineyards (income 105 kurus per year) and
8 doniims of land (income 450 kurus, taxed with 45 kurus) in MalosiSte. He keeps 1
milking cow (income 12 kurug). His total income is 350 kurus from work and 522 kurus
from other things.

Household no. 9. Carpenter Bajca (f. Kole). Last year he paid vergi with 110 kurus
and asar for 100 kiye of wheat (25 kurus) and 40 kiye of barley (8 kurus). He pays tax on
alcohol (17 kurus). He owns 2 doniims of vineyards (income 255 kurus per year) and 8
doniims of land (income 330 kurus, taxed with 33 kurug) in Malosiste. In total, he earns
350 kurus from his craft and 553 kurus from other things.

Household no. 10. Mutafc1 Mita (f. Cira). Last year he paid vergi with 38 kurus.
He earns in total 350 kurus from his craft.

Household no. 11. Kirac1 Zivko (f. Krsta). Last year he paid vergi with 130 kurus
and asar for 100 kiye of wheat (25 kurus) and 50 kiye of corn (10 kurus). He pays tax
on alcohol (22 kurus). He owns 3 doniims of vineyards (income 90 kurus per year) and
10 dontims of land in Malosiste (income 350 kurus, taxed with 35 kurus). He keeps 1
milking cow (income 12 kurus) and 2 bulls. In total, he earns 350 kurus from work and
417 kurus from other things.

Household no. 12. Carpenter Rajko (f. Zivko). Last year he paid vergi with 67
kurus and asar for (unspecified). He pays tax on alcohol (22 kurus). He owns 3 doniims
of vineyards (income 150 kurus per year). He keeps 1 milking cow (income 12 kurus). In
total, he earns 350 kurus from work and 162 kurus from other things.

Household no. 13. Household servant Paun (f. Goga). He pays tax on alcohol (21
kurus). He owns 2 doniims of vineyards (income 45 kurus per year). He keeps 1 milking cow
(income 12 kurus). He earns a total of 150 kurus from service and 57 kurug from other things.

Household no. 14. Kiraci Paun (f. Stojan). Last year he paid vergi with 39 kurus,
and asar for 100 kiye of wheat (25 kurug). He pays tax on alcohol (10 kurus and 20 para).
He owns 2 doniims of vineyards (income 150 kurus per year) and 4 doniims of land in
Hrastince* (income 250 kurus, taxed with 25 kurus). He keeps | bull. In total, he earns
350 kurus from work and 375 kurus from other things.

Household no. 15. A young man (sabi) Mika (f. Stanko). Last year he paid vergi
(unspecified) asar and for 100 kiye of wheat (25 kurus). He pays tax on alcohol (10
kurug). He owns 2 doniims of vineyards (income 45 kurus per year) and 4 doniims of
land in Malosiste (income 250 kurus, taxed with 25 kurus). His total income is 382 kurus.

Household no. 16. Kiraci Jovan (f. Cone). Last year he paid vergi with 95 kurus
and asar for 100 kiye of wheat (25 kurus). He pays tax on alcohol (57 kurus). He rents
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from Goga (f. Joka*) 5 doniims of vineyards (income 225 kurus per year) and 4 dontims
of land in Malosiste (income 250 kurus, taxed with 25 kurus). He keeps 2 bulls and a
milking cow (income 12 kurus). In total, he earns 500 kurus from work and 462 kurus
from other things.

Household no. 17. Cart driver Ignjat (f. Cvetko). Last year he paid vergi with 34
kurus and asar for 100 kiye of corn (20 kurus). He pays tax on alcohol (10 kurus and 30
para). He owns 2 doniims of vineyards (income 120 kurus per year) and 2 doniims of land
in Hrastince (income 200 kurus, taxed with 20 kurus). He keeps a milking cow (income 12
kurus) and 1 calf. In total, he earns 500 kurug from work and 312 kurus from other things.

Household no. 18. Saddle-maker Stojan (f. Apostol). Last year he paid vergi with
38 kurus and asar for 100 kiye of wheat (25 kurus). He pays tax on alcohol (16 kurus and
30 para). He owns 2 donlims of vineyards (income 225 kurus per year) and 2 parcels of
4 and 5 dontims (income 330 kurus, taxed with 33 kurus) in Malosiste and Isradan*. He
keeps a pair of water buffalos and 1 milking buffalo (income 25 kurus). In total, he earns
450 kurus from work and 587 kurus from other things.

Household no. 19. Kiract Porde (f. unnamed). Last year he paid vergi with 160
kurus and agar for 200 kiye of wheat (50 kurus), 50 kiye of barley (10 kurus) and 100 kiye
of corn (20 kurus). He pays tax on alcohol (66 kurug). He owns 6 doniims of vineyards
(income 750 kurug per year), 2 doniims of meadows (income 40 kurus) and 2 parcels
of land of 6 and 10 doniims (income 800 kurus, taxed with 80 kurus) in Hrastin¢e* and
Sudurun*. He keeps 4 bulls, one milking cow (income 12 kurus), 2 breeding mares and 3
foals. In total, he earns 650 kurus from work and 1482 kurus from other things.

Household no. 20. Kiract unnamed (f. Zivko). Last year he paid vergi with 140
kurus and asar for 400 kiye of wheat (100 kurus), 200 kiye of barley (40 kurus) and
200 kiye of corn (40 kurug). He pays tax on alcohol (17 kurus). He owns 3 doniims of
vineyards (income 300 kurus per year), 4 doniims of meadows (income 80 kurus) and
3 parcels of land of 5, 6 and 13 doniims (income 1800 kurus, taxed with 180 kurus) in
Hrastince*, Kalna* and Sudurun®*. He keeps 4 bulls, 2 milking cows (income 22 kurus),
2 yearlings, 2 calves, 2 horses, 3 mares and 2 foals. He earns a total of 750 kurus from
business and 2022 kurus from other income.

Household no. 21. Kiract Petar (f. Cvetko). Last year he paid vergi with 110 kurus
and asar for 100 kiye of wheat (25 kurus) and 150 kiye of corn (30 kurus). He pays tax on
alcohol (12 kurus). He owns 2 doniims of vineyards (income 150 kurus per year) and 2
parcels of land of 4 and 5 doniims (income 550 kurus, taxed with 55 kurus) in Hrastinc¢e*
and BatuSinac. He keeps 1 horse, a mare, a bull, a milking cow (12 kurus of income) and
20 sheep (income 140 kurus). He paid 2 kurus of tax on sheep (adet-i agnam). In total, he
earns 550 kurus from business and 797 kurus from other things.

Household no. 22. Crop field worker Bane (f. Petar). He owns only a house and
earns 250 kurus from work.

Household no. 23. Crop field worker Radonja (f. Spasa). He does not own any real
estate. He keeps 1 horse and 1 calf of a black Anatolian cattle breed (karasigir). He earns
250 kurus in total.
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Household no. 24. Rista (f. Milenko). No other data.

Household no. 25. Household servant Todor (f. Jovan). He did not pay taxes last
year. He owns nothing and earns only from his service. Last year he earned 200 kurus.

Household no. 26. Crop field worker Stamen (f. Sava). He did not pay taxes last
year. He owns only a house and earns only from his service. Last year he earned 250
kurus.

Household no. 27. Household servant Anta (f. Jova). He did not pay taxes last year.
He owns only a house and earns only from his service. Last year he earned 120 kurus.

Household no. 28. Simit¢i apprentice Miladin (f. Petar). Last year he paid vergi
with 29 kurus. He owns only a house, and his income comes only from his job. Last year
he earned 150 kurus.

Household No. 29. Crop field worker Petar (f. Jovan). Last year he paid vergi with
30 kurus. He owns only a house, and his income comes solely from his job. He owns 2
doniims of vineyards (income of 90 kurus per year). In total, he earns 250 kurus from
work and 90 kurus from other things.

Household no. 30. Household servant Janko (f. Kole). He owns only a house, and
his income comes solely from his service. Last year he earned 200 kurus.

Household no. 31. Crop field worker Ranca (f. Porde). Last year he paid vergi with
15 kurus. He pays tax on alcohol (23 kurusg). He owns 3 donlims of vineyard (income
120 kurus per year). In total, he earns 200 kurus from his job and 120 kurus from the
vineyard.

Household no. 32. Carpenter Spasa (father’name not recorded). Last year he paid
vergi with 90 kurus and asar for 100 kiye of wheat (25 kurus) and 50 kiye of corn (10
kurus). He owns 6 doniims of land (income 350 kurus, taxed with 35 kurus) in Suvi dol.
In total, he earns 315 kurus from land and 400 kurus from work.

Household no. 33. Crop field worker Milenko (f. Rista). He pays tax on alcohol
(14 kurus). He owns 2 doniims of vineyards (income 105 kurug per year). Total income
105 kurus from vineyard and 350 kurus from work.

Household no. 34. Crop field worker Poka (f. Mita). He owns nothing. His total
income is 105 kurus from work.

Household no. 35. Furrier Zlatko (f. Anta). Last year he paid a vergi with 120
kurusg and asar for 100 kiye of wheat (25 kurus). He pays a tax on alcohol (80 kurus). He
owns 7 doniims of vineyards (income 600 kurus per year) and 3 doniims of land (income
250 kurus, taxed with 25 kurus) in Girasince*. In total, he earns 825 kurus from work
and 600 kurus from other things.

Household no. 36. Crop field worker Paun (f. Marko). He did not pay taxes last
year. He pays tax on alcohol (10 kurus). He owns 2 doniims of vineyards (income
120 kurus per year). He earns a total of 150 kurus from work and 120 kurus from the
vineyards.

EXEIEKOHOMUKA 55



http://www.ekonomika.org.rs

Household no. 37. Potter Todor (f. Manca). Last year he paid a vergi with 85 kurus
and asar for 80 kiye of wheat (20 kurug) and 50 kiye of corn (10 kurusg). He pays a tax
on alcohol (48 kurus). He owns 3 doniims of vineyards (income 345 kurus per year) and
5 doniims of land (income 300 kurus, taxed with of 30 kurus) in Malosiste. In total, he
earns 550 kurus from business and 615 kurus from other things.

Household no. 38. Potter Du(§)an (f. Veljko). Last year he paid vergi with 68
kurus. He pays tax on alcohol (15 kurug). He owns a vineyard on 2 parcels of land of 2
and 3 dontims (income 210 kurus per year). He earns a total of 650 kurus from his job
and 90 kurus from a lesser vineyard.

Household no. 39. Potter Stojan (f. Jovan). Last year he paid vergi with 85 kurus
and asar for 100 kiye of wheat (25 kurus) and 50 kiye of corn (10 kurus). He pays a tax
on alcohol (24 kurus). He owns a vineyard of 3 doniims (income of 225 kurus per year)
and 6 doniims of land (income of 350 kurus, taxed with 35 kurus) in Suvi dol. He keeps
1 horse. He earns a total of 500 kurus from job and 540 kurus from other things.

Household no. 40. Household servant Andrija (f. Manca). Last year he paid vergi
10 kurus. He owns nothing. His total income from a service is 150 kurus.

Household no. 41. Crop field worker Ilija (f. Mita). The vergi he paid is not stated,
but he paid asar for 100 kiye of wheat (25 kurusg). He pays the tax on alcohol (11 kurus).
He owns 3 doniims of vineyards (income 45 kurus per year) and 1 dontiim of land (income
250 kurus, taxed with 25 kurus) in Malosiste. He keeps a milking cow (income 12 kurus)
and a horse. His total income is 250 kurus from work and 282 kurus from other things.

Household no. 42. Innkeeper Petar (p. Cira). Last year he paid vergi with 125
kurus and asar for 150 kiye of corn (20 kurus). He pays a tax on alcohol (28 kurug). He
owns 3 doniims of vineyards (income 120 kurus per year) and 4 doniims of land (income
300 kurus, taxed with 30 kurus) in Malosiste. In total, he earns 1200 kurus from job and
390 kurus from other things.

Household no. 43. Carpenter MiSa (f. Bone). Last year he paid vergi with 120
kurus and asar for 50 kiye of wheat (12 kurus) and 80 kiye of corn (16 kurus). He owns 6
doniims of land (income 285 kurus, taxed with 29 kurug) in Malosiste. In total, he earns
550 kurus from job and 259 kurus from other things.

Household no. 44. Kirac1 Nikola (f. Gospodin). He is kiraci together with his
father. Last year he paid a vergi with 67 kurus and asar for 100 kiye of wheat (25 kurus)
and 50 kiye of corn (10 kurus). He pays a tax on alcohol (14 kurus). He owns 3 dontims
of vineyards (income 90 kurus per year) and 2 parcels of land of 4 déniim each (income
300 kurus, taxed with 35 kurus) in Sudurun®* and Malosiste. He keeps 1 bull. In total, he
earns 650 kurus from work and 405 kurus from other things.

Household no. 45. Carpenter Marinko (f. Stojanca). Last year he paid vergi with
67 kurus. He earns a total of 350 kurus from his job.

Household no. 46. Carpenter Stevan (f. Zivko). He keeps 1 milking cow (income
12 kurus) and 2 female calves. He earns a total of 350 kurus from his job.

56 EKOHOMUKA EEX3]



http://www.ekonomika.org.rs

Household no. 47. Priest Joakim (f. Bilmarkin*). Last year he paid vergi with 10
kurus. He owns 3 doniims of land (income 75 kurus per year) and rents out 1 shop (income
100 kurus). In total, he earns 500 kurus from work and 175 kurus from other things.

Household no. 48. Carpenter Stojko (f. Porde). He works with a business partner
at his home. Last year he paid vergi with 85 kurus. He earns a total of 550 kurus from
his work.

Household no. 49. Carpenter Kole (f. Jovan). Last year he paid vergi of 55 kurus
and asar for 100 kiye of wheat (25 kurus) and 40 kiye of corn (8 kurus). He pays a tax on
alcohol (29 kurus). He owns 2 parcels of vineyards 2 dontims each (income 150 kurus
per year) and 4 dontims of land (income 330 kurus, taxed with 33 kurus) in Isprazna*. In
total, he earns 400 kurus from work and 447 kurus from other things.

Household no. 50. Carpenter Stojanko (f. Kole). Last year he paid vergi 29 kurus.
He earns a total of 350 kurus from his work.

Household no. 51. Household servant Stefan (f. Ivko). Last year he paid vergi with
90 kurus and asar for 100 kiye of wheat (25 kurug). He owns 4 doniims of land (income
250 kurus, taxed with 25 kurus). He earns a total of 120 kurus from his service i 125
kurus from other things.

Household no. 52. Grocer Mladen (f. Vlatko). Last year he paid vergi with 90
kurus and agar for 100 kiye of wheat (25 kurus). He pays a tax on alcohol (11 kurus). He
owns 3 doniims of vineyards (income 75 kurus per year) and 4 déniims of land (income
250 kurus, taxed with 25 kurus) in Zukve*. He keeps 1 milking cow (income 12 kurus)
and 1 horse. In total, he earns 405 kurus from job and 312 kurus from other things.

Household no. 53. Carpenter Stojan (O. Kole). Last year he paid vergi 25 kurus.
He pays tax on alcohol (14 kurus). He owns 3 doniims of vineyards (income 30 kurus per
year). In total, he earns 300 kurus from work and 30 kurus from other things.

Household no. 54. Weaver Jevta (f. Zivko). Last year he paid vergi with 75 kurus
and asar for 80 kiye of corn (16 kurus). He pays a tax on alcohol (23 kurus). He owns
3 doniims of vineyards (income 150 kurus per year), 1 doniim of garden (income 100
kurus) and 2 doniims of land (income 160 kurus, taxed with 16 kurus) in Malosiste. He
keeps 2 foals. In total, he earns 350 kurus from work and 394 kurus from other things.

Household no. 55. Eskici Tosa (f. Bane). Last year he paid vergi with 18 kurus. He
keeps 1 milking cow (income 10 kurus). In total, he earns 150 kurus from work.

Household no. 56. Carpenter Mitar (f. Kole). Last year he paid vergi with 42 kurus
and asar for 50 kiye of wheat (12 kurus) and 40 kiye of corn (8 kurug). He owns 2
doniims of land (income 205 kurus, taxed with 25 kurus) in BatuSinac. In total, he earns
350 kurus from job and 143 kurus from other things.

Household no. 57. Weaver Lila (f. Kosta). Last year he paid vergi with 18 kurus
and asar for 50 kiye of wheat (12 kurus). He pays a tax on alcohol (11 kurus). He owns
2 dontims of vineyards (income 75 kurug per year) and 2 doniims of land (income 125
kurus, taxed with 13 kurus) in Isradan*. In total, he earns 120 kurus from work and 186
kurus from other things.
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Household no. 58. Carpenter Andrija (f. Poka). Last year he paid vergi 10 kurus.
He pays tax on alcohol (10 kurus). He owns 2 doniims of vineyards (income 30 kurus).
In total, he earns 30 kurus from vineyards and 180 kurus from other things.

Household no. 59. Household servant Jovan (f. Petar). Last year he paid vergi with
29 kurus. He pays tax on alcohol (14 kurus). He owns 2 doniims of vineyards (income
90 kurus). In total, he earns 90 kurus from the vineyards and 150 kurus from his service.

Household no. 60. Carpenter and priest Ilija (f. Porde). Last year he paid vergi 18
kurus. He earns a total of 250 kurus from his business.

Household no. 61. Simitgi Jovan (f. Ignjat). Last year he paid vergi with 75 kurus
and asar for 150 kiye of wheat (37 kurus) and 50 kiye of corn (10 kurus). He pays a tax
on alcohol (21 kurus). He owns 3 doniims of vineyards (income 190 kurus per year) and
6 doniims of land (income 475 kurus, taxed with 48 kurus) in Malosiste. In total, he earns
600 kurus from work and 616 kurus from other things.

Household no. 62. Potter Lazar (f. Miljko). Last year he paid vergi with 29 kurus
and asar for 80 kiye of corn (16 kurus). He pays a tax on alcohol (32 kurus). He owns 2
parcels of vineyards of 2 and 3 doniims (income 195 kurus per year) and 4 doniims of
land (income 160 kurus, taxed with 16 kurus) in Malosiste. He keeps 1 horse. He earns a
total of 250 kurus from job and 329 kurus from other things.

Household no. 63. Crop field worker Ivanko (f. Cvetko). Last year he paid vergi 15
kurus. He pays tax on alcohol (22 kurus). He owns 3 doniims of vineyards (income 225
kurus per year). In total, he earns 225 kurus from the vineyards and 120 kurus from work.

Household no. 64. Carpenter Krsta/Kosta (f. Stojan). Last year he paid vergi 52
kurus. He pays tax on alcohol (14 kurus). He owns 2 doniims of vineyards (income 225
kurus per year). In total, he earns 350 kurus from his craft and 225 kurus from other.

Household no. 65. (Occupation not recorded) Cvetko Nazaren (f. Paun). He paid
asar for 150 kiye of wheat (37 kurus). He owns 3 doniims of land (income 375 kurus,
taxed with 37 kurus) in Isprazna*. His income is 337 kurus.

Household no. 66. Household servant Rista (f. Janko*). He earns a total of 150
kurus from service.

Household no. 67. Simit¢i Mitar (f. Tosa). Last year he paid vergi with 38 kurus.
He pays tax on alcohol (24 kurus). He owns 3 doniims of vineyard (income 135 kurus).
In total, he earns 350 kurus from work and 135 kurus from other things.

Household no. 68. Simit¢i Hrista (f. Ljuben). Last year he paid a vergi with 180
kurus and asar for 200 kiye of wheat (50 kurus) and 100 kiye of corn (20 kurus). He pays
a tax on alcohol (20 kurus). He owns 3 doniims of vineyards (income 190 kurus per year)
and 8 doniims of land (income 700 kurus, taxed with 70 kurus) in Bilat*. In total, he
earns 650 kurus from work and 820 kurus from other things.

Household no. 69. Kiirek¢i Porde (f. Mita). Last year he paid vergi with 110 kurus.
He pays tax on alcohol (8 kurus). He owns 2 doniims of vineyards (income 120 kurus per
year) and 2 doniims of garden (income 90 kurus). In total, he earns 650 kurus from work
and 210 kurus from other things.
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Household no. 70. Innkeeper Jovan (f. Miladin). Last year he paid vergi with 170
kurus and asar for 150 kiye of wheat (37 kurus) and 100 kiye of corn (20 kurus). He pays
a tax on alcohol (20 kurus). He owns 6 doniims of land (income 575 kurus, taxed with
58 kurus) in Sudurun*. In total, he earns 1550 kurus from the tavern and 517 kurus from
other things.

Household no. 71. Gardener Ignjat (f. Stojan). Last year he paid vergi with 115
kurus and asar for 100 kiye of wheat (25 kurus), 50 kiye of barley (10 kurus) and 40 kiye
of corn (8 kurus). He pays tax on alcohol (11 kurus). He owns 2 donlims of vineyards
(income 75 kurus per year), 3 doniims of land (income 430 kurus, taxed with 43 kurus)
in Izvor and rents out 1 doniim of garden (income 50 kurus). In total, he earns 550 kurus
from work and 512 kurus from other things.

Household no. 72. A young man (sabi) Janko (f. Vidoje). He has no income, he
just lives at his home.

Household no. 73. Crop field worker Todor (f. Veljko). He did not pay vergi last
year, yet he paid asar for 100 kiye of wheat (25 kurus), 50 kiye of barley (10 kurus)
and 40 kiye of corn (8 kurus). He pays tax on alcohol (44 kurus). He owns 4 doniims of
vineyards (income 225 kurus per year), 3 doniims of meadows (income 61 kurus) and 2
parcels of 4 and 9 doniims of land (income 430 kurus, taxed with 43 kurus) in Kalna*. In
total, he earns 250 kurus from work and 667 kurus from other things.

Household no. 74. Kiract Ranca (f. Apostol). He keeps 1 foal and 2 bulls. Total
income 250 kurus from work.

Household no. 75. Innkeeper Tosa (f. Stanca). Last year he paid vergi with 95
kurus and asar for 100 kiye of wheat (25 kurus) and 40 kiye of corn (8 kurug). He pays
a tax on alcohol (22 kurus). He owns 1 doniim of vineyards (income 165 kurus per year)
and 4 dontims of land (income 330 kurus, taxed with 33 kurus) in MaloSiste. He keeps 1
horse. In total, he earns 550 kurus from work and 462 kurus from other things.

Household no. 76. Crop field worker Kole (f. Paun). He pays tax on alcohol (19
kurusg). He owns 2 doniims of vineyards (income 180 kurus per year). His total income is
200 kurus from work and 180 kurus from other sources.

Household no. 77. Household servant (name not recorded) (f. Marko). His total
income is 150 kurus from service.

Household no. 78. Kiraci Nikola (f. Manca). Last year he paid vergi with 46 kurus.
He owns a house, keeps 2 bulls and a milking cow (income 12 kurus). In total, he earns
500 kurus from work and 12 kurus from the cow.

Household no. 79. Household servant Kole (f. Pole). His total income is 120 kurus
from service.

Household No. 80. Household servant Kole (f. Zivko). He did not pay taxes last
year. He earns a total of 120 kurus from his service.

Household no. 81. Household servant Stevan Malc¢a). He did not pay taxes last
year. He earns a total of 150 kurus from his service.
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Household no. 82. Carpenter Stanoje (f. Spasa). Last year he paid vergi with 48
kurus. He owns 3 doniims of vineyards (income 105 kurus per year). In total, he earns
450 kurug from work and 105 kurus from other income.

Household no. 83. Mane (f. Stanko), he is disabled and mute. He paid asar for 100
kiye of wheat (25 kurus), 100 kiye of barley (20 kurus) and 50 kiye of corn (10 kurus).
He pays the tax on alcohol (43 kurus). He owns 4 doniims of vineyard (income 450
kurus), 1 doniim of garden (income 30 kurug) and 10 doniims of land (income 550 kurus,
taxed with 55 kurus). In total, he earns 490 kurus from land and 495 kurus from other
things. In total 985 kurus (BOA, ML. VRD. TMT d, 11024/3-16).

Conclusion

The statistics of Pop Stanko’s mahalle according to the temettuat defter show
that its 83 households were headed by 15 people who were carpenters; 12 crop field
workers; 12 household servants; 10 kiracis; 5 innkeepers and potters; 3 simitgis; 2 priests,
gardeners, weavers, individuals registered as sabi and 2 with unspecified professions; 1
tailor, grocer, saddle-maker, furrier, kumcu, kiirek¢i, mutafci, eskici, simit¢i apprentice
and 1 disabled person.

Based on this, it is clear that mahalle was mostly inhabited by people whose
professions were related to agriculture. In this regard, there were ~20 cultivators of
the land grouped in several professions (crop field workers, gardeners, at least 5 out of
10 kiracis and maybe 1 kiirek¢i with them). Of all the groups engaged in agriculture,
the most income was accumulated by kiracis, although the defter did not state whether
they rented or leased land or real estates. What is also specific for them, compared to
other land cultivators, is that kiracis often possessed various (and numerous) livestock
or draft animals, which helped a lot in cultivating land, hence in accumulating income
from it. That helped a lot of them to stand out with their income from the rest of
the land cultivators. For example, the kiract with an unrecorded name who lived on
number 20 was the richest resident of mahalle, with 750 kurus earned from primary
job and 2022 kurus drawn from his possessions. As for the land cultivators from the
lowest in this group, the crop field workers, it is noticeable that half of them earned
250 kurus annually from their job, which indicates that the income was probably fixed
in some cases.

A kind of a fixed income from a job also applies to the least qualified profession
we registered in the mahalle — a household servant. Aside from this job, the majority of
people in this group (10) did not have any property or additional source of income. Half
of them had an annual income of 150 kurus, which is again some kind of fixed salary.
However, this was still lower than 300 kurus, which is considered to be the average
income of the lower class in the Ottoman Empire at that time (Yikeii, 2017). Among
the household servants there were people who had even lower incomes than this. Four
household servants earned only 120 kurus per year, and in their entries in temettuat defters
it is often stated that they had not paid vergi for the previous year or the vergi column was
simply left blank. Two of the household servants earned annual salary of 200 kurus from
the service. Those who had more than that earned additional profit through agriculture.
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In that case, the additional income was always lesser than the income accumulated from
their primary profession (Paun at household no. 13 and Jovan at no. 59).

When it comes to a sole profession, the largest number of people were engaged
in carpentry (16). It is expected, considering the needs of numerous households in the
mahalle and the professions related to agriculture, which dominated among the residents.
The need for tools, handles and wooden objects was such that one of the two priests who
lived in Pop Stanko’s mahalle also was listed among the carpenters (priest Ilija from
household no. 60). Priest Ilija was not an isolated case among the clergy. A monk Antim,
resident of Pazari¢i mahalle in Plovdiv, who was also documented by the temettuat defter
in 1845, aside from being a cleric also was an artisan — a furrier with a pretty high income
of 2400 kurus (Todorov, 2024).

As a group, people who accumulated the highest general income were the
innkeepers. With 1250 kurus earned from the tavern and 1339 kurus from his possessions,
innkeeper Filip who lived at no. 7 was the richest of them all and the second richest
person in mahalle after unnamed kiract from no. 20. However, when it comes to profit
from tavern as a primary source of profit, the innkeeper Jovan (from no. 70) with 1550
kurus was the one who ran the best (and the most visited) tavern in mahalle. In the case
of innkeepers, the primary profit from tavern and the profit from the secondary sources
show huge differences among them. For example, innkeeper Luka (no. 3) accumulated
the lowest income from his tavern (550 kurus), same as innkeeper ToSa (no. 75) who ran
the worst tavern in the mahalle, probably on its outskirts. But when it comes to income
from the secondary sources, 780 kurus made Luka to be second after Filip among the
innkeepers in mahalle by the additional profit.

The fact that some groups were made of a great number of people does not
mean that those groups were the best accumulators of profit by default. The groups
of 3 or 2 professionals, or even | single craftsman could earn more than a decent
amount of money. Two of 3 simitci, Ignjat (no. 61) and Hrista (no. 68), earned 600
kurus, i. e. 650 kurus which was more than the innkeepers with the lowest primary
income earned (Luka and ToSa). Among all craftsmen in mahalle, the data puts furrier
Zlatko (no. 35) on top, with 825 kurus earned from making and selling clothes with
furs, as a primary profession. The rest of the small groups of craftsmen and individuals
show huge differences in incomes, as much as their professions vary. What might be
concluded from that is that those craftsmen were mainly supplying the needs of the
households in mahalle rather than exporting their products or providing their services
to customers in other parts of Nis.

The temettuat defters do not have religious affiliation as a standard category, but
in some cases a note about that might be found next to an entry of a taxpayer (if he
stands out from the usual orthodox-Slavic profile in the case of Christian mahalles). For
example, Cvetko from household no. 65 was marked as a Nazarene (nasrani), a member
of an early Christian sect from 1. century AC. It would be considered awkward or maybe
a typo of defter scriber, but also in Nis, in Taverna ¢iftlik, another person was recorded as
Nazarene, too. It was Kole, who lived at the household no. 4. Even with the 2 examples,
the case with Nazarenes in Ni§ might still look like a wrong administrative entry but the
fact is that small Christian congregations could be found here and there in the Ottoman
Rumelia. For example, Nikolay Todorov identified the Paulikian community in Plovdiv
registered by the same temettuat defter from 1844/45 (Todorov, 2024).
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Regarding the residential status, out of 83 household owners 10 were recorded
as kiracis, meaning, they came from somewhere and found their place at this mahalle.
The reason for having such a visible number of new residents is probably the great Ni§
uprising which happened in spring of 1841. On the vast territory which stretches in
a triangle from Nis§ to Pirot and Vranje local Serbs in 1841 rose against the violence,
discrimination and misdeeds they suffered for a long time from local Muslim landlords
and corrupted officials (Randelovi¢, 2022). The main reason that made the Serbs burst
particularly in 1841 was poorly conducted first temettuat defter (1840/41) which, due
to the incompetence of the first muhassils and corruption of clerks, enlarged their tax
obligations and fabricated unsettled debts of many (Oztiirk, 2003). As for the previous
residence of kiracis at Pop Stanko’s mahalle, some hints (though not necessarily certain)
could be the villages where they had their parcels of land. It is the case with 6 out of
10 kiracis. Five kiracis had their land at Hrastince*; 3 at Sudurun*, 2 at Kalna*; 1 sole
parcel owned by a kiraci is recorded in Batusinac and Malosiste. As for the rest of the
residents of mahalle, though not kiracis, their land parcels were also scattered around
Nis, so we can bring following statistics: 1 parcel of land was owned by a resident of
mabhalle in villages Kalna*, Bilat*, Izvor*, Zukve* and GiraSince®*; 2 parcels of land
in Sudurun*, Isradan* and Suvi Dol; 3 parcels of land in Isprazna*, Hrastince* and
Batusinac. The place where the residents of Pop Stanko’s mahalle had the most parcels
of land was Malosiste, and it records 13 land parcels there. We underline that at some
entries land location was not mentioned, so the statistics might be different if that was not
the case. As for the toponyms we brought here, it is obvious that most of the population
of Pop Stanko’s mahalle gravitated to the south of Ni§ or had their origin from there.
The village Malosiste dominates in numbers; Batusinac is located close to it, so the same
might be the case with at least part of the toponyms mentioned in temettuat defter. From
a historical perspective, it makes sense, considering the fact that MalosiSte, BatuSinac
and the area around them suffered heavy destruction during the Ni§ uprising (1841)
followed by a significant population drop afterward.

Things changed after the Ottomans announced Hatihumayun in 1856, the decree
which strengthened all progressive efforts they were committing since 1839 (Randelovic,
2022). It was particularly important for further economic and political emancipation of
the non-Muslims in the Empire. The benefit from that for the Christians in Ni§ will be
seen when they start building an Orthodox cathedral in the 1850s (Randelovi¢, 2015).
The location of the huge temple was set in the Serbian Town/Palilula, which obviously
could be only Pop Stanko’s mahalle. At the same time next to the cathedral, a Christian
school was opened, hosting dozens, if not hundreds of Serbian pupils. That way, in less
than 15 years Pop Stanko’s mahalle was turned from a district at the outskirts of Ni§
into a political, cultural and religious core of the Serbian community in this city. Such
changes affected the character of the mahalle, too. By attracting rich Christian families
of traders and craftsmen, once a settlement made dominantly of land cultivators with low
and modest income, Pop Stanko’s mahalle became a residential district of Serbian pre-
industrial bourgeoisie and, after 1878, the oldest historical district of Nis.
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Endnotes

! Although history in the Ottoman period is an integral part of all monographs about
Nis from the Interwar period to the present day, so far only two titles have dealt with
Ottoman Ni§ in more detail: the first volume of Istorija Nisa (Nis, 1983) and the
monograph Osmanski upravnici Nisa u 19. veku (1799-1878) by Milan Randelovic.
When it comes to periodicals and defters as primary sources for the history of Ottoman
Nis, the primary (and sole) title is the translated and edited oldest defter of kadiluk of
Nis (1498) by a group of authors in Spomenik 131/7 (Belgrade, 1992). All these facts
emphasize that working on Ottoman documents of this type (defters) is a scientific
necessity, even in the case of specific defters, such as temettuats.

2 Sand seller and dealer

* A craftsman who makes sackcloth and similar products woven from goat hair
(srb. mutavdzija).

4 A trader of secondhand clothes and items, a flee marketeer.
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5> When it comes to first temettuat defter from 1840/41, the misstrust of the non-
Muslims toward the Ottoman clerks and officials also contributed to this problem.
Not really understanding why was the temettuat defter conducted, many people
avoided to report their all estate and profit, hence leading the officials to guess
or speculate with the income of many taxpayers. It deepened the mistrust of the
non-Muslims toward the Ottoman state and caused more serious problems which
eventually burst into open uprising.
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3a noseharbe u 3a0porcagarbe KOHKypeHmcekux npeosocmu. Cmoea, y o8om paody uc-
mpasicyje ce ymuyaj HemamepujanHux noocmuyaja, nocebHo npusHared, (irekcudu-
HOCMU, PA360ja U NCUXOTOWKE CUSYPHOCTU, HA aHeadxCcosarse 3anocienux. Kopuc-
mehiu meopujy camoonpedesmerba, Xepybepeogy 080phaxmopcky meopujy u mooei
3axmesa u pecypca nocad, AHATUUPAIU cMo nocmojeha ucmpaxcusara u cnposeit
nunom cumynayujy ca cunmemuykum nooayuma (1 = 150, Cpbuja), wumo ce nokiana
ca yobuuajenum pesynmamuma. Ilokasano ce 0a npusnarbe u (reKCUOUIHOC UMAjy
Hajjave ge3e ca aHeaico8arseM, 00K NCUXOTOWIKA CUSYPHOCT U pa360] makohe umajy
c80j donpuroc (Xepybepe, 1968). Ha npumep, noxkazauo je 0a npoepamu npusHasarsa
00 cmpane Konezd, Koju YKbYuyjy pedogHO 8PeOHO8AFe OONPUHOCA 3ANOCTEHUX
MUMCKOM OKpYHcerby, nobomuasajy mopan u aojariocm. Ciuyno mome, gaexcudun-
He Mocyhnocmu pacnopeda koju omozyhasa 3anocieHuma 0a 6upajy ceoje paoHo epe-
Me moey dosecmu 0o nogeharoe 3a00606cmea nociom. Y paoy je kopuwhena ANOVA
u m-mecm 3a non da o6u ce sanuoupanu pesyimamu. Iloped moea, onpasoaro je Ko-
puutherbe cuHmemuyKux no0amaxa Kako ou ce ocucypana mpaHCcnapeHmHocm, no-
wmosana npusamuocm u omoeyhuna penauxayuja. Pao ce 3aepuwiasa menayepckum
npenopykama, 12-nedesHum nAaHOM uUMRIeMeHmayuje u aamuma 3da Meperve.

Kwyune peuu: anzaxcoeanocm 3anocienux; Hemamepujainy noocmuyaju; npu-
3HArbe, YAeKCUOUTHOCIL; NCUXOTOUIKA CUSYPHOCIT

Introduction

Modern companies increasingly attach importance to organizational change, not
because managers and employees have a natural inclination towards it, but because it is a
necessary condition for survival in a dynamic business environment (Stanujki¢ et al., 2024;
Popovi¢ et al., 2021a; 2021b). Strategic planning and organizing change are key steps in the
change management process and can significantly influence their successful outcome (Kotter
etal., 2021).

The field of human resource management is continuously developing and improving,
following new trends, challenges and transformations in the modern economy. In this context,
numerous structural and functional changes have occurred. As one of the key executive
functions of an organization, human resource management aims to manage employees
as effectively as possible, in order to ensure the achievement of both organizational and
individual goals (Paauwe & De Voorde, 2025; Urosevi¢ et al., 2016).

Imagine a company spending millions annually on specialized benefits and competitive
salaries, yet watching its employee engagement scores stagnate year after year. Despite
this significant investment in compensation, many organizations achieve only modest and
inconsistent gains in employee engagement. Evidence suggests non-material incentives,
those without financial reward, can provide stronger, context-sensitive effects on engagement
and performance. This article combines theory and evidence to demonstrate the relationship
between these incentives and engagement in practice.

Building on classical foundations, Daniel Pink emphasizes three essential dimensions
of intrinsic motivation: autonomy, mastery, and purpose (Pink, 2009a; 2009b). Autonomy
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reflects the human desire for self-direction, aligning with the need for workplace flexibility
and autonomy in decision-making. Mastery denotes the pursuit of continuous improvement
and learning, resonating with professional development opportunities. Purpose involves
connecting work to a larger mission, fostering meaning and commitment. These dimensions
complement Self-Determination Theory and Herzberg’s motivators, underscoring how non-
material incentives fuel engagement in modern organizations (Herzberg, 2008).

Pink’s framework situates intrinsic drivers at the center of modern engagement. Unlike
Herzberg or Maslow (Maslow, 1943), who positioned recognition and growth as secondary
motivators, Pink argues that financial incentives only create short-term compliance, while
autonomy and purpose unleash creativity, persistence, and engagement. (Pink, 2009a;
2009b) For instance, organizations that allow employees to design part of their schedule or
dedicate time to projects of personal significance often report higher levels of innovation
and commitment. (https://www.gartner.com/en/articles/the-secret-to-productive-employees-
a-radical-shift-in-work-flexibility).

Maslow’s hierarchy of needs positions self-actualization as the pinnacle of motivation,
which is closely linked to mastery and a sense of purpose (Maslow, 1943). Amabile highlights
that creativity and intrinsic motivation thrive when individuals are given autonomy and
recognition (Amabile, 2018) Schein argues that organizational culture and leadership shape
the motivational climate, making psychological safety and fairness critical to sustaining
engagement (Schein, 2010).

Self-Determination Theory says autonomy, competence, and relatedness drive internal
motivation (Deci & Ryan, 2013) Recognizing these needs has become crucial in today’s
workplace, where employees seek deeper fulfilment from their roles. Herzberg’s Two-Factor
Theory lists motivators such as recognition, achievement, and growth as key, placing non-
material incentives in this category (Herzberg, 2008). This becomes particularly relevant
as organizations aim to maintain engagement amid evolving employee expectations. The
Job Demands—Resources model explains how job resources, such as autonomy, feedback,
support, and development, foster motivation and buffer job demands (Bakker & Demerouti,
2007). In the current climate, utilizing this model helps to understand and manage work-
related stress, thereby enhancing employee satisfaction. Across these models, incentives that
build psychological resources—rather than add external rewards—improve vigor, dedication,
and absorption (Khan et al., 2022). These insights underscore the importance of non-material
incentives in crafting a resilient and motivated workforce.

Materials and Methods

A cross-sectional survey is used to measure employee engagement (UWES-9 - Utrecht
Work Engagement Scale) and perceived non-material incentives (recognition, flexibility,
development, psychological safety). To focus on methodology, a synthetic data is analysed
(n=150) matching distributions from Serbian organizations (IT, telecom, banking, retail). The
use of synthetic data was chosen to ensure data privacy and facilitate replicability; however,
it is worth noting that this approach may limit the generalizability of the findings to real-
world settings. Variables were assessed using a 1-5 Likert scale. UWES-9 measured vigor,
dedication, and absorption. Non-material incentives included statements like ‘I receive
work acknowledgment,” ‘I manage my work hours,” ‘I get growth opportunities,” and ‘I can
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express ideas at work,’ all rated on the same scale. We report descriptive statistics, Pearson
correlations, OLS regression with demographic controls, and run t-tests for gender and
ANOVA for age groups.

Results

Figure 1 shows the structure of the sample according to age groups. The largest share
belongs to the 18- to 30-year-old group, which makes up 39% of the sample. Next in terms
of representation is the 31 to 45 age group with 35%, while the 46 to 60 age group is the least
represented with 26%.

31-45

Figure 1: Sample structure by age group

Figure 2 shows the average ratings (Likert scale 1-5) of the four types of non-material

incentives.
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Figure 2: Mean ratings of non-material incentives
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Table 1 shows descriptive statistics for five variables used on a Likert scale (1-5):
recognition (Mean = 4.2, SD = 0.63), flexibility (Mean = 3.94, SD = 0.73), development
(Mean =3.81,SD =0.72), psychological safety (Mean=4.1, SD = 0.65), and engagement
(Mean =4.15, SD = 0.65). All variables have high average scores, with minimum values
between 2.0 and maximum values of 5.0. Standard deviations indicate the relative
consistency of responses across participants, with recognition having the lowest standard
deviation (0.63) and flexibility the highest (0.73).

Table 1: Descriptive statistics

Variable Mean SD Min Max
recognition 4.2 0.63 3.0 5.0
flexibility 3.94 0.73 2.0 5.0
development |3.81 0.72 2.0 5.0
psych_safety |4.1 0.65 2.0 5.0
engagement 4.15 0.65 3.0 5.0

Source: Author's calculation

The table 2 shows the Pearson correlation matrix between the variables recognition,
flexibility, development, psychological safety and engagement. Most of the correlations
between the variables are weak but positive, suggesting that there is a mild but stable
interrelationship. For example, recognition and engagement have a correlation of 0.34,
indicating that a higher level of recognition may contribute to greater engagement. Also,
the correlation between flexibility and engagement (0.35) shows that more flexible
working conditions can positively affect employee engagement. Although correlations
are generally weak, these results indicate that factors such as familiarity, flexibility, and
psychological safety may have positive, albeit small, effects on engagement, which is
certainly encouraging for further research.

Table 2: Pearson correlation matrix

Variable recognition flexibility development psych safety engagement
recognition |1.0 -0.05 0.04 0.06 0.34
flexibility -0.05 1.0 0.05 0.07 0.35
development |0.04 0.05 1.0 -0.0 0.13
psych_safety |0.06 0.07 -0.0 1.0 0.22
engagement |0.34 0.35 0.13 0.22 1.0

Source: Author's calculation

Table 3 presents the results of the OLS regression predicting employee
engagement using demographic characteristics and non-material incentives as predictors.
Recognition (coefficient = 0.348, p < 0.001), flexibility (coefficient = 0.306, p < 0.001),
and psychological safety (coefficient = 0.176, p = 0.015) show statistically significant
positive effects on engagement, while development (coefficient = 0.086, p = 0.189) is not
significant. The reference age group is 18-30 years, which represents the largest share
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of the sample (39%). The other age groups (3145 and 46—60) do not differ significantly
from this baseline, indicating that engagement levels are consistent across age categories.
The reference gender category is female (50% of the sample), and male employees (50%
of the sample) show no significant difference in engagement (coefficient = 0.047, p =
0.621). Sectoral variables (IT, Retail, Telecom) are not statistically significant, which
suggests that sector affiliation does not substantially influence engagement once non-
material incentives are considered. The intercept (0.437, p = 0.425) reflects the expected
engagement level for the reference categories (female, 18-30 years, outside I'T/Retail/
Telecom) but is not statistically significant and therefore serves only as a baseline
reference point in the model.

Table 3: OLS regression predicting engagement

Term Coefficient CI Low CI High p-value
Intercept 0.437 -0.642 1.515 0.425
C(age_group)[T.18-30] |Reference

C(age_group)[T.31-45] |-0.025 -0.247 0.197 0.825
C(age_group)[T.46—60] |-0.104 -0.341 0.134 0.389
C(gender)[T.Female] Reference

C(gender)[T.Male] 0.047 -0.141 0.236 0.621
C(sector)[T.IT] 0.058 -0.216 0.332 0.677
C(sector)|T.Retail] 0.076 -0.195 0.347 0.58
C(sector)[T.Telecom]| -0.148 -0.434 0.137 0.307
recognition 0.348 0.202 0.493 0.0
flexibility 0.306 0.176 0.437 0.0
development 0.086 -0.043 0.216 0.189
psych_safety 0.176 0.034 0.319 0.015

Source: Author 5 calculation

Discussion

By merging classical theories with Pink’s modern approach, this study demonstrates
that sustainable engagement arises when employees experience autonomy, mastery, purpose,
and psychological safety together (Pink, 2009a; 2009b). For managers, the implication is
clear: financial incentives alone are insufficient to motivate employees. A holistic system of
recognition, meaningful work, and supportive culture is required to unlock long-term motivation.
Pink’s model positions modern organizations at a crossroads: continue relying on outdated
extrinsic motivators, or embrace intrinsic, human-cantered incentives that align with knowledge
economies (https://medium.com/@felixdavidenko/rethinking-motivation-3cc596cafd2a). The
findings align with established theory: recognition and flexibility are most strongly linked to
engagement, and psychological safety and development also play a significant role (Imran et al.,
2025; Kgarimetsa & Naidoo, 2024). Although the data are synthetic, the analysis uses standard
field study methods, allowing future researchers to replicate the process. Managers should focus
on ongoing recognition, structured autonomy, and leadership that builds psychological safety
(Loudoun et al., 2025; Jose et al., 2024; Bano et al., 2024).
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Conclusion

This study examined the role of non-material incentives—recognition, flexibility,
development, and psychological safety—in shaping employee engagement. By integrating
established motivational frameworks, including Self-Determination Theory, Herzberg’s Two-
Factor Theory, and the Job Demands—Resources model, the research provided acomprehensive
theoretical foundation for understanding how intangible resources affect motivation and
performance. The analysis, based on synthetic data reflecting organizational contexts in Serbia,
confirmed that recognition, flexibility, and psychological safety are statistically significant
drivers of engagement, while development did not show a significant impact. Furthermore,
demographic variables such as age, gender, and sector did not demonstrate notable
differences, which indicates that non-material incentives exert a consistent influence across
different groups of employees. The contribution of this research is twofold. Theoretically,
it reinforces the central role of intrinsic motivators in sustaining employee engagement,
highlighting the enduring relevance of non-material factors in contemporary management.
Practically, the study offers empirical evidence that intangible incentives can serve as powerful
mechanisms for strengthening commitment and resilience within organizations. While the
use of synthetic data ensured transparency and replicability, it also limits the generalizability
of the findings, underscoring the need for future validation in field settings. Nevertheless,
the results provide a strong basis for further exploration of how recognition, flexibility,
and psychological safety can be systematically integrated into organizational culture.
In conclusion, the study affirms that non-material incentives are not secondary benefits but
fundamental drivers of engagement that support both individual motivation and long-term
organizational success. The study utilizes synthetic data for transparency; however, real-
world validation is necessary. Using synthetic data can sometimes limit the direct applicability
of findings to actual workplace environments, as synthetic data may not fully capture the
complex and variable conditions inherent in real-world settings. This might lead to challenges
in replicating findings as companies implement strategies emanating from these insights,
particularly because synthetic data lacks the nuanced circumstantial influences present in
real data. Future research should pre-register studies with diverse samples, experimentally
test non-material incentives, and examine the cultural and long-term effects. Field studies
in various industries can demonstrate how non-monetary incentives function in different
settings. Tracking engagement over time reveals sustainability. Research on remote workers
or those in the gig economy can uncover unique engagement factors for these groups.
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Abstract

This study aimed to investigate the application and impact of Robotics, Artificial
Intelligence, and Service Automation (RAISA) technologies within the port and
maritime logistics sector. Through a comprehensive analysis of existing literature
and empirical studies, the research employed a systematic review methodology to
synthesize findings across operational, strategic, and human dimensions.

The study concluded that RAISA technologies significantly enhance port
operational efficiency by optimizing vessel traffic, automating container handling,
and reducing waiting times and costs. Key findings also underscore their role in
advanced risk prediction, improved economic competitiveness through dynamic
pricing, and notable gains in environmental sustainability. However, successful
implementation hinges on overcoming challenges related to system integration,
workforce reskilling, and managing customer acceptance. The research affirms
that strategic RAISA adoption is imperative for ports to thrive.
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EPA POBOTHKE, BEHITAYKE MHTEJIUT'EHLHHUJE
N AYTOMATHU3AIIUIE YCIYTA: TIAMETHE JIYKE
KAO MOJAEJI MEBYHAPO/HE TPTOBHUHE

AncrpakTt

Osa cmyouja umana je 3a yusb 0a UCMPAdICU NPUMEHY U YMUYaj mexHoio2uja po-
bomuxe, gewimauxe unmenucenyuje u aymomamuzayuje yciyea (RAISA) ynymap cex-
mopa nomopcke no2ucmure u iyka. Kpos ceeobyxeammy ananusy nocmojehe numepa-
mype u eMRUPUJCKUX CIyoujd, UCIPAICUBAILE je NPUMEHUIO MEMOOOL0UJY CUche-
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Cmyouja je 3axmyuuna oa RAISA mexnonoeuje 3nauajno nobosuiasajy onepa-
MUBHy epuracrHocm ayka onmumuzayujom caobpahaja 6pooosa, aymomamuzayujom
PYKOBAIA KOHMEHEPUMA U CMAFEFeM 8peMeHa YeKarba u mpoukosa. Koyunu na-
Jasu maxohe HA2NAWIABA]y HUX08Y Y02y y HanpeoOHOM npedsularsy pusuxd, nooosb-
WAHOJ eKOHOMCKO] KOHKYPEHIMHOCU KPO3 OUHAMUYKO 00pelusarse yema u 3Ha4ajHum
00OUMHUYUMA ) eKOTOWKO] o0porcusocmu. Meljyymum, ycnewna umniemenmayuja
3a6UCU 00 NPEBASUTANCEF>A U3A308d BE3AHUX 30 UHMEZPAYUJY CUCTIEMA, NPEKEAIU-
urayujy paowe cHaze u ynpasmaree npuxeamarsem oo cmpare Kopuchuxa. Mempa-
arcusarbe nomephyje oa je cmpameuixa npumera RAISA mexunonoauja umnepamus 3a
npocnepumem yKa.

Kwyune peuu: Pooomuka, Bewimauxa unmenueenyuja, Aymomamusayuja yciyed,
Hamemne nyxe, Melhynapoona mpeosuna.

Introduction

There is an urgent need for more research on the applications of Artificial
Intelligence (AI), which is one of the latest technological trends impacting our daily
lives. Consequently, various industries are increasingly pursuing the enhancement of their
applications in robotics and automation technologies to deliver meticulously flawless
services in an engaging manner (Similar to the fields of education, industry, agriculture,
logistics, transportation, tourism, commerce, and finance...) (Ivanov & Webster, 2017,
p. 1). By leveraging artificial intelligence, these sectors aim to establish a unique and
unparalleled experience for their customers.

However, research in this area remains limited across various sectors. This lack
of research underscores the importance of focusing on how modern technologies can be
utilized to improve operational efficiency and increase customer satisfaction. Institutions
need to explore the potential of Al and robotics to meet growing market demands
and enhance the services provided. Promoting research in this field can contribute to
developing effective strategies, helping to boost competitiveness in the face of global
challenges.

Scholarly investigations have indicated that Robotics (R), Artificial Intelligence
(AD), and Service Automation (SA) (collectively referred to as RAISA) technologies
have emerged as vital and dependable assets for organizations across multiple sectors.
This trend of adoption is on the rise, driven by the increasing recognition of these
technologies as critical drivers for innovation and profitability enhancement. Nations
such as Japan, the United Kingdom, the United States, and China are at the forefront
of this technological evolution, committing substantial financial resources, amounting
to billions of dollars annually, towards the development and implementation of RAISA
solutions.

This investment reflects these countries’ commitment to improving their
competitiveness through technological innovation. It also highlights the significance of
RAISA in enhancing operational efficiency and reducing costs (Meziane & Bouguetaia,
2023, p. 7), contributing to the improvement of service quality provided to customers.
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The increasing reliance on RAISA is considered a strategic step toward a more
advanced and innovative future, contributing to the creation of a more effective work
environment across various industries (Yassin, Gharieb, & Saad, 2022, p. 52).

From the aforementioned, it is imperative for us as researchers, academics,
entrepreneurs, and consumers to strive for an understanding of the changes brought about
by this electronic revolution. We must proactively anticipate its consequences in order
to navigate them effectively. Humanity should not remain passive but should actively
seek to manage and frame these changes. There is a consensus that this transformation
is unlike any previous experiences, such as the industrial revolution, economic crises,
globalization, world wars, or the Cold War. The current issue has not waited for our
academic contributions; rather, it has preceded them and shown a clear impact on
societies, behaviors, and policies.

Therefore, this study aims to enhance understanding as a foundation for
formulating policies that maximize benefits and positives while minimizing potential
risks and deviations.

Literature review

The existing body of research on smart ports demonstrates a clear evolution from
exploring technological feasibility to examining the strategic, human, and procedural
factors that underpin successful digital transformation. Scholars have approached this
field from various methodological angles, providing a multi-faceted understanding of the
opportunities and challenges.

A significant strand of literature focuses on the tangible operational benefits
and technical implementation of artificial intelligence. For instance, (Korostin, 2025)
developed Al solutions for port automation utilizing natural language processing
and time-series analysis. The study’s findings indicated that these technologies can
significantly enhance container management, coordinate vessel movements, and predict
operational risks with high accuracy, leading to a notable reduction in costs and waiting
times. Similarly, (Foster & Rhoden, 2020) provided a regional case study, highlighting
the growing importance of Al in Caribbean logistics for improving efficiency and
revenue. Their research noted a positive willingness among industry participants to
adopt such technologies, despite acknowledged challenges related to resources and
awareness. However, these studies also reveal consistent impediments, including the
difficulty of integrating new systems with traditional infrastructure and the critical need
for employees to develop new technical skills.

Complementing this technical focus, another group of studies employs advanced
statistical modeling to investigate the deeper drivers and strategic frameworks necessary
for adoption. (Ghazaleh, 2023) investigated the business drivers behind Al transformation
in ports using Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis (CFA),
and Structural Equation Modeling (SEM). The research established that fundamental
drivers like enhancing productivity and predictive capabilities are paramount, but
their success is contingent upon rigorous guarantees of reliability and interpretability.
The study cautioned against the consequences of immature applications and proposed
a methodological framework to mitigate implementation risks. Expanding on the
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strategic perspective, (Kuo, Huang, & Chen, 2022) explored the integration of AloT and
blockchain to create sustainable operational schemes. Their use of SEM allowed them
to analyze the key factors influencing adoption, concluding that investment in smart port
technology is a critical strategic decision even in regions with low labor costs. The study
identified operator attitudes and motivations as pivotal, ultimately providing a valuable
framework for implementing smart, sustainable ports by outlining the key drivers of
success.

Concept of RAISA Technologies

The reliance on robots, artificial intelligence, and automation represents the
realization of goals that were once deemed science fiction in the recent past (Agah,
Cabibihan, Howard, Salichs, & He, 2016). “RAISA” is a term coined by researchers
(Ivanov & Webster, 2017, p. 1). This was the first attempt to study RAISA in the tourism
and hospitality sector from a social sciences perspective. Their research focuses on
analyzing theoretical issues related to the adoption of these technologies in tourism, as
well as examining the principles of service automation and societal attitudes toward
robots. Their studies also address the impact of RAISA on business operations.

Robots can be characterized as “physically intelligent systems” endowed with
varying levels of autonomy, mobility, and sensory perception, which enable them to execute
designated tasks effectively. The term autonomy pertains to the robot’s capacity to perform its
functions independently, without reliance on human oversight. This autonomous capability
significantly enhances the robot’s operational efficiency and its adaptability in managing a
diverse array of tasks across multiple environments (Chen & Hu, 2013, pp. 164-165), The
(International Organization for Standardization, 2012) classifies robots into industrial and
service categories based on their economic application. Industrial robots are defined as
programmable, multipurpose manipulators with three or more axes, designed for fixed or
mobile use in industrial automation. In contrast, service robots perform beneficial tasks for
humans or equipment outside industrial settings, with the categorization determined solely
by the application domain rather than the robot’s technical design.

The integration of robotic systems into industrial and service sectors represents
a significant technological shift with profound operational implications. The following
table systematically outlines the key advantages and disadvantages associated with the
deployment of robots, providing a balanced overview to support strategic decision-
making regarding automation investments.

The theoretical conceptualization of artificial intelligence denotes a system’s
capacity to identify problems, engage in analytical reasoning, and execute precise
actions to resolve them—essentially emulating human cognitive functions. Al-enabled
systems possess advanced capabilities for autonomous learning and dynamic interaction
with external environments, including nuanced communication with users, processing of
contextual messages, and adaptive responses to real-world events and stimuli (Huang &
Rust, 2018, p. 156). Artificial Intelligence (AI) refers to computational systems designed
to exhibit intelligent behavior by processing information, learning from data, and making
decisions or responding to stimuli in a manner that emulates human cognitive functions
(Poole & Mackworth, 2010, p. 49). Al appears in various forms, whether human-like
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or non-human, such as automated services capable of simulating or performing human
tasks (Mellit & Kalogirou, 2008, pp. 588-604). Al has rapidly evolved from performing
simple tasks, such as voice assistants, to the ability to carry out more complex social

functions, such as recognizing and interacting with customer emotions.

Figure 1: Taxonomy of Robots and Automated Systems.
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Source: (Sostero, 2020, pp. 7-10)

Information Technology (IT) is a key factor that has facilitated the entry of Al into
the business world. Al has become an effective tool for streamlining internal processes
within companies and managing external transactions with customers in various contexts,
whether personal or impersonal (Prentice, Weaven, & Wong, 2020).
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Figure 2: The four intelligences.
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Source: (Huang & Rust, 2018, p. 158)

The figure 2 presents a sophisticated analytical framework for artificial
intelligence, classifying it into four main categories that escalate in complexity and
proximity to human capabilities. The classification begins with mechanical intelligence,
representing the foundational layer for automation and routine tasks, and progresses to
analytical intelligence based on big data processing and statistical prediction. It then
ascends to intuitive intelligence, which mimics human creative thinking in solving
complex problems, reaching its peak with empathic intelligence that adds a human
dimension to interactions through understanding and responding to emotions. The figure
clearly highlights the functional integration between these layers and how they operate
sequentially and interconnectedly to achieve near-comprehensive intelligence, where
analytical capabilities feed intuitive intelligence, and intuitive flexibility paves the way
for advanced emotional interactions.

Service automation refers to the use of machines to complete a series of predefined
or reprogrammable tasks in service delivery. The earliest manifestations of service
automation included ATMs, conveyor belts, self-checkout systems in stores, and vending
machines (Law, Buhalis, & Cobanoglu, 2014, pp. 730-741).

Opportunities for Artificial Intelligence,
Robotics, and Automation in ports

As the development of smart ports accelerates, the transition toward global port
intelligence is becoming a defining trend in the modernization of maritime operations. As
the development of smart ports accelerates, the transition toward global port intelligence
is becoming a defining trend in the modernization of maritime operations.

Fully automated terminals deliver four core advantages: they significantly reduce
the impact of adverse weather on terminal productivity, improve safety by limiting
the number of personnel required in operational zones, diminish labor intensity and
associated human errors, and cut down overall labor expenses. These advantages provide
a clear set of key performance indicators for evaluating the efficiency and effectiveness
of next-generation port infrastructure (Kuo, Huang, & Chen, 2022).
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Table 2: Applications of Al and Big Data in Smart Ports

Technology Application & Function Key Benefit Source
Automatic Uses Al to analyze real-time | Enables proactive (Huang, Li, Zhang,
Identification ship data (position, speed, planning and reduces & Liu, 2020)
System (AIS) course) for predicting traffic | vessel waiting times.

flow and optimizing berth
allocation.
Artificial Neural | Employs deep learning for Streamlines logistics, (Cepowski &
Networks (ANNS) | optical character recognition | reduces errors, and Chorab, 2021)
(OCR) to automatically accelerates container
identify and verify container | processing in the supply
numbers. chain.
Automated Al-powered, self-navigating | Increases operational (Kosiek, Kaizer,
Guided Vehicles | vehicles that transport efficiency, safety, and Salomon, &
(AGVs) containers within automated | enables 24/7 unmanned Sacharko, 2021)
terminals without human container movement.
drivers.
Autonomous Used for inspecting ship Enhances port security (Blokus & Dziula,
Robots hulls and underwater port through consistent 2019)
infrastructure for damage monitoring and automates | (Yuan, et al., 2010)
or security threats. Also labor-intensive, physical
developed for automated tasks.
container stacking and
retrieval.
Smart Grids Al-managed energy systems | Promotes environmental | (Kanellos, Volanis,
that integrate renewable sustainability and reduces | & Hatziargyriou,
sources (e.g., wind, solar) the carbon footprint of 2017)
to power port operations port activities.
dynamically.

Source.: (Kuo, Huang, & Chen, 2022, p. 33)

Impact on Productivity and Performance

Al algorithms allow ports to monitor vessel traffic, manage schedules, assess
container conditions, and determine resource needs in real-time. This functionality improves
operational efficiency, minimizes delays, and facilitates data-driven decision-making using
immediate, vital information (Korostin, 2025, pp. 74-76). RAISA technologies, leveraging
historical data and machine learning, can be employed to improve operational efficiency and
shorten loading periods. Consequently, RAISA provides greater flexibility in reducing wait
times and accelerating the delivery of goods among various stakeholders, including suppliers
and customers (Ghazaleh, 2023, p. 80). Artificial intelligence enhances the coordination of
vessel movements within ports, effectively preventing congestion and optimizing the use
of available berths. This capability is particularly crucial for large ports operating at high
throughput rates, ensuring continuous operations and boosting overall productivity.

Furthermore, RAISA is expected to develop advanced digital dashboards that will
replace traditional communication systems based on radio and radar between ship crews,
port pilots, and terminal operators (Huang, Wang, Xu, Zhu, Tang, & Xu, 2018, pp. 1-5).

(Lestari, 2022, October) identifies key drivers of employee performance in technology-
driven work environments. The research establishes that employee self-efficacy—an
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individual’s belief in their own capability—is a significant positive predictor of performance.
Furthermore, the quality of the relationship between employees and their supervisors
is emphasized as a critical factor in achieving higher performance levels. The study also
confirms that a positive attitude towards the adoption of smart technology directly enhances
employee performance. These findings highlight the importance of fostering a supportive
work environment that builds self-confidence, promotes strong supervisory relationships, and
encourages the integration of advanced technologies to improve overall performance and
achieve sustainable organizational success.

Predicting imminent risks

RAISA’s ability to predict delays and plan operations is a critical application area.
The system analyzes historical and current temporal data to identify operational risks
related to weather conditions, terminal congestion, or infrastructure failures. For instance,
RAISA can forecast peak operational periods in advance and suggest proactive measures
such as rescheduling vessels, rerouting shipments, or increasing workforce in critical areas.
Additionally, RAISA enhances the performance of cranes, loading platforms, and autonomous
vehicles through precise and timely operational planning (Korostin, 2025). These integrated
functions enable ports to optimize resource utilization and mitigate financial losses caused by
operational disruptions. By leveraging data-driven insights, RAISA helps ensure smoother
operations, ultimately contributing to greater efficiency and productivity within the port
environment. This comprehensive approach not only addresses immediate challenges but
also supports long-term strategic planning for enhanced resilience in port operations.

The potential of RAISA and machine learning in improving port risk management
is highlighted through the analysis of unstructured data along with internal and external
operational data. These technologies can provide accurate predictive insights to enhance
operational efficiency, reduce wait times, and mitigate operational risks. Additionally, Al-
based models offer effective tools for monitoring systemic risks across different ports,
thereby enhancing safety and reducing costs. The development of these models is a crucial
step toward digitizing maritime risk management and ensuring more resilient supply chains
(Van Thiel & Van Raaij, 2019, p. 167).

Impact on Operations

Automating port operations, including loading and unloading, is crucial for saving time
and labor while reducing costs and workplace accidents. This efficiency attracts customers,
enhancing satisfaction and loyalty. Automation also improves customs processes, speeding
up clearance and decreasing bureaucratic inefficiencies and corruption. The reliance on
robots and automated systems boosts service capacity, allowing ports to handle more vessels
and cargo simultaneously. Continuous operation without human limitations facilitates better
scheduling and planning. Additionally, this shift fosters environmental sustainability by
minimizing resource consumption and waste, leading to more efficient and responsible port
operations (Stuart-Hill, Vienna, p. 46).

Impact of RAISA on Port Pricing Strategies

Automated pricing systems leverage Al to adjust prices dynamically based on
operational costs and demand. Customized strategies enhance customer retention, while
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competitive pricing makes tech-driven services more accessible. Premium pricing for high-
value services reflects superior quality. Overall, RAISA boosts ports’ competitiveness and
revenue by optimizing pricing efficiency and flexibility.

Impact on Port Distribution and Logistics

- Predictive Analytics for Cargo Flow Management: Al-driven systems analyze
historical and real-time data to forecast shipment volumes, vessel arrivals,
and potential disruptions. This enables proactive resource planning, optimized
inventory management, and reduced turnaround times.

- Dynamic Resource Allocation Across Channels: Smart distribution systems
automatically assign cargo and vessels to optimal terminals, berths, and transport
routes based on capacity, urgency, and cost-efficiency. This minimizes congestion
and maximizes throughput.

- Al-Powered Digital Assistants for Operational Coordination: Integrated voice
and chat-based Al platforms (e.g., port-specific digital assistants) provide
stakeholders with instant updates on cargo status, documentation, and logistics
coordination. This streamlines communication and reduces administrative delays.

- Automated Intermodal Distribution Coordination: RAISA synchronizes sea, rail,
and road transport by dynamically adjusting schedules and routes. This ensures
seamless cargo handovers, reduces idle time, and enhances supply chain fluidity.

- Demand-Responsive Storage and Retrieval: Al algorithms predict short-term
storage needs and automate container positioning within yards, optimizing space
utilization and accelerating retrieval processes.

User Satisfaction and RAISA Usage

Understanding user acceptance of Al technologies in service delivery is crucial, and the
RAISA user satisfaction model offers significant insights. It combines Cognitive Dissonance
Theory, which explains users’ discomfort when Al conflicts with their beliefs, leading to
resistance (Festinger, 1962), and Cognitive Appraisal Theory, which focuses on how users
evaluate Al based on perceived benefits and risks (Lazarus, 1991). Positive evaluations
enhance satisfaction, while negative ones can impede acceptance. Together, these theories
illuminate factors influencing Al adoption.

The acceptance process for RAISA technologies by port customers involves multiple
stages, starting with awareness of potential benefits and moving to evaluation of pros and cons.
Supporting factors include operational convenience through automation, enhanced efficiency
via Al-driven optimization, and service customization with tailored data analytics. However,
opposing factors like fear of operational disruption and loss of professional interaction may
hinder acceptance, as customers value flexibility and traditional relationships in the maritime
sector.

These supporting and opposing factors interact dynamically. A customer might highly
value the efficiency gains from an automated booking system while simultaneously worrying
about the depersonalization of service and the potential for errors in a fully automated
workflow.

This complex interplay directly dictates customer satisfaction. If the tangible benefits
of RAISA—such as predictability, speed, and transparency—consistently materialize,
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customer acceptance and loyalty are likely to grow. Conversely, if concerns about inflexibility
and impersonal service dominate the experience, satisfaction will be negatively impacted,
potentially hindering the long-term adoption of these technologies (Wu, Sorokina, & Putra,
2023, pp. 1230-1243).

Leveraging Al and Automation for Environmental
Sustainability in Port Operations

The environmental sustainability benefits of employing Al-driven systems and
Automated Guided Vehicles (AGVs) in container terminals are significant. This approach
quantifies the potential reductions in emissions and energy consumption achieved through
optimized vehicle routing and automated shoreside operations. Al has the capacity to
facilitate synergistic actions within an automated port environment, leading to substantial
improvements in eco-efficiency (Tsolakis, Zissis, Papaefthimiou, & Korfiatis, 2022, p. 4530).

Conclusion

This study investigates the impact of Robotics, Artificial Intelligence, and Service
Automation (RAISA) technologies in the port and maritime logistics sector. Key findings
reveal that RAISA enhances operational efficiency through optimized vessel traffic
management and automated container handling, reducing waiting times and costs. Its
predictive analytics capabilities improve risk management, while economic advantages
arise from customized pricing and reduced operational costs. Additionally, RAISA supports
environmental sustainability by minimizing energy consumption and emissions. However,
successful implementation also hinges on human factors, including employee acceptance
and customer satisfaction. The transition to automated systems, though requiring significant
investment, offers long-term benefits. This research underscores that strategic RAISA
adoption is essential for ports to thrive amid market demands and environmental challenges.
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