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Hrvatsko statističko društvo, kao izdavač časopisa CREBSS, zalaže se osigurati integritet,
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Vedran Kojić, University of Zagreb, Faculty of Economics & Business, Croatia

Péter Kovács, Univ. of Szeged, Faculty of Economics & Business Adminstartion, Hungary

Barbara Kowalczyk, SGH Warsaw School of Economics, Warsaw, Poland

Maria Králová, Masaryk Univ., Faculty of Economics & Administration, Czech Republic

Anita Lee–Post, University of Kentucky, School of Management, Decision Science & Infor-
mation Systems Area, Lexington, Kuntucky, USA

Goran Lešaja, Georgia Southern University, College of Science & Mathematics, USA
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Causal analysis in econometrics using reproducing kernel Hilbert space . . . . . . . . 67–80

Šagovac, M.
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SUMMARY

The main purpose of this study was to investigate the mediating effect
of moral tribalism on the relationship between religiosity and inter-
est sensitivity (defined as the tendency to avoid financial instruments
involving interest). A pilot research was conducted with 204 partici-
pants, followed by the main research involving 831 participants. Both
sets of data were collected in Turkey through convenience sampling
and voluntary participation via an online survey. According to the
results of structural equation modelling, religiosity is positively asso-
ciated with moral tribalism, and both religiosity and moral tribalism
significantly predict interest sensitivity. Furthermore, moral tribalism
plays a mediating role, exerting a positive and indirect effect of reli-
giosity on interest sensitivity. Statistical tests were also conducted to
examine differences in variable levels based on respondents’ demo-
graphic characteristics. The results indicated that levels of religiosity
were higher among males, married individuals, and those with lower
educational attainment. Likewise, moral tribalism was found to be
higher among married individuals and those aged 20–30. Addition-
ally, men and individuals with lower education levels exhibited higher
levels of interest sensitivity compared to others.

KEYWORDS
financial consumers, interest sensitivity, moral tribalism, religiosity

1. Introduction

Social life makes people influence each other in terms of value judgment, thought and be-
haviour. Therefore, people tend to belong to a group, adhere to the group and turn towards
tribalism (Clark et al., 2019). Tribalism comprises of the beliefs, values and ideologies shared
by a group Dimmock (2007). According to the post–modern approach, there is a harmony
between tribes and lifestyle (Veloutsou and Moutinho, 2009) but tribe does not rule the life
of the individual, the individual does not have to devote himself to the group he belongs to
(Goulding et al., 2013) and the individual may change his tribe whenever he wants. In this
context, it is seen that individuals sometimes associate moral convictions with their social
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identities (Parker and Janoff–Bulman, 2013). While morality reflects a person’s standard of
appropriate behaviour, moral tribalism exists when an individual defines himself with the
values of the group and accepts the group values as subjective truths (Johnson et al., 2021).
Individuals’ moral judgments influence their risk preferences (Parkinson and Byrne, 2017).

Religion is a social phenomenon and affects behaviour. It creates a strong identity and
sense of belonging. Also, religiosity stated as devotion to a particular religion (Fam et al.,
2004). Individuals try to live according to their beliefs and also want to purchase the financial
assets (Abid and Jie, 2022) that are compatible with their beliefs. Muslims have a negative
approach towards receiving interest due to both the religious prohibition and pressure from
religious authorities. Therefore, it is expected that religious Muslims would prefer halal (com-
pliant with Islam) products (Agarwala et al., 2019) and avoid practices that include interest
(Aji and Muslichah, 2023). As the level of religiosity increases, the tendency to prefer interest-
free products increases (Aren and Hamamcı, 2021) while interest-bearing bank deposits and
bonds are avoided (Güngör and Güleç, 2021). In this context, this study investigates the
relationship between religiosity, interest sensitivity (not preferring interest–bearing financial
products) and moral tribalism. The literature referring to the impact of moral tribalism on
financial choices is quite limited, e.g. Johnson et al. (2021). However, the literature investigat-
ing religiosity separately, especially in the context of consumer preferences is increasing. This
study will contribute to the relevant literature by considering the choice of financial assets
within the scope of consumer preferences and will be a pioneer, especially in the context of
financial preferences. In this context, literature review is included in the second part of the
study, methodology is given in the third part, and conclusion is included in the last part of
the study.

2. Theoretical background and hypotheses

Humans are tribal beings with group values; therefore, they tend to decide for the benefit
of themselves or the groups they are in, rather than making decisions neutrally and without
emotions involved (Clark et al., 2019). Tribalism is defined as the tendency to separate the
people who are seen in the group from the people who are considered as outside and to treat
the people in the group with privilege (Ferguson et al., 2022). According to Dimmock (2007)
tribalism encompasses beliefs, values, and ideologies that support the structures, processes,
and practices that distinguish one group of people from others. That is to say, people may
form specific groups when their moral judgments are compatible with each other. Accord-
ingly, moral tribes are structures that characterize themselves in terms of values shared with
their group and often evaluate these values as being objectively right or wrong (Johnson et
al., 2021).

The moral judgments of in–group and out–group practices are usually directed at group
interest and group identity (Bocian et al., 2021). In this context, moral tribalism refers to the
tendency for people to prioritize the moral values or beliefs of the group they belong to. In
this regard, some studies show that people can decide for the sake of the tribe. Greene et
al. (2008) stated that moral judgments are the outcome of two partially separable nervous
systems, one being fast, automatic, and emotional, and the other, slower, effort-demanding,
and more abstract, within the dual–process model (DPM). Bocian et al. (2021) examined
how the preservation of group identity and group interests affects moral considerations and
revealed that moral evaluations of groups are shaped by in–group interests. The view of
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Parker and Janoff–Bulman (2013) that moral convictions are the basis of social identities
and group memberships is also congruent with these findings. Parkinson and Byrne (2017)
conducted an experimental study on the role of moral judgments in risky choices, based
on a scenario involving risky options and sure options. As a result, they stated that the
participants’ own moral judgments had a framing effect on their decisions. They also stated
that their moral judgments about a decision–maker have a framing effect depending on their
assumptions about whether the likely outcome will be good or bad. In addition, Johnson et
al. (2021) found that consumers use the moral value system similarity between the expert and
the consumers as a cue to respect the expert. This finding indicates that consumers follow
group dynamics in their decision-making mechanisms. In line with those, Hamamcı and
Aren (2023) revealed that financial tribalism which refers to tribalism for financial decisions
positively affect trust and risk tolerance. The same authors also show that trust mediates the
relationship between financial tribalism and risky investment intention. Another study also
focuses on social proximity and trust relationship and underlines that the degree to which
trust is viewed as a moral choice change with social proximity (Evans et al., 2021).

In the context of human–to–human relationship, people bond to form a strong tribe
based on common values and beliefs (Aji and Muslichah, 2023). One of the most important
of these common beliefs is religion since it has been determined that one’s religious belief
affects different aspects of consumer behaviour such as lifestyle and risk perception (Delener,
1990). Religious consumers demonstrate positive attitudes towards products and services
which have religious associations. These associations can be symbolic or normative. Norma-
tive connotations are associated with rules regarding food, clothing and other consumption
behaviours that individuals have to comply with (Agarwala et al., 2019). Halal meat con-
sumption, Islamic banking preference, and taking advantage of takaful services (cooperative
insurance model that operates based on Islamic principles) show that Muslims prefer prod-
ucts with normative connotations (Abou–Youssef et al., 2015). Symbolic religious connota-
tions may include the use of sacred signs, images or words in advertisements (Agarwala et
al., 2019). It is seen that the cognitive identity of the individual regarding the religious group
to which he belongs plays an important role in forming an attitude toward religious products.
Cognitive awareness that Islamic society requires certain consumption norms leads Muslims
to prefer halal products and to avoid engaging in interest-based practices (Agarwala et al.,
2019). In this respect, it can be said that moral tribalism facilitates the relationship between
religiosity and interest sensitivity.

H1: The level of religiosity positively influences moral tribalism
H2: Moral tribalism positively influences interest sensitivity (not preferring financial

instruments including interest)
Religion refers to one’s beliefs, while religiosity refers to the behaviours as a result of

these beliefs Rifaldo and Wardi (2021). Religiosity is also defined as the individual’s level of
devotion to a certain religious group (Fam et al., 2004). The level of religiosity has a social
side that can affect human behaviour (Rifaldo and Wardi, 2021) and religious beliefs have a
great impact on individual’s social and financial behaviours (Fam et al., 2004). Religiousness
is also a determinant of adopting Islamic financing (Bananuka et al., 2020) and intention to
use Islamic banking products (Muslichah and Sanusi, 2019). A religious people stay away
from economic activities prohibited by their religion (Amalia, 2019), and they are expected
to behave in accordance with the rules of their religion (Johnson et al., 2001). In this context,
Islam prohibits trading with interest (Gül, 2017). Islam is the source of stable relations among
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Muslims. On the one hand, there can be in–group pressure to protect Islamic values and on
the other hand out–group pressure to protect local values and culture (Syahrivar et al., 2021).
Hence, followers of religious doctrines must abide by the codes and values of the religion. In
this context, it can be said that moral tribalism exists among people who believe in the same
religion.

In addition, interest sensitivity concept reflects the preference for interest-free financial
products. Research shows that customers with higher sensitivity to interest tends to pre-
fer Islamic banks more Yurttadur and Taşcı (2022). Religiosity positively affects the attitude
and preference of Muslim consumers toward Islamic banks (Abou–Youssef et al., 2015). Ac-
cording to the study by Aren and Hamamcı (2022), as the level of religiosity increases, the
tendency to prefer interest–free financial products increases. Similarly, Güngör and Güleç
(2021) concluded that people with religious values avoid bonds, bills and bank interest that
are not compliant with their religious values. This is because people reflect the religion they
believe in their lives and they need financing products that better define and express their
own beliefs (Abid and Jie, 2022). Finally, various studies have reported that individuals’ con-
sumer product decisions such as halal cosmetics (Amalia, 2019), halal food (Usman et al.,
2021), and financial decisions such as Islamic banks (Bananuka et al., 2020), Islamic financial
instruments and their level of religiosity are positively related.

H3: The level of religiosity positively influences interest sensitivity (not preferring financial
instruments including interest)

3. Methodology and data

The aim of this study is to investigate the mediator effect of moral tribalism on the relation-
ship between religiosity and interest sensitivity (not preferring financial instruments includ-
ing interest). People who believe in a religion have common understanding and rituals with
certain people in the context of interpreting this religion and living religious teachings. This
can make them tribal over time. It is expected that the shared evaluations of the tribe will
also affect the decision regarding investments containing interest, which is one of the fun-
damental prohibitions of Islam. In this framework, the relationship between moral tribalism
and interest sensitivity was also investigated, and the mediator role of moral tribalism in the
relationship between religiosity and interest sensitivity was tested.

As stated in the aim section, while we hypothesized a positive relationship between reli-
giosity and interest sensitivity, it was predicted that there would be also positive relationships
between religiosity and moral tribalism, and between moral tribalism and interest sensitiv-
ity. In this context, the steps suggested by Baron and Kenny (1986) and used by Aren and
Hamamcı (2022) in their research were taken into account in order to talk about the existence
of a mediating variable in the relationship between independent variable and dependent vari-
able. Accordingly, it is necessary to determine significant relationships between independent
variable (religiosity) and dependent variable (interest sensitivity), between independent vari-
able (religiosity) and mediating variable (moral tribalism), and between mediating variable
(moral tribalism) and dependent variable (interest sensitivity). In this respect, the model
shown in Figure 1, which includes three different hypotheses (H1, H2, and H3), was created
in the study.
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Figure 1. Research model

As can be seen from the research model shown in Figure 1, the study focuses on three
variables: religiosity (independent variable), moral tribalism (mediating variable) and interest
sensitivity (dependent variable). The scale and items information regarding the variables are
shown in Table 1.

Table 1. Items and scales of the variables

Variable Item Scale

R1: I often donate to my religious organization
Religiosity R2: I often attend to my religious activities Elçi et al. (2011)

R3: My religion is very important to me

MT1: Moral values are truths shared by everyone in a society
MT2: I think moral values are objective truths
MT3: When I have difficulties in making financial decisions,

Moral I benefit from the opinions of people with similar moral Developed
tribalism MT4: I rely more on financial advice from people with whom by authors

I have similar moral values
MT5: If I’m going to get financial advice, I consult people of

similar moral worth

IS1: I don’t find it right to invest in interest–earning instruments
IS2: Interest is responsible for most of the economic problems in

Interest our society Aren and
sensitivity IS3: Major economic problems have relationship to interest rates Hamamcı (2021)

IS4: Interest–based investment and trade cause economic disaster
IS5: Interest–based investment and trade should be prohibited

Source: authors’ construction

Table 1 shows the variables, their respective items, and scales used in the study. It
includes three variables: religiosity (3 items, sourced from Elçi et al. (2011)), moral tribalism
(5 items, developed by the authors), and interest sensitivity (5 items, sourced from Aren
and Hamamcı (2022)). The participants of the research are individuals over the age of 20
who can make their own decisions and have the potential to invest. First of all, a pilot
study was conducted with 204 participants in April 2022. The pilot data set was gathered
because exploratory factor analysis (EFA) and reliability analysis were necessary for the moral
tribalism variable, which we developed particularly for this study. Afterwards, original study
data were collected from 831 participants in May 2022. Both the data were collected from
Turkey on the basis of convenience sampling and volunteering using online survey. All
participants answered all the questions and the surveys took an average of 7–8 minutes. The
demographic information belongs to the two data set was reported in Table 2.
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Table 2. Demographic characteristics of the survey respondents

Pilot research Original research
(N = 204) (N = 831)

Variable Category Frequency Percent Frequency Percent

20–30 91 44.6% 388 46.7%
Age 31–40 76 37.3% 278 33.5%

41–50 26 12.7% 127 15.3%
+ 51 11 5.4% 38 4.6%

Gender
Male 68 33.3% 440 52.9%
Female 136 66.7% 391 47.1%

Marital Married 113 55.4% 468 56.3%
status Single 91 44.6% 363 43.7%

Primary school 5 2.5% 12 1.4%
Education High school 42 20.6% 103 12.4%
level Undergraduate 121 59.3% 554 66.7%

Graduate 36 17.6% 162 19.5%

Source: authors’ construction

As shown in Table 2, individuals who are balanced in terms of marital status and gender,
young, and university graduates participated in the study. In addition, participants’ religious
beliefs are Islam, that is, they are Muslims.

4. Empirical findings

Since the scale developed to measure the tendency of moral tribalism in individuals was used
for the first time in this study, EFA and reliability analysis were performed for this scale. For
this purpose, analyses on the moral tribalism scale were conducted using the data obtained
from the pilot study carried out with 204 subjects, and the results were reported in Table 3.

Table 3. Results of exploratory factor analysis with Varimax rotation

Moral tribalism item Factor 1

MT1: Moral values are truths shared by everyone in a society 0.731
MT2: I think moral values are objective truths 0.703
MT3: When I have difficulties in making financial decisions, I benefit from the 0.837

opinions of people with similar moral values
MT4: I rely more on financial advice from people with whom I have similar moral 0.824
MT5: If I’m going to get financial advice, I consult people of similar moral worth 0.830

Average variance extracted (AVE) 0.480
Composite reliability (CR) 0.850
Kaiser-Meyer-Olkin measure (KMO) 0.783
Bartlett’s test of sphericity 462.903***
Cronbach alpha 0.842

Note: *** indicates significance level at p < 0.001
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As can be seen from Table 3, five items related to the scale are loaded on a single compo-
nent and their factor loads are at an acceptable level. Bartlett’s test of sphericity is significant
even at p < 0.001 significance level. The reliability of the scale is also well above 0.700, which
is accepted as the threshold value. As a result of the analyses made, the reliability of the
moral tribalism scale was provided. After this stage, correlations analyses were performed
with the original data of 831 participants in order to determine the main correlations between
the variables of the study.

Table 4. Correlation matrix of the constructs

Construct Religiosity Moral tribalism Interest sensitivity

Religiosity 1 0.514*** 0.658***
Moral tribalism 1 0.460***
Interest sensitivity 1

Note: *** indicates significance level at p < 0.001

As reported in Table 4, the variables of religiosity, moral tribalism, and interest sensitivity
have positive correlations with each other at an error level of p < 0.001. The strongest corre-
lation is between religiosity and interest sensitivity and is at the level of 0.658. Correlations of
0.514 between religiosity and moral tribalism and 0.460 between morale tribalism and interest
sensitivity were found. Following the correlation analyses, the structural equation modelling
(SEM) was performed with the original data for the test of the research model shown in
Figure 1. The findings are presented in Table 5 and the SEM model visual in Figure 2.

Figure 2. Structural equation model paths

The main reason why structural equation modelling is preferred is that it is a multivariate
approach that is frequently used in social sciences (Aren and Hamamcı, 2024), and tests the
power of the research model by investigating the direct, indirect and total effects between
variables. In structural equation modelling, first of all, fit indexes should be checked. For fit
indexes, Aren and Hamamcı (2024) recommend that the threshold value be less than 6.500 for
CMIN/DF, 0.700 for RMSEA, and higher than 0.700 for other fit indexes. When evaluating
with these threshold values, the model is considered suitable.
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Table 5. Results of the structural equation model

Standardized coefficient Standard error

Religiosity – interest sensitivity 0.666*** 0.062
Religiosity – moral tribalism 0.520*** 0.030
Moral tribalism interest sensitivity 0.078* 0.082

Indirect effect 0.061 (0.005 – 0.115)

CMIN/DF RMSEA GFI AGFI CFI TLI NFI RFI
5.058 0.070 0.946 0.915 0.965 0.954 0.957 0.943

Note: *** and * indicate significance level at p < 0.001 and p < 0.05

In Table 5, in the first line, it is seen that the direct effect of religiosity on interest sen-
sitivity is positive and significant at p < 0.001 significance level. This means that the H3
hypothesis is accepted. In the second line, it is seen that the effect of religiosity on moral trib-
alism is positive and significant. This means that H1 hypothesis is also accepted. Following
Baron and Kenny (1986), a significant effect should be determined between moral tribalism
and interest sensitivity in order to talk about the existence of the mediating effect. As can
be seen from the third line of Table 5, the effect of moral tribalism on interest sensitivity is
positive and significant at p < 0.05 significance level. Since the lower and upper bounds of
the indirect effect in the fourth row do not include zero, the mediation effect was found to be
statistically significant. In this context, hypothesis H2 is accepted and the partial mediation
effect of moral tribalism is observed in the effect of religiosity on interest sensitivity.

After testing our research model, difference tests were conducted to investigate the rela-
tionship between the variables in the research model and demographic variables. Since the
gender and marital status are two-dimensional, independent sample t–tests were performed
and the results were reported in Table 6.

Table 6. Independent two sample testing for gender and martial status

Demographic Mean Test
Construct variable score statistic Conclusion

Religiosity
Male 2.9818

2.196**
The level of religiosity is higher

Female 2.8056 in men than in women

Moral Male 3.3964
1.783*

The level of moral tribalism does
tribalism Female 3.2731 not change according to gender

Interest Male 2.9205
2.824***

The level of interest sensitivity is
sensitivity Female 2.6798 higher in men than in women

Religiosity
Married 2.9972

2.162**
The level of religiosity is higher

Single 2.8226 in married than in single

Moral Married 3.4617
3.162***

The level of moral tribalism is
tribalism Single 3.2427 higher in married than in single

Interest Married 2.8413
0.032

The level of interest sensitivity does
sensitivity Single 2.7808 not change according to marital status

Note: ***, ** and * indicate significance levels at p < 0.001, p < 0.05 and p < 0.1
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The level of religiosity of men is higher than that of women as can be seen in Table 6.
At the same time, interest sensitivity level of men is higher than that of women, as expected,
based on the fact that there is a positive relationship between religiosity and interest sensi-
tivity as determined in our research model. On the other hand, no statistically significant
difference was found between the moral tribalism of men and women. When the analyses
are evaluated in terms of marital status, interest sensitivity level does not change according
to marital status, while the religiosity and moral tribalism levels of married people are higher
than singles.

Since age and education level are four–dimensional, one–way ANOVA analyses were
conducted. Duncan tests were performed to investigate the source of the difference in cases
where the group averages were not considered equal. These are also reported in Table 7.

Table 7. Single factor ANOVA and Duncan test statistics for age and education

Age group 20–30 31–40 41–50 + 51 Test statistic

Regiolisity 2.7852 3.0132 2.9003 3.2193 3.148**
Moral tribalism 3.8190 3.7050 3.6014 3.7045 4.300***
Interest sensitivity 2.8991 2.7850 2.6232 3.1591 1.371

Education level Primary school High school Undergraduate Graduate Test statistic

Regiolisity 3.6944 3.2136 2.8646 2.7572 5.490***
Moral tribalism 3.7500 3.4175 3.3231 3.3099 0.989
Interest sensitivity 3.7667 3.1748 2.773 2.6049 7.212***

Note: ***, ** and * indicate significance levels at p < 0.001, p < 0.05 and p < 0.1

Single factor (one–way) ANOVA analysis and Duncan tests were also performed to com-
pare the levels of religiosity, interest sensitivity and moral tribalism in terms of age and
education level and the results are reported in Table 7. It is seen that the + 51 age group has
the highest level of religiosity and is statistically significantly different from other age groups.
However, interestingly, there is no statistically significant difference between age groups in
interest sensitivity. On the other hand, moral tribalism level is strongest in the youngest
group, between the ages of 20 and 30, and it is statistically significantly different from other
age groups.

When analyses were made in terms of education levels, it was determined that moral
tribalism did not differ according to education level. Individuals with the highest education
level, master/doctorate graduate and university graduate, have lower religiosity and interest
sensitivity levels compared to individuals with a lower education level, primary/secondary
school graduate and high school graduate. In summary, individuals with male, married and
low education levels have higher religiosity levels. Moral tribalism levels of married people
and individuals in the 20–30 age group are higher than others. Finally, men and individuals
with low education levels have higher and interest sensitivity levels than others.

5. Concluding remarks with implications and limitations

The fact that tribalism is seen in many areas, from communities to brands, leads to the
question that tribalism, especially moral tribalism, can be influential in financial decisions.
Religion has a significant impact on the lives of individuals. The main purpose of this study



10 Aren, Nayman Hamamcı & Köse

is to reveal the role of adopting the moral values of communities and shaping decisions by
accepting these values as correct in the relationship between religiosity and interest sensitiv-
ity. In the study, hypotheses related to revealing this role were developed and tested, and a
contribution was made to the literature development of moral tribalism, which is a relatively
new concept.

In the study, firstly, the direct effect of the level of religiosity and interest sensitivity was
examined. According to the results of this study, as the level of religiosity increases, interest
sensitivity increases. Since participation banks take into account Islamic sensitivities, it is the
banking model preferred by people with interest sensitivity. Therefore, religiosity is expected
to lead people to use Islamic banking and avoid using conventional banks (Usman et al.,
2021). Previous studies also indicate that religiosity is positively related to attitude towards
Islamic banking (Abou–Youssef et al., 2015) and intention to use Islamic banking (Bananuka
et al., 2020). Those with high–interest rate sensitivity are also more likely to use participation
banking. Individuals with high sensitivity to religious matters are also more inclined to use
interest-sensitive participation banking (Usman et al., 2021).

The first hypothesis of the study addresses the effect of religiosity on moral tribalism.
According to the results of the research, as the level of religiosity of the individuals increases,
the tendency of moral tribalism also increases. Islamic sharia asserts that both the ends and
the means used must conform to religious precepts. In this direction, everything related to
the prohibited product and service is naturally forbidden by religion (El–Bassiouny, 2014).
Muslims believe that the essence of Islamic ideology consists of universal values that are
not only good for the individual but also good for society. Those who adopt this belief
system ultimately form a community and can be expected to have similar value judgments.
In addition, Islam and Chandrasekaran (2019) revealed in their study that religiosity has a
significant positive relationship with the values of "interests of societies" and a significant
negative relationship with the values of "interests of individuals". Therefore, the finding of
the study supports the previous literature on tribalism tendency and religiosity.

The second hypothesis of the study addresses the effect of moral tribalism on interest
sensitivity. According to the results, the higher the moral tribalism level, the higher the
interest rate sensitivity is. In the marketing literature, religious worldviews are among the
sociocultural factors that shape consumer preferences. Therefore, it is possible that moral
tendencies also play an important role in the views on interest. In addition, the fact that
consumer prefer products and services that will connect them to the tribe (Cova and Cova,
2022) may play a role in their preference for interest–free financial products in accordance
with the moral norms of the community they belong to. Furthermore, difference tests were
conducted on the variables of gender, marital status, age and education level within the
scope of the research. According to the results of the analysis, the level of religiosity in men
is higher than women. Although it is common to find that women are more religious than
men in Western Christian countries (Dilmaghani, 2019), the results found in Muslim and
Jewish communities are consistent with the results of this study (Schnabel et al., 2018). This
is because Muslim men generally attend religious ceremonies more regularly than Muslim
women in accordance with Islamic norms (Hackett et al., 2016). The results of the study
point out that, the level of religiosity of married individuals is higher than that of single
individuals. Since the subject of moral tribalism is a relatively new subject in the literature,
the study is leading in terms of demographic difference tests. It was determined that moral
tribalism did not change according to gender and education level. On the other hand, it
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was observed that the moral tribalism tendencies of young people and married people were
higher, which should be investigated in–depth by future studies.

The study is pioneer in its field in terms of associating the concept of moral tribalism
with financial preferences and religiosity. The study focuses on the relationships between the
antecedents and consequences of tribalism, and specifically moral tribalism, which have been
studied for the first time. In this context, it contributes to the literature in terms of both the
development and testing of the moral tribalism scale and the findings it provides.

In addition, the study offers useful outputs for practitioners. From a general perspective,
the choice of financial assets is consumer behaviour. Since moral tribalism has a positive
relationship with interest sensitivity, it may lead consumers belonging to certain groups to
be directed towards certain brands or products. In this context, financial product managers
can make practical decisions by considering the financial and religious dimensions of moral
tribalism. Today, there is a form of tribalism that develops especially in the context of social
influencers and can be called post–modern web tribes. Influencers and their followers react
quickly to any issue, they are influenced by each other and shape their preferences. It is
extremely important to understand that these post–modern tribes have a mediator role even
in the influence of a very traditional phenomenon such as religion on preferences. As the
results of the research underline, the strong tendency of young people to these tribes makes
it necessary to benefit from tribes in the presentation and marketing of financial and non–
financial products as well as services.

It is also important for public authorities and policy makers to recognize the impact of
these tribes. The effect of moral tribalism is an issue that public authority should be aware of.
For public authorities and policymakers, understanding the relationships between religiosity,
moral tribalism and interest rate sensitivity is important for social cohesion and effective
financial policymaking. Despite all its pioneering contributions, there are some limitations in
the study. First of all, the data of the study were obtained only from individuals in Turkey
with convenience sampling. Therefore, the results are limited to the observed sample only.
The research can be enriched by expanding it with data obtained from individuals living in
different countries. Applying and testing the model on individuals belonging to different
religions can also bring useful results in terms of testing the validity of the model in different
religions.
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SAŽETAK
Glavni cilj ovog rada bio je ispitati posrednički učinak moralnog
tribalizma na odnos izmed̄u religioznosti i osjetljivosti na ka-
mate (definirane kao sklonost izbjegavanju financijskih instru-
menata koji uključuju kamate). Pilot istraživanje provedeno je s
204 sudionika, a potom je uslijedilo glavno istraživanje s 831
sudionikom. Oba skupa podataka prikupljena su u Turskoj
prigodnim uzorkovanjem i dobrovoljnim sudjelovanjem u on-
line anketi. Prema rezultatima modeliranja strukturnih jed-
nadžbi, religioznost je pozitivno povezana s moralnim tribaliz-
mom, a i religioznost i moralni tribalizam značajno predvid̄aju
osjetljivost na kamate. Nadalje, moralni tribalizam igra posred-
ničku ulogu, ostvarujući pozitivan i indirektan učinak reli-
gioznosti na osjetljivost na kamate. Statistički testovi takod̄er
su provedeni kako bi se istražile razlike u razinama varijabli
naspram demografskih karakteristika ispitanika. Rezultati su
pokazali da su razine religioznosti bile veće med̄u muškarcima,
oženjenim osobama i onima s nižim obrazovanjem. Takod̄er,
moralni tribalizam bio je veći med̄u oženjenim osobama i on-
ima u dobi od 20 do 30 godina. Dodatno, muškarci i osobe s
nižim obrazovanjem pokazali su višu razinu osjetljivosti na ka-
mate u odnosu na druge.
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financijski potrošači, osjetljivost na kamate, moralni tribalizam, reli-
gioznost
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SUMMARY

The study aims to analyze the economic effects of population age-
ing in Japan, Spain, Italy, the United States, South Korea, Germany,
France, the United Kingdom, and Canada using the panel ARDL (Au-
toregressive Distributed Lag) model. GDP per capita was adopted as
the dependent variable, while the independent variables included the
proportion of the population over 65, health expenditure, the depen-
dency rate, and the level of investment as a proportion of GDP. The
results showed varying effects of ageing on economic growth. It had a
positive impact in some of the countries under study (the USA, South
Korea, and Germany) and a negative impact in others (Spain, Italy,
and Japan). Health spending was also found to be an economic bur-
den, while fixed investment was shown to be critical in supporting
economic growth. The study recommends improving education and
training to increase productivity, embracing innovation and technol-
ogy, enhancing health systems through preventive care, and imple-
menting flexible policies, such as encouraging women’s participation
in the labour market and promoting migration.

KEYWORDS
growth, health expenditure, panel ARDL, population ageing

1. Introduction

Population ageing is one of the major challenges facing advanced economies worldwide.
As populations age and life expectancy increases, the proportion of older persons increases
significantly, transforming the demographic structure of societies with profound economic
implications. Major countries such as Japan, Spain, Italy, the United States, South Korea,
Germany, France, the United Kingdom and Canada face increasing pressure on pension and
healthcare systems due to the increasing number of retirees versus the decline in the pro-
portion of young people working. The economic effects of old age are reflected in several
aspects, most notably the decline in the workforce, which affects productivity and economic
growth, and the increase in government spending on health care and pensions, in addition
to the worsening financial burdens on social security funds, which are under pressure to
finance pensions. The demographic transition also requires long-term strategies to manage
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resources and mitigate the economic impact, prompting many countries to develop special
policies, including raising the retirement age, encouraging migration to bring in young work-
ers, and promoting digital health policies and technological innovations to compensate for
workforce shortages and reduce care costs. In light of these challenges, major countries seek
to adapt their economic policies to address the effects of ageing, maintain the sustainability
of economic growth, and ensure a decent standard of living for all members of society. Thus,
the study and analysis of the economic effects of ageing are vital issues for these countries’
economic future.

The main problem related to the economic effects of ageing in major countries is how
to balance economic growth and ensure the well–being of the elderly in light of the decline
of the workforce and the increase in financial pressures on pension and healthcare systems.
Policymakers face challenges in financing these systems without compromising living stan-
dards, which requires solutions such as migration policies, encouraging employment for the
elderly, and supporting technological innovation to reduce costs and increase productivity,
considering the different effectiveness of these solutions between countries.

The purpose of this work is to analyze the economic impacts of ageing in Japan, Spain,
Italy, USA, South Korea and Germany using a dynamic panel model where per capita GDP
is the dependent variable and the following are independent variables: the percentage of
population over 65 years of age, health expenditure (public expenditure on healthcare as
a percentage of GDP), age dependency ratio (number of dependent persons per person of
working age), the level of investment as a percentage of GDP (as a controlling variable). The
research gap or added value of focusing on the economic impacts of ageing in Japan, Spain,
Italy, the United States, South Korea, Germany, France, the United Kingdom and Canada is
to explore how the impact of ageing on growth differs as a function of the health expenditure
and the level of investment in each country. Japan, Germany, the United States, Italy, South
Korea, Spain, France, the United Kingdom, and Canada were chosen as the study sample
based on the high rates of population ageing to examine the economic implications of this
phenomenon. Among them, Japan is the oldest country in the world, with 28% of population
at the age of 65 years and above, while Germany and Italy have more than 22% and 23%
respectively. In Spain, there is also an observed trend of having a similar position in the fu-
ture. South Korea is one of the countries that experience an unexpectedly fast rate of ageing,
which makes it an interesting case to examine the economic impacts of ageing in the context
of rapid demographic changes. US has a more heterogeneous population but it also has a
slowly rising proportion of elderly population. France is among the European countries with
increasing ageing rates with 21% of population over 65 years and has a strong social welfare
system; hence it is important to examine the effects of ageing on public finance and social
security nexus within this context. Despite having a lower rate of ageing than Germany and
Italy the UK have a small but rising elderly population, and a rather different economic en-
vironment, with more flexible market policies, enabling comparisons of the impact of ageing
in different economic models. Among developed countries, Canada has the highest per-
centage of elderly population, with more than 19% of people over 65 years of age, it has a
well-developed healthcare system and strong social support programs, hence it is crucial to
examine Canada as a model for the sustainability of social welfare systems in light of ageing.
Choosing these countries enables a comprehensive understanding of the phenomenon across
geographical regions, as well as different economic and social systems and hence the impact
of ageing on the global economy can be understood in a more detailed manner.
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2. Previous studies review

Different results are obtained by previous studies on the economic impacts of demographic
shifts based on models and analytical approaches used. Most of the studies have indicated
that ageing leads to a decline in productivity and economic growth due to a decline in work-
ing age population (Aksoy et al., 2019). A study of Peterson (2017) pointed out that low
savings rates will lead to low investments which in turn will affect the growth of the econ-
omy. Meanwhile Mihajlović and Miladinov (2024) assessed the effect of ageing on emerging
economies and reported that an increase in the number of elderly people leads to a negative
growth rate of GDP per capita of 0.52%, and that increasing capital formation and savings
can help to reduce the impacts of the negative trends. Other studies, for instance, Mitra and
Abedin (2021) investigated the link between ageing and FDI flows in the OECD countries and
presented rather ambiguous results. Nagarajan et al. (2017) looked at indirect channels, such
as consumption and saving, and called for further work in developing countries. Using data
from 142 countries. Lee and Shin (2019) found that the adverse impact is only evident when
the proportion of elderly is high. Bloom et al. (2010) pointed out that low fertility and higher
women’s economic activity could partly offset the impacts of ageing in some countries. Ace-
moglu and Restrepo (2017) suggested that the rapidly ageing nations may gain from higher
productivity due to the rapid development of automation, a result which is also supported
by Lee et al. (2020) in the case of Japan and Korea. In light of the study conducted by Çiftçi
et al. (2023) it can be concluded that the economic growth in OECD countries is negatively
influenced by the elderly dependency ratio, while the working-age population has a positive
impact on growth. Bawazir et al. (2020) have noted that in the Middle East, middle–aged
and elderly workers contribute to economic growth, while the youth dependency ratio neg-
atively affects growth, increasing the role of women in the workforce for a more sustainable
economy.

3. Ageing reality in selected developing countries under study

Population ageing is one of the most important economic challenges in developed countries
(Bloom et al., 2010), including Japan, Spain, Italy, the United States, South Korea, Germany,
France, the United Kingdom and Canada. An upward trend in the population aged 65 and
above is clearly demonstrated in Figure 1. The phenomenon of population ageing signifi-
cantly impacts each country’s labour force, productivity, social welfare systems, and health-
care system. In response, countries have adopted various policies and strategies to address
these challenges. The following is a detailed country–by–country analysis.

Japan is the world’s oldest country, with over 30% of its population aged 65 and above.
This demographic shift has led to a shrinking workforce, lower productivity, and slower
economic growth (Harada, 2012). It has also placed considerable strain on healthcare and
social security systems. The growing number of retirees relative to taxpayers increases the
burden on pension funds and public health expenditures. To mitigate these issues, Japan
has raised the retirement age, promoted technological solutions to address labour shortages,
and encouraged the employment of older individuals. Additionally, it is investing in digital
health innovations to reduce long–term care costs.

Spain is also witnessing a rising proportion of elderly citizens, exerting pressure on both
its healthcare and pension systems (Navarro–García and Sarria–Santamera, 2023). With the
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number of retirees expected to continue increasing until 2050, social spending is becoming
unsustainable. Youth unemployment remains high, limiting the workforce’s capacity to sup-
port the pension system. Low birth rates further exacerbate labour shortages. In response,
Spain is implementing pension reforms, including raising the retirement age and restructur-
ing the pension system (OECD, 2022). The government is also promoting family support
programs to encourage higher birth rates.

Figure 1. Population aged 65 and above (% of total population)

Italy is facing a dramatic increase in the elderly population, contributing to falling pro-
ductivity and greater pressure on its pension system. With one of the world’s lowest birth
rates, the demographic imbalance is deepening (Mazzola et al., 2016).The pension system
imposes heavy economic and social costs, while increasing reliance on healthcare services
strains the public budget. Italy is introducing pension reforms, raising the retirement age,
and encouraging higher birth rates through family support initiatives. It is also seeking to
attract young foreign workers to address labour market needs.

South Korea is experiencing one of the fastest ageing populations due to a steep de-
cline in birth rates. This trend has led to labour shortages and mounting pressure on the
pension system (Han et al., 2023). The country heavily depends on public funds to finance
healthcare, creating financial challenges as demand rises. To counteract this, South Korea
has introduced family support programs, such as subsidies for education and childcare, to
boost fertility rates. It also promotes employment among older individuals and invests in
healthcare technologies.

While the United States faces a less severe ageing trend compared to countries like Japan
or Germany, it is still encountering significant challenges in sustaining its pension and health-
care systems as life expectancy rises. Migration has partially offset the impact by contributing
to population growth and labour supply. However, the ageing population continues to in-
crease pressure on health and social services. In response, the U.S. government is implement-
ing healthcare reforms, supporting immigration to sustain workforce levels, and working on
social security reforms to ensure the system’s long–term viability.
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Germany is among the most rapidly ageing countries in Europe, resulting in serious
labour shortages and escalating pension and healthcare costs. The growing number of retirees
is putting intense pressure on public finances. In response, Germany is promoting migration
policies to attract young workers and encouraging the employment of older adults through
flexible retirement schemes. The country is also expanding long–term care programs to better
support its ageing population.

In France, the share of the population over 65 reached 21% in 2023 and continues to
grow. The pension and social security systems are under financial strain, prompting the
government to raise the retirement age to 64. Nevertheless, the ageing population drives the
healthcare system adoption to meet increased demand for elderly care.

In the United Kingdom, the elderly population accounted for 19% in 2022 and is pro-
jected to reach 25% by 2050. The National Health Service (NHS) is under considerable pres-
sure, and the government is responding by gradually increasing the retirement age to 68 by
2046 and promoting phased retirement to reduce the financial burden.

Canada had an elderly population of 19% in 2021, projected to reach 23% by 2030. Labour
shortages are being addressed through increased immigration. However, the country is also
facing the funding healthcare issues. To ensure long–term sustainability, Canada is reforming
its public pension system and promoting senior employment and lifelong learning initiatives.

Table 1. Comparative summary of countries’ policies towards ageing

Country Core challenges Policies

Japan Lack of manpower and high
care costs

Raising the retirement age, encouraging the
employment of the elderly, using technology

Spain Pressure on pension systems
and youth unemployment

Raising the retirement age, supporting young
families, pension reform programs

Italy Low productivity and pension
system costs

Incentivizing childbearing rates, raising the
retirement age, limiting immigration policy

South Korea Low birth rates and shortage
of labor force

Family support, elderly employment, health-
care technology development

United States Pressures on pension and
welfare systems

Social security reforms, immigration pro-
grams to compensate for manpower shortages

Germany Shortage of manpower and
healthcare costs

Immigration policy to attract workers, sup-
port the employment of seniors, reform pen-
sion and long–term care systems

France Ageing population, pension
system burden and declining
birth rates

Pension system reforms, encouraging child-
birth through incentives, supporting employ-
ment for the elderly

United Kingdom Labour shortage in certain
sectors and increased social
welfare costs

Pension system reforms, immigration pro-
grams to attract workers, supporting flexible
work for the elderly

Canada Ageing population and labour
shortage in certain sectors

Active immigration policy to attract workers,
improve long–term care programs, support
families to enhance birth rates

Source: author’s framework based on Terai et al. (2021)
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The ageing population significantly affects the economies of developed countries, in-
creasing the financial burdens on pension and healthcare systems and reducing the growth
of the workforce (May, 2012). Policies vary from country to country, but they intersect in
some actions, such as raising the retirement age, encouraging immigration, supporting young
families, and using technology to improve health care, as summarized in Table 1.

4. Data, methodology and tools

The economic effects of old age are in several key aspects, most notably the decline in the
workforce, which leads to lower productivity and economic growth, along with higher gov-
ernment spending on health care and pensions and increased financial burdens on social
security funds that are facing increasing pressure to secure sustainable funding for pen-
sions. This demographic shift also requires the adoption of long–term strategies to manage
resources and minimize negative economic impacts, prompting many countries to develop
innovative policies that include raising the retirement age, encouraging migration to attract
young workers, promoting the use of digital technology in health and innovation to com-
pensate for workforce shortages and reduce care costs. Accordingly, the annual data were
employed to measure the impact of ageing on the population over 65 years, expressed as the
percentage of population over 65 (POP), while GDP per capita (GDP) is used as a measure
of economic growth. Health expenditure (HEALTH) is presented in the form of a proportion
of the GDP to establish the link between health care and economic growth. Age depen-
dency ratio (AGEDEP) is given in % of workforce, and investment level, i.e. the gross fixed
capital formation as a percentage of GDP, has served as a control variable (GFCF). All data
where retrieved from two sources: World Development Indicators (WBD, 2024) and Public
Knoema DataHub (Knoema, 2024), and the sample includes Japan, Spain, Italy, the United
States, South Korea, Germany, France, the United Kingdom and Canada (N = 9). The study
methodology will be divided into several parts, starting with the descriptive statistics of the
variables to determine the extent of these variables’ development during the observed period
2000–2023 (T = 24). Then, we move to testing the stationarity of the variables, and finally
we estimate a dynamic panel model to determine the short–term and long-term equilibrium
relationship between variables with respect to panel ARDL (Autoregressive Distributed Lag)
specification.

To examine the impact of population ageing on growth in the countries under study, and
based on previous studies presented in the theoretical aspect, a dynamic panel model is used,
i.e. the natural logarithm of the panel ARDL specification in terms of pooled mean group
style, which takes into account a white noise (uit) and the fixed effect (vi) of each country:

∆logGDPit =
p

∑
j=0

α1ij∆logPOPi,t−j +
p

∑
j=0

α2ij∆logHEALTHi,t−j +
p

∑
j=0

α3ij∆logGFCFi,t−j

+
p

∑
j=0

α4ij∆logAGEDEPi,t−j +
q

∑
k=1

γik∆logGDPi,t−k + β1logPOPi,t−1

+ β2logHEALTHi,t−1 + β3logGFCFi,t−1 + β4logAGEDEPi,t−1 + vi + uit

(1)

where countries are represented by the subscript i = 1, 2, . . . , 9, the time is indicated by
the subscript t = 1, 2, . . . , 23, coefficients α’s indicate short–run effects while coefficients β’s
indicate long–run effects. The ECM (Error Correctoin Model) specification of Equation 1 is
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given in Equation 2.

∆logGDPit =
p

∑
j=0

α1ij∆logPOPi,t−j +
p

∑
j=0

α2ij∆logHEALTHi,t−j +
p

∑
j=0

α3ij∆logGFCFi,t−j

+
p

∑
j=0

α4ij∆logAGEDEPi,t−j +
q

∑
k=1

γik∆logGDPi,t−k + δiECTt−1 + vi + uit

(2)

where δ is the speed of adjustment and ECT is the error correction term. The a priori expec-
tations are stated as follows: β’s > 0, α’s > 0, δ < 0 and significant.

5. Empirical results

The study’s descriptive analysis aims to give an overview of the variables’ trends from a sta-
tistical point of view (Table 2). Economic and demographic indicators in the United States,
Spain, Italy, Germany, Japan, and South Korea show marked variation reflecting diverse chal-
lenges and opportunities. In the United States, where GDP per capita is around $80,000 the
proportion of the population over 65 (16%) and the impact of high health spending (17% of
GDP) reflect the economy’s strength. Europe, Italy, and Germany have high proportions of
the population over 65 (23% and 22%, respectively), with health spending between 9% and
11% and GDP per capita of $40,000 and $60,000 respectively. Spain, which faces similar de-
mographic challenges with a population above 65% of 20%, has a GDP per capita of $35,000.
In Asia, Japan is among the countries with the highest ageing populations (28%) with a clear
impact on the dependency ratio (68 dependents per 100 people of working age). Still, it main-
tains a per capita GDP of $50,000 thanks to a high investment (24% of GDP). On the other
hand, South Korea reflects a privileged position as it combines a relatively low ageing rate
(16%) and high investment (29% of GDP) with a per capita of $45,000. These indicators reflect
those demographic changes, such as ageing and dependency ratios. These present significant
challenges that may affect productivity and economic growth, but they also highlight the
importance of investment and economic policies to promote sustainability.

The data indicate a clear disparity in economic and demographic indicators among the
six countries. Japan has the highest population ageing (24.58%) and a high dependency ratio
(60.58%), posing a major challenge to its economic growth despite maintaining a good in-
vestment level (25.32%). On the other hand, the United States shows remarkable economic
strength with the highest GDP per capita (55,415.03) and a moderate ageing rate (13.96%),
which enhances its stability. Germany and Italy face challenges associated with rising age-
ing (20.18% and 21.16%, respectively) and increasing healthcare costs, with good productivity
levels. In contrast, Korea is projecting a positive model thanks to its high investment (30.59%)
and low ageing rate (11.91%), boosting growth potential. Overall, these countries show vary-
ing impacts of population ageing on the economy, making investments in technology and
targeted policies necessary to mitigate these challenges.

The correlation matrix (Table 3) shows the relationship between economic and demo-
graphic variables and illustrates the impact of population ageing on the economy. The re-
sults suggest that countries with high health spending typically record higher GDP per capita,
reflecting the importance of investing in health to support economic growth. The high pro-
portion of people over 65 is also associated with an increase in age dependency and health
spending, highlighting the challenges faced by these countries in allocating resources. Con-
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versely, fixed investment appears to be negatively affected by higher health spending and
dependency ratio, indicating fiscal pressures that limit long-term investments. Overall, the
matrix reflects the need to balance economic policies between health spending and invest-
ment to promote economic growth and reduce the impact of ageing.

Table 2. Descriptive statistics of the variables

Country Statistic logGDP logPOP logHEALTH logGFCF logAGEDEP

Japan

Mean 29.0916 3.1882 2.0450 3.2303 4.0943
Std.dev. 0.0460 0.1724 0.2038 0.0495 0.1420
Min 29.0140 2.8795 1.7334 3.1188 3.8595
Max 29.1584 3.4034 2.3418 3.3495 4.2644

USA

Mean 30.4749 2.6294 2.0872 3.0485 3.9267
Std.dev. 0.1398 0.1193 0.2505 0.0646 0.0346
Min 30.2497 2.5078 1.7125 2.9077 3.8867
Max 30.7249 2.8672 2.8094 3.1418 3.9977

Spain

Mean 27.8044 2.8858 1.8277 3.1003 3.8796
Std.dev. 0.0870 0.0748 0.1366 0.1884 0.0575
Min 27.6087 2.8048 1.5836 2.8545 3.8106
Max 27.9540 3.0319 2.0618 3.4021 3.9508

Italy

Mean 28.2756 3.0487 1.8853 2.9731 3.9795
Std.dev. 0.0329 0.0851 0.1027 0.0923 0.0552
Min 28.1916 2.9072 1.7047 2.8167 3.8781
Max 28.3296 3.1971 2.2513 3.0755 4.0583

South Korea

Mean 27.8710 2.4414 1.2505 3.4202 3.6500
Std.dev. 0.2428 0.2738 0.3521 0.0304 0.0390
Min 27.4065 1.9649 0.6685 3.3658 3.5968
Max 28.1989 2.9112 2.1748 3.4710 3.7394

Germany

Mean 28.8164 3.0011 2.1504 3.0198 3.9486
Std.dev. 0.0875 0.0899 0.1264 0.0500 0.0548
Min 28.6904 2.7992 2.0222 2.9485 3.8532
Max 28.9400 3.1244 2.5416 3.1405 4.0616

France

Mean 28.4863 2.8904 2.0707 3.0757 4.0422
Std.dev 0.0796 0.1052 0.0847 0.0434 0.0603
Min 28.3370 2.7731 1.9417 3.0124 3.9817
Max 28.6136 3.0796 2.2315 3.1634 4.1382

UK

Mean 28.6478 2.8370 2.0465 2.8517 3.9908
Std.dev. 0.0994 0.0683 0.1831 0.0479 0.0452
Min 28.4605 2.7657 1.7038 2.7544 3.9349
Max 28.8049 2.9569 2.4069 2.9041 4.0578

Canada

Mean 28.0075 2.7079 1.9995 3.1161 3.8498
Std.dev. 0.1267 0.1430 0.1517 0.0668 0.0625
Min 27.7822 2.5286 1.7932 2.9755 3.7836
Max 28.2094 2.9631 2.4932 3.1984 3.9713

Source: authors’ computation using Stata 15
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Table 3. Correlation matrix of the variables

logGDP logPOP logHEALTH logGFCF logAGEDEP

logGDP 1.0000
logPOP 0.1085 1.0000
logHEALTH 0.4871 0.6801 1.0000
logGFCF −0.2108 −0.3037 −0.5386 1.0000
logAGEDEP 0.3792 0.7930 0.7464 −0.4827 1.0000

Source: authors’ computation using Stata 15

Next part aims to assess the temporal properties of the variable employed in this study
and for this purpose, panel unit–root tests like LLC, IPS and ADF will be employed. The
rule of thumb is that if the p−value for an LLC test (Levin et al., 2002), IPS test (Im et al.,
2003) and ADF test (Dickey and Fuller, 1981) is less than 0.05 (5% significance level), the
tested variable will be classed as stationary or not contain a unit–root. On the other hand, if
the probability value of test statistics LLC, IPS and ADF is greater than 0.05, then the tested
variable is assessed to be unstable or have unit–root and from Table 4 it can be observed that
individual GDP is stationary at levels while the rest of the variables all stabilize after the 1st
differences, and hence we use GDP as I(0) and the rest of the variables as I(1). All variables
are transformed into logs and included in model estimation.

Table 4. Stationarity tests in the levels and in first differences

Levels LLC test IPS test ADF test

logGDP −3.5424*** 0.2896 0.3366
logPOP 2.2649 4.2450 5.7134
logHEALTH 4.4563 5.8728 −2.1292
logGFCF −1.2400 −40.5610 0.3102
logAGEDEP −1.8613** 4.0749 −0.2630

Differences LLC test IPS test ADF test

∆logGDP −6.0659*** −5.7763*** 21.6409***
∆logPOP −2.2798** −1.1735 −1.4420
∆logHEALTH 2.6567 −0.9528 12.3975***
∆logGFCF −4.9197*** −4.4721*** 7.3061***
∆logAGEDEP −1.3600* −0.8718 −1.4950

Note: ***, ** and * indicate significance levels at p < 0.01, p < 0.05 and p < 0.1

Results of stability tests of variables (Table 4) indicate that most variables (logPOP,
logHEALTH, logGFCF and logAGEDEP) are not stationary at their baseline level but be-
come stationary at the first differences. After conducting the unit root–tests, we ensured no
stationary time–series of the second degree. Therefore, at this stage, the panel ARDL (dy-
namic panel data model) will be estimated using the following estimators: MG (Mean Group)
estimator, PMG (Pooled Mean Group) estimator, and DFE (Dynamic Fixed Effects) estimator.
These methods give the long–run and short–term parameters and the speed of adjustment to
the long–run equilibrium.However, before that, the optimal lag length for the panel ARDL
model is determined as the minimal lag for each variable across observed countries, i.e. the
1 time lag was determine as minimal for logGDP, logPOP and logHEALTH, 2 time lags with
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respect to logAGEDEP and zero time lag for logGFCF is found as optimal.
The Pedroni, Kao and Westerlund cointegration tests given by the panel model indicates

that there is a long–term relationship between the variables (Table 5). In the Pedroni test the
statistics such as Phillips–Perron and Augmented Dickey–Fuller gave very high values which
means that the null hypothesis is rejected and cointegration is denied whenever p < 0.05.
However, the modified Phillips–Perron test statistic was non-applicable, hence the results
should be interpreted with a lot of caution. Different from this, the Kao test results were more
effective, and all of the statistics were significant at 5% significance level, which supports the
existence of common integration among the variables. The Westerlund cointegration test
result presented is a cointegration. Thus, these results support the conclusion that there is
a long–term relationship between economic variables, which enhances the stability of the
model and its long–term economic interpretability.

Table 5. Panel cointegration tests

Pedroni test Kao test Westerlund test

H0 : no cointegration
H1 : all panels are cointegrated
Number of panels 9 9 9
Number of periods 23 22 22
Cointegrating vector: panel specific
Panel means: included
Time trend: not included
AR parameter: panel specific

Variance ratio −2.2344 0.0127
Modified Phillips–Perron 1.6939**
Phillips–Perron −1.2403
Augmented Dickey-Fuller −1.4395* −2.2093**
Modified Dickey–Fuller −2.9546***
Dickey-Fuller t −2.7415***
Unadjusted modified Dickey–Fuller −3.2310***
Unadjusted Dickey-Fuller t −2.8386***

Note: ***, ** and * indicate significance levels at p < 0.01, p < 0.05 and p < 0.1

The study investigated if there is a long–term equilibrium between GDP growth and
the other independent variables using the pooled mean group (PMG) estimator designed for
dynamic heterogeneous panels. The PMG is a technique that sits in between the DFE and the
MG estimator. Because it incorporates pooling (which shows the DFE) and averaging (the MG
estimator). Although the long–run coefficients must be identical, the PMG estimator allows
for discrepancies between the short–run and error variance coefficients. The cointegrating
link between non–stationary variables serves as the basis for estimating the long–term inter-
action between variables. Pesaran et al. (1999) offer the maximum likelihood PMG estimator
for heterogeneous dynamic panels that fit within the ARDL model.

The unit–root test results in Table 4 show that all variables are stationary in the first
differences to estimate the panel ARDL model. We will apply panel linear ARDL(1,1,1,0,2)
to estimate the PMG, MG, and DFE for the panel data of the studied group of countries to
obtain the coefficients of the relationship between the model variables. Then, we will apply a
Hausman test (Hausman, 1978) for comparison between the estimates of MG, PMG and DFE
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in order to determine which method is most preferred so that we can provide a consistent and
effective result by testing the null hypothesis for homogeneity constraints. The Hausmann
test results are presented in Table 6, and indicate the rejection of the null hypothesis, meaning
that the PMG method is appropriate in this case.

Table 6. Panel ARDL results obtained by different estimators

Long–term estimates MG PMG DFE

logPOP 1.3748*** 1.2261*** 0.4514***
(0.6156) (0.1914) (0.1723)

logHEALTH 0.08982 0.2402*** 0.4111***
(0.0796) (0.0489) (0.1282)

logGFCF 0.47139*** 0.6776*** 0.4306***
(0.1440) (0.1078) (0.1261)

logAGEDEP −0.8742 −0.8882*** −0.5216***
(0.7956) (0.3016) (0.1926)

Short–term estimates MG PMG DFE

Error correction term −0.7294*** −0.2201*** −0.1823***
(0.1266) (0.0739) (0.0371)

∆logPOP 1.0106 −0.4985 0.6241*
(1.7382) (0.7145) (0.0222)

∆logHEALTH −0.2198*** −0.2321*** −0.1301***
(0.0554) 0.05516 (0.3270)

∆logGFCF 0.0739 0.1168 0.2311***
(0.0888) (0.0811) (0.0476)

∆logAGEDEP −0.8534 0.1595 −0.5723728
(2.3229) (0.5353) 0.3537

Constant term 19.5651*** 5.7598*** 4.9807***
(3.9591) (1.9282) (1.0417)

R2 0.4170
Observations 207
F(5, 210) 30.04***
Heteroskedasticity 0.12

Hausman test results
MG vs PMG p = 0.2335 PMG is efficient
DFE vs PMG p = 1.0000 PMG is efficient
MG vs DFE p = 0.0882 MG is efficient

Note: ***, ** and * indicate significance levels at p < 0.01, p < 0.05 and p < 0.1;
standard errors in parenthesis

The panel model results present both short–term and long–term effects of demographic
and economic factors on economic growth. The proportion of the population over 65 years
(logPOP) has a positive and significant effect on economic growth (logGDP) in the lon–run
by all three methods (MG, PMG, and DFE), which means that this group may contribute to
growth through consumption or savings according to Bloom et al. (2010), but opposite to
Aksoy et al. (2019) who argued that an increase in the elderly population results in lower
productivity and growth due to reduced workforce. Health expenditure (logHEALTH) had
a significant negative short–term effect, which indicates that high healthcare costs are a fi-
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nancial burden on the economy in the long run, which is in agreement with Peterson (2017)
who pointed out that inefficient healthcare expenditure is an economic (Yang, 2020). The
author also established that high healthcare spending limits growth in countries with public
sector–financed healthcare systems, which is in line with the negative results obtained in this
study.

However, fixed investment as a share of GDP (logGFCF) had a positive effect in the short
and long–run, with significant results in the long–run, indicating that investment is a key
determinant of long–run economic growth. This finding is in agreement with Solow (1956)
who explained economic growth through capital accumulation, when economic growth is
tied to capital accumulation, with the help of the positive role of investment. The same can
be said for the study of Barro (1991) which also supported the idea that more investment in
infrastructure is beneficial for growth over the long run, contrary to the results of Huang and
Xie (2013) who found that ineffective investments may even have a negative effect.

Table 7. PMG estimates by country

Country Japan US Spain Italy South Korea

Error correction term 0.0288 −0.1426** −0.0963 −0.2169** −0.0049
(0.1035) (0.0560) (0.0609) (0.0952) (0.0516)

∆logPOP 1.1050 0.9836 0.4438 −0.9921 1.5298
(2.5801) (1.2961) (0.8942) (1.9119) (0.9344)

∆logHEALTH −0.2241* −0.0931*** −0.5329*** −0.1218* −0.0790*
(0.1231)* (0.0259) (0.0912) (0.0661) (0.0452)

∆logGFCF 0.3275 0.1509** 0.0519 0.3319* −0.2570*
(0.1754) (0.0731) (0.0998) (0.1799) (0.1347)

∆logAGEDEP −1.2976 −1.8097 −1.4371 2.5606 −0.6802
(2.1521) (1.8405) (0.9148) (2.2294) (0.8077)

Constant term -0.7415 4.0344** 2.4541 5.5526** 0.1048
(2.6839) (1.5820) (1.5247) (2.4419) (1.2891)

Country Germany France UK Canada

Error correction term −0.5575*** −0.0623 −0.5150*** −0.4141***
(0.1034) (0.1065) (0.1068) (0.1173)

∆logPOP −0.0937 −1.5892 −0.3395 −5.5346*
(0.4643) (1.5252) (1.1201) (2.8509)

∆logHEALTH −0.4294*** −0.2139** −0.3237*** −0.0712**
(0.0608) (0.0828) (0.0606) (0.0325)

∆logGFCF −0.1429 0.5124*** 0.0669 0.0096
(0.1160) (0.1821) (0.1364) (0.1139)

∆logAGEDEP 1.2505** 2.1616 −0.0946 0.8269
(0.5420) (2.1564) (0.9268) (1.4321)

Constant term 14.5495*** 1.6323 13.5664*** 10.6857***
(2.8050) (2.7673) (2.8614) (3.0272)

Note: ***, ** and * indicate significance levels at p < 0.01, p < 0.05 and p < 0.1, standard errors in parenthesis

As for the elderly dependency ratio (logAGEDEP), had a mixed effect in the short–run
and long–run, with a positive but not significant effect in the long–run and a negative and
significant effect in the short–run, indicating variation as a function of context and policy.
Bloom and Finlay (2009) argued that an increase in the elderly dependency ratio means that
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fewer resources can be devoted to growth, which is in line with the negative results reported.
According to Maestas et al. (2023) the elderly dependency ratio is a costly economic burden
that is only mitigated by effective policies, which also accounts for the negative results. How-
ever, Lee and Mason (2010) pointed out that the dependency ratio can be managed positively
by enhancing the productivity of the working-age population, which could account for the
long–term results seen in the PMG model. In the short–term, all models had a negative and
statistically significant coefficient on the error correction term (ECT), meaning that the mod-
els readjust to the equilibrium aftershocks, with the fastest rate of adjustment seen in the MG
model.

The Hausman test for efficiency revealed that PMG model is the most efficient and the
best specifying model for the data which increases the confidence in the results. Further-
more, there was no problem of heteroscedasticity or autocorrelation in the panel data which
supports the validity of the models. On this basis, it can be advised to encourage fixed invest-
ments because of their positive impact on the growth of the economy, to control the amount
of healthcare spending in order to lessen its effects on the economy, and to design policies
that will help control population and reduce the economic pressure of the elderly depen-
dency ratio. These findings provide a more complete view of the impact of demographic and
economic factors on growth and the role that context and policies play in determining the
impact of these factors.

6. Conclusion

Population ageing is one of the biggest challenges facing many developed countries, as it
negatively affects economic growth by increasing the financial burdens associated with health
care, reducing the size of the workforce, and increasing age dependency ratios. Analyses have
shown that the impact of these challenges varies between countries based on their economic
and demographic contexts. For example, Japan and Spain are experiencing a strong negative
impact due to high health spending costs and an ageing population, which requires improv-
ing spending efficiency and encourageing innovation to compensate for labor shortages. In
contrast, the United States and Germany show relative resilience, with ageing contributing
to growth thanks to thoughtful employment and investment policies, but still face challenges
associated with healthcare costs.

The recommendations note the need to develop comprehensive strategies to address
these challenges. In the short term, countries need to improve the efficiency of health ex-
penditures and restructure health systems to ease the financial burden. In the long term, it
is recommended to stimulate innovation and investment in productive technologies to com-
pensate for the manpower shortage, along with applying flexible demographic policies, such
as encouraging migration and increasing the participation of women and the elderly in the
labor market. Investment in education and training should be strengthened to improve the
quality of human capital. Despite the challenges posed by population ageing, it also presents
opportunities for countries that adopt innovative and effective policies. Improving spending
efficiency, spurring innovation, and developing flexible demographic policies can turn this
challenge into an opportunity for sustainable economic growth. The future depends on the
ability of countries to adapt to demographic shifts, ensuring the exploitation of human and
technological capital to balance demographic burdens and economic growth.
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The study points to important lessons for developing countries regarding managing de-
mographic changes and their economic effects. Although most developing countries cur-
rently have a young population, the future may hold similar challenges for developed coun-
tries if they do not invest in managing demographic shifts. This requires enhancing in-
vestment in human capital through improved education and training, which contributes to
increasing the workforce’s productivity and compensating for its potential shortfall due to
ageing. The study also emphasises the importance of innovation and technology, as develop-
ing countries can reduce the impact of population ageing by adopting modern technologies to
improve productivity. Concerning health systems, the results show the need to enhance effi-
ciency and focus on preventive care, especially with limited resources. On the other hand, de-
veloping countries should adopt flexible demographic policies, such as encouraging women’s
participation in the labour market and stimulating migration to bridge workforce gaps. In
addition, productive investments in industry, energy, and sustainable agriculture must be
improved to boost economic growth. With many young people, developing countries have
a unique opportunity to exploit demographic dividends through education and effective job
creation. Finally, strengthening international cooperation and leveraging the experiences of
developed countries in managing population ageing are effective means of ensuring the sus-
tainability of future economic growth.
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DOI: 10.62366/crebss.2025.1.002
JEL: F22, H51, I15, J11, O40

SAŽETAK
Ovo istraživanje analizira ekonomske učinke starenja
stanovništva u Japanu, Španjolskoj, Italiji, Sjedinjenim Amer-
ičkim Državama, Južnoj Koreji, Njemačkoj, Francuskoj,
Ujedinjenom Kraljevstvu i Kanadi, koristeći panel ARDL
model (autoregresijski model s distribuiranim pomacima).
BDP po stanovniku je zavisna varijabla, dok su nezavisne
varijable uključivale udio stanovništva starijeg od 65 godina,
izdvajanja za zdravstvo, stopu ovisnosti te razinu investicija
izraženu kao udio u BDP-u. Rezultati su pokazali raznolike
učinke starenja na gospodarski rast. U nekim analiziranim
zemljama (SAD, Južna Koreja i Njemačka) starenje je imalo
pozitivan učinak, dok je u drugim (Španjolska, Italija i Japan)
djelovalo negativno. Izdaci za zdravstvo identificirani su kao
ekonomski teret, dok su fiksne investicije pokazale ključnu
ulogu u poticanju rasta. Istraživanje sugerira unapred̄enje
obrazovanja i osposobljavanja radi povećanja produktivnosti,
prihvaćanje inovacija i tehnologije, jačanje zdravstvenih sus-
tava kroz preventivnu skrb te uvod̄enje fleksibilnih politika
poput poticanja sudjelovanja žena na tržištu rada i promicanja
migracija.

KLJUČNE RIJEČI
rast, izdaci za zdravstvo, panel ARDL, starenje stanovništva
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DOI: 10.62366/crebss.2025.1.003
JEL: C22, F15, O47, R11

SAŽETAK

Rad analizira dohodovnu konvergenciju Hrvatske u razdoblju od 2000.
do 2024. godine prema četiri skupine zemalja: EU15, NMS8, NMS12
i SE4. Korištenjem metodologije vremenskih nizova i frakcijske inte-
gracije, istražuje se pripadnost Hrvatske različitim konvergencijskim
klubovima unutar Europske unije. Rezultati pokazuju da Hrvatska
konvergira prema dohodovnim razinama EU15 i SE4, s procijenjenim
parametrima frakcijske integracije od 0,87 i 0,95. To ukazuje na spor,
ali postojan konvergencijski proces. Med̄utim, konvergencija prema
NMS8 i NMS12 nije potvrd̄ena, s parametrima iznad 1, što sugerira
trajne dohodovne razlike. Ovi nalazi impliciraju da se Hrvatska eko-
nomski približava starim članicama EU i zemljama južne Europe, ali
ne i novim zemljama članicama.

KLJUČNE RIJEČI
dohodovna konvergencija, frakcijska integracija, klubovi konvergencije, proces
europske integracije

1. Uvod

Dohodovna konvergencija predstavlja ključni aspekt ekonomske integracije i razvoja, posebno
unutar Europske unije koja teži smanjenju ekonomskih dispariteta med̄u svojim članicama.
Za Hrvatsku, kao najnoviju članicu EU, razumijevanje dinamike dohodovne konvergencije
je od posebne važnosti. Ovaj rad analizira pripadnost Hrvatske različitim konvergencijskim
klubovima unutar EU kako bi se utvrdilo u kojoj mjeri Hrvatska smanjuje dohodovni jaz
prema EU. U radu se stoga istražuje dohodovna konvergencija Hrvatske prema različitim
skupinama europskih zemalja: stare članice EU (EU15), nove članice iz srednje i istočne
Europe (NMS8 i NMS12) te zemlje južne Europe (SE4). Korištenjem metoda vremenskih
nizova i frakcijske integracije, istraživanje pruža uvid u konvergencijske procese koji oblikuju
ekonomski položaj Hrvatske unutar EU.

Rad doprinosi literaturi na području ekonomske konvergencije na nekoliko načina. Pos-
tojeća literatura o dohodovnoj konvergenciji (Aggarwal, 2023) ističe više nedostataka koji
otežavaju sveobuhvatno razumijevanje konvergencijskih obrazaca, a osobito su izraženi u
kontekstu pojedinih zemalja koje prolaze kroz integraciju unutar većih ekonomskih blokova.
Većina studija uglavnom se usredotočuje na analize širokog uzorka zemalja, ne ulazeći u
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detaljne obrasce konvergencije u odnosu na različite podskupine zemalja ili regija (Cuñado
i sur., 2003; Brüggemann i Trenkler, 2007; Ayala i sur., 2012). Unatoč značajnom opsegu
istraživanja, metodološka ograničenja u proučavanju dohodovne konvergencije i dalje su pri-
sutna, posebno u vidu nedovoljne primjene ekonometrijskih tehnika koje mogu adekvatno
obuhvatiti složenost procesa konvergencije tijekom duljih vremenskih razdoblja (Granger i
Joyeux, 1980; Granger, 1980, 1981; Hosking, 1981). Primjena metodologije vremenskih nizova
uz frakcijsku integraciju pruža robusno rješenje za ova metodološka i empirijska ograničenja
(Hualde i Nielsen, 2023). Tehnike frakcijske integracije omogućuju otkrivanje dugotrajnih
ovisnosti i postojanih učinaka u razinama dohotka (Gil–Alana i Hualde, 2009; Cuñado i sur.,
2006), pružajući precizniji prikaz dinamike konvergencije u usporedbi s tradicionalnim mo-
delima. Korištenjem frakcijske integracije, rad rješava ograničenja prijašnjih metodologija i
istovremeno pruža korisne uvide u obrasce konvergencije Hrvatske prema specifičnim sku-
pinama EU.

U nastavku rada pruža se pregled ključnih aspekata literature o dohodovnoj konvergen-
ciji te pregled radova koji su analizirali konvergenciju dohotka u europskim post–tranzicijskim
zemljama. U trećem dijelu opisuju se koncepti dohodovne konvergencije u okviru analize
vremenskih nizova te se detaljno prikazuje metodologija frakcijske integracije i korišteni pro-
cjenitelji. Četvrti dio prikazuje stilizirane činjenice o konvergencijskom procesu Republike
Hrvatske prema dohodovnim razinama skupina EU15, NMS8, NMS12 i SE4, dok su u petom
dijelu prikazani rezultati istraživanja. U zaključku se sumiraju glavne spoznaje analize.

2. Pregled literature o dohodovnoj konvergenciji

Rana empirijska literatura o konvergenciji prvenstveno se usmjeravala na provjeru ekonom-
ske teorije rasta (Barro i Sala–i–Martin, 1992; Mankiw i sur., 1992) koristeći uglavnom pros-
tornu (engl. cross–section) regresijsku analizu, a nešto kasnije i analizu panel podataka (Knight
i sur., 1993; Islam, 1995; Caselli i sur., 1996; Lee i sur., 1998; Bond i sur., 2001). Ova su sitraži-
vanja pretežito potvrdila postojanje apsolutne ili uvjetne konvergencije u globalnim uzorcima
zemalja, pri čemu su procijenjene stope konvergencije iznosile izmed̄u 2% i 4%. U kasnijim
istraživanjima, naglasak se sa testiranja teorije pomaknuo na primjenu različitih metoda tes-
tiranja dohodovne konvergencije. Bernard i Durlauf (1996) prvi su analizirali dohodovnu
konvergenciju u okviru metodologije vremenskih nizova. Autori ističu da tehnike vremen-
skih nizova imaju poželjnija empirijska svojstva u odnosu na prostornu analizu. Oni uvode
pojam stohastičke konvergencije, koji se odnosi na testiranje jediničnog korijena u razlikama
BDP–a po stanovniku izmed̄u dviju zemalja.

Bernard i Durlauf (1996) testirali su stohastičku konvergenciju primjenom testova jedi-
ničnog korijena na razlikama dohotka 15 zemalja OECD–a u odnosu na grupni prosjek. Nisu
pronad̄eni uvjerljivi dokazi za dugoročnu konvergenciju u svim državama, no potvrdili su
konvergenciju za manju skupinu europskih zemalja. Jones (2002) je, koristeći metodologiju
jediničnog korijena i koncept stohastičke konvergencije, analizirao zapadnoafričke države te
zaključio da ne postoje značajni dokazi za konvergenciju u cjelokupnom uzorku. Pesaran
(2006) je primijenio ADF i KPSS testove stacionarnosti razlika dohotka izmed̄u parova zema-
lja za uzorke od 56, 99 i 101 države tijekom različitih razdoblja od 1950. do 2000. godine.
U oko 72% slučajeva potvrdio je konvergencijsku hipotezu, ukazujući tako na formiranje
klubova konvergencije, ali ne i globalnu konvergenciju svih zemalja.
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Istraživanja dohodovne konvergencije temeljena na analizi vremenskih nizova kasnije
su proširena na panel podatke, uključujući testove stacionarnosti i kointegracijske analize.
Evans i Karras (1996a) potvrdili su konvergenciju izmed̄u 48 američkih saveznih država i 54
zemlje koristeći test jediničnog korijena za panel podatke. U drugom radu, Evans i Karras
(1996b) istražili su apsolutnu konvergenciju izmed̄u saveznih država SAD–a, no nisu pronašli
empirijsku potvrdu za taj oblik konvergencije. Fleissig i Strauss (2001) primijenili su testove
jediničnog korijena za analizu dugoročne konvergencije u 15 OECD zemalja i europskih ze-
malja u razdoblju od 1900. do 1987. te zaključili da je konvergencija potvrd̄ena nakon Drugog
svjetskog rata, ali ne i za cjelokupni period. Kim (2005) je, koristeći panel kointegracijski test
na uzorku od 13 korejskih regija, takod̄er potvrdio konvergenciju, dok su Carrion–i–Silvestre
i sur. (2005) pomoću panel testova jediničnog korijena zaključili da postoji konvergencija iz-
med̄u 13 azijskih zemalja.

Relativno mali broj radova primijenio je metodologiju frakcijske integracije u analizi do-
hodovne konvergencije (Kamal i Arteche, 2024; Ayala i sur., 2012; Cuñado i sur., 2003).Kamal
i Arteche (2024) koristili su tehnike frakcijske kointegracije za analizu konvergencije dohotka
po stanovniku u razdoblju od 1955. do 2020. Njihovi rezultati isključuju mogućnost ko-
nvergencije izmed̄u španjolskih regija. U primjeni frakcijske integracije, Cuñado i sur. (2003)
ispitali su konvergenciju Australije, Japana, Kanade i Ujedinjenog Kraljevstva prema doho-
dovnom prosjeku SAD–a. Rezultati su potvrdili konvergenciju za Australiju i Kanadu, dok
su za Ujedinjeno Kraljevstvo dokazi bili manje uvjerljivi, a konvergencija za Japan nije mogla
biti potvrd̄ena. Ayala i sur. (2012) primijenili su frakcijsku integraciju na uzorak od 17 zemalja
Latinske Amerike u odnosu na SAD za razdoblje od 1950. do 2008. godine i nisu pronad̄eni
dokaze stohastičke konvergencije ni za jednu promatranu zemlju. Fleissig i Strauss (2001)
takod̄er su primijenili frakcijsku integraciju i nisu potvrdili dohodovnu konvergenciju med̄u
španjolskim regijama.

Ovi su radovi upozorili na ograničenja testova jediničnog korijena i kointegracije, uglav-
nom zbog njihove statističke osjetljivosti te činjenice da se kointegracijski parametar obično
ograničava samo na vrijednosti 0 ili 1. Budući da je konvergencija proces dugog trajanja,
frakcijska integracija naglašava potrebu za variranjem integracijskog parametra u rasponu od
0 do 1 radi obuhvaćanja procesa duge memorije.

Istraživanja o konvergenciji dohotka izmed̄u zemalja srednje i istočne Europe (CEE) i
zapadne Europe potvrd̄uju postojanu dohodovnu konvergenciju koja počinje 1990–ih, iako
povremeno prekinutu periodima divergencije (Matkowski i sur., 2016; Nenovsky i Tochkov,
2013, 2014; Alemu i sur., 2024). Najizraženija konvergencija pretežito korespondira glavnim
fazama integracije u EU početkom 2000–ih, što upućuje kako su pregovori o članstvu i poli-
tičke reforme potaknuli brži rast BDP–a u zemljama CEE u usporedbi s razvijenim europskim
gospodarstvima (Matkowski i sur., 2016). Med̄utim, vanjski šokovi, osobito globalna finan-
cijska kriza, ograničili su pozitivne trendove (Matkowski i sur., 2016; Nenovsky i Tochkov,
2013; Stanišić, 2012). Nekoliko studija ističe transformaciju distribucije dohotka ovih zema-
lja, pomičući se od unimodalne distribucije prema multimodalnoj, osobito tijekom 2000–ih
(Nenovsky i Tochkov, 2013). Ta promjena naglašava rastuće med̄uregionalne nejednakosti
unutar CEE–a i tendenciju da centralne regije nadmašuju periferne (Holobiuc, 2021; Herz i
Vogel, 2003). Paralelno s tim nalazima, rezultati takod̄er ukazuju na snažno sustizanje na ra-
zini pojedinih zemalja. Alemu i sur. (2024) identificiraju snažnu bezuvjetnu β–konvergenciju
po godišnjoj stopi od 11% izmed̄u CEE–11 i četiri najveće europske ekonomije od 1999. do
2019., što je prvenstveno potaknuto relativno višim rastom BDP–a u grupi CEE zemalja.
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Objašnjenja ovih konvergencijskih trendova i obrazaca tipično naglašavaju ulogu aku-
mulacije ljudskog kapitala, strukturnih reformi i usklad̄ivanja tržišnih institucija (Nenovsky
i Tochkov, 2013, 2014; Holobiuc, 2021). S druge strane, produbljivanje financijskog sektora
i nestabilnost cijena, u kombinaciji s globalnom financijskom volatilnošću, imaju tendenciju
prigušivanja ili čak preokretanja trendova konvergencije (Nenovsky i Tochkov, 2013, 2014;
Stanišić, 2012). Kao posljedica toga, iako postoje jaki dokazi o općem smanjenju dohodovnog
jaza na nacionalnoj razini, izražene regionalne nejednakosti i dalje postoje unutar zemalja
CEE, što sugerira da konvergencija može biti prostorno i vremenski neujednačena (Smetkow-
ski i Wójcik, 2012; Herz i Vogel, 2003; Holobiuc, 2021).

3. Metodologija

U metodologiji vremenskih nizova poznata su dva temeljna konvergencijska koncepta: apso-
lutna i uvjetna konvergencija. Dohodovna konvergencija može se definirati kao:

lim
k→∞

E(yi,t+k − yj,t+k | It) = 0 (1)

pri čemu je dohodak u danom periodu definiran kao yt = ln(Yt), yi,t označava dohodak
u zemlji i u trenutku t, yj,t je dohodak u zemlji j u istom razdoblju, dok It označava set
raspoloživih informacija u danom periodu. Jednadžba (1) označava da je razlika dohotka
zemlje i i j stacionaran proces sa prosjekom nula. Ovaj koncept, poznat kao deterministička
konvergencija, definirali su Bernard i Durlauf (1996).

Proširenjem definicije (1):

lim
k→∞

E(yi,t+k − yj,t+k | It) = β (2)

pri čemu β označava konstantu, (1) predstavlja definiciju apsolutne konvergencije, dok se (2)
odnosi na uvjetnu konvergenciju. Jednadžba (2) označava da će dvije zemlje konvergirati
uz postojanje konstantnog dohodovnog jaza jednakog β. Ovaj koncept stohastičke konver-
gencije, koji su definirali Carlino i Mills (1993), implicira da je razlika dohotka zemalja i i j
trend stacionaran proces. Pošto se konvergencijski koncepti (1) i (2) odnose na logaritmirane
vrijednosti, izražene kao:

log

(
yi,t

yj,t

)
(3)

Apsolutna konvergencija prema definiciji (3) izražava se kao:

log

(
yi,t

yj,t

)
= α + ϵi,j,t (4)

Uvjetna konvergencija definirana je kao:

log

(
yi,t

yj,t

)
= β + α + ϵi,j,t (5)

Statistička analiza dohodovne konvergencije može se provesti testom jediničnog korijena
u vremenskom nizu razlike dohotka zemalja i i j, kako predlažu Carlino i Mills (1993).
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Druga metoda je kointegracijska analiza, koju su predložili Bernard i Durlauf (1996). Da
bi se ekonomski koncepti dohodovne konvergencije ekonometrijski testirali, definiramo:

yi,j,t = log

(
yi,t

yj,t

)
(6)

pri čemu yi,j,t predstavlja razliku logaritama dohotka u zemlji i i j. Uz definicije dohodovne
konvergencije (1) i (2) te uzimajući u obzir da It označava informacijski skup u trenutku t,
jednadžba (6) se može kompaktno zapisati:

yi,j,t = α + ϵi,j,t (7)

Model (6) može se asimptotski izraziti kao:

yi,j,t = β + α + ϵi,j,t (8)

iz čega slijedi da svaka situacija gdje β = 0 implicira konvergenciju uz konstantnu dohodovnu
razliku. Ovo postaje jasnije preured̄enjem jednadžbe (8):

∆yi,j,t = ϵi,j,t (9)

Koncept frakcijske integracije (Hualde i Nielsen, 2023) uveden je u makroekonomsku li-
teraturu (Gil–Alana i Hualde, 2009) kako bi se modelirali i autokorelirani procesi za koje je
karakteristična povezanost med̄u med̄usobno udaljenim realizacijama. Ukoliko je neki vre-
menski niz integriran reda z = 0 može se reći kako je riječ o procesu kratke memorije čija
autokorelacijska funkcija brzo opada, dok integracijski parametar z = 1 označava nestaci-
onarnost i perzistentnost šokova u takvoj vremenskom nizu.

Od statističkog i ekonomskog interesa je analizirati da li integracijski parametar poprima
neku necjelobrojnu vrijednost unutar intervala < z < 1. Primjerice, ukoliko 0 < z < 0, 5
vremenski niz je stacionarna, no njena autokorelacijska funkcija će opadati sporije nego u
slučaju z = 0. Slučaj kada parametar integracije leži u intervalu 0.5 < z < 1 označava
vremenski niz koji je nestacionaran, no reverzibilna prema prosjeku. Tada je riječ o procesu
duge memorije koji nije kovarijančno stacionaran, no šokovi će ipak nestati iz niza u dugom
roku.

Frakcijski integrirani proces dohodovnih razlika izmed̄u zemlje i i j se može zapisati u
obliku:

(1 − L)z(yi,t − yj,t) = ϵt (10)

pri čemu je L operator pomaka i definiran je kao Lkyt = yt−k, ϵt označava standardnu pogre-
šku modela za koju se pretpostavlja da je opisana stohastičkim procesom bijelog šuma koji
ima prosjek nula i konstantnu varijancu.

Jednadžbu (10) je sada moguće izraziti u generalnijem obliku pogodnom za empirijsko
testiranje:

ϕ(L)(1 − L)z(yi,t − yj,t) = θ(L)ϵt (11)

pri čemu je ϕ(L) autoregresivni polinom pomaka definiran kao ϕ(L) = 1 − ϕ1L − ϕ2L2 −
· · · − ϕpLp, θ(L) je polinom pomičnog prosjeka operatora pomaka i opisan je kao θ(L) =

1 + θ1L + θ2L2 + · · ·+ θqLq, dok (1 − L)z predstavlja operator frakcijske diferencije u obliku:
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(1 − L)z =
∞

∑
k=0

Γ(k − z)
Γ(−z)Γ(k + 1)

Lk (12)

pri tome Γ(·) označava generaliziranu faktorsku gama funkciju. Invertiranje jednadžbe
(11) je moguće u slučaju kada parametar z frakcijske integracije leži u intervalu 0 < z < 0.5,
te je tada moguće je zapisati:

yi,t − yj,t =
θ(L)
ϕ(L)

(1 − L)−zϵt (13)

iz čega je vidljivo da ϕ(L) opisuje kratkoročnu dinamiku procesa, dok su njegovi dugoročni
efekti obuhvaćeni izrazom za frakcijsku integraciju (1 − L)−z.

U slučaju kada je z invertibilnost u (13) moguća, proces (11) je stacionaran. U kontekstu
ovog rada je od posebnog interesa slučaj u kojem parametar frakcijske integracije leži u inter-
valu 0.5 < z < 1. Tada je riječ o nestacionarnom procesu koji ima tendenciju vraćanja prema
prosjeku (engl. mean reverting).

Za proces koji ima tendenciju vraćanja prema prosječnoj vrijednosti je karakteristično da
funkcija kumulativnih impulsnih šokova asimptotski teži nuli. Upravo se tu očituje dodatna
fleksibilnost pristupa frakcijske kointegracije u odnosu na pristup testiranja stacionarnosti ili
kointegracije.

Naime, parametar frakcijske integracije koji iznosi manje od jediničnog označava kako
će šok u vremenskom nizu ϵt odumrijeti čak i u slučaju da je taj niz ima karakteristike nesta-
cionaranog procesa. Mello i Guimaraes–Filho (2007) pokazuju kako je u tom slučaju koncept
uvjetne dohodovne konvergencije dobro opisan frakcijski integriranim procesom (11).

Empirijska specifikacija konvergencije se u ovom radu odnosi na dohodovni diferencijal
izmed̄u Hrvatske i dohodovnog prosjeka četiri grupe zemalja EU15, NMS8, NMS12 te SE4.
Budući da se prosjek grupe zemalja koristi kao konvergencijski benchmark, model (6) je
potrebno preinačiti na način:

ϕ(L)(1 − L)z(log yHR,t − log yavg,t) = θ(L)ϵt (14)

pri čemu log yavg,t označava dohodovni prosjek j zemalja svake od četiri navedene grupe i
definiran je kao:

log yavg,t =
1
n

n

∑
j=1

log yj,t (15)

To implicira konačnu empirijsku specifikaciju dohodovnog diferencijala u obliku:

yHR,t − yavg,t =
θ(L)
ϕ(L)

(1 − L)−zϵt (16)

4. Podaci i stilizirane činjenice o konvergencijskom procesu Hrvatske

U istraživanju se koriste vremenski nizovi BDP–a Hrvatske i nekoliko skupina zemalja u raz-
doblju od početka 2000. do kraja 2023. godine: stare zemlje članice Europske Unije (EU15),
nove zemlje članice (NMS8 i NMS12) te zemlje juga Europe (SE4). Pri tome se koriste EUROS-
TATovi podatci BDP-a na kvartalnoj frekvenciji u razdoblju od 2000q1 do 2023q4. EUROSTAT
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baza objavljuje podatke za kvartalni BDP bez korekcije za broj stanovnika pa je zbog toga do-
datno korištena IM-ova baza World Economic Outlook iz koje su preuzeti godišnji podatci o
stanovništvu u periodu od 2000. godine do 2023. godine za sve zemlje obuhvaćene analizom.
Godišnji podatci za stanovništvo su metodom kubične interpolacije svedeni na kvartalne, na-
kon čega su korišteni u formiranju vremenskog niza BDP per capita na kvartalnoj frekvenciji.

Slika 1. Kretanje razlika u BDP-u po stanovniku izmed̄u Hrvatske i odabranih skupina zemalja

Slika 1 pruža vizualni prikaz kretanja razlika u BDP-u po stanovniku izmed̄u Hrvatske
i analiziranih skupina zemalja. Prvi stupac prikazuje vremenski niz logaritamskih razlika
BDP–a po stanovniku izmed̄u Hrvatske i svake od analiziranih skupina, dok drugi stupac
prikazuje dva niza, odnosno usporedno kretanje logaritamske vrijednosti BD–a po stanov-
niku za Hrvatsku i svake skupine. U gornjem panelu prikazano je kretanje BDP–a po stanov-
niku za Hrvatsku i EU15. Do globalne ekonomske krize 2007. godine, Hrvatska je bilježila
brži rast BDP-a, značajno se približavajući prosjeku EU15. Med̄utim, nakon izbijanja krize
dolazi do korekcije hrvatskog BDP–a. Dok se EU15 postupno oporavlja i nastavlja s ras-
tom, hrvatski dohodak stagnira ili čak opada. U novijem razdoblju, nakon krize uzrokovane
pandemijom COVID–19, hrvatski BDP ponovno ubrzava rast, pokazujući obnovljeni trend
približavanja prosjeku EU15. Središnja dva panela Slike 1 prikazuju usporedbu Hrvatske s
NMS8 i NMS12. Zanimljivo je da su do 2007. godine sve zemlje imale podjednake stope
rasta, sugerirajući zajedničku konvergenciju. No, nakon krize, hrvatsko gospodarstvo počinje
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usporavati ili stagnirati, dok NMS8 i NMS12 bilježe nastavak snažnijeg rasta. To je rezultiralo
rastućim jazom izmed̄u BDP Hrvatske i tih dviju skupina. Ipak, u novije vrijeme, osobito
nakon COVID–19 krize, primjetan je novi zamah u hrvatskom gospodarstvu, što dovodi
do ublažavanja dohodovnog jaza u odnosu na NMS8 i NMS12. Zadnji panel pruža pregled
odnosa Hrvatske prema SE4 skupini. Tijekom cijelog promatranog razdoblja vidljiva je stabil-
nija konvergencija: unatoč kratkotrajnom usporavanju tijekom krize 2007. godine, Hrvatska
je kontinuirano bilježila brži rast od SE4, potvrd̄ujući dugoročnu tendenciju konvergiranja
prema toj skupini.

Iz prikazanih podataka može se zaključiti kako Hrvatska u dugom roku nastavlja ko-
nvergirati prema prosjeku EU15 i SE4. Iako je konvergencija prema NMS8 i NMS12 neko
vrijeme bila zaustavljena ili usporena, osobito od 2007. do razdoblja nakon COVID–19 krize,
najnoviji podatci upućuju na to da je i prema tim skupinama ponovno započeo proces pri-
bližavanja. Kriza iz 2007. godine zaustavila je konvergenciju prema EU15 samo privremeno,
dok je kretanje prema SE4 ostalo postojano. U novijem, postpandemijskom razdoblju, Hrvat-
ska pokazuje pojačanu gospodarsku vitalnost, podržavajući daljnje smanjenje dohodovnih
razlika u odnosu na sve analizirane skupine zemalja.

5. Rezultati analize

Nakon deskriptivne analize podataka, u ovom dijelu predstavljeni su rezultati statističkih
testova dohodovne konvergencije izmed̄u Hrvatske i skupina EU15, NMS8, NMS12 te SE4.
Michelacci i Zaffaroni (2000) predlažu primjenu standardnih testova stacionarnosti kao po-
četni korak u analizi dohodovnih razlika metodama frakcijske integracije. Stoga je u analizi
prvo primjenjen prošireni Dickey–Fuller (ADF) test stacionarnosti, a potom procjenitelj frak-
cijske integracije (GPH), koji su predložili Geweke i Porter–Hudak (1983).

GPH test jedna je od metoda za procjenu parametara frakcijske integracije d i bazira se na
transformaciji podataka u frekvencijsku domenu, odnosno procjeni spektralne gustoće serije
na niskim frekvencijama te regresiju logaritma spektralne gustoće na logaritme frekvencija.
GPH test se stoga temelji na spektralnoj analizi i ima za cilj procjenu parametra d unutar
modela frakcijske integracije. Parametar d opisuje stupanj stacionarnosti ili dugoročne zavis-
nosti u vremenskom nizu. Izbor širine pojasa u GPH testu ima važnu ulogu u preciznosti
i pouzdanosti procjene parametra d. Odabirom različitih širina pojasa (primjerice od 0,4 do
0,9) moguće je analizu prilagoditi specifičnostima vremenskog niza. Manje širine pojasa se
odnose na najniže frekvencije, čime pružaju preciznije informacije o dugoročnim oscilacijama
i dugoročnoj memoriji niza, dok veće širine pojasa uključuju više raspone frekvencija, poveća-
vajući stabilnost rezultata i smanjujući osjetljivost na šum u podacima. Na taj način primjena
različitih širina pojasa omogućuje robusniju analizu.

Prije provod̄enja ovih statističkih testova, provedeni su Ljung-Box test i analiza auto-
korelacijske funkcije (ACF) za vremenske pomake k: 2, 4, 8, 12 i 20, kako bi se procije-
nila prikladnost korištene metodologije. Tablica 1 prikazuje empirijske vrijednosti Ljung-Box
testa Q(k), čije su p − vrijednosti sve približne 0 što ukazuje na odbacivanje nulte hipoteze
o nepostojanju autokorelacije pri dugim pomacima na razini signifikantnosti 1%. Ovaj re-
zultat sugerira značajnu autokorelaciju kroz sve vremenske pomake, implicirajući da prošle
vrijednosti imaju snažan i statistički značajan utjecaj na buduće vrijednosti tijekom cijelog
promatranog razdoblja. Prisustvo autokorelacije na višestrukim pomacima ukazuje na dugo
pamćenje ili perzistentnost, što znači da se utjecaj prošlih šokova sporo smanjuje tijekom
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duljeg vremensko razdoblja.

Tablica 1. Rezultati Ljung–Box testa pri različitim vremenskim pomacima

Skupina RH–NMS8 RH–NMS12 RH–SE4 RH–EU15

Q(2) 188,34*** 190,71*** 171,34*** 158,38***
Q(4) 362,41*** 370,11*** 315,25*** 275,63***
Q(8) 655,71*** 680,85*** 534,52*** 419,68***

Q(12) 880,22*** 923,24*** 685,72*** 491,87***
Q(20) 1129,92*** 1195,15*** 841,24*** 536,01***

Bilješka: *** označava značajnost p < 0.01

S obzirom na ovako izraženu strukturu autokorelacije, konvencionalni modeli vremen-
skih nizova koji pretpostavljaju procese kratkog pamćenja neće adekvatno uvažiti temeljnu
dinamiku podataka. Stoga je nužno primijeniti modele koji mogu uzeti u obzir dugoročne
ovisnosti, poput procjenitelja frakcijske integracije, koji su prikladni za modeliranje i predvi-
d̄anje u prisutnosti karakteristika dugog pamćenja.

Slika 2. Autokorelacijske funkcije (ACF) za sve četiri analizirane skupine

Slika 2 prikazuje autokorelacijske funkcije (ACF) vremenskih nizova za sve četiri analizi-
rane skupine (EU15, NMS8, NMS12, SE4).



44 Šikić

Uočava se konzistentan obrazac u svim nizovima: visoka autokorelacija pri nižim po-
macima koja se postupno smanjuje s povećanjem broja pomaka. Ovaj obrazac potvrd̄uje
da svaki vremenski niz karakterizira značajna autokorelacija koja se proteže preko više vre-
menskih pomaka. Štoviše, sporo opadanje vrijednosti ACF dodatno potkrepljuje prisutnost
dugog pamćenja i perzistentnosti u podacima.

Ovi nalazi naglašavaju važnost uvažavanja dugoročnih ovisnosti u analizi dohodovne
konvergencije. Perzistentnost koju sugeriraju ACF grafikoni ukazuje na to da šokovi u do-
hodovnim diferencijalima izmed̄u Hrvatske i odgovarajućih skupina zemalja imaju trajne
učinke, te se frakcijska integracija nameće kao prikladna metoda za uvažavanje ovakve ko-
nvergencijske dinamike.

Tablica 2. Rezultati ADF testa jediničnog korijena

Skupina RH–NMS8 RH–NMS12 RH–SE4 RH–EU15

Bez konstante i bez trenda −0,3342 −0.2698 −4,1785*** −2,9700**
S konstantom i bez trenda −1,2816 −1,0464 −0,7209 −1,2619
S konstantom i trendom −1,2669 −1,3638 −2,6062* −1,9528

Bilješka: ***, **, * označavaju značajnost p < 0.01, p < 0.05 i p < 0.1

Tablica 2 prikazuje rezultate ADF testa jediničnog korijena primijenjenog na vremenske
nizove dohodovnih diferencijala izmed̄u Hrvatske i četiri grupe zemalja. Kroz specificira-
nje različitih determinističkih komponenti u testnim jednadžbama, omogućeno je testiranje
različitih oblika dohodovne konvergencije: apsolutne konvergencije, uvjetne konvergencije te
konvergencije prema determinističkom trendu.

Apsolutna konvergencija testira se specifikacijom bez konstante i trenda, gdje ADF test
ispituje stacionarnost oko nulte razlike u BDP-u. Rezultati pokazuju da su testne statistike za
skupine RH–NMS8 (−0,3342) i RH–NMS12 (−0,2698) nisu statistički značajne, što ne omo-
gućuje odbacivanje nulte hipoteze o postojanju jediničnog korijena. Ovi nalazi sugeriraju
odsutnost dokaza o apsolutnoj konvergenciji izmed̄u Hrvatske i NMS8 te NMS12. Nasuprot
tome, testne statistike za skupine RH–SE4 (−4,1785) i RH–EU15 (−2,97) su značajne na razi-
nama od 1% i 5% značajnosti testa, što ukazuje na postojanje apsolutne konvergencije izmed̄u
Hrvatske i SE4 te EU15.

Uvjetna konvergencija ispituje se uključivanjem konstante u specifikaciju, gdje ADF test
procjenjuje stacionarnost oko nenulte razlike u BDP-u. Rezultati pokazuju da niti jedna testna
statistika za skupine RH–NMS8 (−1,2816), RH–NMS12 (−1,0464), RH–SE4 (−40,7209) i RH–
EU15 (−1,2619) nije značajna na uobičajenim razinama. Ovo upućuje na nedostatak dokaza
o uvjetnoj konvergenciji izmed̄u Hrvatske i analiziranih skupina zemalja.

Konvergencija prema determinističkom trendu ispituje se specifikacijom koja uključuje i
konstantu i trend, pri čemu ADF test procjenjuje stacionarnost oko determinističkog trenda,
što implicira konvergenciju prema zajedničkoj putanji rasta. Rezultati pokazuju da testne
statistike za skupine RH–NMS8 (−1,2669) i RH–NMS12 (−1,3638) nisu statistički značajne,
što sugerira odsutnost konvergencije Hrvatske s ovim prema zajedničkom trendu. Za par
RH–SE4, testna statistika iznosi −2,6062 što je značajno na razini od 10%, dok je za par
RH–EU15 testna statistika −1,9528, što takod̄er ne omogućuje odbacivanje nulte hipoteze o
jediničnom korijenu.
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Tablica 3. Rezultati GPH testa za različite širine pojasa

Skupina RH–NMS8 RH–NMS12 RH–SE4 RH–EU15

GPH (d = 0, 4) 1,4347*** 1,5002*** 0,8852*** 0,5643***
GPH (d = 0, 5) 1,1921*** 1,2523*** 0,8712*** 0,6541***
GPH (d = 0, 6) 1,2860*** 1,2915*** 0,8867*** 0,7256***
GPH (d = 0, 7) 1,1137*** 1,1047*** 0,9279*** 0,8405***
GPH (d = 0, 8) 1,1511*** 1,1534*** 0,9272*** 0,8554***
GPH (d = 0, 9) 1,1446*** 1,1048*** 0,9516*** 0,8986***

Bilješka: *** označava značajnost p < 0.01

Tablica 3 prikazuje rezultate GPH testa dohodovne konvergencije temeljenog na specifi-
kaciji modela frakcijske integracije. Test je primijenjen na različite širine pojasa (od 0,4 do 0,9)
kako bi se robusno ispitali nizovi dohodovnih diferencijala izmed̄u Hrvatske i četiri skupine
zemalja: NMS8, NMS12, SE4 te EU15. Parametar d pruža uvid u memorijske karakteristike,
odnosno perzistentnost, analiziranih vremenskih nizova, što ima izravne implikacije za ra-
zumijevanje dohodovne konvergencije. Parametar d interpretira se na sljedeći način: kada je
d < 0, 5 niz je stacionaran i pokazuje kratku memoriju, što znači da šokovi imaju privremene
učinke. Kada je 0, 5 ≤ d < 1, niz je nestacionaran, ali se vraća svojoj sredini, implicirajući da
šokovi imaju dugotrajne, ali ne trajne učinke. Vrijednost d = 1 označava da niz ima jedinični
korijen, što znači da šokovi imaju trajne učinke. Za vrijednosti d > 1 niz je nestacionarna, ne
vraća se svojoj sredini te pokazuje eksplozivno ponašanje, što takod̄er implicira trajne učinke
šokova.

Za skupine RH–NMS8 i RH–NMS12, procijenjene vrijednosti parametra d su konzis-
tentno veće od 1 kroz sve širine pojasa, krećući se u rasponu od 1,1137 do 1,4347 za RH–NMS8
i od 1,1047 do 1,5002 za skupinu RH–NMS12, te su statistički značajne na razini signifikant-
nosti od 1%. To ukazuje da su nizovi dohodovnih diferencijala izmed̄u Hrvatske i ovih grupa
nestacionarne i ne vraćaju se na srednju vrijednost. Takav rezultat implicira nepostojanje
konvergencije, perzistentnost šokova te trajna odstupanja u razinama dohotka.

Procijenjene vrijednosti d za skupinu RH–SE4 kreću se od približno 0,8852 do 0,9516
i sve su značajne na istoj razini signifikantnosti od 1%. Takav rezultat implicira da je niz
nestacionarna, ali se vraća srednjoj vrijednosti. To znači da, iako šokovi imaju dugotrajne
učinke, dohodovne će se razlike smanjivati tijekom vremena.

Za skupinu RH–EU15, procijenjene vrijednosti parametra d se povećavaju od približno
0,5643 do 0,8986 kako se širina pojasa povećava, i sve su statistički značajne. Ovakvi rezul-
tati sugeriraju da se niz dohodovnih diferencijala vraća na srednju vrijednost, što implicira
postojanje konvergencije.

Rezultati testa frakcijske integracije potvrd̄uju zaključak o postojanju uvjetne dohodovne
konvergencije izmed̄u Hrvatske i EU15 te djelomično izmed̄u Hrvatske i SE4, dok to nije po-
tvrd̄eno u odnosu na NMS8 i NMS12. Konvergencijska dinamika izmed̄u Hrvatske i EU15 je
prisutna, ali izuzetno spora, što je naznačeno vrijednostima parametra d bližima 1. Konver-
gencija sa SE4 je nešto brža, ali rezultati zahtijevaju daljnju analizu zbog blizine vrijednosti
parametra d kritičnoj granici. Parametar frakcijske integracije viši od 0,5 označava spor ko-
nvergencijski proces, dok vrijednosti bliže jediničnoj sugeriraju usporavanje tog procesa. To
implicira da, iako postoji tendencija smanjenja dohodovnih razlika, dinamika konvergencije
je takva da će biti potreban dugi vremenski period za postizanje značajnih rezultata.
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Implikacije ovih rezultata valja tumačiti u kontekstu europskih integracijskih procesa.
Unatoč kasnijem pristupanju Europskoj uniji, Hrvatska je primjenjivala slične mjere institu-
cionalnog, pravnog i ekonomskog usklad̄ivanja kao i nove članice EU iz skupina NMS8 i
NMS12. Očekivalo se formiranje konvergencijskog kluba med̄u ovim zemljama, no analiza to
nije mogla potvrditi. Ovaj nalaz sugerira da institucionalna i pravna integracija ne rezultiraju
nužno i ekonomskom konvergencijom, te da postoje duboko ukorijenjene strukturne razlike
koje ometaju taj proces. Potvrda konvergencijske hipoteze za Hrvatsku i EU15 ukazuje da
Hrvatska postupno smanjuje dohodovni jaz s razvijenijim članicama EU. Iako je proces spor,
prisutnost konvergencijske dinamike postoji. Na kraju, brža konvergencija Hrvatske prema
SE4 sugerira da se Hrvatska pridružuje konvergencijskom klubu zemalja južne Europe, koji
karakteriziraju niže stope rasta i općenito slični ekonomski izazovi.

6. Zaključak

U radu je provedena analiza dohodovne konvergencije Hrvatske s različitim skupinama ze-
malja Europske unije koristeći analizu vremenskih nizova i metode frakcijske integracije.
Dok je prethodna literatura pokazala postojanje dohodovne konvergencije za neke, ali ne sve
posttranzicijske europske zemlje prema prosjeku EU, ovaj rad proširio je to područje fokusi-
rajući se na konvergencijske obrasce specifične za Hrvatsku. Dodatno, pitanje dohodovne ko-
nvergencije smješteno je u širi kontekst europskih integracijskih procesa kroz analizu med̄u-
sobne konvergencije izmed̄u Hrvatske i prosjeka dohotka četiri grupe zemalja: EU15, NMS8,
NMS12 i SE4. Time je omogućeno zaključivanje o smjeru ekonomske i institucionalne konver-
gencije unutar europskih integracija te o pripadnosti Hrvatske odred̄enim konvergencijskim
klubovima.

Rezultati testova frakcijske integracije dohodovnog diferencijala izmed̄u Hrvatske i oda-
branih skupina zemalja pokazali su da konvergencija postoji izmed̄u Hrvatske i EU15 te
Hrvatske i SE4, dok ona nije potvrd̄ena izmed̄u Hrvatske i NMS8 te NMS12. Svi rezultati
su robusni s obzirom na različite procjenitelje i različite izbore širine pojasa. Nalazi impli-
ciraju da je konvergencija Hrvatske prema prosjeku EU15 i SE4 spor proces, ali nešto brži
prema SE4. Takod̄er se nameće i zaključak da Hrvatska ne pripada konvergencijskom klubu
novih članica (NMS8 i NMS12), već konvergencijskim klubovima EU15 i SE4, pri čemu je
konvergencija prema SE4 robusnija i brža nego prema EU15.

Ovi nalazi imaju implikacije za europske integracijske procese. Unatoč kasnijem pristu-
panju Europskoj uniji i primjeni mjera institucionalnog, pravnog i ekonomskog usklad̄ivanja
s novim članicama, Hrvatska ne pokazuje dohodovnu konvergenciju s skupinama NMS8 i
NMS12. To sugerira da institucionalna i pravna integracija ne rezultiraju nužno i ekonom-
skom konvergencijom. Čini se da Hrvatska ekonomski konvergira prema zemljama EU15 i
SE4, koje karakteriziraju sporiji ili negativan gospodarski rast. Potvrda konvergencije prema
SE4 ukazuje na pridruživanje Hrvatske konvergencijskom klubu južne Europe i općenito
ukazuje na potrebu za politikama koje će potaknuti brži gospodarski rast i razvoj. Ovi na-
lazi naglašavaju važnost uvažavanja dugoročnih ovisnosti u analizi dohodovne konvergen-
cije. Perzistentnost koju sugeriraju ACF grafikoni ukazuje na to da šokovi u dohodovnim
diferencijalima izmed̄u Hrvatske i odgovarajućih skupina zemalja imaju trajne učinke, te se
frakcijska integracija nameće kao prikladna metoda za uvažavanje ovakve konvergencijske
dinamike.
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SUMMARY

The paper presents how the marketing mix elements influence the cus-
tomers’ purchase intention in the context of Garnier cosmetic products
and looks at the moderating role of customer income. The marketing
mix or 4P can be a way to create profitable marketing strategies and
motivate customers to purchase a product. A sample of 230 respon-
dents was included in a survey analysis. The data were analyzed with
partial least squares structural equation modeling (PLS–SEM). The re-
sults showed only the product element of marketing mix had signif-
icant effect on purchase intention. Regarding the moderating effect
of income, the lower–income respondents showed higher price sensi-
tivity while promotion had influence on higher–income respondents.
The study contributes to certain extent to beauty industry marketing
strategies on example of a well–known global brand.

KEYWORDS
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1. Introduction

The beauty industry is growing as customers’ perception of their physical appearance and
attractiveness have increased demand for beauty and cosmetic products. Purchasing beauty
products can be a complex task as the purchase affects an individual’s overall physical ap-
pearance, and the most significant determinants when buying cosmetics and beauty products
are product functionality, pricing, product appearance or packaging, and usage information
(Kim and Seock, 2009). As customers prioritize self–care and wellness, the cosmetics and
beauty industry has grown almost continuously since 2004 (except for a small setback dur-
ing the 2020 COVID–19 pandemic) and it is expected to reach revenue of approximately 129
billion USD by 2028. The Garnier beauty brand is part of the Consumer Products division as
part of the L’Oréal group and has four categories of products: haircare, hair color, skincare,
and sun care. It was one of the first brands that promoted the use of natural origin ingre-
dients and currently markets itself as a sustainable brand while working on becoming more
environmentally friendly. The L’Oréal group is a leading cosmetics brand in the world which
generated global sales revenue of 41.18 billion euros in 2023, with Consumer Products taking
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36.85% of the total sales while achieving growth in sales of 12.60% and Garnier surpassing
1 billion revenues in sales. This all makes Garnier one of the most popular cosmetic brands
in the beauty industry. The utilization of the term "natural" on product labels is increasingly
recognized as an important factor in boosting sales, as individuals hold the belief that includ-
ing natural ingredients enhances the quality and health benefits of beauty goods (Kim and
Seock, 2009). Nowadays customers are adopting a sustainable lifestyle, and this motivates
the beauty industry to invest more in environmentally friendly products, services, package
design, and adjusting their marketing strategy (Čut and Pandža Baja, 2016). Global brands
can influence customer behavior and attitudes and use centralized marketing techniques to
maintain the consistency of the brand and influence customer identity by sharing their values
(Bartsch et al., 2016).

Marketing is the process of creating, communicating, delivering, and exchanging value
products or services for customers, clients, partners, and society at large, as stated by the
American Marketing Association. It involves various activities, institutions, and procedures.
The concept of the four Ps of marketing (4P’s) contains the fundamental elements that con-
stitute an effective marketing strategy. The 4P’s, also known as marketing mix, includes
product, price, place and promotion and the use of marketing mix strategy enables mar-
keters to allocate resources to meet the expectations of customers (Singh et al., 2014). A
product comprises its attributes, country of origin, and familiarity. The price comprises the
list price, deductions, allowances, and credit terms. The place comprises channels, places, and
transportation. Promotion includes advertising, personal sales, and sales promotion (Khem-
chotigoon and Kaenmanee, 2022). It is important to look into the customer perception of the
4P’s for consumer products (Jiménez–Parra et al., 2014; Singhal et al., 2019), as the 4P’s affect
purchase intention and decision–making while choosing a product (Singh et al., 2014). The
comprehension of how consumers perceive the 4P’s is important since these perceptions can
impact their behavior and perceived value (Shashi et al., 2023; Singhal et al., 2019).

In the paper, the relevant literature regarding purchase intention and 4P’s is presented
and followed by data sampling and methodology, connected to a survey regarding the pur-
chase intention of Garnier cosmetic products. Partial least squares structural equation mod-
eling (PLS–SEM) is used to analyze the data. The results and discussion are followed by a
conclusion and implications for future research.

2. Literature review

To meet customer demands, marketers need to make sure the 4P’s have following features:
the product must have proper features, the price must be appropriate, the products should
be available at the right time and suitable place and information about products should be
available and presented to specific target groups (Weerasiri et l., 2016). According to Ho et
al. (2022), the objective of the product or service is to be successfully marketed and sold to
customers. A product is a service or physical item that people purchase, including its de-
sign, assortment, packaging, characteristics, and quality (Al–Dmour et al., 2022).The price
has an impact on customers’ decision–making process and most customers are willing to
pay a higher price if they think the product offers added value (Dropulić and Krupka, 2020;
Mahmoud et al., 2017; Tang et al., 2014). Promotion consists of communicating the benefits
of a product or service to consumers and includes activities such as PR, advertising, push
and draw promotion, and sales development (Ho et al., 2022). Place supports the delivery of
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products to clients and ensures a straightforward purchasing process while including part-
nerships with distribution channels, logistics, inventory control, management of inventory,
modalities of transportation, cost reduction in distribution, shelf arrangement, and location
(Ho et al., 2022). The 4P’s can affect consumer purchasing decisions through the modification
of company activities (Al–Dmour et al., 2022).

According to a study by Al–Dmour et al. (2022), customer perception and 4P’s have an
impact on perceived value, and they found customer behavior can be affected by perceived
value and attitude. At the same time, customer behavior can affect purchase intention while
4P’s can influence both purchase intention and customer behavior (Walia et al., 2019). Pur-
chase intention stands for customer behavior towards product service and their willingness
to purchase a service or a product (Al–Dmour et al., 2022) or their anticipated purchases (Zei-
thaml et al., 1996) and it can help accurately anticipate future purchases (Khemchotigoon and
Kaenmanee, 2022). However, sometimes customer willingness can cause discrepancy between
intention and behavior (Hassan, 2014; Trivedi et al., 2015). Purchase intention is influenced
by 4P’s, and it presents how much a customer is satisfied with a specific product or service,
leading to the product sale (Al–Dmour et al., 2022). Enhancing consumers’ perceptions of
products, price, promotion, and place can increase brand loyalty and purchase intention and
4P’s can have a large impact on brand loyalty and customer intention to purchase (Yuliasih et
al., 2021). The purchase intention helps understand the purchasing behavior in the future and
presents individuals’ motivation to decide between buying a product or service (RifaNingtyas
et al., 2022).

Companies make decisions on product quality, pricing, promotion, and placement to
reach the target audience. Customers buy products that have the right marketing mix, which
answers the needs of customers and provides lasting value (Mittal et al., 2021; Kumar and
Reinartz, 2016). The customer’s perception of the 4P’s and readiness to try the product or
service offered is directly influenced by the perceived quality (Chou et al., 2020). During the
process of making purchase decisions, consumers assess and compare multiple options, and
the level of customer trust in the products can influence the purchase intention (Lee and Lee,
2021; Martina et al., 2015). Purchase intention is the perception of what shoppers intend to
purchase and it has an important role in forming marketing decisions related to the 4P’s as
they give feedback on how many products are needed depending on demand (Singh et al.,
2014). Current research confirms the effectiveness of 4P’s in influencing customers’ purchase
intentions, with an emphasis on the pricing element. Previous research showed marketing
mix elements positively impact purchase intention (Al–Dmour et al., 2022; Kusumawati et
al., 2014). The positive impact of the 4P’s is shown when purchase intention is affected by
perceived value (Shashi et al., 2023).

The companies should incorporate all components of marketing strategy, particularly
the 4P’s, into an integrated strategic plan that is backed up by an understanding of consumer
behaviors (Kumar and Pandey, 2017). Purchase intention is an important component in the
beauty industry, as it influences purchases, preferences, and demand, and can strengthen
the brand’s market position (Macheka et al., 2023). When purchasing cosmetic products
marketing mix has influence on purchase intention and can help target specific customers
(Al–Dmour et al., 2022; Nugroho and Irena, 2017). Customer price sensitivity affects mar-
keting strategies and pricing, while income–consumption theory states that income quantity
influences the possibility to pay for a product or service (Qiuqin et al., 2023). Income affects
the purchasing intention of potential customers where individuals with higher income levels
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are likely to be less sensitive to prices and more interested in product details than in the price
itself (Tiruwa et al., 2018). Out of all the demographics of an individual, income is an as-
pect that can influence consumption patterns and presents a crucial purchasing asset (Ramya
and Ali, 2016). Household income, marital status, ethnicity, consumer lifestyle, and life cycle
are important elements in market segmentation. Together with age and gender, income is a
crucial demographic aspect in purchase decision-making processes (Abdel et al., 2023).

3. Research hypotheses, data and methodology

Considering the literature review, 4P’s have a large impact on the purchase intention and
behavior of current and future customers. Therefore, the following research hypotheses are
proposed:

H1. 4P’s have a significant positive effect on Garnier products purchase intention

H1.a Product has a significant positive effect on the Garnier products purchase intention

H1.b Price has a significant positive effect on the Garnier products purchase intention

H1.c Promotion has a significant positive effect on the Garnier products purchase intention

H1.d Place has a significant positive effect on the Garnier products purchase intention

Additionally, as income is the most significant aspect influencing consumers’ purchase
decisions, another hypothesis is established:

H2. Income has a significant moderating role on the relationships between the 4P’s and the
purchase intention of Garnier products

Data for conducting the research and testing the hypotheses were collected with a survey
questionnaire. Survey analysis was chosen as the most suitable approach for data collection
since the research focuses on psychological constructs, such as attitudes, perceptions, and
intentions, which are central to the field of consumer behavior in the broader behavioral
economics context. Random sampling method was used to select participants from the gen-
eral Croatian population. The survey was distributed online in the period from March to
September 2023 to a randomly selected group of individuals who met the criteria of the
target population, which included adults aged 18 or more. The random selection process
was chosen in order to minimize biases and ensure that the sample would be representative
of the population. The survey was based on the research of Nugroho and Irena (2017). In
addition to basic questions about the consumers’ socio–demographic characteristics, the sur-
vey included questions regarding the usage of cosmetic products, both in terms of time and
money. Additionally, the respondents were asked to indicate how strongly they agree with
certain statements about the four elements of the 4P’s (1 = strongly disagree, 5 = strongly
agree). The measurement items, adapted from Nugroho and Irena (2017), were selected as a
validated scale for assessing key constructs within the marketing mix and purchase intention.
Their research demonstrated that these items effectively measure various components of the
marketing mix, including product attributes (e.g., product variety, quality, design, features),
pricing factors (e.g., price competitiveness, affordability, price–to–quality ratio), promotion
elements (e.g., advertising, sales promotion, public relations, social media marketing, and
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direct marketing), and place factors (e.g., location and accessibility). Garnier was chosen as a
representative brand since it has been present on the cosmetics scene for a significant period.
Although the cosmetics scene has been shaped and adapted as different generations have
come and gone, it remains on the market as one of the most known brands, familiar to a
wide range of consumers. The final sample includes 230 respondents.

Table 1. Survey respondents description (N=230)

Variable Category Frequency Percent

Gender
Male 89 38.70%
Female 141 61.30%

Generation

Baby boomers 10 4.35%
Generation X 22 9.57%
Generation Y 70 30.43%
Generation Z 128 55.65%

Monthly income

≤ 600 EUR 117 50.87%
601–1000 EUR 46 20.00%
1001–1500 EUR 38 16.52%
1501–2400 EUR 38 16.52%
≥ 2401 EUR 14 6.09%

Cosmetics usage duration

< 1 year 28 12.17%
1–2 years 24 10.43%
3–6 years 60 26.09%
≥ 7 years 118 51.30%

Monthly expenditure on skincare products

≤ 30 EUR 115 50.00%
31–60 EUR 79 34.35%
61–100 EUR 28 12.17%
≥ 100 EUR 8 3.48%

Daily usage of cosmetics

< 4 products 130 56.52%
4–7 products 77 33.48%
8–11 products 18 7.83%
12–15 products 2 0.87%
≥ 16 products 3 1.30%

Source: authors’ construction

Table 1 presents the descriptive statistics of the sample. There is a larger share of women
(61.30%) in the sample, compared to men (38.70%). This is expected since women are inter-
ested in cosmetics and skincare more than men. Most of the respondents belong to Gener-
ation Z, followed by Generation Y. The monthly income of the respondents is relatively low
since half of them (50.87%) have only 600 euros of income or less. This might also be because
most of the respondents belong to Generation Z, the youngest generation, so it is assumed
that not all of them are employed yet. The lowest number of respondents have an income
of 2401 euros or more (6.09%). Although most of the people belong to the youngest age
group, half of them use cosmetic products for 7 years or longer (51.30%), and 26.09% of the
respondents use cosmetic products for 3–6 years. This indicates that most of the people from
the sample can be considered experienced users of skincare products. However, monthly
expenditure on skincare products is mostly (50.00%) up to 30 euros. A very low number of
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respondents are willing to spend 100 euros or more on cosmetic products monthly. Most
of the respondents use less than 4 products daily (56.52%), followed by those who use 4–7
products a day (33.48%). An extremely high number of cosmetic products usage is very rare
among the respondents in the observed sample, showing that only 2.17% use 12 or more
products.

Research hypotheses are focused on the impact of the 4P’s: product, price, promotion,
and place on the intention to purchase Garnier products. A moderating effect of income on
these relationships is observed. Partial least squares structural equation modeling (PLS–SEM)
was used to test the hypotheses since a composite model with latent variables was tested.
Additionally, all of the relationships, including the moderating effect of income, are tested
simultaneously. PLS–SEM is also adequate since the assumption of multivariate normality
was not met, which was confirmed by Mardia’s multivariate skewness and kurtosis tests
(p < 0.001). Finally, measured variables are given in the form of a quasi–metric scale (Likert
scale), and the research aims not only to explain but also to predict the purchase intention
of consumers with their attitudes about 4P’s. Causal–predictive research goals imply that
the use of PLS–SEM is convenient (Hair et al., 2017; Sarstedt at al., 2023; Vuković, 2024).
SmartPLS 4 was used to test the research model.

Table 2 shows the constructs with their corresponding items. These items represent the
indicators for each construct in the model. According to the mean and standard deviation of
the constructs, conclusions about general attitudes can be made.

Table 2. Items in the model with respect to constructs

Construct Code Measurement item Mean SD

Product

PROD1 Garnier has many varieties in each product category

0.69 0.22
PROD2 Garnier products can perform their designated function
PROD3 Garnier products have a practical design
PROD4 Garnier is a well–known brand
PROD5 Garnier has attractive packaging

Price
PRICE1 Garnier has a competitive price compared to its competitors

0.63 0.25PRICE2 Garnier products are affordable
PRICE3 Garnier price is appropriate for its quality

Promotion

PROM1 Garnier’s TV advertisement is interesting

0.57 0.23

PROM2 Garnier magazine advertisement is interesting
PROM3 Garnier often gives discounts
PROM4 Garnier involvement in donations improves it’s image
PROM5 Garnier social media accounts are informative
PROM6 Garnier online catalog summarizes the whole product

Place
PLACE1 Garnier store locations are not far for me

0.76 0.26
PLACE2 Garnier store locations are easy to access

Purchase
intentioin

INT1 I intend to buy Garnier products in the future

0.56 0.27
INT2 I intend to buy Garnier products again in the future
INT3 I prefer Garnier over any other cosmetic brand
INT4 I will recommend Garnier products to others

Source: author’s construction according to Nugroho and Irena (2017)
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When considering the dimensions of the product, the consumers tend to have slightly
positive perceptions toward Garnier products, considering their variety, quality, design, brand,
and packaging. Similarly, the respondents are neutral to slightly positive when it comes to
price competitiveness, affordability, and price to quality of Garnier products. When it comes
to promotion, the general attitude of the respondents is relatively neutral and lower com-
pared to the opinions of product and price elements. In contrast, there are generally positive
attitudes about the place, i.e. the location of Garnier stores. Garnier products are available
in many different stores; thus their locations are near many potential consumers, especially
since they are available in all shopping malls in Croatia. With respect to purchase intention,
people are mostly neutral as to whether they will buy and recommend Garnier to others.
However, there is a low level of preference for Garnier products for other cosmetic brands.
Although the respondents recognize Garnier as a famous and well–known brand, consid-
ering the rise of skincare popularity, followed by numerous products by many brands, the
respondents have become pickier and more studious when it comes to skincare. Taking all
the above into account, it is clear that the most positive aspect of the 4P’s for Garnier skincare
products is the aspect of place. Garnier must focus on other elements of the 4P’s to improve
people’s perception of their products.

Since data were collected with a self–administered questionnaire, common method bias
(CMB) was addressed by employing a full collinearity test with a random variable, as rec-
ommended by Kock (2015). CMB is a phenomenon caused by the measurement method
instead of the studied relationships in the model (Kock, 2015). While variance inflation factor
(VIF) traditionally assesses multicollinearity between independent variables, in the context
of CMB assessment, it helps identify if measurement method biases are artificially inflating
relationships between variables (Conway and Lance , 2010). The full collinearity test with a
random variable examines whether all constructs (including a random variable) are exces-
sively collinear (Table 3). Since all VIFs are lower than 3.3, it indicates low multicollinearity,
suggesting that there is no CMB issue in the model (Kock and Lynn, 2012; Kock, 2015).

Table 3. Full collinearity VIFs for testing CMB

Construct INT PLACE PRICE PROD PROM

VIF 1.309 1.550 2.046 2.370 2.141

Source: author’s construction

4. Results and discussion

The model includes four exogenous constructs, which include 4P’s: product (PROD), price,
promotion (PROM), and place. Purchase intention (INT) represents the endogenous construct
explained and predicted by these factors. Additionally, income represents the moderating
variable, used to control for the effect of consumers’ income on the relationship between their
perception of each 4P’s element and purchase intention. The outer (measurement) model was
tested for its validity and reliability of the constructs. The results in Table 4 indicate that all
loadings are very high and statistically significant. Additionally, average variance extracted
(AVE) values are above the cutoff value of 0.5, showing that each construct explains above
50% of its indicators’ variance (Hair et al., 2017). These findings confirm the existence of
good convergent validity of the constructs. As for the reliability, the indicators of Composite
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reliability and Cronbach’s alpha were used in the analysis. All the values for both indicators
exceed the threshold of 0.7, implying excellent internal consistency reliability of the constructs
(Hair et al., 2017; Vuković, 2024). Therefore, it is concluded that all items in the model
represent their corresponding construct very well.

Table 4. Convergent validity and reliability

Outer Average variance Composite Cronbach’s
Construct Item loading extracted reliability alpha

Product

PROD1 0.838***

0.682 0.914 0.885
PROD2 0.849***
PROD3 0.872***
PROD4 0.767***
PROD5 0.797***

Price
PRICE1 0.889***

0.805 0.925 0.880PRICE2 0.893***
PRICE3 0.910***

Promotion

PROM1 0.790***

0.640 0.914 0.886

PROM2 0.869***
PROM3 0.769***
PROM4 0.707***
PROM5 0.842***
PROM6 0.812***

Place
PLACE1 0.949***

0.922 0.960 0.917
PLACE2 0.971***

Purchase
intention

INT1 0.940***

0.778 0.933 0.902
INT2 0.943***
INT3 0.715***
INT4 0.909***

Note: *** indicates significance level at p < 0.001

To find out if the constructs are truly different from each other, a discriminant validity
test through heterotrait-monotrait ratio (HTMT) was used (Table 5).

Table 5. Discriminant validity – HTMT ratio

Construct INT PLACE PRICE PROD

PLACE 0.263
PRICE 0.498 0.667
PROD 0.518 0.735 0.871
PROM 0.455 0.585 0.819 0.789

Source: author’s construction

HTMT measures the ratio of the correlations of the items measuring different constructs
to the correlations between the indicators of the same construct. Thus, lower values are
desirable to show that the items that are modeled to measure a certain construct are better at
explaining that certain construct compared to any other construct in the model (Henseler et
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al., 2017; Hair et al., 2017; Sarstedt at al., 2023). All HTMT values are lower than 0.9, thus there
is no discriminant validity problem in the model. The highest HTMT ratio is between PROD
and PRICE (0.871), so HTMT inference was calculated. Namely, bootstrap 95% confidence
intervals were calculated, and it was further confirmed that discriminant validity issues do
not exist since the confidence interval does not span the value of 1 (lower bound = 0.800;
upper bound = 0.931).

Inner model relationships were analyzed to test the research hypotheses. Path coeffi-
cients with the results of their significance testing are given in Table 6. Place has a negative
impact on the purchase intention. However, this influence is not significant at the 0.05 signif-
icance level (β = −0.172, p = 0.069). It indicates that the respondents who are more likely
to consider that Garnier store locations are not far from them and are easy to access in malls
and big streets will consequently have lower purchase intention towards their products. The
cause of this might be the increase in online shopping, where place is no longer a signifi-
cant factor. Nevertheless, further research is needed to assess the effect of place on purchase
intention and its role in shaping purchase intention.

Price has a positive, but insignificant influence on the purchase intention of Garnier
products (β = 0.190, p = 0.112). This indicates that the price of cosmetic products is not
the key factor in purchase decision-making. People are more focused on the quality of the
desired product.

Product has a positive significant impact on the purchase intention (β = 0.407, p =

0.001). This shows that people are more likely to recognize Garnier as a well–known brand
with many product varieties and are more likely to consider that their products can perform
their function, have practical design and attractive packaging, and consequently have higher
purchase intention. This is expected, since all these elements of the product show their quality
from the viewpoint of consumers. Higher perceived quality of Garnier products inevitably
leads to a higher purchase intention. Finally, promotion has no significant influence on the
purchase intention of Garnier products (β = 0.071, p = 0.406).

Table 6. Structural model results

Path coefficient t−value p−value

Main
effects

PLACE → INT −0.172 1.817 0.069
PRICE → INT 0.190 1.591 0.112
PROD → INT 0.407 3.361 0.001
PROM → INT 0.071 0.832 0.406

Moderating
effects

Income × PROD → INT 0.092 0.695 0.487
Income × PLACE → INT −0.043 0.474 0.635
Income × PROM → INT 0.073 0.748 0.455
Income × PRICE → INT −0.062 0.522 0.602

Source: author’s construction

Furthermore, the moderating effect of income on all the above–mentioned relationships
was examined through both significance testing (Table 6) and simple slopes analysis (Fig-
ure 1). Although the moderating effects were not statistically significant, simple slopes were
analyzed. Recent methodological literature (Park and Yi, 2023) recommends reporting and
discussing differences between simple slopes even in the absence of significant interaction
effects, as this may uncover potentially meaningful patterns in the data. Nevertheless, these
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findings are interpreted as descriptive patterns derived from an exploratory analysis and
should be considered with caution. In Figure 2, it is visible that there is a negative effect of
place on purchase intention between all groups of people with different income levels. How-
ever, the negative effect slightly increases for the people with higher income, as represented
by the green line (income at +1 standard deviation) with a steeper slope. When it comes to
price, the effect is always positive, no matter which group of consumers is in question, but the
positive effect is stronger for the group of people with lower income, as represented by the red
line (income at −1 standard deviation). This implies that the positive relationship between
price and purchase intention is higher for people with low income. The result is logical, since
people with lower income will always consider the price in their purchase decision–making
because they are more sensitive to the price itself, as well as the price changes, which is all
directly connected to their income. Considering the effect of product elements on purchase
intention, it is positive for all consumers, but the effect becomes a bit stronger for consumers
with higher income. Lastly, when it comes to the general impact of promotion on purchase
intention, it is slightly positive. There is a significant difference when income is included as
the moderator. Namely, for the people with higher levels of income, this positive effect is
stronger, but for the people with lower income, this effect is practically nonexistent and close
to zero. This is the most important finding of the moderating effects. Clearly, promotion as a
part of the 4P’s is an important aspect of purchase decision-making of Garnier products for
people with higher income. However, people with lower income generally do not care much
for promotion activities since their focus is more likely on the price. Therefore, no amount of
promotion can motivate people with lower income to make a purchase.

Figure 1. Structural equation model paths

Figure 2 represents the path diagram with path coefficients and outer loadings estimates.
Moreover, the coefficient of determination for the key endogenous construct INT is visible in
the figure and its value is 0.293. This implies a high in-sample predictive power of the model
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(Ringle et al., 2014). More specifically, the combination of the 4P’s (product, price, place, and
promotion) explains 29.3% of the variance in the purchase intention of consumers.

Figure 2. Structural equation model paths

Results indicate that while the overall marketing mix significantly influences the pur-
chase intention of Garnier products (H1 accepted), only the product element (H1.a) shows
a significant positive effect individually. The other components – price (H1.b), promotion
(H1.c), and place (H1.d) – were all rejected, suggesting they do not significantly affect con-
sumers’ purchase intentions. Additionally, income was found not to play a significant moder-
ating role in the relationship between the marketing mix and purchase intention (H2 rejected).
These findings highlight the central importance of the product itself in shaping consumer be-
havior toward Garnier products.

Table 7. PLS predict results

Item Q2 predict PLS–SEM_RMSE PLS–SEM_MAE LM_RMSE LM_MAE

INT1 0.222 1.097 0.883 1.094 0.861
INT2 0.177 1.091 0.859 1.104 0.869
INT3 0.062 1.200 0.989 1.132 0.902
INT4 0.187 1.058 0.823 1.044 0.823

Source: author’s construction

The test is carried out with the PLS Predict procedure, which helps in assessing the
accuracy of a model in predicting the outcome value of new cases (Hair et al., 2017; Shmueli
et l., 2019; Vuković, 2024). The results in Table 7 show that all values of Q2 predict are positive,
indicating that the PLS model’s prediction errors are lower compared to the linear regression
model (LM), which represents the naïve benchmark. Further analysis shows that the root
mean squared error (RMSE) values in the PLS–SEM model are lower for the minority of the
indicators compared to the LM model, which indicates the low predictive power of the model.
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For the mean absolute error (MAE) values, the same number of the values for PLS–SEM are
lower compared to the LM model. This indicates the model’s medium predictive power
(Shmueli et l., 2019). The findings show that the model captures some of the underlying
relationships between the variables to make it reliable for replication and generalization with
new data, but there is still room for improvement in the model’s predictive power.

5. Conclusion, limitations and implications for future research

The research used PLS–SEM to investigate the connection between the purchase intention
of Garnier cosmetic products and the elemnts of the 4P’s – product, price, promotion, and
place, with moderating influence of the income on their relationship. The analysis of the
outer model demonstrated strong validity and reliability, hence confirming the robustness
of the measuring model. The inner model revealed a significant and positive connection be-
tween the product and purchase intention. This highlights the significance of factors such
as brand familiarity, product diversity, and perceived quality. The influence of place on pur-
chase intention was found to be negative, but insignificant, indicating that the significance
of Garnier store proximity and accessibility may be irrelevant considering the prevalence of
online shopping. The impact of price on purchase intention was shown to be positive but
statistically insignificant, indicating that although price may not be the primary determinant
in purchasing choices, it does contribute to the decision–making process in conjunction with
product quality. The influence of promotion on purchase intention was not statistically sig-
nificant, indicating that Garnier product promotions may not yield considerable benefits.

The study investigated the moderating influence of income on these relationships, reveal-
ing intricate impacts across various income levels. The relationships were not significantly
affected by income, however, a simple slopes analysis revealed slight variations. For instance,
lower–income consumers and their purchase intention were influenced by price. While look-
ing at the influence of income, promotion became an unimportant factor in the purchase
intention and the decision–making process for lower–income consumers. This means they
cannot be influenced by the promotion of the Garnier cosmetic products as they are mostly
just price sensitive and react positively on a pricing strategy that brings them the best value
for money. The research outcomes provide valuable insights for marketers seeking to compre-
hend the impact of 4P’s, income levels, and purchase intention of Garnier cosmetic products.
The results can help marketers analyze current marketing decisions regarding 4P’s and create
effective marketing strategies aimed at engaging customers and boosting sales

Although the paper showed that 4P’s can influence purchase intention, there are certain
limitations to the research. The respondents are only from Croatia and there might be differ-
ences in other European or international markets connected to beauty and cosmetic products.
The sample includes mostly low–income group, since most of the respondents belong to Gen-
eration Z, which implies they aren’t fully employed and are mostly students. Other elements
of integrated marketing business processes should be included, such as market segmentation.
Additionally, more aspects of micro and macro environment for Garnier cosmetic products
should be considered as well as additional aspects of customer behavior. Future research
could deal with mediating role of eWOM in context of cosmetic products. Additionally, sim-
ilar analyses can be made for different demographic groups based on gender, generation and
other characteristics of the respondents, and income could be treated as a continuous variable
to provide a deeper understanding of behavior patterns.
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Moderirajući učinak dohotka na utjecaj elemenata 4P na namjeru kupnje:
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SAŽETAK
U ovom se radu istražuje utjecaj elemenata marketinškog miksa
na namjeru kupnje potrošača u kontekstu Garnier kozmetičkih
proizvoda, uz analizu moderirajuće uloge dohotka potrošača.
Marketinški miks (4P) predstavlja potencijalni alat za obliko-
vanje profitabilnih marketinških strategija i poticanje kupovine.
U istraživanju je sudjelovalo 230 ispitanika, a podaci su anal-
izirani modeliranjem strukturalnim jednadžbama metodom
parcijalnih najmanjih kvadrata (PLS–SEM). Rezultati pokazuju
da jedino element proizvoda statistički značajno utječe na nam-
jeru kupnje. U pogledu moderirajuće uloge dohotka, ispitanici
s nižim dohotkom pokazali su veću osjetljivost na cijenu, dok je
promotivna aktivnost imala utjecaj kod ispitanika s višim do-
hotkom. Istraživanje doprinosi razumijevanju učinkovitih mar-
ketinških strategija u industriji ljepote na primjeru poznatog
globalnog brenda.
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Garnier, dohodak, marketinški miks, PLS–SEM, namjera kupnje
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Želimir Kurtanjek
1,*

1 Prehrambeno–biotehnološki fakultet Sveučilišta u Zagrebu
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SAŽETAK

Predložen je postupak odred̄ivanja nelinearne uzročne povezanosti
dviju varijabli njihovim mapiranjem u Hilbertov prostor reproduci-
rajućih jezgri RKHS (engl. Reproducible Kernel Hilbert Space). Ana-
liza bivarijabilnih zavisnosti dio je razvoja kauzalnih modela umjetne
inteligencije sa svrhom upravljanja složenim sustavima. Poznavanje
kauzalnosti su ključne informacije na kojima se temelji dijagnostika,
predvid̄anje posljedica i donošenje poslovnih odluka. Odred̄ivanje ka-
uzalne relacije varijabli vrši se procjenom empirijske gustoće vjerojat-
nosti KDE (engl. Kernel Density Estimation) u RKHS prostoru. Procjena
smjera kauzalne veze provodi se Nadaraya–Watson aproksimacijom i
usporedbom Pearsonove korelacija varijabli X i Y i modela u RKHS
prostoru, XH(Y) i YH(X). Predloženi postupak testiran je na nizu pri-
mjera: model neurona, simulacijom složenih bivarijabilnih modela s
heteroskedastičnim poremećajima, na poznatim podacima sa Sveuči-
lišta u Tüebingenu, marketinškim "Datarium" podacima učinka druš-
tvenih mreža, i zavisnosti burzovnih indeksa S&P500 i VIX. Takod̄er je
provedena analiza strukture kauzalne povezanosti rodnog jaza osob-
nih dohodaka na podacima američke informatičke tvrtke. Neutvrd̄e-
nost smjera kauzalne veze indicirana je preklapanjem intervala pouz-
danosti Pearsonovih korelacija. Za linearne sustave zbog simetričnosti
uvjetovanih distribucija u oba smjera, predloženom metodom smjer
kauzalne veze nije moguće jednoznačno odrediti.

KLJUČNE RIJEČI
kauzalnost, RKHS, Hilbertov prostor, jezgre, Bayesova kauzalna mreža

1. Uvod

Zaključivanje o uzročno posljedičnim vezama med̄u varijablama temeljem opaženih ili em-
pirijskih podataka je osnovni cilj istraživanja u složenim sustavima (ekonomija, ekologija,
sociologija, medicina). U praksi se najčešće pojavljuje problem prividne ili pogrešne linearne
zavisnosti kada su varijable zapravo nelinearno povezane, što za posljedicu ima i nemoguć-
nost utvrd̄ivanja smjera uzročnosti med̄u varijablama, osobito kada su nepoznate njihove
distribucije vjerojatnosti. Iako se uzročno posljedični odnosi definiraju i argumentiraju na

∗Dopisni autor
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Ovaj članak otvorenog pristupa je objavljen pod CC BY–NC–ND 4.0 licencijom

mailto:zelimir.kurtanjek@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/


68 Kurtanjek

temelju ekonomske teorije, te se testiraju statističkim ili ekonometrijskim postupcima, u em-
pirijskim istraživanjima nedovoljno je zastupljen postupak testiranja uzročnosti u uvjetima
kada je funkcionalni odnos nelinearan i nepoznat. U ekonomskim i financijskim sustavima
raspoloživost kvantitativnih podataka je velika, ali zbog velike složenosti poznatih i nepoz-
natih endogenih interakcija i egzogenih utjecaja, modeliranje i upravljanje računalnim (al-
goritamskim) modelima u ekonomiji je podložno nepouzdanosti te imaju relativno ograni-
čenu primjenu u praksi. Najčešća sintagma kojom se opisuje problem modeliranja uzročne
povezanosti je "korelacija nije kauzalnost". Pogrešna pretpostavka o istovjetnosti korelacije
podataka s kauzalnošću je glavni razlog mogućim pogrešnim modelima i odlukama. Raz-
log su nepoznate, pristrane i pogrešne procjene strukture i parametara modela zbog brojnih
interferirajućih utjecaja i prividnih povezanosti zbog nepoznavanja funkcionalnih kauzalnih
veza (Bareinboim i Hünermund, 2023). Ističu se dva osnovna pristupa analize kauzalnosti
koji se temelje na statističkom pristupu i računalnoj znanosti (Heckaman i Pinto, 2023). Prvi
statistički pristup kauzalnosti zasniva se na statistici potencijalnih učinaka (Imbens i Rubin,
2010; Robin, 2005). Procjenu potencijalnih učinaka moguće je statistički procijeniti meto-
dom usklad̄ivanja podataka, prilagod̄enom regresijom, inverznim težinskim koeficijentima,
ili uporabom instrumentalnih varijabli. Drugi pristup zasniva se na odred̄ivanju povezanosti
strukturne kauzalne mreže (Pearl, 2009). Struktura povezanosti kauzalnih učinaka prikazuje
se kao usmjereni graf s vezama procijenjenih uvjetnim distribucijama.

Za razliku od statističkih pristupa kauzalnosti u ekonometriji, primjena umjetne inteli-
gencije (AI) temelji se na velikom broju podataka i metodama učenja u otkrivanju uzoraka
ponašanja u nelinearnim višedimenzionalnim sustavima bez prethodnih pretpostavki o raz-
diobama gustoće vjerojatnosti i aditivnosti stohastičkih egzogenih utjecaja. U ovom radu
predložen je postupak analize bivarijabilne kauzalnosti primjenom Kolmogorove konjukture
temeljem relacije izmed̄u kompleksnosti i kauzalnosti preslikavanjem podataka u Hilbertov
prostoru reproducirajućih jezgri (RKHS).

2. Teorijski okvir kauzalnosti u RKHS Hilbertovom prostoru

Statistička analiza i modeliranje u znanstvenim područjima, kao što su ekonometrija i kvanti-
tativna sociologija zasniva se na podacima s nestandardnim, i često nepoznatim, razdiobama
gustoće vjerojatnosti. Takod̄er, podaci su med̄usobno na strukturno složeni način nelinearno
povezani, i za koje u načelu nisu poznati matematički oblici zavisnosti. Kada se na takove po-
datke primjene statističkih model sa pretpostavljenim razdiobama i funkcionalnih zavisnosti
(linearne, polinomne, itd.) rezultati analize i modeliranja su vrlo često pristrani i/ili pogrešni.
Preslikavanjem podataka X u Hilbertov prostor H beskonačne dimenzije primjenom vlasti-
tih funkcija ϕ(X), ϕ ∈ H, omogućena je primjena statistike i modeliranja bez neopravdanih
i često pogrešnih pretpostavki (Mitrović i sur., 2018; Hastie i sur., 2017; Vinod, 2020). Po-
sebno su numerički učinkoviti postupci analize i modeliranja izborom Hilbertovog prostora
definiranog jezgrom k : X × X → R koja omogućuje reprodukciju skalarnog produkta u
prostoru H jednostavnom primjenom relacije ⟨(x1), (x2)⟩ = kX(x1, x2) (Buljan, 2021). Teme-
ljem svojstva reprodukcije skalarnog produkta, ovi prostori se nazivaju Hilbertovi prostori
repoducirajućih jezgri RKHS (engl. Reproducing Kernel Hilbert Space). Odred̄ivanje funkcije
cilja f (x) ∈ H pri modeliranju i strojnom učenju u RKHS prostoru zasniva se na svojstvu
reprezentiranosti (engl. representer theorem) funkcije linearnom kombinacijom jezgri funkcija
kX(x, ·) odred̄enih eksperimentalnim podacima xi
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f (x)H = ⟨ f , kX(x, ·)⟩H ∀ f ∈ H, ∀x ∈ X (1)

Procjena razdiobe gustoće vjerojatnosti P(X) u RKHS prostoru je funkcija KDE(x) (engl.
Kernel Density Estimation) odred̄ena sumom N Gaussovih jezgri

P(X) ≈ KDE(x) =
1
N

N

∑
i=1

kX(xi, x) (2)

Izborom parametra pojasne širine h Gaussove jezgre odred̄ena je "glatkost" interpolacije
koji se procjenjuje unakrsnom provjerom valjanosti (engl. cross–validation). Izborom malih h
vrijednosti postiže se interpolacija koja ima mala odstupanja od eksperimentalnih podataka,
ali je podložna utjecaju slučajnih eksperimentalnih pogrešaka.

kX(xi, xj) = exp

(
−
||xi − xj||2

h2

)
(3)

Primjenom Bayesovog teorema, uvjetna distribucija gustoće vjerojatnosti P(Y|X) odre-
d̄ena je omjerom združene i marginalne distribucije

P(Y|X) =
P(X, Y)

P(X)
(4)

koje se aproksimiraju pripadajućom funkcijom (2), i izrazom za KDE(x, y)

P(X, Y) ≈ KDE(x, y) =
1
N

N

∑
i=1

kX(xi, x)kY(yi, y) (5)

odred̄ene su KDE aproksimacije uvjetnih distribucija gustoća vjerojatnosti

P(Y|X) ≈ KDE(y|x) =

N

∑
i=1

kX(xi, x)kY(yi, y)

N

∑
i=1

kX(xi, x)

P(X|Y) ≈ KDE(x|y) =

N

∑
i=1

kX(xi, x)kY(yi, y)

N

∑
i=1

kY(yi, y)

(6)

Matematički model y(x) funkcionalne zavisnosti dviju slučajnih varijabli X i Y odred̄en
je matematičkim očekivanjem uvjetne distribucije

y(x) = E(Y|X = x) =
∫

y
P(x, y)
P(x)

dy (7)

Primjena KDE aproksimacija u izrazu (7) i integracija odred̄uju modele pretpostavljene
kauzalne zavisnosti X → Y : yH(x) i Y → X : xH(y)
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y(x) ≈ yH(x) =

N

∑
i=1

kX(xi − x)yi

N

∑
i=1

kX(xi − x)

x(y) ≈ xH(y) =

N

∑
i=1

kY(yi − y)xi

N

∑
i=1

kY(yi − y)

(8)

Pretpostavljena funkcionalna zavisnost testira se primjenom HSIC kriterija nezavisnosti
(engl. Hilbert–Schmidt Independence Criteria) varijabli Y, X u RKHS prostoru i koeficijentom
korelacije rH(X, Y). Za razliku od Pearsonove korelacije, područje vrijednosti korelacije u
Hilbertovom prostoru je rH ∈ [0, 1], 0 za nezavisnost i 1 za potpunu zavisnost (idealnu
korelaciju) X i Y

HSIC(X, Y) = ||CX,Y||2H ≈ 1
(N − 1)2 tr(Kx HKy H) (9)

rH(X, Y) =
HSCI(X, Y)√

HSIC(X, X)
√

HSIC(Y, Y)
(10)

pri čemu je C matrica unakrsne korelacije X i Y, Kx i Ky su Gramove matrice vrijednosti
skalarnih produkata jezgri,

Kx[i, j] = kx(xi, xj) Ky[i, j] = ky(xi, xj) (11)

H je matrica za standardizaciju podataka, a tr je trag matrice. Osim odred̄ivanja signifi-
kantnosti funkcionalne povezanosti y = f (x), ključni cilj svakog znanstvenog istraživanja je
odrediti smjer kauzalne povezanosti, na primjer u ekonometriji odgovoriti na pitanje da li
je promjena cijene proizvoda X uzrok promjene prodaje Y(X), ili je promjena prodaje uzrok
promjene cijene proizvoda X(Y). Za odred̄ivanje smjera kauzalnosti primjenom kvantitativ-
nih podataka moguće je primijeniti Kolmogorov koncept mjere algoritamske kompleksnosti
(Mitrović i sur., 2018; Allen i McAleer, 2020; Kolmogorov, 1968). Temeljna pretpostavka je
da model (algoritam) predikcije posljedice je jednostavniji (manje kompleksan) u usporedbi
s modelom predikcije uzroka iz podataka posljedice. Jednostavnim riječima, "lakše i točnije"
je objasniti (algoritmom i/ili modelom) posljedicu zavisno o uzroku, nego li objasniti uz-
rok posljedicom. U ovom radu se kao mjera kompleksnosti predlaže usporedba Pearsonove
korelacije r predikcije RKHS modela i izvornih podataka. Ispituje se da li RKHS model yH
predikcije posljedice ima veći Pearsonov koeficijent korelacije varijable posljedice Y, u odnosu
na model uzroka xH odnosno ispituje se statistička značajnost relacije:

X → Y r (y, yH(x)) > r (x, xH(y)) (12)

Doseg primjenljivosti odlučivanja temeljem bivarijabilne analize y = f (x) u ekonometriji
je ograničen istovremenim utjecajem više i/ili velikog broja endogenih i egzogenih faktora
koji su med̄usobno funkcionalno povezani. Istovremeni utjecaj više faktora često ima za po-
sljedicu paradoksalne zaključke. U ekonometriji mogući su primjeri pojave paradoksalnih
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procjena, na primjer Berkensonov paradoks kao sustavna pogreška uzorkovanja populacije,
i/ili Simpsonovov paradoks kao promjena trenda zavisno o postupku stratifikacije podataka
(Pearl, 2009). Ekonomski procesi su dinamički sustavi i vremenski nizovi ekonometrijskih po-
dataka su kauzalno i asocijativno povezani. Za analizu asocijativne vremenske povezanosti
modelom linearnih stacionarnih procesa uobičajeno se primjenjuje Grangerov model med̄u-
sobne povezanosti predikcije vremenskih nizova. Grangerov model je bez analize eksplicitne
kauzalnosti, a s time i nemogućnosti protu činjenične analize mogućih odluka (Shojale i Fox,
2022). Da se eliminira utjecaj paradoksalnih procjena kao posljedica višestrukih utjecaja pri-
mjenjuje se Bayesova kauzalna mreža kao usmjereni aciklički graf DAG (engl. Directed Acyclic
Graph). Odred̄ivanje strukture DAG mreže u ekonometriji je složeni problem i u ovom radu
je dan primjer algoritma optimizacije BIC kriterija (engl. Bayes Information Criteria). BIC je
odred̄en ravnotežom vjerodostojnosti (engl. likelhood) podataka L i kompleksnosti modela
kauzalne mreže. Bayesova kauzalna mreža BCN (engl. Bayes Causal Network) odred̄ena je
skupom čvorova (varijabli Xi) i usmjerenih veza Ei, tj. BCN = {X, E}. Pretpostavkom da
je ekonomski proces koji generira podatke Markovljev sustav, vjerodostojnost k−tog modela
DAGk mreže odred̄ena je produktom uvjetne vjerojatnosti pojedine varijable Xi odred̄ene
pripadajućim varijablama "roditelja" pa(Xi):

L(DAGk) =
N

∏
i=1

P(Xi|pa(Xi|DAGk)) (13)

Složenost modela pojedine k−te hipotetske BCN mreže odred̄ena brojem stupnjeva slo-
bode Np (broj poveznica Ei) i brojem uzoraka podataka N za učenje mreže. BIC kriterij dan
je razlikom složenosti mreže i logaritma uvjetne najveće vjerodostojnosti procjene podataka:

BIC(k) = Np(k)log(N)− 2log(L(DAGk)) (14)

BIC se optimizira iz skupa hipotetskih DAGk mreža penaliziranjem broja Np čvorova
mreže i podataka N. Ključni korak odred̄ivanja kauzalne mreže BCN je definiranje skupa
DAGk mogućih mreža povezivanjem a priori poznatih funkcionalnih zavisnosti sa skupom
mogućih relacija. Za postupak optimizacije moguće je primijeniti heuristički Hillov postu-
pak odred̄ivanja lokalnog optimuma ili postupak traženja globalnog optimuma genetičkim
algoritmom.

D̂AG = min︸ ︷︷ ︸
k

(BIC(k)) (15)

Moguće nesuglasnosti i moguće pogreške kao i posljedice nelinearnih odnosa na ka-
uzalne relacije implicirane prihvaćene optimalne DAG mreže moguće je provjeriti preslikava-
njem podataka u RKHS prostor i odred̄ivanjem parcijalnih korelacija višestrukih regresijskih
modela:

X → Y pcor (y, yH(x)) > pcor (x, xH(y)) (16)
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3. Teorijski kauzalni modeli

Za provjeru točnosti i kao ilustraciju mogućnosti primjene predloženog postupka preslikava-
nja podataka u RKHS prostor za odred̄ivanje bivarijabilne kauzalnosti, primijenjeni su podaci
dobiveni simulacijom teoretskih modela i realnim podacima iz ekonometrijskih baza. Kao te-
meljni primjer za odred̄ivanje smjera kauzalnosti odabran je model neurona (Tablica 1). Mate-
matički neuron je paradigmatski model umjetne inteligencije AI (engl. Artificial Intelligence) s
primjenama u ekonometriji i mnogobrojnim drugim znanstvenim područjima. U ovom radu
primijenjen je matematički model dan izrazom Y = tanh(X) + e, pri čemu je e ukupna razina
poremećaja, Y je odziv neurona, a mjerni šum je Gaussov proces s normalnom razdiobom
e ∼ N(0; 0, 4). Na Slici 1 prikazani su simulirani podaci zavisnosti odziva neurona Y o razini
ukupnog poremećaja X.

Slika 1. A) Shematski prikaz modela neurona i B) simulirani podaci

Za numeričku obradu simulirani podaci povezani su u jedinstvenu matricu podataka bez
naznake koja varijabla je uzrok, a koja posljedica. Na Slici 2 prikazane su uvjetne razdiobe
dobivene simulacijom, tj. na A dijelu slike prikazane su KDE procjene gustoće vjerojatnosti
u protukauzalnom smjeru P(X|Y = y) ≈ KDE(X) za izabrane vrijednosti odziva neurona
y = (−0, 8; 0; 0, 8), a na djelu B su prikazane razdiobe P(Y|X = x) ≈ KDE(Y) za izabrane
vrijednosti razine ulaznog signala x = (−0.3, 0, 0.3). Ovi grafički prikazi jasno pokazuju
veliku razliku u kompleksnosti modela zaključivanja u protukauzalnom smjeru (Slika 2A) u
odnosu na model u kauzalnom smjeru (Slika 2B).

Slika 2. Uvjetne razdiobe gustoća vjerojatnosti A) zavisnosti P(X|Y=y) i B) zavisnosti P(Y|X=x)
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Posljedica kompleksnosti modela zaključivanja u protukauzalnom smjeru su velika ne-
sigurnost u procjenama vrijednosti ciljanih varijabli i donošenje pogrešnih odluka u postup-
cima upravljanja sustavima. Zaključivanje o smjeru kauzalnosti temeljem podataka prove-
deno je primjenom kriterija usporedbe Pearsonove korelacije (12) podataka i modela u Hil-
bertovom prostoru (8). Testirani nelinearni modeli dani su u Tablici 1. Dane su Pearsonove
korelacije izvornih podataka (x, y) s procjenama regresijskih modela (y) intervali pouzdanosti
C.I., i rezulati kauzalne analize. Za model y = x3 + x + ε Pearsonova korelacija izvornih po-
datka x, y ∈ R je r(x, y) = 0, 945 što ukazuje da je zbog većine podataka u intervalu (−σ, +σ)

zavisnost je približno linearno proporcionalna y = a + bx. Budući da su za linearno zavisne
varijable uvjetovane razdiobe gustoće vjerojatnosti simetrične (identične), P(X|Y) = P(Y|X),
za dvije linearno povezane varijable u prostoru R izvornih podataka nije moguće odrediti
smjer kauzalnosti. Da bi se moglo zaključiti o smjeru potrebno je modelirati nelinearne od-
nose med̄u podacima. Podaci su preslikani u RKHS prostor gdje su procijenjeni regresijski
modeli yH(x) i xH(y), (Racine, 2008). Dobivene su Pearsonove nesimetrične korelacije RKHS
modela i pripadajućih izvornih podataka, r(y, yH(x) i r(x, xH(y).

Da se provjeri statistička signifikantnost razlika u korelacijama odred̄ene su pripadni
intervali pouzdanosti CI (engl. confidence intervals), CI[r(y, yH(x)] i CI[r(x, xH(y)]. Budući
da nema preklapanja intervala pouzdanosti procjena korelacija s RKHS modelima one su
značajno različite (Tablica 1). Temeljem Kolmogorovog kriterija povezanosti kompleksnosti
i kauzalnosti (12) potvrd̄uje se uzročna veza odziva y neurona o razini ulaznog signala x.
Predloženi postupak odred̄ivanja kauzalne bivarijabilne relacije, osim modela neurona, testi-
ran je na nizu složenih funkcija u uvjetima nestacionarnosti kada je razina slučajnog utjecaja
proporcionalna heteroskedastičnosti. Testirane su kombinacije transcendetalnih i periodič-
nih funkcija. Ulazna funkcija x je slučajna veličina definirana s konstantnom distribucijom
gustoće vjerojatnosti u području X ∈ [−2, 2], izvor šuma je slučajna varijabla ε s normal-
nom razdiobom N(0; 0, 4), a heteroskedastičnost je modelirana produktom ulazne varijable
i normalne razdiobe slučajnog šuma. Simulirano je ns = 1000 uzoraka.

Tablica 1. Rezultati analize bivarijabilne kauzalnosti

Model ε r(x, y) r(y, yH(x)) CI[r(y, yH(x))] r(x, xH(y)) CI[r(x, xH(y))] y = f (x)

ε1 0,945 0,992 0,991–0,993 0,983 0,981–0,985 x → y
y = x3 + x + ε ε2(x) 0,945 0,992 0,991–0,993 0,983 0,980–0,985 x → y

ε3(x) 0,944 0,991 0,990–0,992 0,975 0,972–0,978 x → y

ε1 −0,009 1,000 0,999–1,000 0,009 −0,05–0,071 x → y
y = log(x + 10) + x6 + ε ε2(x) −0,009 0,899 0,899–1,000 0,033 −0,03–0,095 x → y

ε3(x) −0,009 0,899 0,899–0,999 −0,004 −0,07–0,058 x → y

ε1 0,637 1,000 1,000–1,000 0,931 0,923–0,939 x → y
y = sin(10x) + e3x + ε ε2(x) 0,637 1,000 1,000–1,000 0,932 0,924–0,940 x → y

ε3(x) 0,637 1,000 1,000–1,000 0,935 0,920–0,942 x → y

y = tanh(x) + ε e1 0,944 0,993 0,993–0,995 0,966 0,950–0,980 x → y

ε1 0,976 0,977 0,973–0,979 0,978 0,975–0,981 x ↔ y
y = 2x + ε ε2(x) 0,976 0,976 0,973–0,979 0,978 0,975–0,981 x ↔ y

ε3(x) 0,972 0,972 0,968–0,975 0,977 0,974–0,980 x ↔ y

Bilješka: postavke simulacija X ∈ [−2, 2], ns = 1000, ε1 ∼ N(0; 0, 4), ε2(x) ∼ N(0; 0, 4)(1 + 0, 1x),
aaaaaaaε3(x) ∼ N(0; 0, 4)log(|x|), yH(x) = Ey(YH |X = x), xH(y) = Ex(XH |Y = y)
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Za provjeru predloženog kriterija kauzalnosti testirana su četiri nelinearna i jedan line-
arni model. Izabrani su nelinearni modeli s podatkovno slabo i s jako izraženom nelinear-
nošću, odnosno s zanemarivim i visokim stupnjem korelacije testiranih podataka. Testirani
nelinearni polinom trećeg stupnja i model neurona tanh(x), za izabranu domenu ulaznog
poremećaja, nemaju podatkovno izraženu nelinearnost i stoga imaju visoki stupanj korelacije
testiranih podataka r(x, y) = 0, 94. Podaci testiranog modela kombinacije logaritamske funk-
cije i polinoma šestog stupnja imaju izrazito nelinearnu zavisnost i nesignifikantnu korelaciju
r(x, y) = 0, 009. Podaci modela kombinacije trigonometrijske i eksponencijalne funkcije su
izrazito nelinearni s korelacijom r(x, y) = 0, 637. Usporedba Pearsonovih korelacija testiranih
podataka i odgovarajućih regresijskih modela u RKHS prostoru pokazuje razlike koje implici-
raju kompleksnost protu kauzalnih modela i time procjenu smjera kauzalne veze. Značajnost
razlika korelacija potvrd̄ena je ne preklapanjem intervala pouzdanosti. Za sve primjere potvr-
d̄ena je točnost procjene smjera kauzalne zavisnosti, osim za linearni model za koji teoretski
ne postoji razlika kompleksnosti modela, odnosno uvjetne razdiobe gustoće vjerojatnosti u
oba smjera su jednake, P(X|Y) = P(Y|X).

4. Primjeri kauzalnosti ekonometrijskih podataka

Ispitivanje bivarijabilne kauzalnosti s realnim ekonometrijskim i socio–ekonomskim poda-
cima je znatno složenije i nesigurnije. Razlog je to što su u realnim sustavima faktori me-
d̄usobno povezani i dolazi do manjeg ili većeg preklapanja i interferencije različitih uzroka i
posljedica. U takvim uvjetima analiza kauzalnosti izdvajanjem samo dva faktora je ograni-
čena i često ima za posljedicu pristrane procjene. U svrhu testiranja predloženog algoritma
odred̄ivanja kauzalnosti primijenjena je analiza socio–ekonomskih, financijskih i burzovnih
podataka. Zaključci o smjeru kauzalnog učinka i statistički parametri dani su u Tablici 2.
Temeljem podataka iz baze "Datarium" (Kassambara, 2019), ispitana je kauzalna veza izmed̄u
prodaje i posjeta društvenim mrežama Facebook, YouTube i oglašavanja u tiskovinama. Re-
zultati pokazuju da prodaja ima pozitivni povratni utjecaj na broj posjeta društvenim mre-
žama. Najizraženija je veza izmed̄u prodaje i broja posjeta YouTube mreži, r(x, y) = 0, 782, ali
bez jednoznačne procjene smjera kauzalnosti. Najmanji učinak na prodaju ima oglašavanje
u novinama (r(x, y) = 0, 228). Neodred̄enost smjera kauzalnosti je posljedica istovremenog
preklapanja učinaka koja nije uzeta u obzir u ovoj bivarijabilnoj analizi. Temeljem podataka
iz baze parova varijabli "Tüebingen" (Mooi i sur., 2015), analizirana je kauzalna povezanost
dionica banaka. Hang Seng Bank je sestra banke HSBC, a banke Hutchinson i Cheung Kong
posluju samostalno. Vrijednosti dionica banaka su čvrsto povezane s koeficijentima korelacije
od r = 0, 703 do r = 0, 814. Nesimetričnost uvjetnih korelacija s pripadajućim RKHS mode-
lima ne omogućuje jednoznačno odred̄ivanje smjera kauzalnog utjecaja. Moguće objašnjenje
je neraspoloživost ostalih faktora nužnih za kauzalnu analizu. Kao jednostavniji primjer ne-
posrednog kauzalnog utjecaja uzeti su podaci o odnosu dobi djelatnika i osobnog dohotka.
Odabrani su podaci iz dvije baze, "Tübingen" i Canadian Census Public (Racine, 2008). Iako
su podaci iz dvije različite zemlje, Njemačke i Kanade, rezultati su sukladni, koeficijenti
korelacija su r = 0, 223 i r = 0, 231, a iz nesimetričnosti uvjetnih korelacije s RKHS mode-
lima pouzdano je potvrd̄en očekivani smjer kauzalnosti. Ekonometrijski najvažniji primjer
je odred̄ivanje kauzalnog odnosa izmed̄u S&P500 i VIX indeksa. Financijska tržišta su iz-
razito kompleksna zbog mnogobrojnih egzogenih faktora (ekonomski, politički, psihološke
percepcije). VIX indeks je ključan u postupku donošenja poslovnih odluka u trgovini i inves-
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ticijama. Primjena umjetne inteligencije (AI) omogućuje povezivanje brojnih faktora s ciljem
utvrd̄ivanja uzoraka ponašanja i predvid̄anja (Carter, 2025). Iako su predikcije AI modelima
uglavnom pouzdane u kvazi stacionarnim ekonomskim i gospodarskim uvjetima, agnostički
AI modeli zbog svoje asocijativne prirode ne mogu objasniti očekivanja intervencijskih odluka
i protučinjeničnih promišljanja Pearl (2009).

Slika 3. Dnevne standardne vrijednosti indeksa S&P500 (plavo) i VIX (crveno) u razdoblju od 2018. do 2024.

U ovom su radu za kauzalnu analizu korišteni dugogodišnji podaci, od početka 2018.
do kraja 2024., dostupni s internet poslužitelja "Chicago Board Options Exchange" (CBOE).
Grafički prikaz dinamike dnevne srednje standardizirane vrijednosti indeksa prikazan je na
Slici 3, a rezultati kauzalne analize u Tablici 2.

Tablica 2. Bivarijabilna kauzalna analiza ekonometrijskih podataka

r(x, y) r(y, yH(x)) r(x, xH(y)) Kauzalni smjer

Marketing
(baza "Datarium")
y = prodaja

x = Facebook posjeti 0.576 0.574 0.646 X ↔ Y
x = YouTube posjeti 0.782 0.788 0.833 X ↔ Y
x = novinski oglasi 0.228 0.271 0.247 X ↔ Y

Financije
(baza "Tübingen")
y = HSBC dionice

x = Hang Seng Bank dionice 0.814 0.827 0.825 X ↔ Y
x = Hutchison Bank dionice 0.814 0.825 0.827 X ↔ Y
x = Cheung Kong dionice 0.703 0.713 0.701 X ↔ Y

Socio–ekonomski
y = dohodak

x = dob (baza "Tübingen") 0.223 0.324 0.271 X → Y
x = dob (baza "csp71") 0.231 0.564 0.328 X → Y

x = S&P500
y = VIX

2018–2022 −0.585 0.721 0.662 X → Y
2020–2022 −0.689 0.916 0.846 X → Y
2022–2024 −0.630 0.659 0.678 X ↔ Y

Korelacije su negativne, tj. povećanje S&P500 ima za posljedicu smanjene indeksa rizika
VIX. indeksa su u intervalu od r = −0, 585 do r = −0, 689. Za podatke u razdobljima od
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2018. do 2020., i 2020. do 2022., jednoznačna procjena smjera kauzalnosti je da promjena
S&P500 je uzrok promjene VIX, ali za razdoblje od 2022. do kraja 2024. kauzalni smjer nije
jednoznačno procijenjen. Moguće objašnjenje je da postoji i pozitivna povratna veza kojom
VIX destabilizira S&P500 indeks.

5. Bayesova kauzalna mreža rodnog jaza u ICT industriji

Razvoj informacijske i računalne tehnologija ICT (engl. Information and Computer Technology)
je najbrže rastući sektor svjetske a tako i hrvatske ekonomije. Analiza razloga i kauzalne
povezanosti faktora rodne neravnopravnosti u ICT je od velike važnosti za donošenja odluka
održavanja socijalne pravednosti i optimalnog korištenja ljudskog potencijala. Mnogobrojni
su ekonomski, kulturološki i socijalni faktori, kao i složenost njihove interakcije, koji se ne
mogu reducirati na razinu bivarijabilne kauzalne analize. Kao primjer složenog kauzalnog
modela dan je primjer ICT američke tvrtke (Chamberlain, 2016, 2024). Dana je baza podataka
s rodno uravnoteženim uzorcima od 1000 djelatnika, 532 muških i 468 ženskih. Prosječna
godišnja primanja su 98457 USD i 89942 USD za muške i ženske djelatnike, što čini rodni
jaz od 8,7%. Dani su podaci za sljedećih 9 kauzalno važnih faktora: radno mjesto (funk-
cija), rod, dob, ocjena učinkovitosti, razina obrazovanja, odjel u firmi, radni staž, osnovna
plaća, i bonus dodatak. Odred̄ena je struktura usmjerenog acikličkog grafa (DAG) modela
kauzalne Bayesove mreže optimiranjem Bayesovog informacijskog kriterija BIC (13)–(14). Pri-
mijenjen je heuristički Hillov postupak optimiranja DAG strukture (Scutari, 2010). Rezultat
je graf kauzalne mreže prikazan na Slici 4. Jakosti neposrednih kauzalnih učinaka odred̄eni
su procjenom metodom najmanjih kvadrata parametra linearnih modela sa standardiziranim
vrijednostima faktora zi = ∑

i
βi pa(zi).

Slika 4. Kauzalni Bayesov usmjereni aciklički graf rodnog jaza
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Kauzalni Bayesov usmjereni aciklički graf DAG (Slika 4) pokazuje da je osobni dohodak
neposredno odred̄en dobom djelatnika, radnim stažom, radnom funkcijom u tvrtki, kvalifika-
cijom, radne učinkovitosti, i rodom djelatnika. Najveći neposredni učinak na osobni dohodak
imaju dob djelatnika β = 0, 58, radni staž u tvrtki β = 0, 53, i položaj odnosno radna funk-
cija β = 0, 4. Rod djelatnika na osobni dohodak ima najmanji neposredni učinak β = 0, 02.
Interesantno je uočiti da rod djelatnika nije kauzalno povezana s ocjenom učinkovitošću na
radnom mjestu. Bonus, dodatak osobnom dohotku, nije neposredno kauzalno povezan sa
rodom i bitno je odred̄ena učinkovitošću na radnom mjestu i dobom starosti djelatnika. Iako
je neposredni učinak roda na jaz osobnog dohotka malen, ukupni posredni učinak putem
radne funkcije je značajan i iznosi 8,7% (Slika 5).

Slika 5. A) Prikaz rodnog jaza i B) neposredni kauzalni učinak radne funkcije i roda na osobni dohodak

6. Diskusija

Istražena je metodologija procjene kauzalnosti iz ekonometrijskih podataka kao najvažnije
informacija za upravljanje ekonomskih sustava na mikro i makro razinama. Predložen je i
testiran postupak procjene kauzalne relacije temeljem Kolmogorovog koncepta veze izmed̄u
kompleksnosti sustava (modela) i kauzalnosti. Kriterij odred̄ivanja smjera kauzalne veze
je usporedba iznosa Pearsonove korelacije izmed̄u izmjerenih podataka i neparametarskog
modela u Hilbertovom reproducirajućih jezgri RKHS. Predloženi kriterij odred̄ivanja smjera
ispitan je na nizu teoretskih (simuliranih) bivarijabilnih modela i takod̄er na brojnim realnim
ekonometrijskim, socio–ekonomskih i financijskim podacima iz različitih javno potvrd̄enih
izvora.

Kolmogorova konjektura da se kauzalni smjer može odrediti usporedbom složenosti mo-
dela potvrd̄ena je na primjeru simuliranih podataka umjetnog neurona uz superpoziciju od-
ziva neurona i Gaussovog mjernog šuma. Grafički prikazi modela uvjetnih razdioba P(yH|x)
i P(xH|y) jasno potvrd̄uje konjukturu i usporedbom Pearsonovih korelacija točni zaključak o
smjeru kauzalne veze.
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Predloženi postupak kauzalne analize provjeren je za različite oblike nelinearnosti (poli-
nomna, eksponencijalna, trigonometrijska) uz heteroskedastični utjecaj egzogenog slučajnog
poremećaja. Na svim primjerima potvrd̄ena je točnost metode procjene kauzalnog smjera. Ta-
kod̄er je potvrd̄eno da za linearnu zavisnost, kada ne postoji asimetričnost uvjetnih razdioba,
ovom metodom nije moguće odrediti smjer kauzalne relacije.

Bivarijabilna kauzalna analiza realnih podataka pokazuje nužnost poznavanja podataka
o kofaktorima koji istovremeno utječu na uzrok i posljedicu. Nepoznavanje podataka ko–
faktora ima za posljedicu pristranost procjene jakosti kauzalnog učinka i moguću pogrešnu
procjenu kauzalnog smjera. Kada rezultati usporedbe kompleksnosti modela pokazuju prek-
lapanje pripadajućih intervala pouzdanosti nije moguća jednoznačnost procjena uzročno po-
sljedičnog smjera. Točna i jednoznačna procjena kauzalnosti odred̄ena je samo za zavisnost
osobnog dohotka o starosti djelatnika jer nema utjecaja ko–faktora na dob ljudi. Interesantan
rezultat je dobiven za ispitivanje kauzalne zavisnosti VIX indeksa o S&P500 indeksu. Za raz-
doblje od 2018. do 2022. potvrd̄en je smjer zavisnosti, ali za razdoblje od 2022. do 2024. taj
zaključak nije jednoznačan i implicira mogući povratni utjecaj VIX na S&P500.

Za nepristranu procjenu kauzalnog modela u načelu su potrebni podaci svih faktora
koji su neposredno i posredno povezani s ciljnim varijablama. Analiziran je kauzalni model
rodnog jaza osobnog dohotka u ICT tvrtki. Primijenjen je model Bayesove kauzalne mreže
odred̄ene optimiranjem BIC Bayesovog informacijskog indeksa. Model otkriva da rodni jaz
od 8,7% nije posljedica neposrednog rodnog utjecaja, već posrednim utjecajem roda na izbor
za funkcije na rukovodećim radnim mjestima.

7. Zaključak

Za razumijevanje i upravljane sociološkim ekonomskim sustavima u središtu znanstvenog
interesa i prakse su modeliranje i kauzalna analiza temeljem povezivanja velikog broja poda-
taka i brzine komunikacija. Važnost sustavskog pristupa i povezivanje baza podataka postala
je izuzetno istaknuta razvojem umjetne inteligencije AI. U ekonometriji su poznati brojni
primjeri primjene strojnog učenja neuronskim mrežama i algoritma dubokog učenja. Najvaž-
niji cilj postojećih AI modela je utvrd̄ivanje pravila povezanosti vladanja, odnosno uzoraka
ponašanja, ekonometrijskih, financijskih i socioloških značajki. Većina AI modela smatra se
"crnim kutijama", a osnova inteligencije su nelinearni regresijski modeli procjene ciljnih vari-
jabli. Iako ti modeli nemaju znanje o kauzalnim relacijima, u načelu njihova točnost predikcije
u uvjetima učenja je značajna i imaju veliku praktičnu primjenu.

Doprinos ovog rada je predloženi algoritam procjene kauzalnosti temeljem Kolmogorove
konjekture o kompleksnosti i kauzalnosti, i statističkim zaključivanjem preslikavanjem eko-
nometrijskih podataka u Hilbertov prostor jezgri RKHS. Povezivanjem kauzalnih odnosa i
optimiranjem Bayesovog informacijskog kriterija BIC odred̄uje se kauzalna Bayesova mreža
koja omogućuje zaključivanje i donošenje odluka na sve tri razine znanja: 1) predvid̄anje re-
gresijom, 2) analiza mogućih intervencije ili odluka upravljanja u sustavu, 3) protučinjenično
testiranje hipoteza i uzročno–posljedičnih veza moguće hipotetske intervencije.

Poznavanje uzročno–posljedične veze dviju varijabli, X i Y, temelj je razvoja kauzalnih
modela umjetne inteligencije AI, za dinamičke (vremenske nizove), panel analize i prostorno
distribuirane sustave.
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SUMMARY
A procedure for determining nonlinear causal relationships
between two variables is proposed by mapping them into a re-
producing kernel Hilbert space (RKHS). The analysis of bivari-
ate dependencies is a component of developing causal models
in artificial intelligence for the purpose of managing complex
systems. Understanding causality provides key information
that underpins diagnostics, consequence forecasting, and bu-
siness decision–making. The determination of causal relation-
ships between variables is performed by estimating the empi-
rical probability density using kernel density estimation (KDE)
within the RKHS framework. The direction of the causal link
is assessed using the Nadaraya–Watson approximation and by
comparing Pearson correlations of the variables X and Y with
those of the models in RKHS space, XH(Y) and YH(X). The
proposed method was tested on several examples: a neuron
model, simulations of complex bivariate models with hetero-
skedastic disturbances, well–known datasets from the Univer-
sity of Tübingen, marketing "Datarium" data on social media
impact, and dependencies between stock indices S&P500 and
VIX. Additionally, an analysis of the causal structure related to
the gender pay gap was conducted using data of IT company
from a U.S. Ambiguity in the direction of the causal relationship
is indicated by the overlap of confidence intervals for Pearson
correlations. For linear systems, due to the symmetry of con-
ditional distributions in both directions, the proposed method
cannot unambiguously determine the direction of causality.
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Kalendarski učinci rebalansiranja na Zagrebačkoj burzi
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SAŽETAK

U radu se istražuju kalendarski učinci rebalansiranja na Zagrebačkoj
burzi (ZSE) analizom dnevnih prinosa indeksa CROBEX i CROBIS u
razdoblju od rujna 2003. do ožujka 2025. Pomoću regresijske analize
i simulirane investicijske strategije ispituje se predvid̄aju li sustavne
razlike u prinosima izmed̄u dionica i obveznica na početku mjeseca
korekcije prinosa na kraju mjeseca. Rezultati ukazuju na negativnu
povezanost izmed̄u razlika prinosa u prvoj i zadnjoj trećini mjeseca,
što potvrd̄uje postojanje kalendarskog efekta rebalansiranja. Predlože-
nom investicijskom strategijom ostvaruju se znatno bolji rizikom prila-
god̄eni prinosi, sa Sharpeovim omjerom dvostruko većim od strategije
"kupi i drži" indeks CROBEX. Robusnost rezultata utvrd̄ena je anali-
zom osjetljivosti na vremenski okvir rebalansiranja, pri čemu se naj-
bolji prinosi ostvaruju upravo pet dana prije kraja mjeseca. Suprotno
tome, placebo efekt s rebalansiranjem početkom mjeseca pokazuje sla-
bije rezultate, što sugerira da je isti povezan s institucionalnim aktiv-
nostima krajem mjeseca. Dobiveni nalazi pružaju uvid u vremensku
osjetljivost strategija rebalansiranja i ukazuju na mogućnosti poboljša-
nja prinosa izranjajućih tržišta.

KLJUČNE RIJEČI
investicijska strategija, kalendarski učinci, rebalansiranje, portfelj

1. Uvod

Efikasno upravljanje investicijskim portfeljima institucionalnih investitora zahtjeva njihovo
rebalansiranje, najčešće prema graničnom ili kalendarskom principu (Harvey i sur., 2025).
Granično rebalansiranje odvija se kada alokacija imovine odstupa od unaprijed definiranih
granica, dok kalendarsko rebalansiranje podrazumijeva redovite prilagodbe u jednakim vre-
menskim intervalima, obično mjesečno, tromjesečno ili godišnje. Iako postojeća literatura
opsežno razmatra rebalansiranje portfelja i povezane kalendarske efekte na med̄unarodnim
financijskim tržištima (Athanassakos, 2022; Hoffstein i sur., 2019), manje je pažnje posvećeno
izranjajućim tržištima poput Zagrebačke burze (engl. Zagreb Stock Exchange).

Ovaj rad ispituje kalendarske efekte rebalansiranja na hrvatskom financijskom tržištu
analizirajući mjesečne sezonske obrasce u prinosima dioničkog indeksa CROBEX i obveznič-
kog indeksa CROBIS u razdoblju od rujna 2003. do ožujka 2025. godine. Točnije, istraživanje
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©2025 Autorska prava ovog članka zadržana su od strane autora
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analizira utječu li sustavne razlike prinosa izmed̄u dionica i obveznica na početku mjeseca
na prinose ostvarene u zadnjim trgovinskim danima mjeseca. Za razliku od prethodnih is-
traživanja ovaj rad uvodi robusni metodološki okvir koji kombinira regresijsku analizu sa
simuliranom investicijskom strategijom. Primijenjena strategija u radu dodatno uključuje
provjeru robusnosti rezultata varirajući vremensku točku unutar mjeseca u kojoj se provodi
rebalans, kako bi se utvrdilo jesu li uočeni kalendarski efekti osjetljivi na specifičan vremen-
ski okvir rebalansiranja. Regresija razlike prinosa pokazuje negativan odnos, što potvrd̄uje
kalendarski efekt. Investicijska strategija koja kupuje podcijenjenu imovinu 5 dana prije kraja
mjeseca ostvaruje značajno bolje rezultate od strategije koja uvijek drži CROBEX ili CROBIS
zadnjih 5 dana u mjesecu ili tijekom cijelog razdoblja. Sharpovi omjeri su dvostruko veći u
odnosu na strategiju "kupi i drži" CROBEX indeks.

U analizi robusnosti testira se osjetljivost rezultata na dvije promjene. Prvo, procjenjuje
se efekt rebalansiranja na početku mjeseca umjesto na kraju mjeseca. Izračunava se prinos
CROBEX i CROBIS indeksa u posljednjih 15–ak trgovinskih dana u mjesecu, te se potom na
početku sljedećeg mjeseca kupuje imovina koja je ostvarila relativno manji prinos. Rezultati
pokazuju da ovakva strategija ostvaruje znatno lošije rezultate od bazične strategije koja ku-
puje relativno podcijenjenu imovinu 5 dana prije kraja mjeseca. Drugi dio analize robusnosti
analizira utjecaj pomaka u broju dana od kraja mjeseca prema sredini mjeseca. Utvrd̄uje se
utjecaj na rezultat s obzirom na pomak varijable od 2 do 10 dana od kraja prema sredini
mjeseca. Rezultati pokazuju da se najbolji rezultati postižu kada se kupuje podcijenjena imo-
vina 5 dana prije kraja mjeseca. Sharpeov omjer se smanjuje kako se broj dana smanjuje ili
povećava, ali je konzistentno veći od Sharpeov omjera CROBEX indeksa po principu "kupi i
drži".

Iako su kalendarski učinci u kontekstu tržišnih anomalija temeljito proučavani na glo-
balnim i razvijenim tržištima, empirijska istraživanja usmjerena isključivo na hrvatsko tržište
su rijetka. Postojeće studije Hrvatsku često uključuju u širi uzorak balkanskih ili srednjois-
točnoeuropskih (SIE) zemalja, bez donošenja zasebnih zaključaka za hrvatsko tržište. Ovo
istraživanje popunjava taj jaz sustavnom analizom kalendarskog učinka na kraju mjeseca
čime se pruža jasnije razumijevanje prirode, postojanosti i praktične relevantnosti kalendar-
skih učinaka u Hrvatskoj. Ovaj doprinos posebno je važan za investitore, nositelje politika i
istraživače zainteresirane za izranjajuća tržišta (engl. emerging markets). Istraživanje se oslanja
na analizu Škrinjarić (2012, 2013) koja je detaljno mapirala kalendarske anomalije na Zagre-
bačkoj burzi, pri čemu je analizirala njihovu empirijsku prisutnost i teorijske implikacije u
kontekstu slabe tržišne efikasnosti. Doprinos ovog rada očituje se i u praktičnoj primjeni
anomalija kroz simuliranje investicijske strategije. Razumijevanje ovih kalendarskih efekata
stoga može biti od koristi individualnim i institucionalnim investitorima, u cilju optimizacije
portfelja i donošenja informiranih odluka o investicijama.

U nastavku rada slijedi pregled literature koji donosi teorijske i empirijske uvide o re-
balansiranju portfelja i kalendarskim efektima iz prethodnih studija (poglavlje 2). U trećem
poglavlju opisani su korišteni podaci i metodologija, dok poglavlje 4 prezentira rezultate
regresijske analize i simulirane investicijske strategije te rezultate analize osjetljivosti. U po-
glavlju 5 izvode se implikacije rezultata istraživanja koji se ujedno diskutiraju. Zaključni
dio rada (poglavlje 6) sažima ključne nalaze te razmatra ograničenja istraživanja te buduće
smjernice.
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2. Pregled literature

Kalendarske anomalije već desetljećima predstavljaju jedno od najčešćih područja istraživanja
u okviru testiranja hipoteze efikasnog tržišta Fama (1970). Opsežna literatura dokumentirala
je različite anomalije, od kojih su najpoznatije efekt ponedjeljka, siječanjski efekt, učinak pre-
laska mjeseca, polumjesečni učinak, učinak blagdana te Halloween efekt. Efekt ponedjeljka,
poznat i kao vikend učinak ili učinak dana u tjednu, odnosi se na pojavu sustavno nižih pri-
nosa ponedjeljkom u odnosu na ostale dane u tjednu. Ovaj fenomen potvrd̄en je na različitim
tržištima, uključujući i ona u razvoju (Cross, 1973; Gibbons i Hess, 1981; Dubios i Louvet,
1996; Dicle i Levendis, 2014; Chiah i Zhong, 2019; Arnerić i Škrabić Perić, 2018). Siječanj-
ski efekt, ili mjesečni efekt, opisuje anomaliju većih prinosa u siječnju u usporedbi s drugim
mjesecima, često objašnjavan poreznim učincia ili institucionalnim ponašanjem poput window
dressinga (Gultekin i Gultekin, 1983; Haugen i Jorin, 1996; Mehdian i Perry, 2022; Chen i sur.,
2021).

Efekt prelaska mjeseca podrazumijeva više prosječne prinose tijekom zadnjih dana jed-
nog mjeseca i prvih dana sljedećeg mjeseca (Ariel, 1987; Lakonishok i Smidt, 1988; Barone,
1990; Kunkel i sur., 2003; McConnell i Xu, 2008). Polumjesečni efekt odnosi se na tendenciju
ostvarenja većih prinosa u prvoj polovici mjeseca u odnosu na drugu polovicu (Lakonishok
i Smidt, 1988; Mills i Coutts, 1995; Tonchev i Kim, 2004). Učinak blagdana manifestira se
višim prinosima neposredno prije prazničnih dana kada burze ne rade (Ariel, 1990). Hal-
loween efekt, ili fenomen "prodaj u svibnju", karakteriziran je iznadprosječnim prinosima u
razdoblju od studenog do travnja u odnosu na razdoblje od svibnja do listopada (Bouman
i Jacobsen, 2002; Doeswijk, 2008; Dichtl i Drobetz, 2014; Carrazedo i sur., 2016). Iako je
literatura o kalendarskim anomalijama opsežna, većina postojećih radova fokusirana je na
razvijena tržišta poput SAD-a i europskih burzi (Tadepalli i Jain, 2018). Med̄utim, posljed-
njih godina sve je veći interes za istraživanja kalendarskih efekata na razvijenim tržištima i
tržištima u nastajanju, potaknut globalizacijom, integracijom financijskih tržišta te razvojem
elektroničke trgovine (Al–Loughani i Chappell, 2001; Basher i Sadorsky, 2006; Ariss i sur.,
2011; Seif i sur., 2017). Razumijevanje ovih anomalija važno je lokalnim i med̄unarodnim
investitorima zbog mogućnosti optimizacije portfelja, odabira investicijskih strategija i os-
tvarivanja bolje diverzifikacije. Pored toga, istraživanja kalendarskih anomalija na tržištima
u nastajanju predstavljaju vrijedan test efikasnosti tržišta izvan uzorka razvijenih zemalja,
posebice zbog specifičnosti institucionalnih okvira, pravnih sustava, sentimenta investitora,
likvidnosti i veličine tržišta.

Pregled postojeće literature otkriva fragmentiranu, ali informativnu sliku kalendarskih
učinaka u SIE regiji. Najčešće proučavani učinci uključuju učinak kraja mjeseca, dana u tjednu
i siječanjski učinak. Arendas i Kotlebova (2019) utvrdili su značajan siječanjski učinak u 5 od
12 SIE zemalja, dok su Aleknevičine i sur. (2022) utvrdili značajne učinke petka i srpnja u bal-
tičkim zemljama, što je u skladu s hipotezom adaptivnih tržišta. Suprotno tome, Stavárek i
Heryán, (2012) utvrdili su nestabilnost dnevnih učinaka u Češkoj, Mad̄arskoj i Poljskoj. Ajayi
i sur. (2004) analizirali su više tržišta u razvoju, uključujući Hrvatsku, ali nisu uočili značajne
učinke dana u tjednu u hrvatskom slučaju. Naime, za Hrvatsku, literatura je ograničena,
ali raste. Detaljnije ekonometrijsko modeliranje Škrinjarić (2012) korištenjem GARCH pris-
tupa pokazalo je značajno pozitivne prinose srijedom i negativne ponedjeljkom, što upućuje
na neučinkovitosti i važnost metodološke preciznosti. Iako se odred̄ene anomalije, poput
dnevnog efekta, pojavljuju u više vremenskih razdoblja, njihova praktična iskoristivost pos-
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taje upitna kada se u obzir uzmu transakcijski troškovi prema mišljenju Škrinjarić (2013),
koja je simulirala strategije temeljene na obrascima povrata ponedjeljak–srijeda i zaključila
da su abnormalni povrati poništeni troškovima trgovanja. Ovi nalazi sugeriraju da ponaša-
nje hrvatskog tržišta više odgovara tržištima susjednih zemalja u razvoju nego zrelijim SIE
ekonomijama, što pruža važan kontekst za tumačenje prisutnosti i iskoristivosti kalendarskih
anomalija u Hrvatskoj.

Upravljanje investicijskim portfeljima u kontekstu kalendarskih anomalija često uključuje
strategije rebalansiranja. Strategija kalendarskog rebalansiranja podrazumijeva prilagodbu
sastava portfelja u jednakim vremenskim intervalima, primjerice mjesečno ili kvartalno, pri
čemu izbor vremenske točke rebalansiranja može utjecati na ukupni prinos i volatilnost por-
tfelja (Harvey i sur., 2025; Hoffstein i sur., 2019). Hoffstein i sur. (2019) naglašavaju važ-
nost sreće rebalansiranja (engl. rebalance timing luck), upozoravajući na značajne razlike u
prinosima ovisno o odabiru dana unutar mjeseca kada se provodi rebalans. Slično tome,
Athanassakos (2022) povezuje mjesečne sezonalnosti prinosa s institucionalnim strategijama
rebalansiranja, poput window dressinga i performance chasinga.

Nadovezujući se na postojeću literaturu, ovaj rad istražuje kalendarske efekte i utje-
caj kalendarskog rebalansiranja na hrvatskom financijskom tržištu, kombinirajući regresijsku
analizu i simulaciju različitih strategija. Cilj je identificirati moguće anomalije te njihovu is-
koristivost za povećanje profitabilnosti ulaganja na Zagrebačkoj burzi, doprinoseći pritom
boljem razumijevanju tržišne dinamike i efikasnosti hrvatskog tržišta kapitala.

3. Podaci i metodologija

U radu se koriste vrijednosti CROBEX indeksa, koji odražava dinamiku dioničkog tržišta
Republike Hrvatske i CROBIS indeksa, koji prati kretanje obvezničkog tržišta RH. Podatci
su preuzeti su s internetskih stranica Zagrebačke burze na dnevnoj frekvenciji, za razdoblje
od 1. rujna 2003. do 7. ožujka 2025. U promatranom razdoblju prinose CROBEX indeksa
karakterizira veća standardna devijacija (0,0104) i prosječni dnevni prinos 0,0002626 te veći
raspon, u odnosu na CROBIS indeks. Koeficijent linearne korelacije (0,0283) izmed̄u CROBEX
i CROBIS indeksa upućuju da med̄u njima nema izražene med̄uovisnosti (kreću se neovisno
jedan o drugom). Upravo to indicira veću potencijalnu profitabilnost investicijske strategije
koja kupuje podcijenjenu imovinu, a prodaje precijenjenu imovinu. Ako bi ovi vremenski
nizovi prinosa bili snažno korelirani, tada bi se očekivala i slična kretanja indeksa, što bi
otežalo ostvarivanje profita kroz investicijske strategije temeljenim na razlici prinosa izmed̄u
dionica i obveznica.

Slika 1 prikazuje kretanje CROBEX i CROBIS indeksa od 2003. godine do danas. Vid-
ljivo je da su indeksi slijedili različite putanje, pod utjecajem kako domaćih gospodarskih
okolnosti, tako i globalnih trendova. Kretanje indeksa CROBEX, koji je dosegnuo povijesni
vrhunac u prosincu 2007. godine (5239 bodova), a u veljači 2025. godine iznosi oko 3300
bodova, odražava volatilnu prirodu tržišta dionica. CROBEX indeks karakterizira izrazita
volatilnosti, s jakim rastom prije globalne financijske krize, nakon čega je uslijedio pad 2008.
i 2009. godine, a zatim dugoročno razdoblje stagnacije, tijekom kojeg nije dosegnuo ranije
ostvarene razine. S druge strane, indeks CROBIS, koji je vrhunac dosegnuo u rujnu 2019.
godine (116901 bodova), pokazuje manju volatilnost te je u veljači 2025. godine iznosio 99255
bodova. Dugoročno gledajući, CROBIS je uglavnom ostvarivao stabilan rast, potaknut glo-
balnim razdobljem niskih kamatnih stopa, uz iznimku snažnog pada tijekom 2022. godine
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zbog porasta kamatnih stopa kao posljedice inflacijskih pritisaka.
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Slika 1. Dinamika CROBEX i CROBIS indeksa u razdoblju 2003. do 2025. godine

Kako bi se utvrdilo postojanje kalendarskog efekta na Zagrebačkoj burzi, provedena je
regresijska analiza i simulacija investicijske strategije (IS) pri čemu je cilj analize identificirati
obrasce kretanja CROBEX i CROBIS indeksa u posljednjim trgovinskim danima kalendarskog
mjeseca. Regresijski model kojim se ispituje kalendarski efekt ima sljedeći oblik:

Rete = α + β1Retb + δ′Xt + ϵt (1)

pri čemu je Rete razlika prinosa CROBEX i CROBIS indeksa zadnjih 5 trgovinskih dana u
kalendarskom mjesecu, a Retb razlika prinosa CROBEX i CROBIS indeksa prvih 15 trgo-
vinskih dana u kalendarskom mjesecu. Koeficijent β1 mjeri utjecaj razlike prinosa prvih 15
dana u mjesecu na razliku prinosa zadnjih 5 dana u mjesecu. Statistički značajan i negati-
van β1 koeficijent ukazuje na postojanje kalendarskog efekta. Matrica Xt sadrži kontrolne
varijable mjesečnih i godišnjih momentuma, koje predstavljaju kretanja cijena u prethodnim
razdobljima i kontroliraju za momentum faktor. Greške modela ϵt obuhvaćaju sve ostale,
neobjašnjene varijacije u prinosima. Dodatno, kako bi se provjerila robusnost procjena, ko-
riste se i heteroskedastički–robustne standardne pogreške, čime se osigurava konzistentnost
testova značajnosti jer je općepoznato da varijanca prinosa nije konstantna, pa prema tome
nije konstantna ni varijanca grešaka modela.

Osim regresijskog pristupa, kalendarski efekt se ispituje simuliranjem investicijske stra-
tegije (IS) temeljene na rebalansiranju portfelja tijekom posljednjih pet trgovinskih dana u
svakom kalendarskom mjesecu. IS je ustrojena na sljedeći način. Prvo se računa razlika u ku-
mulativnim dnevnim prinosima indeksa tijekom 15 trgovinskih dana kalendarskog mjeseca:

RelRt =
t−1

∑
i=t−15

(RCROBEX
i − RCROBIS

i ) (2)

pri čemu je RCROBEX
i prinos CROBEX indeksa, a RCROBIS

i prinos CROBIS indeksa.
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Razlika (2) predočuje relativnu snagu CROBEX indeksa u odnosu na CROBIS indeks
tijekom prvih 15 trgovinskih dana mjeseca. Ako je razlika pozitivna, to sugerira da su dionice
(CROBEX) nadmašile obveznice (CROBIS), dok negativna razlika ukazuje na suprotan trend.
Na temelju ove razlike donosi se odluka o alokaciji portfelja za sljedećih pet trgovinskih dana.
Ako je razlika prinosa CROBEX i CROBIS indeksa u prvih 15 trgovinskih dana pozitivna,
zauzima se duga pozicija u CROBIS–u, a ako je negativna ili jednaka nuli, ulaže se u CROBEX.
Zauzimaju se isključivo duge pozicije zbog ograničenja na Zagrebačkoj burzi, gdje kratka
prodaja dionica nije moguća. Formalno, portfelj se rebalansira prema pravilu:

Port f el jt =

kupi CROBIS, ako je RelRt > 0

kupi CROBEX, ako je RelRt ≤ 0
(3)

Odabrani portfelj zadržava se idućih pet trgovinskih dana, do kraja kalendarskog mje-
seca, nakon čega se postupak ponavlja. Rezultati IS vrednovani su standardnim pokazate-
ljima performansi portfelja: Sharpeovim omjerom, godišnjim prinosom i maksimalnim gu-
bitkom vrijednosti od posljednje najviše ostvarene vrijednosti (engl. drawdown). Za dodatnu
validaciju strategije, provedene su varijacije početnih dana rebalansa u drugom dijelu mje-
seca, čime se testira robusnost rezultata na vremensku specifikaciju. Uz to, provedena je i
verzija strategije s uključenim transakcijskim troškovima, kako bi se procijenila njezina iz-
držljivost u realnijim tržišnim uvjetima. Troškovi su zadani fiksno, u iznosu od 0,1% po
transakciji.

Kombinacijom regresijske analize i simulacije, metodološki okvir rada omogućuje isto-
vremeno testiranje postojanja anomalije i procjenu njezine potencijalne iskoristivosti u praksi.
Takav pristup doprinosi empirijskoj literaturi o tržišnoj efikasnosti, s posebnim naglaskom na
mala tržišta u nastajanju, poput Zagrebačke burze.

U nastavku se analizira kalendarski efekt metodama deskriptine statistike. Slika 2 pri-
kazuje dinamiku ključne nezavisne varijable Retb kao razliku prinosa izmed̄u CROBEX i
CROBIS indeksa tijekom prvog dijela mjeseca (prvih 15 trgovinskih dana).
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Slika 2. Razlika prinosa CROBEX–a i CROBIS–a u prvih 15 trgovinskih dana u mjesecu
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Pozitivne vrijednosti ukazuju na relativno snažniji rast CROBEX–a u odnosu na CROBIS,
dok negativne vrijednosti pokazuju suprotan odnos. Centralna tendencija razlike varira oko
nule, uz brze korekcije odmaka nazad prema toj razini. U posljednjem tjednu u mjesecu
u pravilu dolazi do povratka u relativnom učinku dionica u odnosu na obveznice. Ako su
dionice tijekom mjeseca nadmašivale obveznice, u zadnjem tjednu ta prednost često slabi
ili se čak poništava. Ova pojava može biti posljedica portfeljskih prilagodbi institucionalnih
investitora koji rebalansiraju imovinu pred kraj mjeseca.

Nadalje, Slika 3 prikazuje usporedbu prinosa CROBEX indeksa u posljednjem tjednu
mjeseca prema dva pristupa. Lijevi stupac na oba grafikona prikazuje prinose CROBEX
indeksa, kada je njegov prinos u prvom dijelu mjeseca bio niži od CROBIS indeksa, dok desni
stupac prikazuje prinose CROBEX indeksa u svakom posljednjom tjednu mjeseca, neovisno
o razlici prinosa CROBEX–a i CROBIS–a. Prosječni i medijalni prinosi CROBEX indeksa su
otprilike 0,5% veći kada ih se uvjetuje razlikom prinosa izmed̄u CROBEX i CROBIS indeksa
u prvih 15 trgovinskih dana, što se može tumačiti kao naznaka kalendarskog efekta.
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Slika 3. Prosječni i medijalni prinosi CROBEX–a u zadnjem tjednu

Na Slici 4 su vidljivi viši prosječni i medijalni prinosi CROBIS indeksa kada su oni uvjeto-
vani razinom prinosa CROBEX indeksa u odnosu na prinos CROBIS indeksa u prvom dijelu
mjeseca.
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Slika 4. Prosječni i medijalni prinosi CROBIS-a u zadnjem tjednu



88 Šagovac

4. Rezultati

U prvom dijelu ovoga poglavlja prikazani su rezultati provedene regresijske analize, uključu-
jući dvije specifikacije regresijskog modela. U drugome dijelu poglavlja prikazani su rezultati
simulirane investicijske strategije.

Zavisna varijabla u prvoj regersijskoj specifikaciji definirana je kao razlika prinosa CRO-
BEX i CROBIS indeksa u zadnjem dijelu mjeseca (od 16. trgovinskog dana do zadnjeg trgo-
vinskog dana u mjesecu), dok je nezavisna varijabla razlika prinosa u prvom dijelu mjeseca
(od 1. do 15. trgovinskog dana u mjesecu). Pri tome se očekuje negativna povezanost izmed̄u
ovih dviju varijabli. Ukoliko je CROBEX indeks ostvario relativno viši prinos u prvoj polo-
vici mjeseca, u prosjeku se očekuje korekcija (smanjenje) viška prinosa u odnosu na CROBIS
indeks u drugoj polovici mjeseca. U drugoj regresijskoj specifikaciji, provedenoj u cilju kon-
trole robusnosti rezultata, model je proširen kontrolnim varijablama mjesečnog i godišnjeg
momentuma za oba indeksa (Tablica 1), te je iz uzorka isključeno jedno ekstremno opažanje
karakteristično za razdoblje COVID–19 pandemije (Tablica 2). Mjesečni momentum se računa
kao omjer cijene indeksa na kraju prethodnog mjeseca i cijene dva mjeseca unatrag umanjen
za jedan (MomentumM), dok se godišnji momentum računa kao omjer cijene na kraju pret-
hodnog mjeseca i cijene 12 mjeseci unazad, takod̄er umanjen za jedan (MomentumG).

Tablica 1. Rezultati regresijske analize kalendarskog efekta

uobičajne standardne pogreške robusne standardne pogreške
LM 1 LM 2 LM 1 LM 2

Konstanta 0,00363*** 0,00335** 0,00363*** 0,00335**
(0,00129) (0,00133) (0,00133) (0,00134)

RelR −0,09144*** −0,08925*** −0,09144 −0,08925
(0,02463) (0,02459) (0,07340) (0,07468)

MomentumM −0,00006 −0,00006
(0,00016) (0,00012)

MomentumG 0,00019 0,00019
(0,00012) (0,00019)

Br. opažanja 257 245 257 245
R2 0,0513 0,0629 0,0513 0,0629
R2 Adj. 0,0476 0,0512 0,0476 0,051
Log.Lik. 632,66 606,89 632,66 606,89
AIC −1259,31 −1203,78 −1259,31 −1203,78
BIC −1248,67 −1186,27 −1248,67 −1186,27
F 13,78*** 5,39** 13,78*** 5,39**
RMSE 0,0206 0,0203 0,0206 0,0203

Bilješka: ***, **, * označavaju značajnost p < 0.01, p < 0.05 i p < 0.1, standardne pogreške u zagradama

Rezultati procjene parametara prvog regresijskog modela bez kontrolnih varijabli (LM
1) i drugog regresijskog modela s kontrolnim varijablama (LM 2), uz uobičajene standardne
pogreške, prikazani su u prva dva stupca Tablice 1. Uobičajene standardne pogreške pretpos-
tavljuju homoskedastičnu rezidualnu strukturu, dok su u trećem i četvrtom stupcu prikazani
rezultati istih modela (LM 1 i LM 2) koristeći robusne standardne pogreške HAC (engl. He-
teroskedasticity and Autocorrelation Consistent). Rezultati LM 1 specifikacije pokazuju da je
koeficijent β1 statistički značajan i negativan, što potvrd̄uje postojanje kalendarskog efekta.
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U specifikaciji LM 2 koeficijent β1 zadržava negativan predznak, ali uz primjenu robusnih
standardnih pogrešaka gubi statističku značajnost.

Slika 5 prikazuje razlike prinosa CROBEX i CROBIS indeksa u drugom dijelu mjeseca u
odnosu na razlike njihovih prinosa u prvom dijelu mjeseca i pripadajući regresijski pravac
(LM 1 specifikacija). Vidljiv je negativan nagib regresijskog pravca, što sugerira da se veća
odstupanja u prvoj polovici mjeseca korigiraju prema srednjoj vrijednosti do kraja mjeseca.
Ovakav obrazac ukazuje na postojanje kalendarskog efekta, gdje se razlike u prinosima iz-
med̄u CROBEX–a i CROBIS–a smanjuju prema kraju mjeseca. Jedan od razloga može biti
kalendarsko rebalansiranje investcijskih fondova na kraju mjeseca.
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Slika 5. Dijagram rasipanja i linearni regresijski model LM 1

Uvidom u reziduale, ustanovljeno je da postoji jedno ekstremno opažanja koje značajno
utječe na rezultate analize. Slika 6 pokazuje jednu ekstremnu vrijednost u ožujku 2020. go-
dine, za vrijeme COVID–a. Kako bi se provjerila robusnost rezultata na ovo opažanje, ponov-
ljena je regresijska analiza s izostavljenim opažanjem iz ožujka 2020. godine (Tablica 2).
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Slika 6. Reziduali regresijskog modela LM 1
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Rezultati ponovljene regresijske analize (Tablica 2) pokazuju da koeficijent β1 ostaje ne-
gativan i statistički signifikantan u svim specifikacijama, pri razini značajnosti od 1%. Ka-
lendarski je efekt dakle mnogo snažniji kada se izostavi jedno ekstremno opažanje. Dobiveni
nalazi stoga robusno potvrd̄uju postojanje kalendarskog efekta rebalansiranja u dinamici raz-
lika prinosa izmed̄u CROBEX–a i CROBIS–a.

Tablica 2. Rezultati regresijske analize kalendarskog efekta bez ekstremnog opažanja

uobičajne standardne pogreške robusne standardne pogreške
LM 1 LM 2 LM 1 LM 2

Konstanta 0,00313*** 0,00292** 0,00313** 0,00292**
(0,00121) (0,00123) (0,00121) (0,00124)

RelR −0,15294*** −0,15208*** −0,15294*** −0,15208***
(0,02491) (0,02488) (0,04271) (0,04324)

MomentumM 0,00002 0,00002
(0,00015) (0,00009)

MomentumG 0,00012 0,00012
(0,00012) (0,00017)

Br. opažanja 256 244 256 244
R2 0,1293 0,1424 0,1293 0,1424
R2 Adj. 0,1258 0,1317 0,1258 0,1317
Log.Lik. 648,47 622,75 648,47 622,75
AIC −1290,93 −1235,50 −1290,93 −1235,50
BIC −1280,30 −1218,02 −1280,30 −1218,02
F 37,71*** 12,83*** 37,71*** 12,83***
RMSE 0,0192 0,0188 0,0192 0,0188

Bilješka: ***, **, * označavaju značajnost p < 0.01, p < 0.05 i p < 0.1, standardne pogreške u zagradama

U cilju procjene praktične relevantnosti kalendarskih učinaka za dizajn investicijskih stra-
tegija, u radu se koristi analiza temeljena na simulaciji investicijskih strategija, u skladu s
metodologijama prethodnih istraživanja. Caporale i Plastun (2016) te Arendas i Kotlebova
(2019) primijenili su slične pristupe za testiranje održivosti strategija temeljenih na učincima
kraja mjeseca i drugim vremenskim anomalijama u tržištima u razvoju. Primijenjeni pristup
nadovezuje se i na rad Škrinjarić (2013), koja je evaluirala strategiju temeljenu na ranijim na-
lazima o dnevnim anomalijama u Hrvatskoj. Njezini rezultati ističu ograničenja iskoristivosti
tih anomalija u stvarnim tržišnim uvjetima kada se uzmu u obzir transakcijski troškovi, što
dodatno naglašava važnost robusnog simulacijskog modeliranja.

Simulirana investicijska strategija se provodi u dva koraka. Prvo se računa razlika pri-
nosa u prvih 15 trgovinskih dana kalendarskog mjeseca, a zatim se na temelju te razlike
donosi odluka o ulaganju u CROBEX ili CROBIS indeks. U slučaju pozitivne razlike, kupuje
se CROBIS indeks, a u slučaju negativne razlike kupuje se CROBEX indeks. Portfelj se drži
do kraja mjeseca, nakon čega se ponavlja postupak. Zauzimaju se samo duge pozicije zbog
ograničenja na Zagrebačkoj burzi, gdje kratka prodaja dionica nije moguća.

Slika 7 prikazuje kumulativne prinose IS te pripadajući graf maksimalnog nerealiziranog
pada vrijednosti portfelja od prethodnog vrha (engl. drawdown). Vidljivo je da IS ostvaruje
stabilan i relativno ujednačen rast kapitala tijekom promatranog razdoblja, pri čemu je kumu-
lativni prinos veći od 150%, a maksimalni zabilježeni pad iznosi samo 7,5%. Glatka krivulja
kapitala ukazuje na stabilnost i nisku volatilnost portfelja.
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Slika 7. Kumulativni prinos i maksimalni nerealizirani gubitak drawndown investicijske strategije

Usporedba ključnih pokazatelja performansi IS u odnosu na prinos CROBEX i CROBIS
indeksa prikazana je u Tablici 3. Vidljivo je da IS ostvaruje značajno bolje omjere prinosa i
rizika. Iako je ukupni prinos strategije približno jednak prinosu indeksa CROBEX, IS to pos-
tiže uz znatno niži rizik: najveći gubitak CROBEX–a tijekom analiziranog razdoblja iznosio je
čak 76%, dok je najveći gubitak strategije ostao ograničen na spomenutih 7,5%. Pri tome valja
istaknuti Sharpeov omjer IS od 0,88 koji je višestruko viši u odnosu na prinose promatranih
indeksa. CROBIS je u istom razdobljuostvario kumulativni gubitak od 0,4% uz Sharpeov
omjer od 0,20. Ovi rezultati ukazuju na to da je IS superiorna u odnosu na pasivno ulaganje
u indekse CROBEX i CROBIS, a istovremeno ostvaruje znatno niži rizik.

Tablica 3. Performanse investicijske strategije bez transakcijskih troškova

Mjera performansi Kalendar CROBEX CROBIS

Anualizirani Sharpeov omjer 0,8834 0,3275 −0,0399
Anualizirani prinos 0,0502 0,0540 −0,0011
Drawdown −0,0750 −0,7659 −0,2022

Prikazani rezultati IS ne uzimaju u obzir troškove trgovanja, a koji uključuju brokerske
naknade, razliku izmed̄u ponude i potražnje (engl. bid–ask spreads), tržišni utjecaj, poreze i
druge troškove. Zanemarivanje ovih troškova stoga može značajno precijeniti stvarnu profi-
tabilnost strategije. Zbog toga je u nastavku provedena proširena IS uz pretpostavku fiksnih
transakcijskih troškova od 0,1% za svaku izvršenu transakciju. Budući da strategija na kraju
svakog mjeseca provodi jednu kupnju i jednu prodaju, ukupni mjesečni troškovi trgovanja
iznose 0,2 postotnih bodova. Rezultati proširene IS prikazani su u Tablici 4, u kojoj je sada
vidljiv niži ukupni prinos. Ipak, uzevši u obzir i dalje izraženo viši Sharpeov omjer i niži
rizik, IS potvrd̄uje svoju ekonomsku i investicijsku relevantnost.
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Tablica 4. Performanse investicijske strategije s transakcijskim troškovima

Mjera performansi Kalendar CROBEX CROBIS

Anualizirani Sharpeov omjer 0,4465 0,3275 −0,0399
Anualizirani prinos 0,0254 0,0540 −0,0011
Drawdown −0,1478 −0,7659 −0,2022

Prethodno potvrd̄eni kalendarski efekt je nastao uvjetovanjem prinosa indeksa CROBEX
i CROBIS u zadnjem tjednu mjeseca na njihove prinose u prvoj polovici mjeseca. U cilju ro-
busnosti potvrde kalendarskog efekta provedena je analiza drugačije specificiranog vremen-
skog razdoblja: prinosi u zadnja tri tjedna kalendarskog mjeseca (od 6. do 21. trgovinskog
dana) kao prvi period, a prinosi u prvom tjednu sljedećeg mjeseca kao drugi period. Na ovaj
način se testira je li riječ o poopćenom efektu, koji nije direktno vezan za kraj kalendarskog
mjeseca. Ključni razlog izbora kraja mjeseca bio je rebalansiranje portfelja investicijskih fon-
dova prema kalendarskom pravilu rebalansiranja. Ovdje se testira mogućnost da je riječ o
općem efektu koji nije vezan za kraj mjeseca.

Tablica 5. Rezultati regresijske analize kalendarskog efekta rebalansiranja na početku mjeseca

LM 1 – uobičajene LM 1 – robusne
standardne pogreške standardne pogreške

Konstanta 0,00030 0,00030
(0,00142) (0,00147)

RelR 0,07006** 0,07006
(0,03057) (0,06740)

Br. opažanja 256 256
R2 0,0203 0,0203
R2 Adj. 0,0164 0,0164
Log.Lik. 608,08 608,08
AIC −1210,16 −1210,16
BIC −1199,53 −1199,43
F 5,25** 5,25**
RMSE 0,0225 0,0225

Bilješka: ***, **, * označavaju značajnost p < 0.01, p < 0.05 i p < 0.1, standardne pogreške u zagradama

Vrijednost koeficijenta β1 u Tablici 5 gotovo je dvostruko manja u odnosu na originalnu
specifikaciju te ima suprotan smjer (pozitivan). Pod pretpostavkom homoskedastičnosti, ko-
eficijent je statistički značajan, ali uz znatno nižu razinu signifikantnosti (p < 0, 05). Kada
se koriste robustne standardne pogreške (korigirane za heteroskedastičnost), koeficijent gubi
statističku značajnost. Ovi nalazi upućuju na to da kalendarski efekt nije prisutan u slučaju
rebalansiranja na početku mjeseca, što dodatno potvrd̄uje zaključak da je efekt specifično
vezan uz rebalansiranje fondova na kraju mjeseca. Na Slici 8 prikazane su performanse IS
temeljene na ovakvoj specifikaciji. Tijekom cijelog promatranog razdoblja IS nije ostvarila
značajniji rast, te je ukupno izgubila preko 10% vrijednosti.

U osnovnom modelu izabran je 16. trgovinski dan kao početak drugog razdoblja u
mjesecu (od 16. do 21. trgovinskog dana u kojem se drži duga pozicija u CROBEX–u ili
CROBIS–u). U cilju provjere osjetljivosti rezultata, provedena je dodatna analiza u kojoj se
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Slika 8. Performanse IS rebalansiranja na početku mjeseca

varira početni dan trgovanja izmed̄u 11. i 20. trgovinskog dana. Primjerice, ako se kao početni
dan uzme 11., tada se prinosi od 1. do 11. dana promatraju kao prvi period, a prinosi od
11. do 21. dana kao drugi (testni) period. Cilj je analizirati osjetljivost rezultata na promjenu
početnog dana trgovanja.

Na Slici 9 prikazan je Sharpeov omjer investicijske strategije za sve odabrane početne
dane. Vidljivo je da je Sharpeov omjer najviši upravo u osnovnoj varijanti (16. trgovinski
dan), gdje dostiže vrijednost 0,88 što je znatno iznad vrijednosti za CROBEX. S udaljavanjem
od 16. dana (bilo prema ranijem ili kasnijem datumu), Sharpeov omjer opada. Ovi nalazi
upućuju na to da je osnovna postavka s 16. danom optimalna, dok Sharpeovi omjeri za ostale
dane potvrd̄uju stabilnost i robusnost bazičnog modela.
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5. Diskusija i implikacije rezultata

Rezultati analize potvrd̄uju da učinak kraja mjeseca ostaje najkonzistentnija i najznačajnija
tržišna anomalija med̄u SIE tržištima, uključujući Hrvatsku. To je u skladu s nalazima Aren-
das i Kotlebova (2019). Promatrano u širem kontekstu, čini se da su postojanost i snaga ovih
anomalija obrnuto proporcionalne razini razvijenosti tržišta. Razvijenija tržišta poput Poljske
i Mad̄arske pokazuju slabije i nestabilnije učinke, što je u skladu s većom efikasnošću tržišta.
Nasuprot tome, tržišta u razvoju, uključujući Hrvatsku, pokazuju odred̄ene obrasce koji bi
se mogli iskoristiti, iako manje izraženo i konzistentno nego u ranijim razdobljima. To je u
skladu s tvrdnjom da anomalije u povratima na hrvatskom tržištu mogu odražavati odgo-
d̄ene reakcije na informacije zbog niže likvidnosti i dubine tržišta. Škrinjarić (2013) takod̄er je
pokazala da su strategije temeljene na takvim obrascima bile samo marginalno profitabilne,
s većinom dobiti poništenom kada se uračunaju realni troškovi.

Dobiveni nalazi imaju višestruke implikacije za različite sudionike na tržištu kapitala.
Prije svega, potvrda postojanja kalendarskog efekta na Zagrebačkoj burzi ukazuje na neefikas-
nost tržišta u smislu hipoteze o efikasnim tržištima. U efikasnom tržištu, kalendarski efekti
ne bi trebali postojati. Ovdje uočeni efekt sugerira da odred̄eni sudionici tržišta, posebno ins-
titucionalni investitori, djeluju prema unaprijed definiranim pravilima rebalansiranja, čime
dolazi do predvidljivih promjena u dinamici cijena.

S obzirom na ograničenu likvidnost i dubinu domaćeg tržišta, takvi obrasci mogu imati
izraženiji učinak nego na većim, razvijenim tržištima. Mirovinski fondovi, koji čine velik
udio ukupne kapitalizacije Zagrebačke burze, često provode rebalans portfelja krajem mje-
seca kako bi uskladili alokaciju s ciljnim ponderima. Ovakvo ponašanje generira dodatnu
potražnju ili ponudu za odred̄enom klasom imovine, što može izazvati privremene cjenovne
distorzije. Primjerice, mirovinski fondovi oko 20% imovine drže u dionicama i oko 70%
imovine u obveznicama. Ovaj odnos se mijenja jedino ako dolazi do promjene zakonske
regulative i pravilnika o upravljanju imovinom mirovinskih fondova.

Jedna od važnih praktičnih implikacija jest mogućnost implementacije jednostavne, ali
učinkovite taktike rebalansiranja portfelja temeljem relativne snage dioničkog i obvezničkog
segmenta tijekom mjeseca. Ovo posebno može biti korisno investitorima koji upravljaju ma-
njim portfeljima i nisu ograničeni regulatornim pravilima kao što su veliki institucionalni
ulagači.

Dodatno, rezultati ukazuju na potencijalne koristi za kreatore politika i regulatorna ti-
jela. Identifikacija ponavljajućih obrazaca ponašanja institucionalnih ulagača može pomoći u
boljem razumijevanju dinamike tržišta, a moguće i u dizajnu politika koje bi poticale veću
tržišnu efikasnost i smanjenje volatilnosti.

6. Zaključak

Ovo istraživanje doprinosi literaturi nudeći strukturiranu i tržišno–specifičnu sintezu kalen-
darskog učinka s fokusom na hrvatsko tržište. Nalazi imaju izravne implikacije za razvoj
ciljanih investicijskih strategija i podržavaju tezu da Hrvatska, kao dio balkanske regije u ra-
zvoju, pokazuje karakteristike koje se razlikuju od razvijenijih SIE tržišta i manje razvijenih
tržišta u nastajanju. Rad se oslanja na i proširuje temelje koje je postavila Škrinjarić (2012), po-
tvrd̄ujući važnost lokalnog konteksta i metodološke preciznosti u proučavanju kalendarskih
anomalija. Buduća istraživanja trebala bi se fokusirati na granularnije, specifične hrvatske
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podatke kako bi se validirali i proširili ovi nalazi, posebno u kontekstu razvoja tržišta nakon
ulaska u EU. Dodatno, daljnje istraživanje dizajna strategija koje minimiziraju transakcijske
troškove uz iskorištavanje preostalih neučinkovitosti moglo bi premostiti jaz izmed̄u akadem-
skih uvida i praktične primjene.

Analiza robusnosti dodatno je potvrdila ovakve nalaze, pri čemu je potvrd̄eno kako
kalendarski efekt nije prisutan na početku mjeseca, što isključuje mogućnost da je uočeni
obrazac rezultat općih tržišnih trendova. Uz to, promjenom broja dana za obračun razdoblja
potvrd̄eno je da je bazična postavka optimalna, pružajući dodatnu sigurnost u stabilnost
rezultata.

Ovi zaključci imaju važne implikacije za investicijske fondove, koji bi mogli razmotriti
optimizaciju kalendarskog načina rebalansiranja kako bi smanjili transakcijske troškove i tr-
žišne distorzije. Takod̄er, investitori s višom tolerancijom prema riziku mogu iskoristiti kalen-
darski efekt za oblikovanje vlastitih strategija trgovanja, dok regulatorna tijela i tvorci politika
mogu rezultate primijeniti pri donošenju smjernica za efikasnije funkcioniranje tržišta kapi-
tala u Hrvatskoj.

Istovremeno, ova studija ima i odred̄ena ograničenja. Procjena kalendarskog efekta te-
melji se na aproksimaciji ponašanja mirovinskih fondova, budući da detaljni podaci o točnim
rebalansima nisu javno dostupni. Moguće je da postoje i drugi faktori koji objašnjavaju us-
pješnost investicijske strategije, poput takozvanih "zoo" faktora, koji u ovoj analizi nisu bili
obuhvaćeni. Konačno, pretpostavka linearnosti odnosa može biti pojednostavljenje stvarnih
tržišnih mehanizama, s obzirom na to da su nelinearnosti i promjene tržišnih režima česte u
financijskom okruženju. Potencijalna nadogradnja rada stoga uključuje analizu novim sku-
povima podataka te razmatranje alternativnih nelinearnih pristupa.

Literatura

Ajayi, R. A., Mehdian, S. & Perry, M. J. (2004). The day–of–the–week effect in stock returns: Further
evidence from Eastern European emerging markets. Emerging Markets Finance and Trade, 40(4):53–62.
doi: 10.1080/1540496x.2004.11052582.
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SUMMARY
The paper investigates the calendar rebalancing effects on Za-
greb Stock Exchange (ZSE) by analyzing daily returns of the
CROBEX and the CROBIS indices from September 2003 to
March 2025. A regression analysis and a simulated investment
strategy are used to examine whether systematic differences
in returns between stocks and bonds at the beginning of the
month predict return corrections at the end of the month. The
results indicate a negative relationship between return diffe-
rences in the first and the last third of the month, confirming
the existence of a calendar rebalancing effect. Proposed inves-
tment strategy achieves significantly better risk–adjusted re-
turns, with a Sharpe ratio twice as high as that of the "buy and
hold" CROBEX index strategy. The robustness of the results
is established through a sensitivity analysis of the rebalancing
time frame, with the best returns observed precisely five days
before the end of the month. In contrast, a placebo effect invol-
ving rebalancing at the beginning of the month shows weaker
results, suggesting that it’s linked to institutional activities at
month–end. The findings provide insight into the timing sensi-
tivity of rebalancing strategies and highlight opportunities for
returns enhancement in emerging markets.
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jenu statističkih metoda, dobrodošli ste pridružiti se našoj zajednici. Ako želite postati HSD
članom, molimo vas da ispunite web pristupnicu.

Bivši predsjednici: Anita Čeh Časni, Sveučilište u Zagrebu (2023 – 2025)

Berislav Žmuk, Sveučilište u Zagrebu (2019 – 2023)

Mirjana Pejić Bach, Sveučilište u Zagrebu (2019 – 2019)

Ksenija Dumičić, Sveučilište u Zagrebu (2015 – 2019)

Jakov Gelo, Sveučilište u Zagrebu (2005 – 2015)

Sadašnji predsjednik: Josip Arnerić, Sveučilište u Zagrebu

Potpredsjednica: Irena Palić, Sveučilište u Zagrebu

Tajnica: Josipa Novaković, Sveučilište u Zagrebu

https://www.fenstats.eu/societies/csa
https://hsd-stat.hr/clanstvo/
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