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Abstract: Many countries have been experiencing a crisis in their pension systems for fiscal and
demographic reasons. Voluntary pension funds are a way out of the crisis. The depth of the problem
lies in the study of social and economic-mathematical aspects in making economic decisions on
implementing voluntary contributions. The authors studied sustainable development, considering
the assessment of the causal relationship between factors in the development of voluntary pension
insurance in the Republic of Kazakhstan. The article analyzes pension system models and studies the
experience of the OECD countries. The results of the analysis highlight the most important factors
affecting the development of pension systems with an emphasis on voluntary pension insurance
mechanisms. The authors propose a conservative, economic, extended economic, and extended
intermediate solution for building a set of cause-and-effect models for the development of voluntary
pension insurance in the Republic of Kazakhstan based on a survey of a representative sample of
citizens in the Republic of Kazakhstan using the QCA method.

Keywords: pension system model; voluntary pension contributions; QCA method; factors; causality;
causality models of connections
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1. Introduction

Since the beginning of the 21st century, almost all countries of the world, including
most of the countries of Central and Eastern Europe, have been undergoing a process of
constant pension system reform, which are mainly associated with changing demographic
and economic conditions. The aging of the population and low economic growth rates
have led to a crisis in pension systems on a global scale and have determined the urgency
of ensuring the stable functioning of the pension system.

Pension provision as a form of material support for certain categories of citizens arose
during antiquity and was associated with payments to military and civil servants in ancient
Greece and the Roman Empire. A universal pension system emerged towards the end of
the 19th century. Since then, one can observe the constant evolution of pension systems,
which continues throughout the 20th century and is caused by changing socio-economic
and demographic conditions.

We can represent the typology of pension systems based on the principle of financing as
a set of distributives, cumulative, and combined (a combination of elements of distributive
and cumulative systems) systems. The first pension systems were mainly distributive.
However, already in the 20th century, many countries with distributive pension systems
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were faced with an acute demographic crisis caused by a simultaneous increase in life
expectancy and a decrease in fertility in the 1980s, which led to an aging population.
Distributive pension systems were formed when the proportion of the population of
retirement age was relatively small. Systemic changes in the pension system introduced
individual, defined contribution plans as a replacement for part of the state pension
provision.

The cumulative pension system replaced the distributive system and leveled its main
shortcomings. It turned out that, despite local successes, the reforms being carried out for
the most part did not lead to an effective solution for the social tasks assigned to cumulative
pension systems. As Barr and Diamond have shown, when switching from a distributive
to a mandatory funded system, the first generation of pensioners will receive an extremely
low pension, or will not receive it at all. The world practice of building pension systems
includes vast experience from purely distributive to purely cumulative pension systems.

The global financial crisis has had a profound impact on pension income systems of all
types [1] and has prompted a deeper consideration and search for a solution reflecting the
symmetry of sustainable development of the economy and social aspects. The experience
of overcoming the crisis has shown that once and for all there is no set optimal structure
of the pension system since the optimal structure of the pension system depends on the
demographic, economic, and socio-cultural characteristics of a particular state at a time, as
well as on the goals and objectives that this state sets for itself.

Such foreign researchers as Disney, Borella, Fornero, Mountain, Kotlikoff, Sede, and
Froman have scientific works on the construction and transformation of pension systems.
Foreign and domestic researchers Barr, Diamond, Chubalski, Vrede, and Chernulich studied
the sustainability and efficiency of pension systems. The study of international experience
in the construction and functioning of pension systems on the example of several countries
is included in the circle of scientific interests of such well-known researchers as Gurvich,
Degtyar, Novikov, Kotlikoff, Sede, and Froman.

Most Central and Eastern European countries have implemented a three-level pension
model promoted by the World Bank [2]. Its main core is a variety of pension sources, which
comprise three levels: a PAYG (pay-as-you-go) scheme with public administration (first level),
mandatory private (second level), as well as voluntarily funded schemes (third level).

The problem of adapting the three-level pension model to the economies of various
countries of the world at its various stages requires the search for new approaches and
the construction of economic and mathematical models related to the peculiarities of the
development of countries, time, and demographic factors. Kazakhstan is no exception, as it
is in a continuous process of integration into the world economic system.

Authors Wright, Rubin, Hair, and others reveal in their works the mathematical
essence and nature of causality, present results, and discuss various approaches to the study
of causality.

Jassby, Mohamadnejad, Nasrollahzadeh, Chen, Chi, Khanam, Siddiqui, and Talib et al.
have investigated causal relationships in various domains using the DEMATEL, MICMAC,
SEM, and ISM methods.

The authors of several studies, including Ambuehl, Baumgartner, Barrenechea, Ma-
honey, Thiem, Bennett, Bolton-Smith, Woodward, Tunstall-Pedo, and Morrison, use the
QCA (qualitative comparative analysis) method in practice in various forms: dichotomous,
many-valued, and fuzzy logics. They use various tools for processing research results and
give examples of interpretations in the obtained models (configurations of causes).

The authors in most studies focus their efforts on interpreting the results obtained and
ignore the mathematical essence of the study. Our article aims to fill this gap.

We chose the QCA library of the R language as a tool, which allows us to obtain the re-
sult, analyze the result, and understand the mathematical essence of the intermediate steps.

The scientific novelty of the article lies in the construction of an economic and math-
ematical model for the causality of factors in the development of a voluntary pension
insurance system based on the QCA package of the R language and the analysis of the steps
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of the construction process based on the algebra of logic. We present three types of QCA
method models to verify the results obtained and build a regression model that proves the
correctness of the results obtained.

The purpose of our study is to build an economic and mathematical model that
determines the causality of factors affecting the development of voluntary pension financ-
ing schemes on the example of Kazakhstan citizens using QCA and regression analysis
methods.

The article contains an introduction, three parts, and a conclusion, in which the authors
conducted a multi-aspect analysis of the phenomenon under study.

2. Characteristics of the Global Three-Level Pension Model

Systemic complexity characterizes the pension system in any state and comprises
mutually complementary subsystems.

An analysis of the literature has shown that the vast majority of the combined pension
systems existing in the world include three subsystems:

e  Subsystem of state pension provision;
e  Subsystem of state pension insurance;
e  Subsystem of voluntary pension insurance.

Each of the three subsystems in such a model for the pension system meets its goals
and objectives. The first subsystem protects from poverty, guaranteeing the possibility of
meeting a minimum set of needs; the second subsystem should provide pensioners with an
acceptable standard of living, to a certain extent corresponding to the pensioner’s income
before retirement; and the third subsystem is additional pension insurance based on the
choice of citizens, the purpose of which is to maintain the standard of living formed at the
time of retirement.

Often, the first subsystem of the pension model is distributive, and the second subsys-
tem can be based on both the distributive and cumulative principles or a combination of
them. The third subsystem is mainly based on the cumulative principle. A review of the
theoretical foundations in the organization of models for pension systems shows a wide
variety of potential scenarios for building a strategy for the development of the national
pension system. The systematic nature of the construction of pension provision models can
be justified by the impossibility of developing only one subsystem without considering
the others.

Building a strategy for the development of the national pension system based on
only the first subsystem is currently impossible, since the fall in employment, along with
slower growth or even a decrease in wages, affects the incomes of the population. We
associate this trend with almost all OECD (Organization for Economic Cooperation and
Development) countries. Indeed, in some countries, the expenditure part of the state budget
has suffered from job losses and early retirement. Because of the economic crises in most
OECD countries, there has been a large public budget deficit and a rapidly growing public
debt. Economic output in most Central and Eastern European countries has suffered more
than the OECD. However, assets in private pensions have lost slightly less than the OECD
average in Hungary and Poland, and significantly less than the average in the Slovak
Republic.

Radical changes in the model for pension provision of the population based on the
improvement of only the second subsystem are also impossible because of the peculiarities
of the slipover effects of the financial crisis. The governments of Central and Eastern Europe
tried to balance the fiscal budget during the crisis, considering the possibility of redirecting
part of the funds from mandatory funded schemes to the social security system to acquire
significant amounts of resources without increasing the current budget deficit. According
to [3], in the years after the reform and before the financial crisis, countries such as Poland
and Hungary pursued fiscal policies that did not fully comply with the postulates for
the development of the second subsystem in the pension model. As emphasized by [4,5],
reform of the pension system in the countries of Central and Eastern Europe will cost more
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to the younger generation, due to demographic factors. A decrease in the birth rate will
not allow governments to maintain current replacement rates. For example, the change in
Poland was made by reducing replacement rates. In Latin American countries, where the
financial crisis was milder than in other regions, mandatory financing schemes failed to
provide replacement rates at the expected levels of 60 to 70 percent, and additional savings
of citizens will be required to support the pension system to receive adequate pensions in
the future. Future labor market conditions explain the low replacement rates, including
low contribution density, low interest rates, and lack of proper diversification of pension
funds, as well as more realistic expectations about future income.

Previous research [6,7] has pointed out that future pension payments in the regions of
Central and Eastern Europe from reformed pension systems within only the second and
third subsystems will be lower than today.

A likely mechanism to support the social protection system in the face of population
aging and lower replacement rates is the stability of fiscal policy. We expect negative
changes in the predicted benefit ratio in the long term for most European countries [8]. The
current working generation should work longer hours and/or plan for additional savings
to avoid a significant drop in living standards in old age.

Against the background of these factors, the third subsystem of the pension system
model, based on voluntary pension contributions which consider behavioral aspects, can
provide a viable solution to the problem of increasing pension savings and improving the
pension provision model.

In light of the fiscal burden on the population against the background of an increase
in life expectancy, the formation of a significant size of the informal labor market, and a
decrease in the replacement rate, governments of many countries are taking measures to
develop a system of voluntary pension contributions by assuming great responsibility for
the future by the population. Many Central and Eastern European States are taking steps
to motivate the participation of the population in the voluntary funded component of the
pension system, which is the most important mechanism for the social protection of the
population. These measures include introducing new types of voluntary pension schemes
and more favorable financial incentives.

However, the development of this subsystem alone will not lead to a comprehensive
improvement in the global pension model. A study conducted by the OECD found that the
system of voluntary contributions in the countries of Central and Eastern Europe, except
for the Czech Republic, are not sufficiently developed to increase the average adequacy of
future pension benefits [9].

Emerging economies such as the Dominican Republic, India, Indonesia, and Vietnam
have experimented with some forms of defined contribution pension programs (MDC),
where the government provides incentives for voluntary contributions made by participants
in pension plans; but the result of the experiment is unlike countries with high per capita
income, where MDC programs providing the positive effect turned out to be opposite [10].
Data collected during the survey of the situation in Latin American countries for the period
from 1990 to 2010 according to Roffman and Oliveri [11] showed that less than 40% of the
population regularly made voluntary contributions to pension systems.

In the countries of the former Soviet Union, such as Kazakhstan, the amount of pension
savings of the population as of 1 October 2019 amounted to KZT 10.4 trillion, of which
pension savings under the scheme of voluntary pension contributions only amounted to
KZT 1.9 billion (0.02%).

We have shown that the model for the pension system in modern reality can be based
only on the complex nature of the use and development of all three subsystems: subsystems
of state pension provision; subsystems of state pension insurance; and subsystems of
voluntary pension insurance. The economic development of national economies in the
aspect of pension provision will increasingly depend on the construction of reliable and
effective models of voluntary pension insurance subsystems. Voluntary pension insurance
models could contribute to a certain extent to increasing the pension provision of workers
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in the informal sector, including self-employed workers, who make up a very important
part of the population in developing economies.

3. Analysis of the Development of the Subsystem of Voluntary Pension Insurance:
Models and Factors

Three main reasons can explain low participation of the population in the system of vol-
untary pension contributions in most countries with developing economies characterized
by low income:

1. Low replacement rate: a brief career, which means a small density of contributions
because of irregular deductions affects the replacement rate. This has a direct impact
on the future adequacy of the pension income.

2. Low level of declared wages: the low basic level of wages can be explained by jobs
with low productivity or the result of not declaring wages. It is not uncommon for
employees and employers to agree to lower their stated wages to reduce pension
contributions. This corresponds to the conclusions in [12], which show that the very
structure of the social insurance system can affect the frequency of contributions.

3. Low income and poor working conditions in the informal sector of the economy
(self-employed, small, and medium-sized businesses). This sector of the economy re-
mains unaccounted for (undervalued), but it contributes significantly to the country’s
economy. The income and permanent employment of workers in the informal sector
are different and uncertain because of fairly frequent market changes they cannot
control. Therefore, workers in the informal sector have to face market risks on their
own [13].

Furthermore, there is a lack of an integrated approach to solving the problems of
the voluntary pension insurance market without considering their relationship with one
another.

Regarding factors influencing the level of savings under voluntary pension schemes
in the pension system, the research of many authors has focused on identifying depen-
dencies on socio-demographic, institutional, and behavioral factors, as well as the level of
knowledge in financial management. Most of the former work emphasized the influence
of socio-demographic factors on the intention to make voluntary pension contributions.
Demographic information about employees plays a key role in their attitude to savings at
retirement [14]. Alfonso (2003) studied the determinants affecting the coverage of voluntary
personal pensions in Switzerland using a probit model to analyze a sample of 11,000 obser-
vations. Among the determinants identified by him were household income and education,
as well as several other personal characteristics (gender, age, marital status, and region of
residence).

Married workers have a higher willingness to join the voluntary pension system
than single workers [15,16]. These authors also revealed the supposed positive impact
of education on the likelihood of joining the voluntary pension savings scheme. The
conclusions [17] about workers with a higher level of education are more likely to take
part in the pension scheme than workers with a low level of education or no education
are confirmed by the authors ofs [18]. Some studies emphasize an increase in the share of
savings for old age with an increase in the level of income of the population. We associate
a high level of income with financial literacy; it positively correlates with deciding the
long-term planning of a retirement situation [19]. An empirical analysis of various factors
(income, real estate ownership, age, unemployment, and self-employment) carried out by
Stinglhamber and other authors proved that voluntary pension plans and other forms of
long-term savings (life insurance products) are not a substitute for income when reaching
retirement age, but an addition to the savings tool.

Some studies provide interesting results regarding the density (frequency) of contri-
butions using a model for two periods (active and passive phase of life), which include a
choice between contributions to the system of mandatory pension contributions and (or) to
the products of voluntary pension savings. In particular, the authors of [20] noted that a
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person’s choice is based on a clear distinction between two behavioral aspects: mandatory
and voluntary. If contributions are mandatory, their frequency is higher compared to the
non-mandatory nature of contributions. Authors in [21] analyzed a different approach to
studying the frequency of contributions using empirical studies. Using a household survey
for 1992-2000, and analyzing the characteristics of the frequency of pension contributions
in Chile, the authors used a non-linear econometric model to estimate the probability of
the frequency of contributions. The model consistently adds to the main variables (age,
gender, education, marital status, and disability) and other variables that are characteris-
tics of factors such as military service, work experience, income, knowledge of the social
security system, risk aversion, and propensity to consume. Such an iterative approach to
the construction of an econometric model allowed us to establish that men have a higher
frequency of contributions than women, except for work experience.

The level of education and age have a positive but significant relationship with the
frequency of contributions in almost all regression models. Marital status does not matter
under any circumstances. Work experience in the labor market positively correlates with
the frequency of contributions; knowledge of the rules of the pension system also has a
positive impact on the frequency of contributions.

There have not always been economists who considered socio-demographic factors as
the basis for the growth in voluntary pension contributions. For example, the author of [22]
explores the determinants of participation in the pension system under various scenarios,
for which the sensitivity of the frequency and amount of contributions to legislative changes
in the system is assessed. In the works of [23,24], some argue the insufficient participation
of the population in voluntary pension plans near Central and Eastern Europe lies in the
low level of financial knowledge and inefficiency of tax incentives. The research of these
scientists shows that increasing the benefits of pension products increases participation of
the population in the system. We can apply behavioral factors besides demographic factors
to explain behavior in retirement planning.

Morselli (2000) and Kajauchire (2015) emphasize that future perspective or “future
orientation” is a cognitive-motivational construct that plays an important role in changing
individual attitudes and behaviors that focus on the future rather than the present or the
past. Hershey et al. emphasize specific changes are related to the assessment of the level of
the planning horizon and/or time factors.

The works of [25] also study the behavioral level in retirement planning measured by
five retirement planning activities:

1. The frequency with which a person reads articles and brochures about investment or

financial planning;

The frequency of visits to financial planning websites;

3. The frequency with which a person tunes in to TV and radio broadcasts about retire-
ment planning and investing;

4. Planning expenses in future periods of life;

5. Discussing retirement plans with a professional in the field, with a friend or acquaintance.

N

The study carried out in [19] draws similar conclusions: people who actively take
part in retirement planning activities have more retirement assets and higher confidence in
retirement income.

Although the relationship between retirement planning activities and the level of sav-
ings in individual retirement accounts is obvious, according to the authors, it is important
to consider the planning horizon in this approach to the study. Observations have shown
that the population with a short-term planning horizon accumulates fewer pension assets,
and they are expected to receive less income at retirement.

The Pension Awareness Index was introduced to increase the planning horizon and
assess the effect of communication with the population planning their retirement income.
Heuts et al. found that this indicator reflects an improvement in the communication strategy
of pension funds with the population [26].
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Therefore, before developing a communication campaign, it is necessary to establish a
clear picture of the major barriers to understanding and perception of voluntary pension
insurance programs, considering groups of citizens by demographic indicators (age, gender,
and education) [27].

Regarding the channels of information dissemination, [28] believes that information
about pensions should be disseminated en masse through official and non-official channels:
experts, friends, colleagues. When choosing a pension fund, the population depends on the
opinion of “peers” rather than on economic performance indicators [29]. Such influences
can have both a positive and a negative character—a negative attitude towards voluntary
pension contributions [30-32].

Because of the analysis of literature and internet sources on the chosen topic, we
identified groups of factors that affect the development of the subsystem of voluntary
pension insurance: socio-demographic, behavioral, and economic. Researchers most often
rely on socio-demographic factors in their work for building models: age, gender, educa-
tion, marital status, and employment; economic: work experience, income, knowledge of
legislation in pension and social security; behavioral: level of awareness, planning horizon,
and communication. It is quite obvious that all these [33,34] factors affect the development
of the subsystem of voluntary pension insurance, but the authors of the research do not
establish a causal part between them and the level of development of the subsystem of
voluntary pension insurance. In addition, the research ignored the following factors:

Public confidence in the pension system related to voluntary savings;

The level of ownership of information and communication technologies by the popu-
lation, which also has a serious impact on communication companies and the choice
of the planning horizon by the population before retirement [35,36].

As studies have shown in different countries, the influence of such factors varies
and therefore, each country requires its research, considering the specifics of the national
economy, tax incentives, the development of pension funds, and models for the formation
of voluntary pension contributions [37,38].

4. An economic and Mathematical Model for Assessing the Causality of Factors in the
Development of Voluntary Pension Insurance in the Republic of Kazakhstan

The developed theoretical model for studying the interrelationships of structural
configuration components, situational factors, and causality of factors in the development
of voluntary pension insurance in the Republic of Kazakhstan [39,40] goes beyond the
existing models and, considering the specifics of the object of research, pays special attention
to such factors as the planning horizon, the level of information technology proficiency, and
the level of trust in the pension system. Structural configuration itself indirectly affects the
result of the study of causality factors. Almost always, the methods of paired correlation
analysis, multiple linear regression, and variance analysis are used as analytical tools [41]
for checking relationships in the construction of economic and mathematical models. Using
such methods in analyzing the relationships between variables measured on the Likert
scale (from complete agreement to complete disagreement) often causes discussions from
the point of view of the adequacy of the use of parametric methods. Jamieson et al. speak
about the complete non-applicability of such methods; Pell, Carifio and Perla [42] assert
the possibility of using parametric methods for analyzing such variables, considering
certain limitations. The article by Nazarov [43] summarizes the methods for the causality
of factors in socio-economic processes and provides an example of the use of fuzzy control
technologies for the construction of economic and mathematical models. We considered
the materials of these studies when selecting variables and calibrating them [44—46].

Two conceptual models were chosen as tools for conducting the study: symmetric (for
example, correlation and multiple regression analysis) and asymmetric (i.e., forecasts of the
results of individual cases)

The basic model was defined as qualitative comparative analysis (QCA), a method
for asymmetric data analysis that combines the logic and empirical intensity of qualitative
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approaches rich in contextual information with quantitative methods that deal with many
of cases and are more generalizable than symmetric concepts and models. This ability
to combine the basic concepts of both qualitative and quantitative methods of analysis
differs significantly from traditional methods of quantitative analysis, which are often
based on variance and use null hypothesis significance testing. QCA can identify logically
simplified statements that describe various combinations (or configurations) of conditions
showing a specific result. As an additional verification tool, we used multiple correlation
and regression analysis of data [47].

To build an economic-mathematical model for assessing the causal relationship be-
tween factors in the development of voluntary [48,49] pension insurance in the Republic
of Kazakhstan, we conducted a sociological survey through a questionnaire. The ques-
tionnaire was divided into two parts. Questions about the demographic characteristics
(age, gender, and education) of the sample were the first part. The second part included
measurements of various constructs stated in the literature review section. The question-
naire was aimed at identifying the attitude of citizens towards the pension system, in
particular, the level of awareness, confidence in the pension system, the level of ownership
of information and communication technologies, and sources of income to ensure old age
with an emphasis on voluntary pension insurance.

As a result, 65 questionnaires were received, 53 of them were selected for data pro-
cessing and model construction. Among the respondents were 30 men and 23 women
aged 35 to 65 years at the time of the survey in 2020, with an average age of 45 years.
About half were married, and about half had school-aged children. Respondents had an
average of 13.5 years of professional work experience, an average of 5.7 years in managerial
positions, and 7.5 years of work experience as specialists in organizations. About 21%
were leaders of others. Almost 43% had a degree below bachelor’s level, and 57% had a
bachelor’s degree or higher. A total of 21 respondents worked in the public sector, and 32
worked in the private sector. All were citizens of the Republic of Kazakhstan. It is notable
that 12 questionnaires were rejected because the respondents of these questionnaires were
younger than 35 years old and did not answer the questionnaire questions with sufficient
quality and understanding.

We calibrated the survey data in two different ways: binary principle for the QCA
method, and common procedures for regression analysis [50].

According to the study, we identified the following variables:

Work experience (EJ);

Knowledge of legislation in the field of pension and social security (ZN);
Level of awareness of voluntary accumulation models (OS);

Planning horizon (GP);

Public confidence in the pension system (DP);

Education level (ED);

Voluntary Pension Insurance System (DS).

There are factors that influence the endogenous variable of the DS model and are not
accounted for in our model.

Using the general rules for constructing causal models, we obtained the following
equations that describe our model:

V = {EJ,ZN, OS,IT, GP,DP,ED}

U = {Ugj, Uzn, Ups, Urr, Ugp, Upp, Ugp }
DS = fps{EJ,ZN, OS,IT, GP,DP,ED, Ugj, Uz, Uos, Urr, Ugp, Upp, Ugp }

rae Ugj, Uzn, Uos, Urr, Ugp, Upp, Upp exogenous variables stand in for any random
effects that may alter the relationship between the endogenous variables
We built a graph (see Figure 1) as follows:
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Figure 1. A graphical representation of the model.

Based on the problem statement, we needed to find [51]:

1.  Conditions (causes) from the set V that ensure the fulfillment of the consequence DS.
Necessary and sufficient configuration of conditions that ensure the execution of the
corollary in the QCA method.

2. Test the hypothesis that the variables we introduce into the model increase the logical

coverage of the consequence: covS (fDS(IT:ITO,GP:GPU,DP:DPO)) > covS(fps)

The purpose of the baseline study was to determine the configuration of factors for the
causal field of causal variables with synergy, which includes the initial predictors (causes)
and consequences using the QCA method. QCA has three main variants: QCA with a clear
set (csQCA), QCA with multiple values (mvQCA), and QCA with a fuzzy set (fsQCA).

We used CsQCA—the first kind of QCA. It is a tool designed to work with complex
binary data sets [52].

QCA uses Boolean algebra and Boolean minimization algorithms to capture patterns
of multiple conjunctural causality and logically and holistically simplify complex data
structures, as described by Ragin (1987). Using Boolean algebra means that QCA has binary
data (0 or 1) as input and uses logical operations for the procedure of constructing a causality
estimation model, so it is very important to dichotomize model variables meaningfully [53].

Table 1 shows the coding of the predictors of the model.

To conduct the technical aspect of the research, we used the QCA package in the
RStudio environment. As parameters are important when determining any configuration
(causal field), we explained parts of the code we used in the article. This will help to better
understand the design of our study and understand the features of the QCA method.

We initialized the QCA library and loaded the data. We encoded the IDs of our
respondents with numbers from 1 to 53 [54].

library (QCA)

x<-read.csv (“QCA.csv”, sep = “;”, head = T)

The application of the QCA method is quite regulated, so we started with checking
pof (“OS <= DS”, data = x[,—1])

result: incIN = 0.762, RoN = 0.649

We can see that the indicators of inclusion and relevance are at an average level,
so the OS factor (level of awareness) does not fully cover the consequence—readiness
for voluntary contributions. Similar actions were carried out for other factors and the
result [55-57] was approximately the same. This means that there is a configuration of
factors that explains the consequence. The QCA package offers a useful superSubset()
function that conducts all these checks automatically. This function explores all necessity
relations for individual conditions or conjunctions (even if the conjunctions are redundant),
as well as all disjunctions of conditions that are necessary for a result. We then applied it to
our data:

superSubset (x[,—1], outcome = “DS”, incl.cut = 0.9, ron.cut = 0.6)
superSubset (x[,—1], outcome = “DS”, relation = “sufficiency”, incl.cut = 0.9, ron.cut = 0.6)



Mathematics 2022, 10, 1415

10 of 19

Table 1. Variables for the causality assessment model of factors.

Predictors Coding of Variables (Dichotomy)

Work experience (EJ)

Sufficient (over 13.5 years)—1
Insufficient (less than 13.5 years)—0

Knowledge of legislation pension and social security (ZN)

Knows the basics—1
Does not know the basics—0

Level of awareness of voluntary accumulation models (OS)

Aware—1
Not aware—0

The level of ownership of information and communication technologies (IT) by Owns—1
the population Does not own—0
. . High—1
Planning horizon (GP) Low—o0
Trusts—1

Public confidence in the pension system (DP)

Does not trust—0

Education level (ED)

Above bachelor’s degree—1
Below bachelor’s degree—0

Voluntary Pension Insurance System (DS)

Ready to pay—1
Not ready to pay—0

These commands allowed us to examine the data of our survey for the necessity and
sufficiency of conditions (causal variables) that should form some configuration of causes
in our causality model. The parameters incl.cut = 0.9, ron.cut = 0.6 show the thresholds for
the most suitable configuration options. In our case, these are prime indicators of inclusion
and coverage of logical configurations of causality of factors and consequences. We show
the results in the figure below (see Figure 1) [58,59].

To analyze the results, it is necessary to understand the algebra of logic [60]. When
investigating necessity, it is usually necessary to exclude atomic conditions, since these
conditions in disjunctions and conjunctions make them redundant. In our case, DP*ED is a
stronger explanation for the necessity of the cause than just ED [61,62]. In the sufficiency
study, the opposite situation was found to arise: if an atomic condition (for example, GP)
is sufficient for the result, any of its subsets of compounds is redundant, since they are
logically sufficient as part of a larger atomic condition. The results are merely an aid for
deciding on each variant of the study [63,64]. Since mathematical logic is used to construct
structures, which is less flexible than human logic. The PRI (Proportional Reduction in
Consistency) estimate, which is found in the output data for the parameters of a suitable
function in the sufficiency ratio, shows the ratio of conditions for the result and its negation.
When simultaneous relations of subsets arise, we must decide about what our logical [65,66]
constructions are most sufficient for the result or its negation. In our case (see Figure 2),
the PRI score is equal to the maximum 1 in most constructions, so these configurations are
precisely sufficient for the result under study, and not its negation. Because of the conducted
research, it becomes practically obvious that our assumption about the construction of the
causal field, which includes the variables IT, GP, and ZN in various logical combinations, is
confirmed [67].

The next most powerful research tool is the truth table, which serves as an interme-
diate link for performing logical minimization by Quine [68]. In this process, because of
the analysis and transformation of the truth table, logical residuals are determined and
excluded from the analysis, rows in the truth table to which no observations were attributed.
The remaining rows are analyzed according to two criteria: the minimum number of ob-
servations required to consider a particular combination (this value is determined by the
researcher depending on the sample size) and the minimum value of the combination con-
sistency indicator. For the combination of variable values to be sufficient, the value of the
consistency indicator exceeds 0.75-0.8 [69]. To implement minimization, a counterfactual
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analysis of causal conditions is used, which allows dividing causal conditions into core
and peripheral. Counterfactual analysis is very important when analyzing configurations,
because even a few configuration elements leads to a significant number of rows in the
truth table [70].

(xTT<-truthTable (x[,—1], outcome = “DS”, show.cases = TRUE, sort.by = “incl, n+"))

We show the result of the execution in Figure 3.

Now, using the minimize() command, we obtained a conservative or complex solution
to the problem of our study:

(xSC <- minimize(xTT, details = TRUE))

We show the result in Figure 4.

The results obtained in solving our problem turned out to be interesting but logical

residues did not allow this solution to be acceptable to some reservations. We can thus
explore why this happened:

xSC$PIchart

We show the result in Figure 5.

The data in Figure 4 show the explanation of contradictions (besides positive results)
leads to the addition of additional columns [71] to the diagram of the main implicants (the
corresponding rows are marked in yellow).

Therefore, it is advisable to consider an economical solution. A cost-effective solution
is a more simplified but equivalent solution compared to a complex solution. It is obtained
by applying a less conservative approach to empirical data and including residues in the
minimization process. It is implemented by the following command [72,73].

(xSC <- minimize(xTT, include = “?”, details = TRUE, show.cases = TRUE))

The result is shown in Figure 6.

> supersubset(x[,-1], outcome = "DS",incl.cut = 0.9, ron.cut = 0.6)
incIN RON covN

1 ED 0.952 0.758 0.714

2 DP¥ED 0.952 0.848 0.800

3 0s +GP 0.905 0.618 0.59%

> supersubset(x[,-1], outcome = "Ds",relation = "sufficiency",incl.cut = 0.9, ron.cut = 0.6)

incls PRI  covs

1 GP 1.000 1.000 0.381

2 ZN*IT 1.000 1.000 0.286

3 ZN*DP 0.917 0.917 0.524

4 ~0S*ED 1.000 1.000 0.238

5 EJ*ZN*~0S 1.000 1.000 0.048

6 EJI*OS*DP 0.900 0.900 0.429

7 EJ*IT*ED 0.909 0.909 0.476

8 EJ*DP*ED 0.923 0.923 0.571

9 EJ*~ZN*~IT*ED 1.000 1.000 0.048

Figure 2. Results of applying the superSubset() function to research survey data.
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OUT: output value

n: number of cases in configuration
incl: sufficiency inclusion score
PRI: proportional reduction in inconsistency
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Figure 3. Fragment of the truth table.

Ml: ZN*OS*IT*DP*ED + ~EJ*ZN*OS*GP*DP*ED + EJ*ZN*0S*~IT*~GP*DP +
EJ*~0S*IT*GP*DP*ED + ~ZN*~OS*IT*~GP*DP*ED + EJ*~ZN*0S*~IT*GP*DP*ED

5; 19; 4; 15,16

-> DS

incls

1 ZN*0S*IT*DP*ED 1.000
2 ~EJ*ZN*0S*GP*DP*ED 1.000
3 EJ*ZN*0S*~IT*~GP*DP 1.000
4 EJ*~0S*IT*GP*DP*ED 1.000
5 ~ZN*~0S*IT*~GP*DP*ED 1.000
6 EJ*~ZN*0S*~IT*GP*DP*ED 1.000
M1 1.000

ZN*OS*IT*DP*ED -
~EJ*ZN*0S*GP*DP*ED -
EJ*~ZN*~0S*IT*DP*ED -
EJ*ZN*0S*~IT*~GP*DP -
EJ*ZN*0S*~GP*DP*ED -
EJ*ZN*IT*GP*DP*ED -
EJ*~0S*IT*GP*DP*ED -
~ZN*~0S*IT*~GP*DP*ED X
EJ*~ZN*0S*~IT*GP*DP*ED -

Figure 5. Explanation of the complex (conservative) solution to the research problem.
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M1: GP + ZN*IT + ~OS*ED + (EJ*ZN*DP) -> DS
M2: GP + ZN*IT + ~0S*ED + (EJ*OS*~IT*DP) -> DS

1 GP 1.000 1.000 0.381 0.048 0.095 0.048
2 ZN*IT 1.000 1.000 0.286 0.048 0.048 0.095
3 ~0S*ED 1.000 1.000 0.238 0.095 0.095 0.095

4 EJ*zN*DP 1.000 1.000 0.286 0.000 0.095
5 EJ*O0sS*~IT*DP 1.000 1.000 0.143 0.000 0.095

1 GP 21; 19; 24,25; 18; 26; 15,16
2 ZN*IT 5; 19; 26; 4; 15,16

3 ~0S*ED 28; 27; 24,25; 26

4 EJ*ZN*DP 26; 29; 17; 4; 15,16

5 EJ*OS*~IT*DP 18; 29; 17

Figure 6. Economical solution to the research problem.

In the table in Figure 6 containing the fitting parameters, two or three conjunctions are
sufficient, each of which covers a part of the empirically observed positive configurations
in economical solutions. They are displayed with the logical relation OR, and any of them
is sufficient for positive configurations, but two with M2 solution and three with M1 are
necessary to cover all of them [74,75].

In the first case, three conjunctions, and in the second case, two conjunctions are
sufficiently consistent sufficient expressions, but their cumulative unique coverage is below
1, which suggests that there is still some space in the resulting set that remains unexplained.

All this is connected with the problem of logical residues, the explanation of which is
quite difficult and is of scientific interest from the point of view [76] of both mathematics
and economics.

(xTT<-truthTable (x[,—1], outcome = “DS”, show.cases = TRUE, dcc =T, sort.by = “incl,
n+"))

Executing this command leads to an understanding of the logical residuals in this study.
The column shows the rows in the truth table corresponding to logical residuals for all cases
of DCC. In our case, they are associated with negative (0) output configurations, which is
evidence of a well-conducted analysis and will explain the logical inconsistencies [77,78].

To find and exclude contradictory simplifying assumptions, it is necessary to use the
built-in findRows() function to build an economical solution:

CSA<- findRows(obj = xTT, type = 2)

(xSC <- minimize(xTT, include = “?”, exclude = CSA))

Our result is shown in Figure 7.

The result of the minimization process (see Figure 7), which excludes untenable
assumptions, is an extended economical solution, which can later [79] obtain another inter-
mediate solution, called an extended intermediate solution (EIS) by adding an argument to
the dir.exp function, which shows the direction of our search, testing the hypothesis about
the importance of the three conditions being tested.
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M1:

M2:

M3:

(xSC <- minimize(xTT, include = “?”,details = TRUE, dir.exp = “0,0,0,1,1,1,0”, show.cases
= TRUE))

The parameter dir.exp = “0,0,0,1,1,1,0” forcibly includes the factors we tested in the
model: IT, DP, and GP

The result is shown in Figure 8 [80].

EJ*GP*DP*ED + ZN*IT*DP*ED + ~OS*IT*DP*ED + EJ*ZN*0S*~IT*DP + (ZN*GP*DP*ED)

-> DS

EJ*GP*DP*ED + ZN*IT*DP*ED + ~OS*IT*DP*ED + EJ*ZN¥*0S*~IT*DP +
(~EJ*ZN*0S*GP*DP) -> DS
EJ*GP*DP*ED + ZN*IT*DP*ED + ~OS*IT*DP*ED + EJ*ZN*0S*~IT*DP +
(ZN*0S*~IT*GP*DP) -> DS

From ClP2:
M1: ZN*IT*DP
M2: ZN*IT*DP
M3: ZN*IT*DP
1 ZN*IT*DP
2 ~OS*IT*DP*ED
3 ~EJ*GP*DP
4 0S*GP*DP
5 EJ*ZN*0S*DP
6 EJ*OS*~IT*DP
M1
M2
M3

Figure 7. Extended economical solution to the research problem (EPS).

+ ~OS*IT*DP*ED + (~EJ*GP*DP + EJ*0S*~IT*DP) -> DS
+ ~OS*IT*DP*ED + (OS*GP*DP + EJ*ZN*0S*DP) -> DS
+ ~OS*IT*DP*ED + (OS*GP*DP + EJ*OS*~IT*DP) -> DS

incls PRI covs covu (ML) (M2) M3) cases

1.000 1.000 0.286 0.048 0.190 0.048 0.095 5; 19; 26; 4; 15,16
1.000 1.000 0.238 0.190 0.190 0.190 0.190 28; 27; 24,25; 26
1.000 1.000 0.095 0.000 0.048 21; 19

1.000 1.000 0.238 0.000 0.095 0.048 21; 19; 18; 15,16
1.000 1.000 0.238 0.000 0.095 29; 17; 4; 15,16
1.000 1.000 0.143 0.000 0.143 0.095 18; 29; 17

1.000 1.000 0.667

1.000 1.000 0.667

1.000 1.000 0.667

Figure 8. Extended intermediate solution (EIS).

In the study’s course [81], we obtained a conservative, economical, extended eco-
nomical and extended intermediate solution, which showed that including IT, DP, and
GP factors suffices to obtain a causal model for assessing the development of voluntary
pension insurance in the Republic of Kazakhstan. It is obvious that this is only one of the
first studies in this direction, which allows us to explain the causality of such a complex
phenomenon of real life as readiness for voluntary pension contributions. The results
of our modeling process have shown that there are multiple configurations related to a
non-probabilistic concept, which is inherently non-linear and additive and emphasizes the
equifinality of causality (different paths can lead to the same result) [82,83].

Having transformed the survey results on the Likert scale, we applied multiple regres-
sion analysis to our data, within which we tested the following hypotheses [84-86].

* Null hypothesis (Ho): factors such as the level of education, awareness, and income
level do not affect the increase in the intention to make voluntary pension contributions.

* Alternative hypothesis (NA): factors such as the level of education, awareness, and
income level affect the increase in the intention to make voluntary pension contributions.

To test an alternative hypothesis, the authors tested the existence of a relationship
between these functions using multiple regression analysis. Then the authors checked for
a relationship between the studied features using a one-factor regression analysis. When
constructing a regression model, the authors assumed that the relationship between the
considered features is linear [87,88]. See results in Table 2.
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Table 2. Indicators of multivariate statistical analysis (performed by the authors, 2021).

Regression Statistics

Multiple R 0.614
R-square 0.377
Normalized R-square 0.357
Standard error 0.403
Observations 97
ANOVA
df SS MS F Significance F
Regression 3 9.1 3.0 18.8 0.000
Residual 93 15.1 0.2
Total 96 24.2
Coefficients Standard error t-statistics p-value Lower 95% Upper 95%
Y-crossing 1.870 0.220 8.486 0.000 1.432 2.307
Awareness 0.291 0.109 2.672 0.009 0.075 0.507
Education level —0.157 0.045 —3.530 0.001 —0.246 —0.069
Income level —0.108 0.041 —2.626 0.010 —0.189 —0.026

The value of the R-square characterizes the quality of the acquired regression line.
This quality is expressed by correspondence between the source data and the regression
model. The value of the R-square of the studied model is 0.377, so the constructed model
explains the variability of the corresponding variables by 37.7%, showing the quality of the
regression line made for the initial data.

The coefficient of 0.291 shows the amount of voluntary contributions that will be
present if all the independent variables in the model under consideration are reset. The
relationship between the variables is directly proportional. This shows that if a person
knows about the possibility of voluntary contributions, then this increases the intention to
make such contributions by 0.291 [89].

The following coefficient —0.157 shows the influence of the level of education on the
possibility of voluntary contributions. The coefficient has a negative value. The relationship
between the variables is inversely proportional. Higher education leads to an increase in
the intention to make voluntary pension contributions.

The last coefficient —0.108 shows the impact of the income level on the possibility of
voluntary contributions. The coefficient has a negative value. The relationship between
the variables is inversely proportional. A higher level of income leads to an increase in the
intention to make voluntary pension contributions.

5. Conclusions

Conservative, economical, extended economical, and extended intermediate solutions
were analyzed and results were achieved by applying the QCA method in the RStudio
environment using the capabilities of the QCA library. It was found that the IT, DP, and GP
factors included in the causality model have signs of sufficiency for the development of
voluntary pension insurance in the Republic of Kazakhstan. Together with other factors
in different configurations, they make it possible to understand in which directions the
Government of the Republic of Kazakhstan and the heads of pension funds should focus
their efforts to achieve positive results.

The conducted research complements the results of already known models related to
the identification of cause-and-effect relationships in pension provision.
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References

The regression model at the 95% significance level allowed the authors to investigate

the dependence of factors such as awareness, education level, and income level on the level
of intentions to make voluntary pension contributions to pension funds. This is consistent
with the causality model and shows the importance of a comprehensive study on the
phenomenon.

It was possible to prove in practice that causality models are equivalent and there are

many ways to achieve the desired result.

There is practically no market for voluntary pension contributions in developing

countries of the post-Soviet space, such as Kazakhstan. Radical measures are needed to
develop the system for voluntary pension contributions as a tool for replenishing pension
capital, including in conjunction with improving the pension literacy of the population.

The following is proposed:

Encourage citizens to participate in the system of voluntary pension contributions
due to a competent combination of mechanisms for behavioral economics. This
can include awareness of citizens about pension provision, the ability to plan their
expenses, and increase planning horizons.

Actively introduce information technologies into the pension system. Create an
information platform by the unified cumulative pension fund of the Republic of
Kazakhstan, as an integral element for the dissemination of knowledge and infor-
mation about pension provision, as well as a means of communication between the
population and the pension system.

The tools we use correctly describe the process and result of modeling. We should
continue further research using fuzzy and multivalued logic and the QCA method.
The iterative process of building the model showed that not all factors equally affect
the result. It is necessary to increase the number of factors reasonably, without
changing the design of the study, and process the results of the survey using fuzzy
logic and the QCA method.
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