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Abstract. Along with the modern phenomenon of population aging, economists are also concerned about a shift in the composition of the 
workforce from relatively young to relatively old workers. This study is aimed to empirically prove the hypothesis that in the modern world 
the economic usefulness of older workers in terms of productivity is determined, in addition to the characteristics of the elderly workforce, 
by factors characterizing the level of territory development. The theoretical background and methodology of this study is formed on the 

basis of the concept of “specific human capital” by G. Becker and the conception of endogenous growth. The author uses the la test 
statistics for 63 countries of the world and several methods of quantitative data analysis: correlation analysis, regression analysis and 
cluster analysis – in order to detect not only correlational parallelism, but also causal relationships between the variables included in the 
proof of the research hypothesis. The results of the empirical analysis show that technological readiness, along with a high level of lifelong 
learning in the country, are the catalysts that ensure the economic usefulness of older workers in terms of productivity in the countries of 
the modern world. The author also concludes that a baseless raising the retirement age in the country, without considering the above factors 
that characterize the level of development of this country in technological and learning aspects, does not allow the effective use of the 
economic potential of older workers. 
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1. Introduction  

 
Along with the modern phenomenon of population aging, economists are also concerned about a shift in the 

composition of the workforce from relatively young to relatively old workers, i.e. a phenomenon that the 

researchers refer to as “workforce aging” (Aiyar et al., 2016). In most industrialized countries, the average age of 
the workforce has been growing rapidly during the recent years (Gobel & Zwick, 2011), and the share of older 

workers in the European labor force is expected to increase substantially over the next few decades (Cataldi et al., 

2011; Aiyar et al., 2016). In particular, in his previous research the author found that over the past 10 years, 

Latvia has a rapid – almost 2 times – increase in the elderly (65+) employment, which quantitatively corresponds 
to the general EU’s trend (Kudins, 2021). In this regard, a discussion about the economic usefulness of older 
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workers is relevant in the research space (Verhaegen & Salthouse, 1997; Colonia-Willner, 1998; Skirbekk, 2003; 
Gobel & Zwick, 2011; Projektu un kvalitates vadiba, 2014; Borsch-Supan & Weiss, 2016; Boring & Grogaard, 

2021 and others).  

 
On the one hand, in the scientific literature in the framework of ageism there are (and even prevail) opinions that 

point to the unjustified recognition of older workers as necessary for the economy due to their low productivity 

compared to younger workers (Avolio & Waldman, 1994; Kahana et al., 2018). The manifestation of ageism in a 

broader socio-economic context is considered as part of the theory of modernization at the macro-level. The 
essence of the argument is that ageism increases as societies modernize, but social policies and management 

practices that emerged with industrialization are being rolled back over the last decades (De Tavernier et al., 

2019).  
 

The results of many studies show that the knowledge, skills and experience of older people are underutilized in 

the economy (Gobel & Zwick, 2011; PwC Global, 2018; Connie, 2020). The New England Journal of Medicine 
published a study in 2018, reporting that an extensive study in the USA found that the most productive age in 

human life is between 60-70 years of age. The second most productive stage of the human being is from 70 to 80 

years of age. The third most productive stage is 50 to 60 years of age (Connie, 2020). Ageism leads to poorer 

health, social isolation, earlier deaths and cost economies billions: WHO report “Ageism is a Global Challenge: 
UN” calls for swift action to implement effective anti-ageism strategies (World Health Organization, 2021). 

 

In addition to the aforementioned extreme positions, there are also compromise positions in the scientific 
literature in relation to the economic usefulness of older workers in terms of productivity. For example, V. 

Skirbekk in his study based on a literature survey about age and individual productivity concluded that the 

decreased cognitive abilities of older workers can lead to lower productivity, unless their longer experience and 

higher levels of job knowledge outweighs the declines in mental abilities (Skirbekk, 2003). He also found that 
productivity reductions at older ages are particularly strong for work tasks where problem solving, learning and 

speed are needed, while in jobs where experience and verbal abilities are important, older individuals’ maintain a 

relatively high productivity level (Skirbekk, 2003). 
 

Furthermore, the results of some studies also point to spatial differences in the professional potential of people of 

different age groups. For example, the researchers P. Boring and J.B. Grogaard (2021) examined the relationship 
between employees’ age and their individual productivity potential (IPP). IPP is measured by individual 

characteristics which are related to skills utilization at work. Using data of the Programme for the International 

Assessment of Adult Competencies (PIAAC) for 27 European and non-European countries, they found that the 

oldest employees have a lower IPP score than the middle-aged employees in 17 of the 27 countries (Boring & 
Grogaard, 2021). Based on the results of this study, the author hypothesizes that in the modern world, the 

economic usefulness of older workers in terms of productivity is determined, in addition to the characteristics of 

the elderly workforce, by factors characterizing the level of territory (country, region, etc.) development. 
 

Within this study, productivity is a target function that depends (or does not depend, as the results of the study 

will show) on “workforce aging” (Aiyar et al., 2016). Productivity will be considered not at the individual level of 

workers, but at the macroeconomic level, i.e. at the level of productivity of the economy as a whole, as many 
regional economists do in their studies (Rice & Venables, 2004a, 2004b; Cusolito & Maloney, 2018; Komarova et 

al., 2021). Methodologically, the author will consider the macroeconomic aspect of productivity based on the 

theory of human capital, which emphasizes its impact both on economic growth as a whole (Romer, 1986, 1989a, 
1989b; Barro, 2001; Becker, 1993, 2009; Pelinescu, 2015), and on the productivity of the economy and firms 

operating in it (Hellerstein & Neumark, 1995; Hellerstein et al., 1999; Abel et al., 2010; Cardoso & Guimaraes, 

2010; Cocalia, 2015; Andretta et al., 2021). 
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As sources of empirical data to prove the hypothesis of this study, the author uses the latest statistics from the 
World Health Organization, Trading Economics, PwC Global, as well as data from the report on the Global 

Talent Competitiveness Index for 63 countries representing different continents and different levels of economic 

development. However, the relatively small sample size and the lack of diachronic analysis are the main 
limitations of this study, reducing the stability of the results obtained. To compensate for the above limitations, 

the author uses several methods of quantitative data analysis: correlation analysis, regression analysis and cluster 

analysis – in order to detect not only correlational parallelism, but also causal relationships (Keim, 2020) between 

the analyzed variables. 
 

2. Theoretical background  

 
A large body of evidence supports the notion that cognitive abilities2 decline from some stage in adulthood. P. 

Verhaegen and T.A. Salthouse (1997) present a meta-analysis of 91 studies, which investigate how mental 

abilities develop over the life span. Based on the analysis of these studies, they conclude that the cognitive 
abilities reasoning, speed and episodic memory declines significantly before 50 years of age and more thereafter 

(Verhaegen & Salthouse, 1997). However, in relation to the productivity of older workers, some researchers 

emphasize that it is a widespread stereotype that older workers are probably less productive: “the arguments given 

in the literature are that the physical abilities decrease in general, cognitive abilities at least in some areas” 
(Barthel, 2008, p. 3). 

 

An interesting sociological study of economic potential of the population of pre-retirement age was conducted by 
Latvian researchers (Projektu un kvalitates vadiba, 2014). They found that “older people believe that they have 

much more experience than younger people, but less skills in working with new technologies. Those older people 

who feel that they lack some kind of knowledge or skills most often cite computer skills, English proficiency and 

basic business knowledge as insufficient. In turn, employers also value the experience of older workers, their 
reliability and ability to make independent decisions. At the same time, abilities, skills and competencies such as 

openness to new ideas, working with new technologies and creativity, according to employers, are less common 

among workers aged 50 years and older compared to younger workers” (Projektu un kvalitates vadiba, 2014, p. 
68).  

 

Back in the 1960s, economists T. Schultz and G. Becker pointed out that education and training were investments 
that could add to productivity (Schultz, 1961; Becker, 1964). Later, throughout his life, G. Becker and his 

colleagues actively continued economic studies of human capital (Becker & Ghez, 1975; Becker, 1993, 2009; 

Becker et al. 2010). The most necessary for the methodology of this study is the separation of the concepts of 

“general human capital” and “specific human capital” proposed by G. Becker (the Recipient of the 1992 Nobel 
Prize in Economic Science) (Becker, 1993). In his opinion, the general human capital, as a rule, is developed by 

special “firms” (schools, colleges), and the special one is formed directly at the workplace. The term “specific 

human capital” has helped to understand why long-serving workers in the same job are less likely to change jobs, 
and why firms tend to fill vacancies through internal job travel rather than through external recruitment (Becker, 

2009; Becker et al. 2010). Thus “specific human capital” by G. Becker accumulated over a long professional 

activity (and not even necessarily within one firm or organization, but on the labor market as a whole) can 

theoretically be considered a determinant of the economic usefulness of older workers in terms of productivity. 
 

I.J. Deary with his colleagues provide an overview of surveys that focus on how age differences in productivity 

are estimated by employer-employee studies (Deary et al, 2000). They conclude that for 5 out of the 7 employer-
employee studies, an inverted U-shaped work performance profile is found, where individuals in their 30s and 40s 

have the highest productivity levels. Employees above the age of 50 are found to have lower productivity than 

younger individuals, in spite of their higher wage levels. Exceptions to the notion of decreasing productivity is a 
notion by J.K. Hellerstein and D. Neumark who suggest that productivity increase over the life span in a study of 
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Israeli manufacturing firms (Hellerstein & Neumark, 1995). Similarly, in a study of American firms, J.K. 
Hellerstein, D. Newmark and K. Troske suggest that those above 55 contribute the most to output levels. 

However, they find that the peak productivity shifts to 35-54-year-olds workers when they use the firms’ value-

added instead of output levels as an indicator of productivity (Hellerstein et al., 1999). A.R. Cardoso and P. 
Guimaraes using a panel of Portuguese private sector firms that spans for over 20 years find that older workers 

are, in fact, worthy of their pay, in the sense that their contribution to firm-level productivity exceeds their 

contribution to the wage bill (Cardoso & Guimaraes, 2010). 

 
The mention of high-tech Israel, in which “productivity increase over the life span” (Hellerstein & Neumark, 

1995, p. 110), as well as the United States and Portugal, suggests that in the modern world the economic 

usefulness of older workers in terms of productivity is determined, in addition to the characteristics of the elderly 

workforce, by factors characterizing the level of development of the country as such. And, most likely, these 

factors relate to the development of technology, lifelong learning, etc. In a special edition of the Global 

Competitiveness Report issued by the World Economic Forum in 2020, a very interesting indicator is calculated 
(unfortunately, only for 37 countries of the world) - transformation readiness, which includes 11 structural 

elements (the so-called transformation economic priorities), namely (Schwab et al., 2020): 

1) ensure public institutions embed strong governance principles and a long-term vision and build trust by 
serving their citizens; 

2) upgrade infrastructure to accelerate the energy transition and broaden access to electricity and ICT; 

3) shift to more progressive taxation, rethinking how corporations, wealth and labour are taxed, nationally 

and in an international cooperative framework; 
4) update education curricula and expand investment in the skills needed for jobs and “markets of 

tomorrow”; 

5) rethink labour laws and social protection for the new economy and the new needs of the workforce; 
6) expand eldercare, childcare and healthcare infrastructure, access and innovation for the benefit of people 

and the economy; 

7) increase incentives to direct financial resources towards long-term investments, strengthen stability and 
expand inclusion; 

8) rethink competition and anti-trust frameworks needed in the Fourth Industrial Revolution, ensuring 

market access, both locally and internationally; 

9) facilitate the creation of “markets of tomorrow”, especially in areas that require public-private 
collaboration; 

10) incentivize and expand patient investments in research, innovation and invention that can create new 

“markets of tomorrow”; 
11) incentivize firms to embrace diversity, equity and inclusion to enhance creativity. 

 

These 11 emerging priorities are vital for countries’ achieving economic transformation: “moving towards a full 
integration of social, environmental and institutional targets into their economic systems over the next five years 

(approximately). Transformation readiness of countries assesses the extent to which countries today are on the 

way towards transforming their economies” (Schwab et al., 2020, p. 44). In combination with other characteristics 

of countries (macroeconomic productivity, lifelong learning), as well as indicators characterizing workforce 
aging, results are obtained that do not yet prove, but testify in favor of the hypothesis of this study. In the 

following table, the author compares data on some indicators regarding the economic usefulness of older workers 

in terms of productivity in the countries with the highest and lowest scores of transformation readiness.  
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Table 1. Some indicators regarding economic usefulness of older workers in terms of productivity in the countries with highest and lowest 
scores of transformation readiness 

 
Countries Transformation 

readiness, score 
from 0 to 100, 

2020 

Lifelong 

learning, 
score from 0 
to 100, 2021 

Productivity of 

the economy* 
– GDP per 

capita (PPP), 
thousands 
USD, 2020 

Retirement 

age for men, 
years, 2020-

2021 

Men’s average 

life duration 
after 

retirement, 
years, 2020 

% of people 

aged 65+ in 
employment. 

2016 

5 countries with highest scores of transformation readiness 

Finland 69.9 71.4 51.1 63.8 15.5 14.1 

Sweden 68.5 77.8 54.6 62.0 18,8 21.9 

Denmark 66.5 70.6 60.4 66.5 13.1 15.3 

China 65.5 83.4 17.3 60.0 14.7 No data 

Canada 64.2 73.7 48.1 65.0 15.4 24.6 

5 countries with lowest scores of transformation readiness 

India 49.5 36.5 6.5 60.0 9.5 No data 

Poland 48.8 28.1 34.3 65.0 9.5 9.5 

Hungary 48.1 37.6 33.1 64.5 8.6 4.6 

Greece 47.2 24.2 28.5 67.0 11.6 7.9 

Mexico 46.9 40.6 18.8 65.0 8.1 38.1 

 
* In the scientific literature, productivity at the macroeconomic level is usually measured using gross domestic product (GDP) per capita 

(Rice & Venables, 2004a, 2004b; Cusolito & Maloney, 2018). 
 

Source: elaborated by the author based on Lanvin & Monteiro, 2021; PwC Global, 2017; Trading Economics, 2022; World Health 
Organization, 2020; Schwab et al., 2020 (data set is provided in the Appendix). 

 

As can be seen from the data in Table 1, the five countries with the highest scores of transformation readiness are 

quite different from the five countries with the lowest scores of transformation readiness, not only in terms of the 

indicator of transformation readiness itself, but also in all other indicators given in the table. Thus, in countries 
with the highest scores of transformation readiness, the indicators of lifelong learning, productivity of the 

economy, share of people aged 65+ in employment (with the exception of Mexico), men's average life duration 

after retirement (indicating the state of health of the retiring workforce) are also obviously higher. The only thing 
that is not higher in the five countries with highest scores of transformation readiness than in the five countries 

with lowest scores of transformation readiness is the retirement age for men (with a few exceptions - India with a 

relatively low retirement age and Denmark with Canada with relatively high retirement age). It seems that in the 

modern world, an increase in retirement age should also be accompanied by at least a high level of life expectancy 
in the country, as well as high rates of lifelong learning and transformation readiness - only then will older 

workers be able to be economically useful and increase the productivity of their country's economy. 

 
Thus, based on the analysis of the relevant scientific literature, as well as some empirical data that allow us to 

understand something about the economic usefulness of older workers in terms of productivity, the author 

believes that in the modern world the situation with the economic usefulness of older workers is ambiguous. Most 
likely, for the most complete economic implementation of the so-called “specific human capital” of older 

workers, some more educational and technological conditions are required, and not just an increase in retirement 

age while maintaining a relatively low life expectancy of the population and the transformation potential of the 

country. Further, the author will try to empirically prove this on a sample of 63 countries of the world using 
several methods of quantitative data analysis at once. 
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3. Research methodology 
 

The methodology of this study is based on the theory of human capital – G. Becker's classic study of how 

investment in an individual’s education and training is similar to business investments in equipment (Becker, 
1993, 2009; Becker et al. 2010), as well as on the theory of long-run growth (Romer, 1986, 1989a, 1989b; Barro, 

2001; Barro & Sala-i-Martin, 2004). The main postulates of the theory of human capital and the theory of long-

run growth, which the author uses to conceptualize the economic usefulness of older workers in terms of 

productivity, are the following: 
- human beings can increase their productive capacity through greater education and skills training; 

-    productivity continues to increase due to on-the-job training investments. 

 
Thus, the theory of human capital and the theory of long run growth point to lifelong learning as one of the most 

significant factors determining the economic usefulness of older workers in terms of productivity. The report on 

the Global Talent Competitiveness Index provides empirical data on the integrated indicator of lifelong learning 
in the countries of the modern world. This indicator includes the following structural elements (Lanvin & 

Monteiro, 2021): 

- business and economics subject ranking – the World University Rankings in the subject “Business and 

Economics”. The value is derived from the average score of the top three universities per country; 
- prevalence of training in firms – this indicator refers to the percentage of firms that offered formal 

training programmes in the last complete fiscal year for its permanent, full-time employees; 

- employee development – an average answer of experts to the question: In your country, to what extent do 
companies invest in training and employee development? (1 – not at all; 7 – to a great extent); 

- formal and non-formal studies – this indicator refers to the share (%) of adults aged 16–65 who 

participated in formal and non-formal education and training in the 12 months prior to the interview. 

 
Another significant factor potentially determining the economic usefulness of older workers in terms of 

productivity is longer working life, which according to the findings of PwC Global’s study unlock a potential 3.5 

USD trillion prize (PwC Global, 2018). In this study, the author uses the indicator of life expectancy at birth in the 
countries of the modern world (World Health Organization, 2020) as a characteristic that directly determines the 

very possibility of longer working life in a particular country. As the data of Table 1 in the previous section of the 

article showed, in countries with a relatively high productivity of the economy, men's average life duration after 

retirement, indicating the health status of the retiring workforce, in all compared cases is higher – sometimes 2 

times – than in countries with a relatively low productivity of the economy. 

 

The last significant factor that potentially determines the economic usefulness of older workers in terms of 

productivity is proposed within the conception of endogenous growth (Romer, 1986; Diene et al., 2016). The 

conception of endogenous growth emphasizes the role of technology and employment in knowledge-intensive 
industries and justifies the importance of investment in human capital. Investments in human capital have a 

positive multiplier effect on the economy and slow down the decline in the return on accumulated capital by 

stimulating people's innovative activities and extending their working life. Within this study, the author uses the 
indicator of country’s technological readiness, calculated for the countries of the world by the World Economic 

Forum in the Global Competitiveness Report. Although this indicator was last calculated in 2017 (Schwab & 

World Economic Forum, 2017), the author considers it suitable for this study. Even if the technological readiness 
of the world’s countries itself has changed during this time (most likely upwards), the ratio of technological 

readiness between countries has not changed enough to distort the results of quantitative analysis. For example, 

the US is still much more technologically advanced than Latvia (and this is exactly what the author needs to know 

in order to empirically prove the hypothesis of this study). 
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The indicator of country's technological readiness includes the following structural elements (Schwab & World 
Economic Forum, 2017):  

- availability of latest technologies – a weighted average answer of experts to the question: In your country, 

to what extent are the latest technologies available? (1 – not at all; 7 – to a great extent); 
- firm-level technology absorption – a weighted average answer of experts to the question: In your country, 

to what extent do businesses adopt the latest technologies? (1 – not at all; 7 – to a great extent); 

- FDI and technology transfer – a weighted average answer of experts to the question: To what extent does 

foreign direct investment (FDI) bring new technology into your country? (1 – not at all; 7 – to a great 
extent); 

- Internet users – the share (%) of individuals using the Internet; 

- fixed-broadband Internet subscriptions – fixed-broadband Internet subscriptions per 100 population; 
- Internet bandwidth – international Internet bandwidth (kb/s) per Internet user; 

- mobile-broadband subscriptions – active mobile-broadband subscriptions per 100 population. 

 
The main concepts of this study – the workforce aging and productivity, the relationship between which has to be 

empirically proven. There are two methodological questions: the empirical interpretation of these concepts and 

the discovery of causal relationships between them. For the empirical interpretation of productivity, the author 

uses the experience of studies in which productivity at the macroeconomic level is empirically interpreted and 
measured using gross domestic product (GDP) per capita, which takes into account the difference between 

territories in terms of population (Rice & Venables, 2004a, 2004b; Cusolito & Maloney, 2018). In turn, for the 

empirical interpretation of the workforce aging, the author uses the indicator of retirement age for men (Trading 
Economics, 2022).  

 

Then, the economic usefulness of older workers in terms of productivity will be empirically proven if the author 

manages to detect not only correlational parallelism, but also causal relationships between retirement age and 
GDP per capita (PPP) in 63 countries of the world included in object of this study. Since it is often very difficult 

to prove causality, the analysis will actually quantify correlation, and then we can either assume that correlation 

indicates causation (which is risky) (Keim, 2020) or attempt to demonstrate causation by applying additional 
methods of quantitative data analysis. The author will begin the data analysis by calculating the correlation 

between the indicators of retirement age for men and GDP per capita (PPP) – both general and partial correlation. 

In partial correlation, the influence of three factors that potentially determine the economic usefulness of older 
workers in terms of productivity will be blocked: lifelong learning, average life expectancy at birth and 

technological readiness in the country. Further, the author will apply additional methods of quantitative data 

analysis – linear regression (with a stepwise method of including variables) and cluster analysis – in order to 

confirm the causal relationships between retirement age and GDP per capita (PPP), as well as those conditions 
that are supposedly necessary for economic usefulness of older workers in terms of productivity. 

  

In the following figure, the author schematically presented the hypothesis of this study, which requires proof: in 
the modern world, the economic usefulness of older workers in terms of productivity is determined, in addition to 

the characteristics of the elderly workforce, by factors characterizing the level of country development. 
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Figure 1. Hypothetical economic usefulness of older workers in terms of productivity, determined by the level of country development 

 
Source: elaborated by the author. 

 

The scheme presented in Figure 1 shows that increasing a country workforce's retirement age, as an indicator of 

workforce aging, hypothetically stimulates macroeconomic productivity measured by GDP per capita (PPP). This 

proves the economic usefulness of older workers in terms of productivity, but only on the condition that a 
sufficiently high level of lifelong learning, average life expectancy at birth and technological readiness are 

achieved in this country. Otherwise, it is impossible to increase macroeconomic productivity in a country with a 

low level of lifelong learning, average life expectancy at birth and technological readiness by just raising 
retirement age. In other words, the economic usefulness of older workers in terms of productivity is determined 

not so much by the characteristics of the workforce as by the level of development of a country that is able or 

unable to effectively use the “specific human capital” (Becker, 1993) of older workers. 
 

4. Results and discussion 
 

In accordance with the algorithm presented in the research methodology, the author will begin the data analysis 
by calculating the correlation between the indicators of retirement age for men and GDP per capita (PPP) – both 

general and partial correlation. In partial correlation, the influence of three factors that potentially determine the 

economic usefulness of older workers in terms of productivity will be blocked: lifelong learning, average life 
expectancy at birth and technological readiness in the country. To assess the effect from blocking variables, the 

author will also include them in the general correlation analysis. The following table presents the results of 

correlation analysis between five variables (Fig. 1), showing the degree of correlational parallelism between them, 

but not causal relationships. 
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Table 2. The results of correlation analysis between the variables included in the proof of the research hypothesis, Pearson correlation 
coefficient, n = 63 countries 

 

Variables Correlation with GDP per capita (PPP), 
thousands USD, 2020 

Statistical significance, p-value 

Retirement age for men, years, 2020-

2021 

0.397** 0.001 

Lifelong learning, scores, 2021 0.744** 0.000 

Men’s average life expectancy at birth, 
years, 2020 

0.702** 0.000 

Technological readiness, scores, 2017 0.826** 0.000 

 

** Correlation is significant at the 0.01 level (2-tailed). 
 

Source: calculated and elaborated by the author using SPSS software based on the data of Lanvin & Monteiro, 2021; Trading Economics. 
2022; World Health Organization, 2020; Schwab & World Economic Forum, 2017 (data set is provided in the Appendix). 

 

The results of the general correlation analysis presented in Table 2 show that there is a statistically significant (p-
value < 0.05) correlation between GDP per capita (PPP) and all other variables included in the proof of the 

hypothesis. But this relationship is especially strong not between retirement age for men and GDP per capita 

(PPP), but between GDP per capita (PPP) and all the significant factors presented in the research methodology 

that potentially determine the economic usefulness of older workers in terms of productivity – especially between 
GDP per capita (PPP) and technological readiness. 

 
In the following table, the author compares the results of a general and partial correlation analysis between 
retirement age for men and GDP per capita (PPP). A partial correlation analysis shows a correlation between 

retirement age for men and GDP per capita (PPP) if we alternately block the effects of such variables as lifelong 

learning, men’s average life expectancy at birth and technological readiness in a country. 

 
Table 3. Comparison of results of general and partial correlation analysis between retirement age for men and GDP per capita (PPP), 

Pearson correlation coefficient, n = 63 countries 
 

Variables GDP per capita (PPP), 
thousands USD, 2020 

Statistical significance, 
p-value 

Retirement age for men, years, 
2020-2021 

0.397** 0.001 

Results of partial correlation between retirement age for men and GDP per capita (PPP), 
when the effect of the following variables is blocked: 

Lifelong learning, scores, 2021 0.256 0.044 

Men’s average life expectancy at birth, 
years, 2020 

0.063 0,625 

Technological readiness, scores, 2017 -0.141 0.274 

 
** Correlation is significant at the 0.01 level (2-tailed). 

 
Source: calculated and elaborated by the author using SPSS software based on the data of Lanvin & Monteiro, 2021; Trading Economics. 

2022; World Health Organization, 2020; Schwab & World Economic Forum, 2017 (data set is provided in the Appendix). 

 
The results of the partial correlation analysis presented in Table 3 show that when the effect of lifelong learning, 
men's average life expectancy at birth and technological readiness is blocked, the correlation between retirement 

age for men and GDP per capita (PPP) becomes much weaker (as in the case of blocking the influence of the 

indicator of lifelong learning) or disappears (as in the case of blocking the influence of the indicators of men's 
average life expectancy at birth and technological readiness). This is probably because the factors of increasing 

macroeconomic productivity are, rather, exactly those variables, the influence of which was blocked during the 
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implementation of the partial correlation analysis, and not the retirement age itself. A regression analysis will help 
to define and characterize this putative causal relationship more precisely. In a regression analysis, the resulting 

variable is the productivity of the economy at the macro level, measured by GDP per capita (PPP), and the factor 

variables are all other variables included in the proof of the research hypothesis. 
 

y = -54.1 + 15.4x4 + 0.3x2,    (1) 
where: 
y – GDP per capita (PPP), thousands USD, 2020 
x4 – technological readiness, scores, 2017 
x2 – lifelong learning, scores, 2021 
Excluded variables: 
x1 – retirement age for men, years, 2020-2021 

x3 – men’s average life expectancy at birth, years, 2020 
 

Source: calculated by the author using SPSS software based on the data of Lanvin & Monteiro, 2021; Trading Economics. 2022; World 
Health Organization, 2020; Schwab & World Economic Forum, 2017 (data set is provided in the Appendix). 

 

The results of the regression analysis show that of all the variables included in the proof of the research 
hypothesis, the real factors of the increase in macroeconomic productivity are technological readiness and lifelong 

learning in the country, with the former clearly dominating. Thus, technological readiness, along with a high level 

of lifelong learning in the country, are the catalysts that ensure the economic usefulness of older workers in terms 

of productivity in the countries of the modern world. 
 

These results of the author's empirical analysis on a sample of 63 countries of the world are consistent with the 

results of a sociological survey of economic potential of the population of pre-retirement age conducted in Latvia 
(Projektu un kvalitates vadiba, 2014). Latvia ranks 37th out of 137 countries in terms of technological readiness 

(Schwab & World Economic Forum, 2017) and 37th out of 134 countries in terms of lifelong learning (Lanvin & 

Monteiro, 2021). Latvian researchers found that “explaining the reasons why employers, when choosing workers 

for their enterprise, would give preference to younger workers and avoid hiring older people, they refer to 
working conditions (hard, physically intensive work), as well as inflexibility of thinking older workers, 

difficulties in accepting changes and in learning, their health condition that reduces their ability to work. 

 
The inertia of older people in improving their knowledge, skills and qualifications is also confirmed by the data of 

a survey of older workers themselves, which show that they are almost two times less involved in lifelong 

learning than representatives of other age groups” (Projektu un kvalitates vadiba, 2014, p. 68-69). Thus, the 
results of the Latvian sociological survey on the example of one country also confirm the hypothesis of this study 

that in the modern world, the economic usefulness of older workers in terms of productivity is determined, in 

addition to the characteristics of the workforce itself, also by factors characterizing the level of development of 

the country. Most of all, it is a factor of technological readiness, which makes it possible to minimize the 
necessity to perform the hard, physically intensive work mentioned by Latvian employers. 

 

To obtain more complete and stable results of empirical analysis, the author will additionally conduct a cluster 
analysis, dividing the countries into groups based on the all variables included in the proof of the research 

hypothesis. 
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Table 4. Defining the number of clusters of countries based on the all variables included in the proof of the research hypothesis, the part of 
agglomeration schedule of hierarchical cluster analysis, n = 63 countries 

 

Stage Cluster combined Coefficients Stage cluster first appears Next stage 

Cluster 1 Cluster 2 Cluster 1 Cluster 2 

1 2 3 0.080 0 0 8 

2 14 19 0.098 0 0 4 

3 35 51 0.138 0 0 21 

… 

60 5 28 8.196 59 57 62 

61 1 12 8.667 55 53 62 

62 1 5 14.948 61 60 0 

 
Source: calculated by the author using SPSS software based on the data of Lanvin & Monteiro, 2021; Trading Economics. 2022; World 

Health Organization, 2020; Schwab & World Economic Forum, 2017 (data set is provided in the Appendix). 

 

As the coefficients in the agglomeration schedule of hierarchical cluster analysis presented in Table 4 show, the 

research object, consisting of 63 countries of the world, is clearly divided into two clusters (the number of 
countries (63) minus the step number (61), after which the coefficient increases abruptly). The following table 

shows the results of comparing clusters in terms of means of the variables included in the proof of the research 

hypothesis. 

 
Table 5. Comparing clusters in terms of means of the variables included in the proof of the research hypothesis, t-test for equality of 

means, n = 63 countries 

 

 
Variables 

Means of the variables Statistical significance of 
differences between clusters, 

p-value 
Cluster 1 

n = 37 
countries 

Cluster 2 
n = 26 

countries 

GDP per capita (PPP), thousands USD, 2020 23.2 56.2 0.000 

Retirement age for men, years, 2020-2021 63.1 64.3 0.043 

Lifelong learning, scores from 0 to 100, 2021 31.6 68.3 0.000 

Men’s average life expectancy at birth, years, 2020 72.8 79.5 0.000 

Technological readiness, scores from 1 to 7, 2017 4.6 5.9 0.000 

 
Source: calculated and elaborated by the author using SPSS software based on the data of Lanvin & Monteiro, 2021; Trading Economics. 

2022; World Health Organization, 2020; Schwab & World Economic Forum, 2017 (data set is provided in the Appendix). 

 
The countries of the world participating in the analysis were divided into the two clusters described above as 

follows: 
1) Albania, Algeria, Armenia, Azerbaijan, Bangladesh, Brazil, Bulgaria, Chile, Croatia, Cyprus, Estonia, 

Georgia, Greece, Hungary, India, Indonesia, Italy, Kazakhstan, Latvia, Lithuania, Malaysia, Mexico, 
Moldova, Mongolia, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, South Africa, Spain, 

Tajikistan, Turkey, Ukraine, Vietnam (37 countries); 

2) Australia, Austria, Belgium, Canada, China, Czechia, Denmark, Finland, France, Germany, Iceland, 
Ireland, Israel, Japan, Korea, Luxembourg, Malta, Netherlands, New Zealand, Norway, Saudi Arabia, 

Singapore, Sweden, Switzerland, UK, USA (26 countries). 

 
Thus, the results of the cluster analysis showed a fairly clear division of the countries of the world into two 

clusters, in the first of which the value of all analyzed variables is statistically significantly lower. This group of 

countries has relatively lower levels of GDP per capita (PPP), retirement age for men, lifelong learning, men’s 

average life expectancy at birth and technological readiness. Moreover, the indicator of retirement age for men is 
the only variable, the difference between the means of which in both clusters is very close to the threshold value 

(0.05). If the p-value for retirement age for men were slightly higher and exceeded the threshold value, then the 
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author would have to state that, despite the relatively large difference in the level of GDP per capita (PPP), 
lifelong learning, men's average life expectancy at birth and technological readiness between the countries of the 

two clusters, retirement age for men is the same in them. In reality, the countries of the world are very close to 

just such a situation, indicating a low economic usefulness of older workers in terms of productivity in the 
countries of the first cluster, determined by the relatively low level of technological readiness and lifelong 

learning in these countries. 

 

5. Conclusions 
 

Within this study, the author tried to prove that older workers are economically useful in terms of productivity, 

based on the concept of “specific human capital” by G. Becker (1993) and the conception of endogenous growth 
stimulated by the technological readiness of the economy. An empirically, the economic usefulness of older 

workers in terms of productivity was interpreted by the author as a correlation of the country’s GDP per capita 

(PPP) (the indicator of macroeconomic productivity) with retirement age in a country (the indicator of workforce 
aging). Using several methods of quantitative data analysis for 63 countries of the world, the author proved the 

hypothesis that in the modern world the economic usefulness of older workers is determined by factors 

characterizing the level of development of the country, namely: technological readiness as a dominant factor, as 

well as lifelong learning as an additional factor. 
 

The author also argues that a baseless raising the retirement age in the country, without considering the above 

factors that characterize the level of development of this country in technological and learning aspects, does not 
allow the effective use of the economic potential of older workers. Although, perhaps, raising the retirement age is 

a rather strong incentive for a long-term change in the economic behavior of the population and awareness of the 

economic efficiency of lifelong learning - not formal, but real and internally motivated. According to the results 

of a sociological survey of economic potential of the population of pre-retirement age, conducted in Latvia, 
Latvian employers rate the economic usefulness of older workers rather highly: “only a small number of workers 

aged 50 and over are assessed by employers as low-skilled and with a poor ability to work. Almost half of 

employers characterize pre-retirement age workers as not bad specialists who are necessary for the enterprise, and 
25% of employers - as very good and needful specialists" (Projektu un kvalitates vadiba, 2014, p. 69). 

 

However, as also shown by the results of previous studies by scientists from Daugavpils University (Latvia) on 
higher education and its contribution to the economic performance of the world’s countries, there are some factors 

that enable highly skilled specialists to potentially turn their knowledge into innovation and national income. 

These factors are the quality of higher education and the level of technological development in business 

(Stankevics et al., 2014). This emphasis on the technological development of the country, confirmed by results of 
many studies, combined with high-quality lifelong learning, the author considers the most important condition 

that determines the economic usefulness of older workers in terms of productivity in the countries of the modern 

world. 
 

The author is ready to argue with the Latvian researchers of economic potential of the population of pre-

retirement age, who concluded that “realizing and developing the economic potential of older workers requires 

specific employment and learning activities specifically targeted at this age group, as well as the support of 
employers” (Projektu un kvalitates vadiba, 2014, p. 70). Although, based on the results of his empirical research, 

the author agrees with the importance of lifelong learning for the most efficient use of the economic potential of 

older workers, he believes that without an appropriate level of technological development of the country, the 
process of lifelong learning turns into a formal activity “for ticks". 
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Appendix   

 
Table 1. Data set of indicators regarding economic usefulness of older workers in terms of productivity, n = 63 countries 

 

Countries % of people 
aged 55-64 

in 
employment. 

2016 

% of people 
aged 65+ in 

employment. 
2016 

Retirement 
age for 

men, 
years, 

2020-2021 

Men’s 
average 

life 
duration 

after 
retirement, 

years, 
2020 

Men’s 
average 

life 
duration 

after 
retirement, 

years, 
2020 

GDP per 
capita 

(PPP), 
thousands 

USD, 
2020 

Lifelong 
learning, 

score 
from 0 
to 100, 
2021 

Transformation 
readiness, 

score from 
0 to 100, 2020 

Technological 
readiness, 

scores from 
1 to 7, 2017 

Albania No data No data 65.0 76.3 11.3 13.8 32.2 No data 4.1 

Algeria No data No data 60.0 76.2 16.2 11.3 13.2 No data 3.4 

Armenia No data No data 63.0 72.5 9.5 13.3 19.6 No data 4.1 

Australia 62.5 25.1 66.0 81.3 15.3 52.5 71.9 62.0 5.7 

Austria 49.2 9.3 65.0 79.4 14.4 55.1 70.1 60.3 6.0 

Azerbaijan No data No data 65.0 68.8 3.8 14.5 30.1 No data 4.6 

Bangladesh No data No data 59.0 73.0 14.0 5.1 11.3 No data 2.8 

Belgium 45.4 4.9 65.0 79.3 14.3 52.0 65.3 63.6 5.9 

Brazil No data No data 65.0 72.4 7.4 14.8 40.5 51.0 4.6 

Bulgaria No data No data 64,3 71.6 7.3 24.4 19.6 No data 5.1 

Canada 61.6 24.6 65.0 80.4 15.4 48.1 73.7 64.2 5.9 

Chile 63.8 38.8 65.0 78.1 13.1 25.1 52.5 53.0 5.2 

China No data No data 60.0 74.7 14.7 17.3 83.4 65.5 4.2 

Croatia No data No data 65.0 75.5 10.5 28.5 25.0 No data 5.0 

Cyprus No data No data 65.0 80.7 15.7 38.5 47.6 No data 5.5 

Czechia 58.5 10.7 63.8 76.3 12.5 41.7 51.6 54.0 5.5 

Denmark 67.8 15.3 66.5 79.6 13.1 60.4 70.6 66.5 6.1 

Estonia 65.3 29.2 63.8 74.7 10.9 38.4 51.3 61.0 5.9 

Finland 61.4 14.1 63.8 79.2 15.4 51.1 71.4 69.9 6.0 

France 49.8 5.9 62.0 79.8 17.8 46.2 64.7 62.7 5.9 

Georgia No data No data 65.0 68.8 3.8 14.9 15.2 No data 4.3 

Germany 68.6 14.5 65.8 78.7 12.9 53.7 71.7 62.9 6.2 

Greece 36.3 7.9 67.0 78.6 11.6 28.5 24.2 47.2 4.8 

Hungary 49.9 4.6 64.5 73.1 8.6 33.1 37.6 48.1 5.1 

Iceland 84.6 54.4 67.0 80.8 13.8 55.2 51.8 No data 6.2 

India No data No data 60.0 69.5 9.5 6.5 36.5 49.5 3.1 

Indonesia No data No data 57.0 69.4 12.4 12.1 22.4 55.3 3.9 

Ireland 57.2 19.5 66.0 80.2 14.2 93.6 57.1 60.9 6.0 

Israel 66.5 36.4 67.0 80.8 13.8 41.9 49.2 62.7 6.2 

Italy 50.3 8.6 67.0 80.9 13.9 41.8 36.4 51.9 5.1 

Japan 71.6 41.5 65.0 81.5 16.5 42.2 66.4 61.9 6.0 

Kazakhstan No data No data 63.0 70.0 7.0 26.7 25.4 No data 4.6 

Korea 66.1 44.8 62.0 80.3 18.3 43.1 56.9 61.2 5.6 

Latvia No data No data 63.8 70.6 6.8 32.0 45.1 No data 5.3 

Lithuania No data No data 64.0 71.2 7.2 38.7 39.6 No data 5.6 

Luxembourg 39.6 5.3 65.0 80.6 15.6 118.4 70.1 No data 6.5 

Malaysia No data No data 60.0 72.6 12.6 27.9 46.6 No data 4.9 

Malta No data No data 63.0 79.9 16.9 42.6 49.6 No data 5.9 

Mexico 54.9 38.1 65.0 73.1 8.1 18.8 40.6 46.9 4.2 

Moldova No data No data 63.0 69.3 6.3 13.0 21.3 No data 4.6 

Mongolia No data No data 60.0 63.8 3.8 12.1 27.9 No data 4.2 

Netherlands 63.5 13.1 66.3 80.4 14.1 59.2 78.2 66.3 6.3 

New 
Zealand 76.1 40.6 65.0 80.4 15.4 44.3 70.1 64.0 6.1 

Norway 72.6 28.9 62.0 81.1 19.1 63.2 64.2 No data 6.1 
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Poland 46.2 9.5 65.0 74.5 9.5 34.3 28.1 48.8 4.9 

Portugal 52.1 18.2 66.5 78.6 12.1 34.5 44.5 56.1 5.7 

Romania No data No data 65.0 72.0 7.0 31.9 17.3 No data 4.8 

Russia No data No data 60.5 68.2 7.7 28.2 28.2 50.4 4.5 

Saudi 
Arabia No data No data 60.0 73.1 13.1 46.8 52.0 No data 4.9 

Serbia No data No data 65.0 73.5 8.5 19.2 28.2 No data 4.2 

Singapore No data No data 62.0 81.0 19.0 98.5 81.7 No data 6.1 

Slovakia 49.1 5.2 62.7 74.8 12.1 31.8 44.8 49.7 5.1 

Slovenia 38.6 6.7 60.0 78.6 18.6 39.6 47.8 No data 5.4 

South Africa No data No data 60.0 62.2 2.2 12.1 24.0 50.4 4.6 

Spain 49.1 4.9 66.0 80.7 14.7 38.3 50.2 56.5 5.7 

Sweden 75.5 21.9 62.0 80.8 18.8 54.6 77.8 68.5 6.3 

Switzerland 73.9 21,9 65.0 81.8 16.8 71.4 89.7 62.5 6.4 

Tajikistan No data No data 63.0 67.6 4.6 3.9 16.5 No data 3.0 

Turkey 33.4 19.4 60.0 76.4 16.4 28.1 29.3 45.2 4.4 

UK 63.4 21.1 66.0 79.8 13.8 44.9 77.2 61.4 6.3 

Ukraine No data No data 60.0 68.0 8.0 13.1 28.5 No data 3.8 

USA 61.8 30.8 66.2 76.3 10.1 63.5 90.1 62.2 6.2 

Vietnam No data No data 60.0 69.6 9.6 8.7 21.5 No data 4.0 

 
Source: elaborated by the author based on the data of PwC Global, 2017; Lanvin & Monteiro, 2021; Trading Economics. 2022; World 

Health Organization, 2020; Schwab & World Economic Forum, 2017. 
 

 

References 
 
Abel, J., Dey, I., & Gabe, T. (2010). Productivity and the density of human capital. Federal Reserve Bank of New York Staff Reports 440. 
Retrieved January 19, 2022 from https://www.newyorkfed.org/medialibrary/media/research/staff_reports/sr440.pdf        
 
Aiyar, Sh., Ebeke, Ch., & Shao, X. (2016). The impact of workforce aging on European productivity. IMF Working Paper. Retrieved 
January 19, 2022 from https://www.imf.org/external/pubs/ft/wp/2016/wp16238.pdf  
 
Andretta, C., Brunetti, I., & Rosso, A. (2021). Productivity and human capital: the Italian case. OECD Productivity Working Papers, 25. 

https://doi.org/10.1787/01ca6be9-en 
 
Avolio, B.J., & Waldman, D.A. (1994). Variations in cognitive, perceptual, and psychomotor abilities across the working life span: 
examining the effects of race, sex, experience, education, and occupational type. Psychology and Aging, 9 (3), 430-442. 
https://doi.org/10.1037/0882-7974.9.3.430 
 
Barro, R.J. (2001). Human capital and growth. The American Economic Review, 91(2), 12-17. Retrieved January 19, 2022 from 
https://www.jstor.org/stable/i345897 

 
Barro, R., & Sala-i-Martin, X. (2004). Economic Growth. 2nd edition. MIT Press. 
 
Barthel, J. (2008). Can age discrimination be justified with a lower productivity of older workers? MPRA Paper, 14682. 
 
Becker, G. (1964). Human Capital. 2nd edition. New York: Columbia University Press. 
 
Becker, G., & Ghez, G. (1975). The Allocation of Time and Goods Over the Life Cycle. New York: Columbia University Press. 

 
Becker, G. (1993). The economic way of looking at behavior. Journal of Political Economy, 101(3), 385–409. 
https://doi.org/10.1086/261880  
 
Becker, G.S. (2009). Human Capital: A Theoretical and Empirical Analysis, with Special Reference to Education.  Chicago: University of 
Chicago Press. 
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/IRD.2022.4.1(3)
https://www.newyorkfed.org/medialibrary/media/research/staff_reports/sr440.pdf
https://www.imf.org/external/pubs/ft/wp/2016/wp16238.pdf
https://doi.org/10.1787/01ca6be9-en
https://psycnet.apa.org/doi/10.1037/0882-7974.9.3.430
../../271/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/AppData/Local/Temp/91%20(2
https://www.jstor.org/stable/i345897
https://doi.org/10.1086/261880
https://www.scribd.com/publisher/264562544/University-of-Chicago-Press
https://www.scribd.com/publisher/264562544/University-of-Chicago-Press


 INSIGHTS INTO REGIONAL DEVELOPMENT 
ISSN 2669-0195 (online) http://jssidoi.org/jesi/ 

      2022 Volume 4 Number 1 (March) 

   http://doi.org/10.9770/IRD.2022.4.1(3) 
 

54 

 

Becker, G., Hubbard, W., & Murphy. K. (2010). Explaining the worldwide boom in higher education of women. Journal of Human 
Capital, 4 (3), 203–241. https://doi.org/10.1086/657914  
 
Boring, P., & Grogaard, J.B. (2021). Do older employees have a lower individual productivity potential than younger employees? Journal 
of Population Ageing. https://doi.org/10.1007/s12062-020-09323-1   
 
Borsch-Supan, A., & Weiss, M. (2016). Productivity and age: Evidence from work teams at the assembly line. Journal of the Economics of 
Ageing, 7, 30–42. Retrieved January 19, 2022 from http://www.sciencedirect.com/science/article/pii/S2212828X15000304 

 
Cardoso, A.R., & Guimaraes, P. (2010). Are older workers worthy of their pay? An empirical investigation of age-productivity and age-
wage nexuses. Discussion Paper No. 5121. Retrieved January 19, 2022 from 
https://digital.csic.es/bitstream/10261/45346/3/Are%20Older%20Workers%20Worthy.pdf  
 
Cataldi, A., Kampelmann, S., & Rycx, F. (2011). Does it pay to be productive? The case of age groups. IZA Discussion Paper No. 5938. 
Retrieved January 19, 2022 from https://econpapers.repec.org/paper/izaizadps/dp5938.htm  
  

Cocalia, A. (2015). Knowledge and information – new factors of production in the context of globalization, Ecoforum, 4 (1), 119-124.  
 
Colonia-Willner, R. (1998). Practical intelligence at work: relationship between aging and cognitive efficiency among managers in a bank 
environment. Psychology and Aging, 13(1), 45-57. https://doi.org/10.1037/0882-7974.13.1.45 
 
Connie, M.M. (2020). The American elder. The Capital-journal. Retrieved January 19, 2022 from 
https://eu.cjonline.com/story/opinion/columns/2020/11/29/connie-mason-michaelis-american-elder/115066866/ 
 

Cusolito, A., & Maloney, W. (2018). Productivity Revisited. Shifting Paradigms in Analysis and Policy. International Bank for 
Reconstruction and Development, The World Bank. https://doi.org/10.1596/978-1-4648-1334-4  
 
Deary, I. J., Whalley, L.J., Lemmon, H., Crawford, J.R., & Starr, J.M. (2000). The stability of individual differences in mental ability from 
childhood to old age. Follow-Up of the 1932 Scottish Mental Survey. Intelligence, 28(1), 49-55. https://doi.org/10.1016/S0160-
2896(99)00031-8 
 
De Tavernier, W., Naegele, L., & Hess, M. (2019). A critical perspective on ageism and modernization theory. Social Inclusion, 7(3). 

https://doi.org/10.17645/si.v7i3.2371 
 
Diene, M., Diene, B., & Azomahou, T. (2016). Human capital productivity, endogenous growth, and welfare: the role of uncertainty. 
Macroeconomic Dynamics, 20(8), 2067-2092. https://doi.org/10.1017/S1365100515000309  
 
Gobel, Ch., & Zwick, Th. (2011). Age and productivity – sector differences? Discussion Paper No. 11-058. Centre for European Economic 
Research. https://doi.org/10.2139/ssrn.1949643 
 
Hellerstein, J.K., & Neumark, D. (1995). Are earnings profiles steeper than productivity profiles? Evidence from Israeli firm-level data. 

Journal of Human Resources, 30 (1), 89-112. Retrieved January 19, 2022 from http://www.jstor.org/stable/pdfplus/146192 
 
Hellerstein, J.K., Neumark, D., & Troske K. (1999). Wages, productivity, and worker characteristics: evidence from plant-level production 
functions and wage equations. Journal of Labor Economics, 17(3), 409-446. http://dx.doi.org/10.1086/209926 
 
Kahana, E., Slone, M.R., Kahana, B., Langendoerfer, K.B., & Reynolds, C., (2018). Beyond ageist attitudes: researchers call for NIH 
action to limit funding for older academics. Gerontologist, 58(2), 251-260. https://doi.org 10.1093/geront/gnw190     
 

Keim, R. (2020). Finding Statistical Relationships: Correlation, Causation, and Covariance. Technical Article. Retrieved January 19, 2022 
from https://www.allaboutcircuits.com/technical-articles/finding-statistical-relationships-correlation-causation-and-covariance/  
 
Komarova, V., Mietule, I., Arbidane, I., Tumalavicius, V., & Prakapiene, D. (2021). Will production in the modern world and its regions 
return to a slow growth regime? Economic Annals-ХХI, 187(1-2), 4-14. https://doi.org/10.21003/ea.V187-01 
 
Kudins, J. (2021). Determinants of the elderly employment in Latvia. Proceedings of the 22nd International Conference “Economic Science 
for Rural Development”. 55, 323-332. Retrieved January 19, 2022 from 

https://www.esaf.llu.lv/sites/esaf/files/files/lapas/Krajums_Nr_55_2021_08_23%20%281%29.pdf   
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/IRD.2022.4.1(3)
https://doi.org/10.1086/657914
https://doi.org/10.1007/s12062-020-09323-1
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2212828X15000304;h=repec:eee:joecag:v:7:y:2016:i:c:p:30-42
https://digital.csic.es/bitstream/10261/45346/3/Are%20Older%20Workers%20Worthy.pdf
https://econpapers.repec.org/paper/izaizadps/dp5938.htm
https://psycnet.apa.org/doi/10.1037/0882-7974.13.1.45
https://eu.cjonline.com/story/opinion/columns/2020/11/29/connie-mason-michaelis-american-elder/115066866/
https://doi.org/10.1596/978-1-4648-1334-4
https://psycnet.apa.org/doi/10.1016/S0160-2896(99)00031-8
https://psycnet.apa.org/doi/10.1016/S0160-2896(99)00031-8
../AppData/Local/Temp/7(3
https://doi.org/10.17645/si.v7i3.2371
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Mbaye%20Diene&eventCode=SE-AU
https://www.cambridge.org/core/journals/macroeconomic-dynamics
https://doi.org/10.1017/S1365100515000309
http://dx.doi.org/10.2139/ssrn.1949643
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.jstor.org%2Fstable%2Fpdfplus%2F146192;h=repec:uwp:jhriss:v:30:y:1995:i:1:p:89-112
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fdx.doi.org%2F10.1086%2F209926;h=repec:ucp:jlabec:v:17:y:1999:i:3:p:409-46
https://pubmed.ncbi.nlm.nih.gov/?term=Kahana+E&cauthor_id=28073997
https://pubmed.ncbi.nlm.nih.gov/?term=Slone+MR&cauthor_id=28073997
https://pubmed.ncbi.nlm.nih.gov/?term=Kahana+B&cauthor_id=28073997
https://pubmed.ncbi.nlm.nih.gov/?term=Langendoerfer+KB&cauthor_id=28073997
https://pubmed.ncbi.nlm.nih.gov/?term=Reynolds+C&cauthor_id=28073997
https://www.allaboutcircuits.com/technical-articles/finding-statistical-relationships-correlation-causation-and-covariance/
https://doi.org/10.21003/ea.V187-01
https://www.esaf.llu.lv/sites/esaf/files/files/lapas/Krajums_Nr_55_2021_08_23%20%281%29.pdf


 INSIGHTS INTO REGIONAL DEVELOPMENT 
ISSN 2669-0195 (online) http://jssidoi.org/jesi/ 

      2022 Volume 4 Number 1 (March) 

   http://doi.org/10.9770/IRD.2022.4.1(3) 
 

55 

 

Lanvin, B., & Monteiro, F. (Eds.) (2021). The Global Talent Competitiveness Index 2021: Talent Competitiveness in Times of COVID. 
INSEAD (The Business School for the World), Portulans Institute, Accenture. Retrieved January 19, 2022 from 
https://www.insead.edu/sites/default/files/assets/dept/fr/gtci/GTCI-2021-Report.pdf   
 
Maitland, S.B., Intrieri, R.C., Schaie, K.W., & Willis, S.L. (2000). Gender differences and changes in cognitive abilities across the adult 
life span. Aging, Neuropsychology, and Cognition, 7 (1), 32-53. https://doi.org/10.1076/anec.7.1.32.807 
 
Park, D.C., Nisbett, R.E., & Hedden, T. (1999). Culture, cognition, and aging. Journal of Gerontology, 54 B, 75-84. 

https://doi.org/10.1093/geronb/54b.2.p75   
 
Pelinescu, E. (2015). The impact of human capital on economic growth. Procedia Economics and Finance, 22, 184-190. 
https://doi.org/10.1016/S2212-5671(15)00258-0 
 
Projektu un kvalitates vadiba. (2014). Pirmspensijas vecuma iedzivotaju ekonomiska potenciala izvertejums [Assessment of the economic 
potential of the population of pre-retirement age]. Study report. Retrieved January 19, 2022 from 
https://www.nva.gov.lv/sites/nva/files/Documents/30_534671ac5b2150.125203751.pdf  

 
PwC Global. (2017). Golden Age Index: How well are the OECD economies harnessing the power of an older workforce? Retrieved 
January 19, 2022 from https://www.pwc.com/sk/sk/inovacie/golden-age-index.html#content-free-1-d3fb  
 
PwC Global. (2018). Golden Age Index: Unlocking a potential $3.5 trillion 
prize from longer working lives. Retrieved January 19, 2022 from https://www.pwc.com/gx/en/news-room/docs/pwc-golden-age-index.pdf    
 
Rice, P., & Venables, A. (2004a). Productivity: Understanding Regional Differences. Retrieved January 19, 2022 from 

http://cep.lse.ac.uk/pubs/download/CP162.pdf  
 
Rice, P., & Venables, A. (2004b), Spatial determinants of productivity: analysis for the regions of Great Britain. CEP Discussion Paper No. 
642. Retrieved January 19, 2022 from http://cep.lse.ac.uk/pubs/download/dp0642.pdf  
 
Romer, P. (1986). Increasing returns and long-run growth. Journal of Political Economy, 94(5), 1002-1037. https://doi.org/10.1086/261420  
 
Romer, P. (1989a). Capital accumulation in the theory of long run growth. In R. Barro (Ed.), Modern Business Cycle Theory (pp. 51 – 127). 

Cambridge, MA: Harvard University Press. 
 
Romer, P. (1989b). Human capital and growth: theory and evidence. NBER Working Paper 3173. Retrieved January 19, 2022 from 
https://www.nber.org/papers/w3173.pdf   
 
Schultz, T. (1961). Investment in human capital. American Economic Review, 51, 1-17. Retrieved January 19, 2022 from 
https://www.ssc.wisc.edu/~walker/wp/wp-content/uploads/2012/04/schultz61.pdf  
 
Schwab, K., & World Economic Forum. (2017). The Global Competitiveness Report 2017-2018. Retrieved January 19, 2022 from 

https://www.weforum.org/reports/the-global-competitiveness-report-2017-2018 
 
Schwab, K., Zahidi, S., & World Economic Forum. (2020). The Global Competitiveness Report. Special Edition 2020: How Countries Are 
Performing on the Road to Recovery. Retrieved January 19, 2022 from https://www.weforum.org/reports/the-global-competitiveness-
report-2020 
 
Skirbekk, V. (2003). Age and individual productivity: a literature survey. MPIDR Working Paper WP 2003-028. Retrieved January 19, 
2022 from https://ideas.repec.org/p/dem/wpaper/wp-2003-028.html  

 
Stankevics, A., Ignatjeva, S., & Mensikovs, V. (2014). Higher education’s contribution to economic performance and innovativeness in 
Latvia: exploratory research. Economic Annals, 202 (59), 7-42. Retrieved January 19, 2022 from 
https://econpapers.repec.org/article/beojournl/v_3a59_3ay_3a2014_3ai_3a202_3ap_3a7-42.htm  
 
Trading Economics. (2022). Retirement Age Men. Retrieved January 19, 2022 from https://tradingeconomics.com/country-list/retirement-
age-men  
 

Verhaegen, P., & Salthouse, T.A. (1997). Meta-analyses of age-cognition relations in adulthood. Estimates of linear and nonlinear age 
effects and structural models. Psychological Bulletin, 122(3), 231-249. https://doi.org/10.1037/0033-2909.122.3.231   
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/IRD.2022.4.1(3)
https://www.insead.edu/sites/default/files/assets/dept/fr/gtci/GTCI-2021-Report.pdf
https://psycnet.apa.org/doi/10.1076/anec.7.1.32.807
https://doi.org/10.1093/geronb/54b.2.p75
https://www.sciencedirect.com/science/article/pii/S2212567115002580#!
https://www.sciencedirect.com/science/journal/22125671
../../271/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/AppData/Local/Temp/22
https://doi.org/10.1016/S2212-5671(15)00258-0
https://www.nva.gov.lv/sites/nva/files/Documents/30_534671ac5b2150.125203751.pdf
https://www.pwc.com/sk/sk/inovacie/golden-age-index.html#content-free-1-d3fb
https://www.pwc.com/gx/en/news-room/docs/pwc-golden-age-index.pdf
http://cep.lse.ac.uk/pubs/download/CP162.pdf
http://cep.lse.ac.uk/pubs/download/dp0642.pdf
https://doi.org/10.1086/261420
https://www.nber.org/papers/w3173.pdf
https://www.ssc.wisc.edu/~walker/wp/wp-content/uploads/2012/04/schultz61.pdf
https://www.weforum.org/reports/the-global-competitiveness-report-2017-2018
https://www.weforum.org/reports/the-global-competitiveness-report-2020
https://www.weforum.org/reports/the-global-competitiveness-report-2020
https://ideas.repec.org/p/dem/wpaper/wp-2003-028.html
https://econpapers.repec.org/article/beojournl/v_3a59_3ay_3a2014_3ai_3a202_3ap_3a7-42.htm
https://tradingeconomics.com/country-list/retirement-age-men
https://tradingeconomics.com/country-list/retirement-age-men
https://doi.org/10.1037/0033-2909.122.3.231


 INSIGHTS INTO REGIONAL DEVELOPMENT 
ISSN 2669-0195 (online) http://jssidoi.org/jesi/ 

      2022 Volume 4 Number 1 (March) 

   http://doi.org/10.9770/IRD.2022.4.1(3) 
 

56 

 

World Health Organization. (2020). Life Expectancy and Healthy Life Expectancy. Data by Country. Retrieved January 19, 2022 from 
https://apps.who.int/gho/data/node.main.688  
 
World Health Organization. (2021). Ageism is a Global Challenge: UN. Report. Retrieved January 19, 2022 from 
https://www.who.int/news/item/18-03-2021-ageism-is-a-global-challenge-un 

 

 

 

 

 
 

Data Availability Statement: all data provided in the Appendix 

 

 
Janis KUDINS is a Doctoral Candidate at the Doctoral Program “Management Science” at Faculty of Education and 

Management of Daugavpils University (Latvia). His research interests: silver economy, workforce aging, sustainable 

development, lifelong learning, knowledge economy.  

ORCID ID: https://orcid.org/0000-0002-5870-8023  
 

 

 

 
 
 

Make your research more visible, join the Twitter account of INSIGHTS INTO REGIONAL DEVELOPMENT:  
@IntoInsights 
 

Copyright © 2022 by author(s) and VsI Entrepreneurship and Sustainability Center 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

  
 

http://jssidoi.org/jesi/
http://doi.org/10.9770/IRD.2022.4.1(3)
https://apps.who.int/gho/data/node.main.688
https://apps.who.int/gho/data/node.main.688
https://www.who.int/news/item/18-03-2021-ageism-is-a-global-challenge-un
https://orcid.org/0000-0002-5870-8023
http://creativecommons.org/licenses/by/4.0/

