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Abstract
The cognitive human capital approach assumes that cognitive abilities (CA) enable 
societies to be innovative and competitive and to achieve higher productivity and pros-
perity. However, does happiness enhance the effect of CA on economic growth? Our 
study views happiness as an intrinsic motivator that helps workers be more productive 
and get the most out of their CA. Regression analyzes using two different measures for 
CA showed strong evidence that CA generated economic growth from 1960 to 2017, 
even though it interacted negatively with happiness. These results were found to be 
robust after controlling for endogeneity bias using instrumental variable for happiness. 
In addition, the threshold regression analyses revealed significant evidence that the rela-
tionships between CAs and growth vary according to happiness levels. Two prominent 
ranges of threshold were established: γ1 = 4.75–4.96 and γ2 = 6.16–6.43 on the 0 to 10 
happiness scale. Accordingly, the effects of CA were smallest in very unhappy coun-
tries (happiness < γ1), strongest in fairly happy societies (happiness of γ1 − γ2), and mod-
erately strong among the happiest countries (happiness ≥ γ2). In summary, the pursuit 
of highest productivity growth seems to require an optimal level of happiness, where 
moderate level of happiness (likely indicative of existence of higher motivation with 
little emotional distress) could inspire and drive people to fully utilize their cognitive 
capital and achieve high economic growth.
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1  Introduction

Economic growth is one of the most important and stimulating areas of research in 
science. Since the mid-twentieth century, many researchers have focused on study-
ing the factors that contribute to economic growth. One result is that investment in 
physical capital is not sufficient to guarantee long-term economic growth. The devel-
opment of wealth in recent decades seems to be mainly due to the use of cognitive 
human capital (i.e., cognitive ability or intelligence and knowledge) to develop new 
technologies and more efficient production methods. Cognitive human capital is nec-
essary for innovation as technological progress or more effective organizations and 
for adapting technology from other countries (e.g., Hanushek and Woessmann 2015; 
Jones 2016; Lucas 1988; Mincer 1958; Rindermann 2018; Romer 1990).

Since the Industrial Revolution, societies have evolved rapidly, and Schumpe-
terian creative destruction has steadily dismantled traditional practices focused on 
mere expansion. This process was rapid and intense, quite different from what the 
human species originally evolved for: a rather incomplex life as hunter-gatherers 
on the Savanna for more than 100,000 years, accounting for more than 90 percent 
of human life history (Lee and Daly 1999). The Savanna Principle states that mod-
ern societies face unique challenges because humans evolved to adapt to an original 
Savanna environment—an ecosystem fundamentally different from that of urban and 
industrial civilizations in modern times (Kanazawa 2004; Kanazawa and Li 2018; Li 
and Kanazawa 2016).

In small hunter-gatherer and tribal communities, survival was based on muscular 
legs, handling tools such as spears, and rather simple thought processes. The brains 
of early humans were designed to feed in the wild and raise offspring under harsh 
and dangerous conditions. For example, at a concrete-objective level, cognitive skills 
were used to develop stone-tipped spears into effective weapons and tools for hunt-
ing and fishing (e.g., Milks et al. 2019). In contrast, life in today’s world depends 
more on rapid technological progress, on abstract monetary units and interaction 
processes with distant partners enabled by high cognitive abilities. Highly intelligent 
people are associated with the creation of modern, complex and evolutionarily novel 
environments that are later adopted by people of more average intelligence (Got-
tfredson 2007; Kanazawa 2004). Modern societies are not only becoming more com-
plex, but also more heterogeneous, as differences in wealth and income and between 
societies become increasingly visible through television and the internet.

In within society comparisons, higher income goes along with more happiness 
(Easterlin 1974). In addition, happiness or satisfaction motivates workers to be more 
engaged at work. Resources appear to be used more efficiently and competences 
more enhanced, all resulting in higher productivity (Frey 2018; Piekałkiewicz 2017). 
However, do happier nations achieve higher economic growth? Do happiness and 
cognitive skills together contribute to wealth, i.e., do cognitive skills lead to more 
wealth and thus to more happiness, which in turn leads to more economic growth? 
However, growing inequalities, and especially the possibility of observing such ine-
qualities within and between modern societies, can have a negative impact on happi-
ness: There are always some people or nations who, on average, are richer, or more 
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beautiful, or in some other way better off than you are (Buss 2000). The rich person 
as a visible neighbor makes you feel poor yourself. Moreover, the greater complexity 
and abstractness of daily life in modern societies may have a detrimental effect on 
happiness. Finally, the effect of cognitive ability on economic growth may depend 
on the level of happiness: Happier societies lead to greater well-being, which can 
improve the exercise of their existing skills in general, and cognitive ability in par-
ticular, further increasing national productivity. At the same time, however, it could 
also be that the lower the level of happiness, the more “urgent” it can be to improve 
one’s living conditions, and an important means of doing this would be the use of 
cognitive ability.

In light of these theoretical considerations, the present study analyzed the role of 
happiness in regulating the impact of human capital, particularly cognitive ability (CA), 
on economic growth at the cross-country level. This study addressed happiness as an 
intrinsic motivator and positive psychological state of workers on a national scale.

2 � A closer look on happiness, cognitive ability and productivity

2.1 � Happiness and motivation at work

Maslow (1970/1954) and Goldstein (1947) emphasized that individuals tend to real-
ize their own abilities in life as fully as possible. They developed the concept of self-
actualization, asserting that an individual is regulated and driven by the motivation 
arising from their propensity to actualize themselves as much as possible in line with 
their potential. Abraham Maslow’s hierarchy of needs emphasizes that the realization 
of human potential occurs only when all basic and psychological needs are met. If these 
needs are not met, individuals will experience stress and are therefore unable to focus 
their motivation on realizing their innate potential and thus unable to thrive.

In organizations, the effectiveness of skilled laborers is reduced if they are not moti-
vated to perform their jobs (Delaney and Huselid 1996). Workers’ motivation can be 
defined as “psychological forces that determine the direction of a person’s behavior in 
an organization, a person’s level of effort and a person’s level of persistence” (Jones 
et al. 2000). Accordingly, individuals with intrinsic motivation have an innate propen-
sity to seek challenge and innovate, to develop and practice their skills, to explore, and 
to learn new things (Ryan and Deci 2000). Consequently, motivated workers are more 
likely to perform tasks or jobs with a strong sense of interest and enjoyment. Perhaps 
in this way people’s satisfaction or happiness is related to organizational behavior and 
productivity levels.

Psychological and emotional health is a key element for societies to thrive and 
develop, to realize their full potential and thereby live productively (Schultz 1977). In 
a similar way, happiness is usually seen as a positive and desirable goal. The happy 
worker hypothesis states that happy workers perform better at work than unhappy 
workers (Wright and Cropanzano 2004). Employees with higher psychological well-
being or positive emotional experiences at work are highly connected to their work 
and their company (Shuck and Reio 2014). They are more engaged in the workplace 
and value what the organization does (Johnson et al. 2018). Happy employees manage 
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resources efficiently and follow company rules and procedures (Hosie et al. 2012). Sat-
isfied workers perform better because positive emotions induce prosocial organizational 
behaviors (also known as organizational citizenship behaviors) that promote effective 
organizational functioning (Koys 2001). Bellet et al. (2020) found that happiness is a 
source of intrinsic motivation that positively impacts a worker’s social skills, such as 
interpersonal relationships, persuasiveness and negotiation skills. Consequently, happy 
people are more empathetic, respectful, and helpful and form successful social interac-
tions with their peers in any organization (Barsade and Gibson 2007).

Bellet et al. (2020), for example, studied sales staff from 11 call centers in the United 
Kingdom for six months and discovered a strong causal effect of staff satisfaction on 
sales. The result was that employees worked more efficiently and were 13% more pro-
ductive, i.e., made more calls per hour and more successful sales per day, when they 
were happier. Furthermore, Oswald et al. (2015) showed that positive shocks to hap-
piness could increase individuals’ efforts at their tasks, resulting in relevant increases 
in productivity of up to 12%. These findings are consistent with the assumption that 
people with positive psychological well-being would exert themselves and “go the extra 
mile.” Accordingly, other researchers have argued that while monetary motivators are 
costly efforts, psychological motivators and non-monetary rewards are efficient in moti-
vating workers to perform challenging tasks (e.g., DellaVigna and Pope 2017; Gneezy 
and Rustichini 2000). Extrinsic motivations like rewards are weak short-term reinforc-
ers that become negative reinforcers and hidden costs once withdrawn (Bénabou and 
Tirole 2003).

In a study in Finland, Böckerman and Ilmakunnas (2012) found that an increase in 
average job satisfaction increased productivity (measured in terms of value added per 
hour worked) in the manufacturing sector from 1996 to 2001. Similarly, Bryson et al. 
(2017), using nationally representative data in the UK from 2004 to 2011 from most 
of the country’s economic sectors, discovered a significant impact of job satisfaction 
on job performance. In addition, there was no significant association between the level 
of work-related affective well-being and worker performance. This result indicates that 
overall satisfaction or happiness is more critical to improving productivity compared to 
job-specific emotional experiences.

Studies have discussed the direction of causality between psychological well-being 
and productivity. To determine the impact of happiness on productivity, empirical 
studies have looked at the possibility of reverse causality between productivity and a 
worker’s well-being. Various methods were used to constrain potential reverse causal-
ity, which was found to run in reverse, i.e., from a worker’s happiness to productivity 
(e.g., Bellet et al. 2020; Böckerman and Ilmakunnas 2012; Bryson, et al. 2017; DiMaria 
et al. 2020; Harter et al. 2010).

The role of well-being in increasing economic performance has also been studied 
at the cross-country level. DiMaria et al. (2020) found that happiness led to efficiency 
gains in productivity in 20 European countries between 2004 and 2010. They added 
that well-being should be treated as a productivity factor rather than as a positive conse-
quence of high income resulting from high productivity. Krekel et al. (2019) conducted 
a meta-analysis of 339 research studies on the well-being of approximately 1.9 million 
workers and the performance of more than 80,000 business units across 49 industries 
in the US and outside the US. In particular, a strong positive association was found 
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between employee satisfaction with their company and their level of productivity and 
customer loyalty, while satisfaction was strongly negatively associated with employee 
turnover. These results indicated that employee well-being, often measured in terms 
of happiness or satisfaction, is significantly related to productivity at the company and 
country levels.

2.2 � Cognitive ability as a robust determinant of productivity

“Intelligence” can be briefly and comprehensively defined as the ability to think (Rin-
dermann 2018). This concept may be too narrow, as it does not include knowledge. The 
concept of “cognitive ability” encompasses both intelligence (as the ability to think), 
knowledge (knowledge of true and relevant content), and competent-intelligent use of 
knowledge. In economics, the term “skill” is more common. By “skill,” however, is 
meant a narrower ability, but neither intelligence nor cognitive ability is narrow.

Cognitive ability is related to the complexity of job tasks and occupational status 
(Gottfredson 2018; Nyborg and Jensen 2001). In statistical analyses of job performance, 
cognitive abilities show the highest predictive validity. Depending on job performance 
criteria and applied correction formula for low reliability and variance restriction, the 
relationships range between r/β/ρ = 0.23 and 0.64 (Salgado et al. 2003; Schmidt 2012). 
This is true for different countries including developing countries (Meisenberg et  al. 
2006). Cognitive ability improves job performance through on-the-job learning, as cog-
nitively competent workers acquire faster and more knowledge. Job requirements are 
cognitively demanding, e.g., understanding instructions, assignments, and safety haz-
ards; prioritizing tasks; making decisions; dealing with people; processing, integrating, 
and evaluating information to solve problems, as in accountants, business people, doc-
tors, engineers, managers, scientists, etc. (Rindermann 2018). Especially in modernity 
and with more complex jobs, learning is a prerequisite to becoming an effective worker. 
In addition, intelligent people are more successful at calculating risk and diversifying 
portfolios in their personal investing (e.g., Grinblatt et al. 2015). These individuals also 
usually prefer to work more patiently together as a team, preferring large and long-term 
benefits rather than small and immediate gains (see overview of Jones 2016).

The role of cognitive ability in productivity can be extended from the micro level to 
the country level. National intelligence or cognitive ability estimates based on psycho-
metric intelligence tests or student assessment tests (e.g., PISA and TIMSS1) success-
fully predict income, economic growth and wealth (Angrist et al. 2021; Burhan et al. 
2017; Hanushek and Woessmann 2015; Lim et al. 2018; Lynn & Becker 2019; Rinder-
mann 2018).

Various research approaches have attempted to test whether the relationship between 
cognitive ability and wealth is due to a causal influence of ability. For cognitive 

1  The Programme for International Student Assessment (PISA) is coordinated by the Organization for 
Economic Co-operation and Development (OECD) for measuring fifteen-year-old school students’ scho-
lastic performance on mathematics, science, and reading, while the Trends in International Mathematics 
and Science Study (TIMSS) is established by the International Association for the Evaluation of Edu-
cational Achievement (IEA) to measure the level of students’ mathematics and science knowledge in 
grades 4 and 8. There are many other regional or global studies of student assessment.
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ability, Lynn data or alternative student assessment study results were used. For wealth, 
income, GDP/c, economic growth and assets were used as indicators. Methods applied 
were, for instance, regression analyses. Jones and Schneider (2006, p. 71) used 1330 
regressions and concluded that “IQ is statistically significant in 99.8%” of their analy-
ses predicting economic growth. Rindermann and Becker (2018) examined whether a 
historical increase in IQ within countries has led to later economic growth. This design 
can exclude national differences being associated with human capital and growth (e.g., 
in culture, economic freedom and politics) which may bias the results. The results 
showed substantial correlations between growth in IQ and GDP, with the highest values 
for economic growth lagged by 5 to 15 years (r = 0.25 to 0.44 resp. 0.46 to 0.77). The 
outcome supports the theory that cognitive ability contributes to prosperity.

Studies have found a weak relationship between common measures of schooling 
(e.g., years of schooling) and wealth, as schooling variables are typically gross inputs 
and crude measures of human capital (e.g., Hanushek and Woessmann 2011; Weede 
2004). Looking more closely at the mechanisms of how cognitive ability can lead to 
higher growth, one can consider the individual-level effects that can be aggregated at 
the country-level, e.g., better learning of work tasks, fewer errors, dealing with com-
plexity (see above). However, there are also institutional effects as better universities, 
better governance, more rule of law, more human rights, being a “good country,” faster 
technological progress and absorption (diffusion) from foreign countries and improved 
educational systems (e.g., Burhan et al. 2018; Jones 2012; Rindermann and Carl 2018, 
2020). Finally, cognitive ability seems to have with ability increasing effects: effects of 
cognitive ability on various productivity measures increase nonlinearly at higher levels 
of ability, indicating that higher ability levels disproportionately boost a nation’s pro-
ductivity (Coyle et al. 2018).

2.3 � The Easterlin Paradox and genetics of happiness

Although higher economic growth brings more prosperity, various studies have shown 
that an increase in wealth does little to increase human happiness. In 1974, economist 
Richard Easterlin found that average happiness in the USA had remained virtually 
unchanged for decades despite continuous economic growth (Easterlin 1974). The East-
erlin paradox specified that “at a point in time both among and within nations, happi-
ness varies directly with income, but over time, happiness does not increase when a 
country’s income increases” (Easterlin et al. 2010, p. 22,463).

Moreover, at the macro-level, there is increasing evidence that the relationship 
between income and emotional well-being declines above a certain income level. For 
example, Oswald (1997) found that economic progress contributes little to happiness 
in industrialized countries, with life satisfaction declining in many European coun-
tries and average levels of job satisfaction remaining the same in the United States and 
the United Kingdom. Happiness research has found that money generates happiness 
through the fulfillment of needs and material desires. However, happiness adjustment in 
the population occurs at a certain higher level of income. This situation is called income 
satiation, where income beyond the saturation point no longer contributes to happiness 



69

1 3

Cognitive ability and economic growth: how much happiness…

(see Jebb et al. 2018; Kahneman and Deaton 2010). The stability in happiness levels in 
nations was also summarized by Veenhoven (2014).

The long-term stability of happiness is consistent with studies showing that a per-
son’s affective state and mood are also determined by genetic factors (Bartels 2015). 
Genes influence a person’s personality and can provide an affective reserve needed dur-
ing stress and recovery. Similarly, recent studies at the global level have found that dif-
ferences in genetic factors have a significant impact on national differences in happiness 
levels. For instance, Minkov and Bond (2017) mentioned that national percentages of 
very happy individuals highly correlate with the national prevalence of the “rs324420 
A” allele in the FAAH gene, essential in enhancing sensory pleasure and reducing pain. 
In a similar vein, Proto and Oswald (2017) stated that societies with high average hap-
piness levels have a low frequency of the short allele version of the 5-HTTLPR poly-
morphism associated with neuroticism, harm avoidance, negative affect, and clinical 
depression. These results show that factors that are robust to change also contribute to 
subjective well-being, and thus a rather stable international pattern of happiness can 
emerge.

3 � Empirical strategy

3.1 � Threshold regression

For this study, data on the average economic growth rates of 57 years from 1960 to 
2017 were used. The linear regression model has the following form:

Growth is the growth rate (%) of GDP per capita in purchasing power parity (PPP, 
at constant 2011 international USD) for country i. The data on Growth were obtained 
from the Penn World Table (PWT) 9.1 (Feenstra et al. 2015). β0 and ui are generic con-
stant and error terms. W’s represents a vector of conditional information set of control 
variables, including GDP/c1960 as the initial GDP per capita (log-transformed) for the 
year 1960, I/GDP the investment as a percentage (%) of annual GDP, and the popu-
lation growth rate (%). These three control variables are commonly used in growth 
regression analyses (e.g., Barro 1991; Mankiw et al. 1992). In the current study, data 
were retrieved from the PWT 9.1, where I/GDP and population growth have their 
annual values averaged from 1960 to 2017.

The fourth component of W’s denotes a dummy variable (0, 1) indicating member-
ship in the Organization of Petroleum Exporting Countries (OPEC). On average, oil-
exporting countries reflect high income relative to human capital levels, as annual GDP 
reflects current resource extraction rather than labor efficiency (Barro 1991; Mankiw 
et al. 1992). Therefore, control proved essential for OPEC countries, as cognitive ability 
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in those economies may not be as critical to long-term economic growth as in non-
OPEC regions.,23

Institution refers to two measures of institutional quality, namely the degrees of eco-
nomic freedom and of rule of law, each of which was inserted separately into the regres-
sion. Data on economic freedom were obtained from the Fraser Institute’s online data-
base (Gwartney et al. 2020) approximately between 1960 and 2017. Economic freedom 
is defined as “the ability of individuals to make their own economic decisions without 
interference or limitations by government or government’s protection of anti-market 
behavior in favor of powerful groups and these group’s abuse of this power to limit 
market choices of other” (McMahon 2014, p. 1795). Economic freedom is one very 
classical determinant of economic growth and more generally of the welfare of nations 
(e.g., Coyle et al. 2016; Hayek 2011/1960).4 The second measure of institutional quality 
is the rule of law, annual data is from the World Bank’s Worldwide Governance Indi-
cators (WGI) (2021). Similar to economic freedom, the rule of law is crucial for eco-
nomic growth and development, it is also part of the concept of “being a good country.” 
Rodrik et al. (2004), for instance, found that the rule of law ‘trumped’ all other develop-
ment indicators in determining income levels around the world. The positive impact of 
the rule of law on economic growth occurs through the containment of violence, the 
protection of property rights, institutional controls of the government, and the control of 
private expropriation and corruption (Haggard and Tiede 2011).

CAi is the average level of cognitive ability (CA) for each country I. Two measures 
of CA were employed. The first measure comes from Lynn and Vanhanen (2012), who 
collected average national IQ scores in 157 countries worldwide (IQ). The 2012 data-
set is an improved version of previous datasets and provides values for a larger num-
ber of countries and a more reliable estimation. The second measure of CA used was 
the dataset from Altinok et  al. (2014). Altinok et  al. compared competencies across 
countries based on student performance on PISA and TIMSS in reading, mathemat-
ics, and science. The final cognitive scores were named Indicator of Quality of Student 

4  Murphy (2016) has provided empirical evidence that Fraser’s economic freedom is more powerful than 
other measures of institutional quality provided by Heritage Foundation, Freedom House, Polity IV, and 
Worldwide Governance Indicators (WGI) to predict the level of human development in different coun-
tries.

2  This study attempted to incorporate regional dummies for East Asia and sub-Saharan Africa as the 
regions implied higher and lower economic growth rates, respectively. However, without suppressing the 
IQ significance level (p < .01), including these dummies extremely elevated the variance inflation factor 
(VIF) of IQ from ~ 4 to ~ 16 for regressions with and without interaction term (N = 94). These regional 
dummies were highly correlated with national IQ, for instance, at r =  − .76 for the sub-Saharan Africa. 
This negative connection proved stronger than the IQ-GDP/c1960 (r = .61) in Table 2 and the correlations 
between sub-Saharan Africa (dummy) and other vital variables: GDP/c1960 (r =  − .54) and population 
growth rate (r = .55). Furthermore, IQ was strongly associated with the East Asian dummy (r = .43) as 
the six East Asian countries in Table 1 denoted the highest IQs among all the nations. Predictably, the 
regional dummies reflected long-term stable patterns of development (e.g., Hart 2007; Murray 2003; 
Rindermann 2018). Therefore, this study omitted these regional dummies from the regression because 
the sample-splitting (or threshold effect) could be highly sensitive to their impacts.
3  Not presented in Table 2, the correlations between OPEC dummy and other main variables were insig-
nificant except for the association with economic freedom (r =  − .27; p < .01), rule of law (r =  − .32; 
p < .01), and population growth (r = .19; p < .10).
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Achievement (IQSA). In general, psychometric intelligence tests and student achieve-
ment tests are considered different measures. However, analyses of the content of tasks 
and the cognitive processes involved in solving such tasks show a strong similarity 
between psychometric and student achievement tasks (Rindermann and Baumeister 
2015). Moreover, correlations between psychometric intelligence and achievement test 
scores are high at both the individual and national levels (e.g., Kaufman et al. 2012).

In this study, Happiness represents the national average happiness score, with data 
taken from the World Happiness Report (WHR) 2020 (Helliwell et al. 2020) and aver-
aged for the period 2006 to 2017. The WHR used data from the Gallup World Poll 
(GWP) and calculated the national average of responses to the following question: 
“Please imagine a ladder with steps numbered from 0 at the bottom to 10 at the top. The 
top of the ladder represents the best possible life for you, and the bottom of the ladder 
represents the worst possible life for you. On which step of the ladder would you say 
you personally feel you stand at this time?” This study assumes that the fluctuations in 
the level of happiness in the countries are comparatively small, e.g., due to genetic and 
long-term stable cultural influences (see literature overview in Sect. 2.3). This assumed 
stability allows happiness measured over the period 2006–2017 to explain the eco-
nomic growth from 1960 to 2017.

Finally, CA*Happiness is the interaction between the national average levels of CA 
and happiness. In this study, social happiness levels were hypothesized to influence 
the effects of CA and productivity. Specifically, it was hypothesized that the effects of 
CA on productivity differ between, for example, two different levels of happiness as 
follows:

In this equation, X represents all control variables. Happiness acts as the thresh-
old variable. The above model allows the impact of cognitive capital on economic 
growth to take two different values depending on whether the happiness level is 
higher or lower than the threshold value, γ. The impact of CA on economic growth 
is β1 and β2 for societies of low and high happiness levels, correspondingly. The 
constant and error terms are not shown for simplicity.

The threshold regression analysis followed procedures from the structural break test 
by Bai and Perron (2003) to determine significant happiness thresholds. This technique 
divides the country sample into different groups with varying degrees of relationship 
between CA and economic growth based on happiness levels. In particular, the proce-
dure involves two main steps: determining the value of γ̂ and the slope parameters of α 
and β. Estimates of γ̂ was established by probing the threshold model with all potential 
values of γ , whereby γ̂ was the minimizer of the residual sum of squares calculated 
across all potential γ-values. Next, estimates of the slope parameters were ensued as 
α̂(̂γ) and 𝛽(𝛾̂) once γ̂ was identified. The second step involved determining the signifi-
cance of the threshold parameter γ , set at p < 0.05 level. In fact, γ is non-significant 
under the null hypothesis. Furthermore, the significance of the threshold parameter γ̂ 
was estimated using 10% trimming percentage to trim high leverage points.

Growth
i
= 𝛼X

i
+ 𝛽

2
Happiness

i
+

{
𝛽
1ACAi

,Happiness < 𝛾

𝛽
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,Happiness ≥ 𝛾
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Because of the small sample size, the number of thresholds allowed was set to two, 
which divided the countries into three different levels of happiness. The approach facili-
tated this study to estimate the threshold parameter γ̂ at its best with up to 25% trim-
ming as a robustness test. Thus, this study identified the threshold effect and the statisti-
cal significance of β1A, β1B and β1C for the three different country groups, specifically 
countries with low, medium, and high happiness levels. Therefore, the linear model is 
reconfigured as follows:

3.2 � Endogeneity and instrumental variable (IV) estimation

Endogeneity means a correlation between an independent (causal) variable and 
another unknown or known error variable. For example, there is a correlation 
between sex (independent, predictor, causal variable) and weight (dependent, crite-
rion variable that should be explained or variation in it), but also between sex and 
height. Thus, the explanation that male sex leads to overweight or obesity is incor-
rect. Sex leads to different body size, which leads to different weight. In the case of 
a relationship between happiness, growth and wealth, it could be that it is not hap-
piness (via happier and more productive workers) that leads to economic growth 
and wealth, but that wealth leads to more happiness (reverse causation). Despite the 
veracity of the Easterlin paradox and happiness level stability, many studies have 
suggested that wealth plays a significant role in happiness, at least in the short run 
using cross-sectional data (e.g., Helliwell et al. 2020; Sabri et al. 2021). Therefore, 
although happiness could increase workforce productivity, it could also be endog-
enous to economic growth in the long run. Therefore, it is imperative to control for 
these potential reverse causalities so that the regression estimates are not at risk of 
simultaneous equation bias. Moreover, happiness and economic growth may be cor-
related with unobserved variables that were not included in the regression, leading to 
omitted variable bias.

Apart from that, prominent cross-national studies on IQ-economic growth suggested 
that reverse causality was not a critical problem. For example, Jones and Schneider 
(2010) pointed out that the IQ of oil-exporting Middle Eastern countries has been at 
the level of the world average IQ since the 1950s (about 85 compared to a British mean 
of 100), despite their exceptionally high income. Thus, acquiring wealth over several 
decades would not optimize the level of cognitive capital. Similarly, Weede and Kämpf 
(2002) suggested that endogeneity issues (the feedback of wealth or economic growth 

Growthi =�2Happinessi + �3Institutioni + �1W1i +…

+ �4W4i +

⎧

⎪

⎨

⎪

⎩

�1ACAi,Happiness < �1
�1BCAi, �1 ≤ Happiness < �2

�1CCAi,Happiness ≥ �2
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on IQ) should be viewed as a century-long rather than a decade-long problem, with the 
exception of mass immigration and emigration between countries.5 Moreover, country 
level data on cognitive ability presented by Lynn and Vanhanen (2012) and Altinok 
et al. (2014), as employed in this study, were already fine-tuned to predict long-term 
trend of economic development at cross-national level.

The endogeneity problem could be mitigated by the use of IV technique. Since hap-
piness is endogenous in the model, the selection of instrumental variables (instruments) 
should be based on the fact that the instrumental variables are related to economic 
growth only through their association with happiness, while they should not be directly 
related to economic growth. Having at least one instrument for an endogenous hap-
piness variable is very crucial. Following the WHR of Helliwell et al. (2020, p. 16), 
social support is highly relevant for happiness. Therefore, this study used the degree of 
social support as the instrument for happiness because it is expected not to be directly 
correlated with national productivity. The quality of social relationships people have in 
their family and surrounding community influences happiness. Although societies are 
gratified with material prosperity, the high quality of social connectivity provides them 
with social support and bonding, resulting in happiness (Hori and Kamo 2018; Myers 
and Diener 2018). In a recent economic study, Bruni et al. (2019) found that micro-
dimensions of social capital such as individual social support, kinship and friendship 
relationships, reciprocity and high-quality social or family relationships help build an 
institutionalized collaborative culture that promotes happiness. Therefore, the economic 
development of the last few decades might have improved the social net or welfare in 
the societies of the different countries.

The data come from responses to the Gallup World Poll (GWP), where social sup-
port refers to the country’s average level of social support based on the binary response 
(either zero or one) to the question, “If you were in trouble, do you have relatives or 
friends you can count on to help you whenever you need them, or not?” Theoretically, 
this variable does not correlate directly with economic growth and is likely to affect it 
only through their impact on happiness.

Next, this study proceeded with the design of the IV method after the selection of the 
instrument. The two-stage least squares (2SLS) was estimated in two-step procedure, as 
suggested by Stock and Watson (2020, pp. 437–440). First, the potentially endogenous 
variable, happiness was regressed against its instrument, specifically the social support 
(Support) and all exogenous regressors that originated from the main Growth equation:

Because the number of instrument (i.e., Support) equals the number of endogenous 
regressor (i.e., Happiness), therefore the coefficient is said to be ‘exactly identified’. 
The first stage regression computed the predicted values of ̂happiness as follows:

Happiness
i
= �

0
+ �

1
Support

i
+ �

2
CA

i
+ �

3
Institution

i
+ �

1
W

1i
+⋯ + �

4
W

4i
+ v

i

5  On the other hand, mass migration can be termed "great migration" like Indo-European migrations and 
"forced migration" like the Atlantic slave trade. Both are considered very influential in the course of his-
tory. Mass migration differs from individual, small-scale and seasonal migration, which can occur on a 
regular basis.
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Subsequently, the fitted values were applied as predictor variables in the second 
stage regression, summarized as follows:

Considering the main aim of this study to determine the threshold effect of happi-
ness on the relationship between CA and economic growth, hence the Growth model 
was transformed into a general threshold regression model:

For visual simplicity, the constant and error terms are not shown in the model. Ear-
lier, this study specified two distinct variables for cognitive ability (CA), particularly IQ 
and IQSA, and two different variables for institutional quality (Institution), namely the 
economic freedom and the rule of law (henceforth labeled as EconomicFreedom and 
RuleOfLaw, respectively). Consequently, Happiness (IV) and Growth were predicted 
by different combinations of CA and Institution variables through 2SLS method. From 
this, one might expect that threshold effect and the statistical significance of β1A, β1B 
and β1C may vary. Therefore, the threshold regression model was adapted into four vari-
ations as follows:
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4 � Results

Table 1 shows the list of countries that rank in the top and bottom ten based on eco-
nomic growth, happiness, and two CA measures: IQ (Lynn’s estimates of cognitive 
ability based on psychometric intelligence tests) and IQSA (estimates of cognitive 
ability based on student performance). The higher average economic growth rates in 
the period 1960 to 2017 were mainly achieved by East Asian countries, while several 
sub-Saharan African countries (with the exception of Botswana) had weak economic 
performance for almost six decades. Scandinavian and other European countries were 
more cognitively competent and happier. East Asian countries led on both CA indices. 
Sub-Saharan African countries had low scores on both CA and happiness.

The correlations between the variables are shown in Table 2, with growth showing a 
strong and positive relationship with the two CA measures (r = 0.43 and 0.38). In con-
trast, the correlation between growth and happiness was very low (r = 0.09). Results 
also showed that high population growth was negatively associated with all levels of 
socioeconomic development (r =  − 0.37 to − 0.76). Happiness was highly associated 
with psychometric IQ (r = 0.75), student achievement IQSA (r = 0.76), and 1960 GDP 
per capita (r = 0.78), implying that happier societies are more prosperous and intelligent 
and vice versa. Finally, an extremely high correlation (r = 0.93) was found between IQ 
and IQSA, indicating that the two variables overlap empirically in measuring cognitive 
ability.

To illustrate the relationship between cognitive ability and economic growth, Figs. 1 
and 2 plot the partial associations between growth and CAs, net of the values predicted 
by GDP/c1960. Partial correlations of r = 0.82 and r = 0.74 were found for IQ-growth 
and IQSA-growth, respectively, likely indicating strong and positive effects of CAs on 
economic growth between 1960 and 2017.

Tables 3 and 4 summarize the results of the regression analyses for the entire coun-
try sample. In this study, the OLS method found positive and negative signs for invest-
ment as a percentage (%) of annual GDP (I/GDP) and population growth, indicating 
that economies with a higher investment ratio and lower population growth have higher 
economic growth rates. The negative sign of GDP/c1960 implies the beta-convergence 
of the long-term economic growth process, in which poor economies have grown 
faster than rich economies since 1960 (advantages of backwardness). In this study, the 
model included two indicators of cognitive human capital (i.e., students’ psychometric 
IQ and IQSA). Developing countries are likely to benefit from their relative backward-
ness by learning the production methods and technologies of developed countries at 
lower cost and therefore experiencing faster GDP growth than advanced economies. 
Convergence rates were estimated to be higher (Table 3: |βGDP/c1960| >|− 2.912|; Table 4: 
|βGDP/c1960| >|− 2.737|) when cognitive ability was included in the growth regression 
because human capital partly determines the steady-state level of GDP per capita in 
countries in the long run.

Model 3 of Tables 3 and 4 shows that happiness was positive and highly signifi-
cant (p < 0.01) toward economic growth before CA was being included in the regres-
sion. When IQ and IQSA variables were entered into the regression (Model 4), the 
happiness-growth relationships were still positive but became marginally significant 
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(p < 0.10). Psychometric IQ and students’ IQSA have stable and large effects on growth 
(being exceptionally significant at p < 0.01), even when happiness, economic freedom, 
and rule of law are present in the model. Columns 4A and 6A of Tables 3 and 4 show 
across variables comparable standardized effects. CA (β = 0.58 and 0.46) showed the 
largest effect after 1960 GDP. Its effects are larger than the effects of economic freedom 
(β = 0.28 and 0.31) and rule of law (β = 0.31 and 0.34). GDP per capita 1960 shows 
a suppressor effect (i.e., β > r, β =  − 1.08 to − 1.10). GDP is highly correlated with all 
other variables in the equation (see Table 2). The main implication of this effect is that 
wealth reduces growth and poverty increases it—the benefits of backwardness. The R2s 
of Table 3 was higher than that of Table 4. Psychometric IQ appears to be a better indi-
cator of CA than student IQSA, but country samples also differed (sample sizes for 
psychometric IQ were 11 countries larger; see list in Table 11). In comparison between 
Tables 3 and 4, the standardized effects of psychometric IQ (Table 3; models 4A and 
6A; β = 0.58) were larger than that of (educational) IQSA (Table 4; models 4A and 6A; 

Fig. 1   Partial association 
(r = .824; N = 94) between 
psychometric IQ and economic 
growth. y-axis = economic 
growth, net of GDP/c1960 effect. 
x-axis = IQ, net of GDP/c1960 
effect

Fig. 2   Partial association 
(r = .739; N = 83) between 
student IQSA and economic 
growth. y-axis = economic 
growth, net of GDP/c1960 effect. 
x-axis = IQSA, net of GDP/c1960 
effect
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1 3

Cognitive ability and economic growth: how much happiness…

β = 0.46). To test this, this study performed additional regression analyses based on the 
corresponding models 4A and 6A, including only countries (N = 76) for which both IQ 
and IQSA data were available. In our calculations, not shown in the table, it was again 
found that the standardized coefficients and adjusted R2 were larger for psychometric IQ 
(β = 0.56 to 0.57; R2 = 0.75 to 0.76) than for IQSA (β = 0.40 to 0.41; R2 = 0.69 to 0.71). 
The results are consistent with the relationships between CA and economic growth pre-
sented in Figs. 1, 2. Moreover, Models 5 and 7 of Tables 3 and 4 show that the interac-
tion term has a strong negative impact (p < 0.01) on growth. In addition, economic free-
dom and rule of law was consistently significant for economic growth, indicating that 
enhanced quality of institution is essential for long-run economic growth. The OPEC 
membership dummy was significantly positive in several models, providing evidence 
that oil-exporting countries, despite their relatively lower levels of human capital, had 
outperformed due to their resource wealth (see Barro 1991; Jones and Schneider 2010).

Table 5 presents the results of the economic growth analysis using IV for happiness. 
The preliminary analyses for IV estimations are presented in Appendix A as Tables 9, 
10. Although happiness showed high correlation with social support (instrument), 
the correlations between social support and the error terms of the explanatory equa-
tion (i.e., the growth regression conditional on the other covariate) were not significant 
even at the p < 0.20 level (Table 9). Thus, these results show that the presence of instru-
ments does not violate the exclusion restriction condition. Controlling for other exog-
enous growth factors, the social support had significantly predicted happiness with high 
F-statistic values (Table 10). Therefore, the instrument was relevant in addressing the 
potential problem of endogeneity or reverse causality. As shown in Table 5, the effect 
of happiness (IV) was positively significant in several models. The psychometric IQ 
was stronger (p < 0.01) than IQSA in predicting growth. Besides, the highly significant 
interaction terms, which were negative (p < 0.01), corroborated that the impact of cog-
nitive capitals on economic growth had decreased at a higher level of happiness.

In addition, the effect of cognitive human capital on economic growth was esti-
mated using the threshold regression method. Because the number of countries is 
small, the number of happiness thresholds was set to two in the first instance, yielding 
up to three different levels of cognitive ability effects on growth. Threshold regres-
sions were run with a trim percentage of 10%, and the happiness threshold was deter-
mined with a confidence level of p < 0.05. This procedure has generated four thresh-
old regressions with different combinations of exogenous Growth predictors (i.e., IQ, 
IQSA, economic freedom and rule of law). The results presented in Table 6 show the 
identified threshold for happiness (scale of 1–10). The direct effect of happiness was 
only significant in Model 1, but only at 10% significance level. All regressions had pro-
duced one threshold only. The results are mixed. Model 1 presents that the happiness 
threshold is γ = 6.37, where the effects of IQ were significant at 1% level for high and 
low happiness levels, although the coefficient declined significantly in happier coun-
tries (β = 0.060 → 0.052). Model 2 shows that the IQ-economic growth relationship 
was moderately significant (β = 0.034; p < 0.05) when happiness is lower than γ = 4.96, 
while according to Models 3 and 4, IQSA was non-significant (p > 0.10) when hap-
piness is lower than γ = 4.75 or 4.79. Thus, for Models 2 to 4, the positive impacts of 
CA were the strongest for IQ (β = 0.049; p < 0.01) and IQSA (β = 0.51–0.60; p < 0.01) 
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after the happiness exceeded these thresholds γ = 4.75 to 4.96. The R2 of the thresh-
old regressions were estimated higher compared to OLS (Table 5), suggesting that the 
overall effect of the independent variables on economic growth was improved by the 
discrete threshold regression. Moreover, an interesting finding is that IQ was a better 
growth predictor compared to IQSA, since IQ works significantly in both very happy 
and very unhappy conditions demonstrated in Table 6.

Following Barro (1991), the robustness of the direct effects of economic growth 
predictors was determined by weighting countries by their respective population 
sizes. Each country (row) was multiplied by the square root of its total population. 
The reason for this correction is that small or less populous countries tend to be 
more atypical, that is, in terms of the well-being of citizens compared to large popu-
lations. For this analysis, annual total population data (World Bank 2020) were aver-
aged for the period 1960–2017. Results presented in Table 7 are based on the similar 
Models 1–4 of Table 6. After the regressions were weighted by population size, the 
threshold values become slightly different for IQ (Models 1 and 2: γ = 6.37 and 6.16) 
and IQSA (Models 3 and 4: γ = 4.79, 6.36 and 6.38. Although Model 4 produced two 
significant happiness thresholds, the pattern of CA-economic growth relationships 
are almost the same with other models in Tables 6 and 7). Standardized estimates for 
Tables 6 and 7 are presented in Appendix A as Tables 12, 13. Altogether, summing 
up the finding from Tables 6 and 7, it can be established that there were two obvious 
ranges of high and low thresholds for happiness, specifically γ1 = 4.75 to 4.96 and 
γ2 = 6.16 to 6.38. It was observed that the growth effects of cognitive capital were 
the largest and highly significant (p < 0.01) when countries are in the states of hap-
piness of between these two thresholds (γ1–γ2), with the largest t-statistics. The CA-
economic growth relationships were moderately large for countries with happiness 
greater than γ2, and the smallest (or weakest) effects of CA were found in countries 
with happiness below the thresholds of γ1.

Further robustness checks were conducted using different trimming percentages 
of 5%, 15%, 20%, and 25%, which are summarized in Table  8. There is an addi-
tionally different threshold of γ = 6.43 for IQSA especially the regression with 25% 
trimming percentage. Therefore, altogether, this study consistently corroborated that 
low- and high-happiness thresholds stretch within the ranges of γ1 = 4.75 to 4.96 and 
γ2 = 6.16 to 6.43, respectively. Importantly, the results presented in Table 8 exhibit 
the similar pattern of CA-Growth relationship as in Tables 6 and 7.

5 � Discussion

This study examined the role of happiness in regulating the impact of human capital, 
particularly cognitive human capital, on economic growth at a cross-country level. It is 
well established in the literature that happiness acts as an intrinsic motivator and posi-
tive psychological state that causes workers to be more engaged in their jobs and organi-
zations, and inspires them to fully realize their human capital potential to achieve higher 
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productivity. This idea suggests that in societies with higher happiness levels, cognitive 
ability may have a greater impact on economic growth than in less happy societies.

Regression analyses were performed with cognitive ability (CA as measured by 
psychometric IQ tests or student achievement tests) and instrumental variable (IV) 
estimates for happiness to determine their effect for growth in the presence of their 
interaction effect (CA x happiness). However, the empirical results contradicted the 
previous hypothesis, as the regressions contained significantly negative interaction 
terms. These results were supported by the results of threshold regression of five dif-
ferent trimming percentages. Two ranges of happiness threshold were identified: 
γ1 = 4.75–4.96 and γ2 = 6.16–6.43 based on wellbeing scale of 1 to 10. Accordingly, 
CA requires a sufficient level of happiness (≥ γ1) for it to function optimally on gener-
ating economic growth. The effects of CA toward growth are the strongest among soci-
eties of medium level of happiness (i.e., between γ1 and γ2) and significantly weaker at 
higher levels of happiness (≥ γ2). These findings were corroborated by the population 
size-weighted threshold regressions that served as robustness tests to determine the 
significance of CA effects and happiness thresholds. Again, it can be summarized that 
IQ was a stronger growth predictor compared to IQSA. IQ rather than IQSA functions 
more significantly in both very happy and very unhappy environments.

Countries at all levels of economic development were equally represented in this 
study. Interestingly, the psychometric IQ and student achievement datasets over-
lap for only 76 countries, leaving no overlapping single analyses for 25 countries 
(Appendix: Table 11). Because the two datasets differed in their populations or sam-
ple characteristics, the conclusions about the happiness threshold and the interac-
tion between CA and happiness are stronger. Throughout the regression analyses, 
the standardized effect of IQ was consistently larger than that of IQSA on economic 
growth. This at least underlines the quality of the IQ data. Uncorrected student 
assessment data may be biased due to national differences in enrollment rates, stu-
dent ages, and sampling methods (Rindermann 2018). The highly significant cogni-
tive ability x happiness interactions proved that happiness plays a significant role in 
regulating the effects of cognitive ability on growth. However, cognitive ability has 
stronger direct effects than happiness. This is because economics primarily requires 
cognitive ability, while positive affectivity or intrinsic motivation (as indicated by 
happiness) acts as an additional promoter of productivity growth.

The Savanna-IQ Interaction Hypothesis postulates that highly intelligent people are 
more resourceful than less intelligent individuals in understanding and coping with evo-
lutionarily novel situations that did not exist in their ancestral environment. Early humans 
relied on athletic and motoric skills and simple cognitive abilities and survived by forag-
ing, fishing, hunting, and gathering. In contrast, in modern societies, a high level of cogni-
tive ability, of intelligence and knowledge and its intelligent use, is essential to drive tech-
nological innovation in order to compete globally and achieve greater prosperity.

The results of this study indicated that a sufficient level of luck is required for CA 
to function fully in national productivity. The impact of cognitive ability on economic 
growth increased significantly after the countries surpassed the happiness level of 
γ1 = 4.75–4.96 applied at the cross-country level. This corresponds to Maslow’s hier-
archy of needs. Therefore, considering happiness as an indicator of psychological 
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well-being, an adequate level of happiness is crucial for societies to focus their motiva-
tion on exerting their human capital (IQ and IQSA) on productivity growth. It may be 
that in most African countries, societies at the bottom of the happiness rankings (see 
Table 1) have not had the opportunity to make optimal use of their cognitive abilities 
to achieve high productivity. In addition, it can be pointed out that increased happiness 
is not only associated with positive psychological well-being and greater motivation 
among workers, but also stimulates the country’s economic dynamism. Along the same 
lines, Inglehart (2018/1990) claimed that higher levels of happiness imply improvement 
in social capital such as trust in people and institutions, which according to Whiteley 
(2000) and Shad et al. (2018) is very important for economic growth and also promotes 
international cooperation in financial markets. Therefore, although the direct effect of 
happiness on economic growth was marginally significant, a sufficient level of happiness 
(≥ γ1) in the societies is crucial for CA to be exercised at full capacity to generate high 
productivity.

The CA effects decreased significantly after happiness levels rose above a certain 
threshold, i.e., γ2 = 6.16–6.43. These results show that cognitive abilities have a stronger 
impact on productivity growth in societies with moderate happiness than in societies 
with the highest happiness. Thus, this study proves that very happy or very satisfied 
societies are less likely to use their full cognitive potential to generate additional pro-
ductivity growth. This phenomenon is consistent with Maslow’s self-actualization the-
ory, which states that people are motivated to take action and pursue their efforts to 
fulfill their desires. However, once these needs are satisfied, they no longer serve as 
motivators for people. Subsequent satisfaction of basic needs would gradually shift the 
focus to non-material goals such as self-expression, autonomy, sense of belonging, and 
intellectual and aesthetic satisfaction (Inglehart 1977). Therefore, higher levels of satis-
faction experienced in a materialistic society could reduce the pursuit of further income 
growth, as shown in this study, in which the effect of cognitive ability on productivity 
growth decreased at very high levels of happiness.

In general, people with higher cognitive abilities are more productive and successful 
in modern economic societies. Nonetheless, less happy or dissatisfied lives are to some 
extent conducive to societies making more efforts to harness their human capital poten-
tial for higher productivity. Negative emotions are functional for humans as they help 
them solve adaptive problems of life. For example, evolutionary psychologist David 
Buss (2000, p. 17) noted that while negative experiences can be distressing and reduce 
an individual’s quality of life, they motivate actions aimed at eliminating “the interfer-
ence or to avoid subsequent interfering events.” This assumption is consistent with the 
study of Oishi et al. (2007), who confirmed that moderate levels of happiness are ideal 
for life goals that require analytical skills and self-improvement motivation, such as job 
performance and wealth accumulation. Some level of dissatisfaction is necessary to 
motivate people to perform better and take corrective action to achieve their life goals.

The current study outlined that the pursuit of ever-higher economic growth could be 
challenging and grueling for all societies for decades to come. In order to achieve the 
highest economic growth in the long term, the labor force must acquire new technical 
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skills and produce technological innovations faster to become the most efficient country 
in its production each year. Proponents of the modern economy have always empha-
sized ever-increasing economic growth, with the expectation that greater material 
wealth would improve the quality of life and bring greater happiness to society. At the 
same time, modern social structures have spread motivational beliefs that lead people to 
make the greatest efforts in life to achieve barely attainable goals (Nesse 2004).

Nettle (2005, p. 14) had summarized that “What we are programmed for by evolu-
tion is not happiness itself, but a set of beliefs about the kinds of things that will bring 
happiness, and a disposition to pursue them.” Evolutionary theory has emphasized that 
the human brain is designed for constant striving, not for increasing happiness (e.g., 
Grinde 2002; Nettle 2005, p. 43). The ultimate objective is to increase the frequency 
of genes in a population. The human brain functions as a survival and reproductive 
tool, creating emotions to support behaviors that ensure the survival of human genera-
tions. In addition to the role of cognitive abilities in coping with evolutionary problems, 
humans have evolved psychological mechanisms to induce subjective stress or unhap-
piness, when necessary and helpful, to solve adaptation problems. If the corresponding 
needs are satisfied, however, the motivational boost provided by these systems, which 
would, nevertheless, be necessary for the daily struggle for long-term economic growth, 
fails to materialize. Learning, education, getting up early, long trips to schools and 
work, many hours of effort, etc. are not all fun. The regulatory system of the human 
brain is not evolutionarily designed to cope with enduring efforts to achieve long-term 
and sustained economic growth in a world of already achieved prosperity. A pursuit of 
happiness through ever further accumulation of wealth could lead to unhappiness, or 
some form of suffering or hardship is required as a push factor for societies to realize 
their cognitive potential during the long-term process of economic growth.

A continuous increase in economic growth requires an optimal level of happiness. A 
‘satisficing’ level of happiness with a little emotional stress boosts human evolutionary 
behavior to fully exploit cognitive abilities and further increase productivity for dec-
ades. This approach may explain why societies with a moderate level of happiness can 
use more of their given cognitive potential and achieve even higher productivity than 
those ‘very happy’ or ‘very unhappy’ societies with similar levels of cognitive human 
capital. Importantly, the overall conclusions of this study indicate that achieving the 
greatest happiness, rather than the highest income, has always been society’s ultimate 
aspiration and goal.

Appendix A

See Tables 9, 10, 11, 12 and 13.
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Table 11   List of countries included in the analysis

Lynn and Vanhanen’s (2012) IQ and Altinok et al.’s (2014) IQSA datasets overlapped for 76 countries. 
Countries labeled as ** (n = 18) and * (n = 7) are present only in the IQ and IQSA datasets, respectively

List of countries (N = 101)

Algeria Congo (Dem. 
Rep.)

Guatemala Madagascar** Norway Switzerland

Argentina Congo (Rep.)** Guinea** Malawi** Pakistan** Syria
Australia Costa Rica Honduras** Malaysia Panama Taiwan**
Austria Cyprus Hong Kong Mali Paraguay Tanzania
Bangladesh** Denmark Iceland Malta Peru Thailand
Belgium Dominican 

Republic
India Mauritania* Philippines Togo*

Benin* Ecuador Indonesia Mauritius Portugal Trinidad & 
Tobago

Bolivia** Egypt Iran Mexico Romania Tunisia
Botswana El Salvador Ireland Morocco Rwanda** Turkey
Brazil Ethiopia** Israel Mozambique Senegal Uganda
Burundi* Finland Italy Namibia Sierra Leone** United Kingdom
Cameroon France Jamaica** Nepal** Singapore Uruguay
Canada Gabon* Japan Netherlands South Africa USA
Cent. African 

Rep.**
Gambia** Jordan New Zealand South Korea Venezuela

Chile Germany Kenya Nicaragua* Spain Zambia
China Ghana Lesotho Niger* Sri Lanka** Zimbabwe
Colombia Greece Luxembourg Nigeria** Sweden+
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