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well as to build sector resilience to adverse weather events (stimulating investments in anti-hail nets,
anti-frost systems, on-farm irrigation structures, etc.), can be considered key points regarding the need
for investment in the Moldavian agriculture sector.

4.4. The Correlation Matrix

In our research, we used a correlation matrix as a tool to summarize the linear relations existent
in our data and for identifying the strong and relevant relations that could be further modelled.
Therefore, as part of the analytical framework, all data related to the main indicators that characterize
the Moldavian agriculture sector were processed using the Python Seaborn library for obtaining
a correlation matrix (Figure 8).

 
Figure 8. Correlation matrix of main indicators that characterize the Moldavian agriculture sector.

By analyzing the correlation matrix, significant direct correlations are found between vegetable,
maize and wheat production and production values and total agricultural production, respectively
(Figure 8). Therefore, the economic indicators associated to these three major crops (maize,
wheat and vegetables) can be used as tools in order to control and maximize the productivity
of the agriculture sector.

The dependence of the Moldavian economy on its agriculture sector is revealed by the significant
direct correlations between the total agricultural production value and total GVA, the agricultural GVA
and the agricultural GDP (Figure 8). However, maize and vegetable production values present strong
direct correlations with agricultural GDP (Figure 8).

Direct, strong correlations in terms of production are also observed between vegetables, maize
and wheat (Figure 8). Grapes also can be correlated directly, in terms of production value with
maize (Figure 8). The positive effect of agriculture loans is revealed by the direct correlation of this
indicator with total agricultural production (Figure 8). In terms of significant negative correlations,
the strongest was recorded between the value of agriculture subsidies and agriculture loans, depicting
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the fact that when the agricultural subsidy value is increasing, the agricultural loan value decreases.
(Figure 8). Starting from the correlation matrix that displayed the possible parameter relations, we
further investigated which relations could be actually formalized through linear or non-linear models
through curve-fitting and model detection techniques.

The following part will present several investigated cases, providing a parametric model and
the residual plots for assessing whether the observed error (residuals) is consistent with the stochastic
error (Appendix A). It also should be mentioned that due to the limited number of samples, as yearly
data is analyzed, multiple regression could not be performed, as a minimum of 10 samples should be
available for each of the predictors—see Austin and Steyerberg [44]. Model residuals plots should
emphasize that it is not possible to predict the error for any given observation, having the residuals
consistent with the random error. Residuals should be centered on zero throughout the range of
fitted values.

More than that, while using an OLS approach, random errors are assumed to produce residuals that
are normally distributed. Therefore, the residuals that should not be correlated with another variable or
to each other (if adjacent) should fall in a symmetrical pattern and have a constant spread throughout
the range. If there is a non-random pattern in the residuals, this would indicate the deterministic
portion (predictor variables) of the model is not capturing some explanatory information that is
transferred into the residuals.

For each scenario, several models were tested and those considered more relevant were presented.
For identifying how well the models fitted the data, metrics like S (the standard error of the regression),
R-squared and adjusted R-squared were used. The standard error of the regression provides the absolute
measure of the typical distance that the data points fall from the regression line (Appendix A). The S
value represents a number using the same unit as the dependent variable. Normally, smaller values
are better as they indicate that the observations are closer to the fitted line.

4.5. Models Based on Main Crops Production

Both wheat and maize production proves to significantly influence the total Moldavian agriculture
production. The model representing the relation between wheat production and total plant production
(Figure 9) has a high R-square. The residuals display a normal distribution (Figure A1), being
independent from one another. As the value of the wheat production increases, the value of total
plant production increases (one unit of wheat production leading to a 2.17 unit increase in total
plants production). The relation between maize production and total plant production is strongly
linear (Figure 10), showing an R-square of 88.00%, higher than the one found when modelling wheat
production–total plant production. The residuals also display a normal distribution, being independent
from one another (Figure A3). As maize production value increases, the value of total plant production
increases (one unit of maize production leading to a 2.07 unit increase in total plant production).
The models can be used in order to assess the total agriculture production indicators by variating both
the maize and wheat production quantity.

Therefore, in order to grow the agricultural production, the maize and wheat production capacity
must be maximized. Thus, it is recommended that a significant share of government financial resources
be used in order to develop and implement better growth technologies for these crops, as well as to
implement proper technical measurement for maintaining the optimum technological requirement of
them during the entire year’s production cycle.
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Figure 9. Wheat production–total plants production.

 
Figure 10. Maize production–total plants production.

4.6. Models Based on Main Crops Production Value

Wheat production–wheat production value follows a linear positive trend (Figure 11). The model
describes this while having the regression p-value at 0.01, an R-square of 60% and independence
of the residuals. This, according to the histogram and normal probability plot (Figures A5 and A6)
are right skewed (working with a low number of samples usually has an effect over the residuals
histograms as a histogram is most effective when there are 20 or more data points. If the sample is too
small, then each bar on the histogram does not contain enough data points to reliably show skewness
or outliers). This model emphasizes the stability and high liquidity of the wheat market. Therefore,
the wheat market is characterized by high trading activity and high wheat supply and demand. Thus,
Moldavian wheat production will sell fast, without any constrains related to price, in order to make
this crop production more attractive for buyers. The grape production value–maize production value
scenario is characterized by no variation and no correlation of the residuals (Figure A7). The model
explains 65% of the maize production value variance by using the grape production value (Figure 12).
The p-value for the grape production value is 0.008, below the 0.05 threshold (Figure A8). The equation
shows that for every unit increase in the grape production value, the maize production value will
increase with 2.09 units. Thus, the model emphasizes the complementarity between both the grape and
maize markets in terms of the prices established for both crops during the analyzed nine-year period.
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Figure 11. Wheat production–wheat value.

 
Figure 12. Grape value–maize value.

4.7. Models Based on Crops Production Value vs. GVA and GDP Economic Indicators

As expected, the R-square value of the model depicting the relation between the agricultural
production value and agriculture sector GDP is very high at 92.70 (Figure 13). The adjusted R-square
is similarly large, the residuals displaying a constant variance and independence (Figure A9). This
emphasizes that the agriculture sector’s GDP is mostly influenced by the agriculture production value
and less influenced by taxes. This facilitates the control of size and growth rate of agriculture economy.

 
Figure 13. TotalPlantsVal–GDP_Agriculture.
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At first glance, as represented in the table fitted line plot, the relation between the wheat production
value and total GVA is linear (Figure 14). Still, due to a special case, in which for a high wheat production
value there was a low total GVA, the linear model fails to perform very well. The regression p-value
is 0.07 (Figure A12), close to the 0.05 significance level, but according to the R-square the model is
explaining 38.00% of the variance. The quadratic model fits the model much better. Still, future
observations are required in order to more clearly asses the overall context (Figure 14a). The model
emphasizes the important share of wheat production value from the total GVA of the Republic of
Moldova. Therefore, the wheat market has a significant impact on all of the Moldavian economy
and can be used as an instrument of macro-economic control. The total agriculture plant production
value–agriculture GVA displays a positive linear trend and the linear model can explain around 43.00%
of the agricultural GVA based on the total plants value (Figure 15). The regression p-value is 0.05
(Figure A14), while the residuals displays almost constant variance, independence and a good normal
probability plot (Figure A13). This model confirms the transparency between total production value
and GVA in the agriculture sector.

(a) (b) 

Figure 14. (a) Wheat Value–GVA economy quadratic. (b) Wheat value–GVA economy.

 
Figure 15. TotalPlantsVal–GVA_Agriculture.

4.8. Models Based on GVA and GDP Economic Indicators

The relation between agriculture GVA and total GVA is strongly linear (Figure 16); the model
shows independent normally distributed residuals, with constant variance, a high 91.80 R-square,
a very low S-value at 0.05 and a regression p-value at 0 (Figures A15 and A16). As such we can
determine the value for total GVA relying on agriculture GVA. As we used natural logarithms for
the terms of the model, a 1.00% increase of the agriculture GVA will lead to a 0.59% increase of total
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GVA. This model emphasizes the importance of agriculture sector for the Republic of Moldova’s
economy, as this sector can be used as a control tool to induce long term economic development.

 
Figure 16. GVA_Agriculture–GVA_Economy.

As noticed in the Figure 17, the relation between GDP (as predictor) and agricultural GVA (as
explained variable) can be linearly expressed, having for residuals a slightly visible variation and no
correlation (Figure A17). As for the equation coefficients, they are showing that for a 1% increase in
agricultural GVA, the GDP value will increase by 0.45%. This model completes the previous model,
thereby emphasizing the importance of the agriculture sector in the Moldavian macro-economy.

 
Figure 17. GVA_Agriculture–GDP.

4.9. Models Based on Agriculture Subsidies and Agriculture Loans

The model presented in Figure 18 describes the relation between the agricultural credit and
vegetables production with a regression p-value at 0.01 (Figure A20). Thus, this reveals that a significant
part of agriculture loans is used for vegetable production. Therefore, agriculture loans can be used as
control tools for maximizing the vegetable production.
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Figure 18. Agr_Credit. – Vegetable_Prod model.

An important model describes the relation between governmental agriculture subsidies as
predictor and agricultural loans (Figure 19a). With a maximum R-square of 81.40, governmental
agriculture subventions explain the variability in agricultural loans.

  
(a) (b) 

Figure 19. (a) Subsidies–Agr_Credit quadratic model. (b) subsidies–Agr_Credit model.

The Versus Order chart shows no particular form of dependence of the error terms, while
the distribution of the residuals, according to the normal probability plot, is normal (Figure A21). By
using a linear approach for the same scenario presented in Figure 19a, a lower R-square is obtained,
respectively 72.80% (Figure 19). Still, as the model involves a linear equation, it is easier to numerically
grasp the relation between the predictor and the dependent variable. The equation shows that for
every extra 1% additional subsidies, the agricultural credit will decrease by an average of 0.83 percent.
However, this negative correlation between agriculture subventions as predictor and agricultural
loans is expected as they must work as complementary financing sources. In this direction, it is
recommended to cover the gap between the value of governmental agriculture subsidies versus
the value of agricultural loans.

At first glance it seems there is linear relation between total GDP and subsidies (Figure 20). Still,
due to a situation in which for the medium-high total GDP value there was a very low subsidy value,
the model returned an R-square of only 21.40%. Removing that data point would generate the following
situation: both the R-square and adjusted R-square significantly increased, and as the equation shows,
for every 1 unit GDP increase the subventions will increase with 0.004 (Figure 20a). Still, we consider
the R-square to be quite low for some conclusions to be drawn. However, by analyzing Figure 20a,
after the outlier removal, the total GDP–Subsidy model returned an R-square of 55.80%. However,
it is hard to identify a certain pattern between total GDP and subsidies value since the percentage
of subsidized farms was less than 1%. It is possible that if the subsidies values rise the effect of this
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governmental financial support will be better observed in the Republic of Moldova macro-economy
and, therefore, in the total GDP.

  
(a) (b) 

Figure 20. (a) GDP–Subsidies—outlier removed. (b) GDP–Subsidies model.

The conclusions mentioned at the previous described model (between total GDP and governmental
agriculture subsidies) are confirmed by the model from Figure 21 which describes the relation between
GVA per farm and subsidies per farm and that displays some peculiarities. Even if it is not statistically
relevant, with an R-square of 31.40%, it is still possible to see why the value is low (Figure 21a,b). This
is mainly due to a specific case where, for a very high value of subsidies per farm (16,100 USD) in 2014,
the GVA per farm was not as high as expected, probably due to external factors. Another peculiar fact
is that high values of GVA per farm are associated with low values for subsidies per farm.

(a) (b) 
Figure 21. (a) GVA_Farm–Farm_Subsidies quadratic. (b) GVA_Farm–Farm_Subsidies.

Actually, subsidies per farm does not change much, while GVA per farm almost doubles, so it
seems that directly, subsidies per farm does not radically influence the GVA per farm. This can be due
to the direction in which subsidies are invested by farm owners.

As mentioned previously, subsidies are mainly directed toward technical investments and not to
yearly production; therefore, their effect may be visible on a long-term period and during the years in
which the climate change effect is more intense.

An increased agricultural GVA is associated with a constant increase in the subsidies per farm
(Figure 22). The data presents an outlier, where for a small increase in agricultural GVA there was
a significant increase of subsidies per farm, probably due to external factors that were not considered.
Still, the best model is obtained when we apply the log function to both predictor and dependent
variable, having an R-square of 99.88 (Subsidies per farm Log=Log (Subsidies per farm) and Agriculture
GVA Log = Log Agriculture GVA) (Figure 22a).
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(a) (b) 

Figure 22. (a) GVA_Agriculture–Farm_Subsidies Log. (b) GVA_Agriculture–Farm_Subsidies.

The Figure 23 displays how subsidies influence subsidies per farm. As it can be noticed, subsidies
per farm mostly increase with the increase of subsidies. The quadratic are better representations of
the current situation due to the high value subsidies per farm point, which is also associated with
the highest value for subsidies. The S value, at 1502, can be considered small for a scale ranging from
2000 to 16,000. Both the agricultural GVA–subsidies per farm model and subsidies–subsidies per farm
model where possible in conditions of a relatively constant dynamics of agriculture farm number.
However, their significance is expected to decrease in a long-term macro-economic analysis, when
agricultural farm number can register higher variations.

 
Figure 23. Subsidies–Farm_Subsidies model.

All models described above will contribute to a better understanding of the Moldavian agriculture
sector, offering tools that can be used in order to ensure an efficient intervention that targets to maximize
the performances of this sector in different scenarios and, therefore, contribute to the economic
sustainability of agriculture sector.

As with the majority of studies, the design of the current study is subject to limitations. One
limitation of the present paper’s analytical framework is the lack of a multifactorial connection between
the economic subsystem and social and environmental subsystems. This would potentially establish
a better agriculture sustainability approach. However, the economic sustainability of agricultural
activities is considered the basic constraint for the survival of farm systems over time [45]. Therefore, if
agriculture sustainability is targeted, economic sustainability must be the starting point.
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The second limitation concerns the economic indicators list that could be extended in order to
elaborate on a more complex analytical framework. According to Latruffe et al. [46], a wider range
of indicators has been proposed to capture various economic properties of farming systems that are
associated with sustainability, such as profitability, liquidity and stability or autonomy/dependence [47].
However, subsidy-dependence can be considered an aspect of autonomy: if farms are highly dependent
on public support, any policy reform that reduces subsidies could put farm sustainability at risk [46].
Other studies [48] that multidimensionally analyzed agricultural economic sustainability used specific
indicators that analyse the imports and exports of agricultural products, as well as the gross regional
product values compiled with the crop productivity indicators.

The analysis of agricultural economic sustainability can be oriented towards different types of
fish farms according to their production potential. Therefore, studies which assessed the sustainable
economic development for family farms [49] developed the analytical framework based on indicators
such as return on equity, return on assets, operating expense, debt to assets, debt to total output,
depreciation expense or gross margin.

The economic dimension of agricultural sustainability is characterized in other studies by using
various economic and socio-economic indicators [50–54]. However, the evaluation of the economic
sustainability of farms involves a wide range of sustainability themes that are difficult to combine
in a unique approach [50,51]. Therefore, by using a multifactorial approach that considers labor,
land profitability and productivity, as well as vitality marginalization, diversification of farmer
labor, competitiveness, incidence of agricultural value added and fixed investment in agriculture,
Dillon et al. 2014 [53] concludes that efficient agricultural structures, appropriate technologies as
well as the diversification of income sources for farms are critical elements for the achievement of
the agricultural sector’s economic sustainability. Other studies [50,54] concluded that the diversification
of farm activities significantly contributes to the economic sustainability of agriculture, while using
an analytical framework structured on the following indicators: value of production, value added,
farm ability to generate income, autonomy, diversification of the production, business diversification
and multifunctionality.

The third limitation of the present study concerns the lack of governance and institutional
capacities indicators. This is because governance is an essential driver of both agricultural productivity
and sustainability in developing countries [55]. However, those indicators are related to agricultural
policies and technological interventions that would rather concern the political economy approach,
although correlating the two sustainability subsystems (economic and political subsystems) could raise
the analytical framework level of complexity.

However, analytical framework studies that are predominantly based on economic and production
indicators revealed that the effect of agricultural GDP growth on poverty reduction is at least twice as
high as the effect of GDP growth coming from other sectors.

For the Republic of Moldova’s agriculture, analytical framework studies were conducted in order
to increase the competitiveness of the horticultural sector [56]. This revealed that with the increase of
the share of the horticultural production sales income regarding the total sales income, being more
than 20%, the enterprises will be more competitive on the market, registering higher values of total
productivity factors. Furthermore, a study [56] confirmed that horticulture may represent a solution
for developing the Moldavian agriculture sector. This is due to the fact that the agriculture farms
that had a share of the horticultural production sales income in total sales income of more than 20%
performed better in terms of financial productivity.

However, no similar studies concerning the economic sustainability of the Republic of Moldova’s
agriculture sector were found in the literature.

The present study confirms that agriculture subsidies and agriculture loans can be also used
directly in order to raise the share of agriculture GDP in total GDP. However, Lopez et al. [57] in their
study related to agriculture subsidies in China has issued a hypothesis according to which the larger
the share of agriculture is in the economy, the costlier it will be to subsidize; also, in the long term,
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subsidy governmental programs may cause farm dependence [46] and if stopped or reduced, may cause
significant economic disturbances. In the present study, an indirect correlation is observed between
governmental agriculture subsidies value and agriculture loans. In spite of this correlation, the value
of subsidies is considerably low compared to agriculture loans and only a small percentage of total
agriculture farms managed to access them during the analyzed years. Thus, agriculture governmental
subsidies cannot be considered financial sources for the substitution of agriculture loans. However,
the relation between agriculture loans and subsidies presented in present study can be attributed to
the fact that, in general, subsidy financing programs are a result of governmental policy intention
of supporting the agricultural economic sector during a certain period of time. Therefore, the high
level of governmental subsidies is proportional with other measures, both being part of governmental
support programs which targets to improve the economic sustainability of agriculture sector. Therefore,
the dynamics and size of subsidies can emphasize the intensity of governmental supporting program
of which they belong rather than its real financial value. This hypothesis can also explain the direct
correlation between the value of farm subsidies and agriculture GVA. Thus, if the subsidies’ size
and dynamics reveal the intensity of then governmental supporting program, this must be observed
on the agricultural GVA dynamics. However, the relationship between the agriculture sector’s
performance and governmental supporting programs intensity can be inverse [58] if inconsistent
financing policy is applied over long periods—the increase of financial support must be applied before
a relative downsizing of the agriculture sector. Recent studies [59] have revealed the positive effect
of subsidies in modern maize agriculture, only if this financial support is invested in crop-growing
technology, specifically in seeds and fertilizers. Therefore, Vozarova and Kotulic [40] concluded that
removal of agricultural subsidies would contribute to increasing the income disparities between rural
and urban areas, which would lead to an exit of domestic farmers from the industry. For this reason,
according to Won and Kennedy [60] most countries use some form of subsidy in order to protect their
agriculture, since studies [61] have been proven it to be the most effective mechanism for accelerating
the growth of the agricultural sector. However, although several studies proved the effects of subsidies
and other financial tools on productivity [62–64] or the efficiency of agriculture [65–69], the subject still
remains open for discussion, as it depends on numerous series of climate, social or political variables.

In present study, the significantly high correlation between total GVA and agricultural GVA
reveals the significant influence of the agriculture sector in assuring and improving the Republic of
Moldova’s economic performance. This confirms the findings of Timofti et al. [3], who emphasized
that the financing and developing of the Moldavian agriculture sector is a cornerstone in achieving
modernization; also, Dinu et al. [19] encourage the development of the agriculture sector since it
has great importance for the economic growth of the Republic of Moldova. A country that is not
self-sufficient in food production can be more vulnerable to commercial pressure and the global food
crisis [70].

The direct correlations between agricultural loans and vegetable production can be due to
the peculiarities of vegetables production systems. Therefore, most of the vegetable production is
obtained in greenhouse, intensive crop production systems, since the seasonality of these crops can
significantly influence their profitability [6]. Thus, the influence of the agricultural loan value on
vegetable production can be justified because the production intensity of greenhouse-based systems is
significantly dependent on the level of financial investment in high-performance equipment, which
assures a maximization of growth performance and a good seasonality compared to the competitors
from other countries.

The present study also emphasizes the importance of Moldavian wheat production for the economic
growth. Therefore, a direct correlation was identified between wheat production value and total
GVA. Wheat and maize production quantity is also strongly and directly correlated with total
plant production, revealing the importance of the production performance of these two crops for
the Moldavian agriculture sector. Thus, the policy of supporting the improvement of production
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technologies for maize and wheat in order to maximize their growth rate can raise the economic
sustainability of the agriculture sector.

Although advanced data analysis frameworks are performed, it is hard to establish a general
model that will perform perfectly in all circumstances. This was also confirmed by Nowak et al. [71],
who argue that to evaluate the performance and effectiveness of agriculture is quite complicated, not
least due to the instability of the climatic conditions but also due to the wide variety of households in
view of their economic strength and production profile.

5. Conclusions

The agriculture sector has a major impact on the Moldavian economy, a fact revealed by
the significant model between agricultural GVA and total GVA. The Republic of Moldova’s agriculture
policies must focus on maintaining a high and constant financial standard for governmental agriculture
supporting program, in order to improve the economic sustainability of this production sector. However,
a negative significant correlation was identified between agriculture subsidies supporting programs
and agriculture loans. Therefore, it is recommended to assure the complementarity of the two funding
sources (agriculture supporting programs and agriculture loans), in order to obtain a better economic
performance of the agriculture sector.

The supporting programs prove to be highly efficient for increasing the production quantity
of crops cultivated in greenhouse, intensive production systems, such as vegetables. Thus, since
vegetable production has both a social and economic impact (improving the living standards of rural
communities and increasing the agri-food exports) it is recommended to continue and even increase
the governmental agriculture supporting programs for maximizing the production of these crops.

The Moldavian agriculture sector recovered its production potential after the drop registered
in the year 2012 caused by drought and after the restrictions imposed by the Russian Federation on
Republic of Moldova agri-food imports and exports, between the years 2013–2014. The direct significant
correlation model between the wheat and maize production and total agriculture production reveals
the importance of these crops to the Moldavian economy. It is recommended to focus the governmental
financial support on improving the technologies that lead to a superior productivity of these crops in
order to improve the economic sustainability of the Moldavian agriculture sector.

Future avenues of research should target the improvement of the present analytical framework
by expanding the current dataset with other indicators, describing the existing relations between
the economic, social and environmental systems so it could be used as an efficient tool for identifying
better agricultural sustainable strategies. As such, since the complexity of the analytical framework
is positively influenced by the number of analyzed parameters and the dataset size, other relevant
economic indicators like liquidity, stability, autonomy/dependence, return on equity, return on assets,
operating expense, debt to assets, debt to total output, depreciation expense, gross margin, farm
ability to generate income, diversification of the production and, also, business multi-functionality, are
recommended to be added in the analysis.

Moreover, the Republic of Moldova’s governance and institutional capacities can provide relevant
parameters in enhancing the agriculture sector’s analytical framework, so the political system could be
also linked to the economic, social and environmental systems. Lastly, as more data would be available,
several other modelling techniques could be used. For example, future studies could consider multiple
linear regressions enhanced by using lasso, ridge or elastic net regularization methods; support vector
regressions; or an extended array of ensemble learning prediction methods like Ada Boost, Gradient
Boosting, XGBoost, Bagging, GBM and CatBoost.
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Appendix A Models Residual Plots and Analysis of Variance

 
Figure A1. Wheat Prod–Total Plants Prod residuals.

 
Figure A2. ANOVA Wheat Prod–Total Plants Production.

 
Figure A3. Maize–Total Plants Prod.

Figure A4. ANOVA Maize–Total Plants Prod.
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Figure A5. Wheat Prod–Wheat Value.

 
Figure A6. ANOVA Wheat Prod.–Wheat Value.

 
Figure A7. Grapes Value–Maize Value.

 
Figure A8. ANOVA Grapes Value–Maize Value model.
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Figure A9. TotalPlantsVal–GDP_Agriculture.

 
Figure A10. TotalPlantsVal–GDP_Agriculture.

 
Figure A11. Wheat Value–GVA_Economy.

 
Figure A12. ANOVA Wheat Value–GVA_Economy.
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Figure A13. TotalPlantsVal–GVA_Agriculture.

 
Figure A14. ANOVA TotalPlantsVal–GVA_Agriculture.

 
Figure A15. GVA_Agriculture.–GVA_Economy.

 
Figure A16. ANOVA GVA_Agriculture–GVA_Economy.
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Figure A17. GVA_Agriculture–GDP.

 
Figure A18. ANOVA GVA_Agriculture–GDP.

 
Figure A19. Agr_Credit–Vegetable_Prod.

 
Figure A20. ANOVA Agr_Credit. – Vegetable_Prod.
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Figure A21. Subsidies–Agr_Credit.

 
Figure A22. ANOVA Subsidies–Agr_Credit.

 
Figure A23. GDP–Subsidies model residuals.

 
Figure A24. ANOVA GDP–Subsidies.
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Figure A25. Farm_Subsidies - GVA_Farm.

 
Figure A26. ANOVA Farm_Subsidies - GVA_Farm

 
Figure A27. GVA_Agriculture–Farm_Subsidies.

 
Figure A28. ANOVA GVA_Agriculture–Farm_Subsidies.
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Figure A29. Subsidies–Farm_Subsidies.

 
Figure A30. ANOVA Subsidies–Farm_Subsidies.
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Abstract: Automation and digitalization, as long-term evolutionary processes, cause significant
effects, such as the transformation of occupations and job profiles, changes to employment forms,
and a more significant role for the platform economy, generating challenges for social policy. This
systematic literature review aims to provide an overview of the research to date related to influences
of the Industry 4.0 Revolution on human capital development and consumer behavior. A search
on the Web of Science identified 160 papers that met the inclusion criteria. The major objectives
aimed to identify: the main types of influences of the Industry 4.0 Revolution on human capital
development and consumer behavior; the main opportunities and challenges for new directions
in education associated with shifting the work environment; and the drivers for human capital
development and consumer behavior through the lenses of the Industry 4.0 Revolution. The results
revealed some key aspects for the development of human capital: information, new jobs, the
Internet, technology, training, education, new skills, automation, communication, innovativeness,
professionals, productivity, artificial intelligence, digitalization, e-recruitment, and the Internet of
Things, as well as the main drivers of consumer behavior: information, e-commerce, digitalization, the
Internet of Things, e-distribution, technology, digitalization, automation, personalized, performance,
artificial intelligence, behavior intention, e-shopping, and data mining.

Keywords: industry 4.0; automation; digitalization; artificial intelligence; information technology;
communication technology; human capital development; labor market; customer behavior

1. Introduction

1.1. Overview of Industrial Revolutions Through a Social Lens

Technological progress has been the engine of the development of human society since the dawn
of civilization. Over time, the concerns of the scholars in economics have evolved in parallel with the
evolution of technology. So far, this evolution has been marked by four major leaps, known as industrial
revolutions, generated by major inventions. These inventions are the steam engine, then electricity,
digitalization, and using information technology, culminating in the significant advances made in the
Information and Communications Technologies (ICT) field at the end of the 20th century, together
with the advent and mass generalization of the Internet, which led to the fourth industrial revolution.

In the field of manufacturing, the focus has shifted from increased production to increased
productivity, then to automation, reaching connectivity, through the use of cyber-physical systems in
production processes.

Sustainability 2020, 12, 4035; doi:10.3390/su12104035 www.mdpi.com/journal/sustainability535
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In the social field, the first industrial revolution (Industry 1.0) determined the evolution from the
mercantile city, which grew based on the exchange of goods and products obtained from agriculture,
to the industrial city, which grew based on increased productivity [1]. This transformation laid the
foundations of the modern world, and by changing the social structure of human capital, the primordial
importance of agriculture in the economic and social life has been taken over by industry. According
to Frey and Osborne [2], people had a fear of technological unemployment. For this reason, several
hundred years passed between the first knitting machine invented in 1589 by William Lee and the
first industrial revolution. Moreover, this revolution led to the replacement of workers’ skills by
simplifying their tasks [3]. The workers took over the role of supervision, regulation, and control of
the machines [4,5]. The second industrial revolution (Industry 2.0) brought the transition from the
industrial city to the planned city. In the planned city, the new type of worker was exempted from the
productive processes that involved gross physical labor, which has been replaced by social and security
services, mechanical equipment, and total automation. The third industrial revolution (Industry 3.0)
caused a transition from the planned city to the fragmented city, where industries were increasingly
moving away from the markets, thus changing the economic systems and methods of production. In
the fragmented city, a new economic-social order was born, separating, even more, the housing from
the workplace, consumers, urban life, and research and innovation institutions. The fourth industrial
revolution (Industry 4.0) brought about the transition from the fragmented city to the smart city [6]. At
this current stage, the economic-social transformations do not have their roots in discovering a new form
of energy, but they are based on the latest technological phenomenon—digitalization. The technology
has made possible new products and services that have generated significant transformations in both
personal and professional life, emphasizing the interaction between machines and people.

Tay, S. I. et al. have presented Industry 4.0 as a global change for each part of the company, through
digitalization and automation, as well as through the manufacturing processes [7]. The concept of
Industry 4.0 was easily and quickly accepted by the big international companies that already used
techniques for the continuous improvement of the quality of processes and products and had high
standards for research and development, to increase their competitiveness in the market [8]. The
means of adopting this concept are self-optimization, self-knowledge, and self-personalization in the
industry. In this way, workers communicate with computers rather than operate them, according to
Tay, S. I. et al. [7].

1.2. Industry 4.0 in Definitions

Introduced in 2011 at the Exhibition in Hanover [9], the concept of Industry 4.0 has aroused
the interest not only of producers but also of researchers. Thus, Kagermann et al. considered that
the implementation of the concept of Industry 4.0 in the production sector implies the use to the
maximum capacity of the power of communications technology and innovative inventions to stimulate
the development of production technologies [10]. Quin et al. stated that Industry 4.0 could ensure the
real development of companies by generating a reliable production environment. An important role
is played by the intelligent data collection and interpretation, the correct decision making, and their
timely implementation as a result of using the most advanced technologies, which allows faster data
collection and interpretation procedures [11]. Schumacher et al. emphasized the network of advanced
technologies in the value chain. Services, automation, robotics, artificial intelligence, the Internet of
Things (IoT), and additive manufacturing are the elements that will reshape businesses in different
industries. The new wave of transformations in production systems will blur the boundaries between
the real world and virtual reality, causing the phenomenon of Cyber-Physical Production Systems
(CPPS) [12]. In the Industry 4.0 scenario, the Cyber-Physical System contributes to the decentralization
of the operational decision-making process by introducing autonomous machines, creating a modular
structured intelligent factory [13]. Industry 4.0 aims to build open and intelligent manufacturing
platforms for the application of information in industrial networks, bringing innovation in business
models [14,15]. A smart manufacturing system needs more autonomy and sociality capabilities, as
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key factors of self-organized systems. Several features of Industry 4.0, namely, physical, digital, and
biological worlds [16], significantly contribute to the improvement of the industrial environment,
generating positive effects on governments’ economies and development plans. Schwab emphasized
that Industry 4.0 is one of the most important leaps in the global industry and economy [15]. Wang et al.
have highlighted that Industry 4.0 makes full use of emerging technologies and rapid development of
machines and tools to meet global challenges by improving industrial processes. The central concept of
Industry 4.0 is the use of advanced information technology to implement IoT by integrating engineering
knowledge [16]. The effects are on the production, consisting of increasing the speed of the processes,
improving the efficiency of the production systems, and reducing the number of problems and the
downtime, which ultimately leads to cost savings [17,18]. The results appear on the finished product,
which has a higher level of quality and is more comfortable and cheaper to use and maintain. The
concept of Industry 4.0 is an opportunity for development and competitiveness improvement [19].
Wyrwicka et al. have shown that moving to Industry 4.0 is an advantage to stay competitive in any
industry. In this sense, modern machines and tools, which use sophisticated software and network
sensors, can be used to plan, predict, adjust, and control business results, to lead to optimization of the
value chain [20]. The result is a more dynamic production flow [21]. On the other hand, a significant
negative effect is a disruption in job markets [22]. The complex and integrated development of science
and technology corresponding to the stage of industry 4.0 will not only redesign commerce, culture,
and society, but also our biology and ethics [23].

Schumacher et al. [12] synthesize the concept of Industry 4.0 as a mix of advanced technologies,
which use the internet widely to support certain technologies. They use embedded systems, for
integrating and combining intelligent machines with human actors, in manufacturing processes that
require new types of technical data and generate high agility value chains.

Summarizing, the above definitions, several advantages of the industrial revolution 4.0 can
be identified, namely: increasing economic efficiency, increasing labor productivity, flexibility and
intelligence, reducing manufacturing costs, and increasing returns on investments. Regarding the
increase of economic efficiency, it is noteworthy to modify the relation between human capital and
ethnic capital, which is now automated. With less social capital and more technical capital, companies
make decisions faster. The automation of the technical capital has resulted in high quality products
and services. Increased labor productivity is primarily obtained since the downtime of the production
lines has decreased, with decisions now being made automatically or semi-automatically. Production
is monitored, and it is much easier to introduce new products on the manufacturing line and create
opportunities for a single manufacturing operation. The production is flexible, and the factory is
intelligent. Lower manufacturing costs and increased profitability result from the introduction of
advanced technologies. Manufacturing costs will decrease significantly but over time. Initially, the
investment costs of their implementation will be quite high, but they will be amortized over time. The
benefits to the industry and the potential return on investments are what matter.

There are disadvantages to the Industrial 4.0 Revolution. The reduction of creativity can occur due
to the automation of machines and the disappearance of human capital from the production technology.
Human capital can generate controversy with its creativity, while devices are optimized, set up, and
programmed to perform, despite the errors that may occur [23]. Increasing the unemployment rate,
at least in some areas, can be another negative effect. Between the degree of production automation
and the unemployment rate, there is a directly proportional relationship: the higher the degree of
production automation, the higher the unemployment rate [23]. The automation of manufacturing
technologies, and job computerization have dislocated much of the human capital, causing a new
reconfiguration of it. On the other hand, however, the latest technologies will lead to the creation of
new jobs, and there will be new production areas. The impact on environmental protection is also
significant. Specific technologies and equipment that are incorporated in the production facilities of
Industry 4.0 have a substantial effect on the environment. As a negative effect, data security breaches
may occur. Internet of Things is an interrelational system of artificial intelligence, and companies are
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still working to fill the gaps in its security. The complexity of the tasks reduces its abilities. Although
the production technologies of Industry 4.0 lead to an increase in product quality, they have not yet
been able to solve the problem of sophisticated production. Human capital is currently the only type
capable of carrying out complex, customized production tasks. Training with employees is required for
new technologies. Apart from the maintenance provided to the production technologies of Industry 4.0,
human capital must be trained in order to implement, operate, and maintain the automated systems
properly and to ensure their continuous operation. The time frame for implementing Industry 4.0 is
relatively large and requires efforts throughout industry. Initial costs are high.

1.3. Human Capital in the Industry 4.0 stage

The implementation of new technologies affects both employees operating in industries as well
as organizations. The problem of the competence framework implies a three-dimensional approach,
involving the level of the enterprise management, the fields of the production process and the types
of competences [24]. According to Gan and Yusof, six types of effective Human Resources practices
play essential roles in organizations, namely, knowledge management, HR policy making, training,
recruiting, a reward system, and job design. They could improve the performance of organizations
by equipping the workforce with up-to-date skills [25]. There is a need to identify the organizational
strategies and their responses in adapting to the substitution of human workers by using robot and
automation in this stage [26]. The Industry 4.0 Revolution is characterized by the decisive role of
the efficiency of organizing the exchange of information. The structure of the technological mode of
production has changed from the model: information + knowledge + innovation, corresponding to the
knowledge economy, to the model: human intelligence + new information technologies + information
+ innovations, in the Industry 4.0 era. In this stage, the creativity of an individual, and the formation
of human capital are the qualitative basis of the good. In the Industry 4.0 stage, it is necessary to
adapt the education system to the new development requirements of the society; under these new
conditions, only the knowledge gained will contribute to the development of Industry 4.0 and its safe
development [27,28]. For Industry 4.0, depending on the industrial sector, specific skills and human
tasks may be different from others, due to the divergence of processes. Some changes in terms of
abilities and tasks have been observed [29]. Therefore, human capital will have significant participation
in the work and will undergo a redirection of jobs and learning [30].

In the Industry 4.0 era, people are involved in the entire production system: as system designers,
as workers, and as customers of manufactured goods. The requirements and needs of each individual
involved in the process should be included in the system communicating needs and requirements
amongst everyone involved [31].

1.4. Marketing in the Industry 4.0 stage

As the role of information and communication technologies in the purchasing process
grows steadily, customer expectations also increase, forcing traders to react quickly to market
movements [32,33]. Since the beginning of the Industry 4.0 era, researchers have predicted dramatic
changes in the way of interaction between consumers and retailers, driven by the global use of new
technologies and the imminent emergence of new efficient retail business models [34]. The integration
of technology and the Internet has led to the emergence of connected customers [35]. They inform but
also purchase, using a wide range of devices, such as smartphones, tablets, and laptops. This change
has generated changes in the organization of marketing departments, which need to work integrated
with IT and technology departments to expand consumer access to content. To remain competitive,
marketers need to integrate these new devices into marketing campaigns and gain skills in using
technology [36]. The use of technologies is becoming a source of key competencies and capabilities,
generating sustainable competitive advantages for organizations. The use of ICT in business has also
raised issues related to cybersecurity. With the emergence and spread of social networks and the use of
mobile devices and related technologies, consumers are becoming more and more connected to each
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other and to organizations. In this new era of Industry 4.0, business models, in general, and marketing
strategies, in particular, need specific innovation. Organizations and managers are looking for new
ways to market products more efficiently, in an increasingly competitive environment [37].

1.5. Objectives

This demarche was performed aiming to understand the following issues:

• Identifying the main types of influences of Industry 4.0 revolution on human capital development
and consumer behavior;

• Identifying the main opportunities and challenges for new directions in education required by
shifting the work environment in the Industry 4.0 stage;

• Identifying the drivers for human capital development and consumer behavior in the context of
the Industry 4.0 Revolution.

2. Motivation

The Industry 4.0 Revolution requires the Smart Manufacturing concept. In this new context,
employee interactions with machines are defined. The interconnections created between the various
actors represent defining elements of the new intelligent production systems, and the interfaces
between workers and machines become key points. These characteristics require creative and inventive
workers who are also endowed with expertise and skills to work in such environments. Their provider
can only be an education system based on creativity, inventiveness, and knowledge [38]. In the context
of Industry 4.0, human resources management faces new challenges of knowledge and skills related
to new technologies and processes. To meet the needs of the present and future labor market, the
development of the labor force requires the development of necessary skills. In Agolla’s opinion [38], to
effectively cope with the new challenges of the workplace, as defined by the Smart Manufacturing and
Industry 4.0 Revolution, workers must develop specific competencies, abilities, skills, knowledge, and
attitudes. They must become familiar with the technology of things (ToT), be capable of human-machine
interactions, be able to access the technology-technology interfaces, proving that they possess a good
understanding of the systems in the network, creativity, and innovation.

Boston Consulting Group (BCG) researchers have stated since 2015 that infrastructure and
education must be adapted [39]. Manufacturers and suppliers need to consider their adaptation as
they incorporate the technologies of Industry 4.0. Government, industry associations, and businesses
should participate in this combined effort. The infrastructure must be fast, secure, and reliable enough
for companies to be able use it for real-time data transmission. In the opinion of BCG scholars, the
necessary improvements are aiming at fixed and mobile broadband services. Regarding education,
BCG members stated that, on the one hand, school, training, and university programs need to be
adapted and, on the other hand, entrepreneurial approaches must be strengthened, to increase the IT
skills and innovation skills of the workforce. In a narrower sense, human capital management is gaining
new meanings for corporate strategies. The intelligent manufacturing and Industry 4.0 Revolution
involve the automation of processes, which leads to an increase in the number of workspaces with a
high level of complexity, thereby requiring a high level of staff education [40].

The expectations of the industry as a result of its transition to the fourth phase of development
justify EU’s budgetary effort to implement the Industry 4.0 Agenda. The main benefits consist of
increasing manufacturing efficiency by reducing the duration of the technological process, reducing
the waste in the process chain, greater adaptability to the needs of customers, improving the quality
of the products, and, finally, reducing the costs of manufactured products and reducing the waiting
times for the final consumer. These led to the inclusion of the Industry 4.0 concept in the strategic
development programs of some developed countries in world. Emerging economies must be an active
part of this qualitative leap in industry.

The following considerations justify this analysis:
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• Industry 4.0 has created new opportunities and threats that must be known and assessed to gain
new competitive advantages;

• The competitive advantage of the cheap and skilled workforce is becoming increasingly visible
and puts emerging economies in a deadlock on the future development model. To maintain
economic growth, emerging economies need educational and training programs to develop skills,
especially digital ones, which are increasingly demanded by the labor market.

3. Materials and Methods

A systematic literature review was conducted to provide an overview of the research to date
related to influences of Industry 4.0 revolution on the human capital development and consumer
behavior. This systematic literature review is based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (http://prisma-statement.org/), being prepared following the
points in the report for systematic reviews and meta-analyses [41,42].

Systematic Literature Review (SLR) is a method used to identify, evaluate, and synthesize the
current situation of specific research topics in the specialized literature. This technique involves
localization, restrictive collection, rigorous scientific methodological analysis, and eliminating the
subjective element. The purpose of SLR is building an overview, adequately documented on a specific
topic and providing a correct summary of the literature, resulting in an estimate of the overall effect for
a study population [43]. The systematic review is becoming increasingly important in social science
research. The scientific importance of SLR comes from its emphasis on systematically identifying and
collecting all available information on a specific topic. Based on this information, it is possible to
determine a certain tendency specific to the theme or domain studied. In a SLR targeting research in
the field of social sciences, according to [44], the high degree of variability in the studies related to the
social sciences area must be considered.

Our approach to conducting this review was based on Snyder’s approach [45] and consisted
of four stages: (1) designing the review, (2) conducting the review, (3) analysis, and (4) writing up
the review.

3.1. Information Source Search Strategy, and Identification

A detailed strategy was developed for using the Web of Science database. A search for publications
addressing Industry 4.0-related concepts, as well as human capital and consumer behavior, was
conducted in February-March of 2020. The Web of Science database was selected due to its broad
coverage. In addition, we performed a partial search of gray literature in Google Scholar. The last
search in all databases was performed on March 2, 2020.

Regarding the search for information in articles, we have included only the open access sources
because of budgetary constraints. In the first search, including articles that are not open access, 2204
titles were provided. Only 762 were maintained in the analysis, satisfying the open-access condition.
This could be a limitation of the research.

Figure 1 shows the initial search yielded a total of 762 records; however, 355 records were
excluded due to their document type and language. We excluded conference proceedings, book series,
books, and other publications. Only journal articles were included in the systematic literature review,
aiming at high-quality studies ensured by the peer-review process undertaken by academic journals.
Additionally, we excluded articles written in other languages than English, thus eliminating 27 records
in various other languages. Besides that, we considered only open access articles, considering the
necessity of studying the entire articles. The excluded publications were organized by criterion
of exclusion.
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The reasons for exclusion were:

• Not journal articles
• Other languages than English;
• Not open access papers;
• Studies not focusing on socio-economic aspects;
• Conceptual articles without evidence of a serious concern involving human capital or

consumer behavior.

 
Figure 1. Flowchart of search and selection criteria. Source: Authors own design based on PRISMA.

3.2. Inclusion and Exclusion Criteria

The following combination of terms used to search references using Boolean operators
was performed:

TI = (Industry 4.0* OR Industry 4.0 Revolution* OR Industrial Internet of Things* OR Internet of
Things* OR Digitalization* OR Cyber-Physical Production Systems* OR Automation* OR Information
Technology* OR Artificial Intelligence* OR Communication Technology*)

TS = (Human Capital Development* OR Human Resources* OR Labor market* OR Labor market*
OR Consumer Behavior* OR Consumer Behavior*).

Figure 1 shows in detail the inclusion and exclusion criteria. The inclusion and exclusion process
were prepared in accordance with the items of the PRISMA flow diagram and the Checklist. In the
qualitative analysis, first, we screened the abstracts; 49 records were excluded because they provided
no approach of the related to Influences of Industry 4.0 Revolution on the Human Capital Development
and Consumer Behavior. Posteriorly, we proceeded to read the articles.
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4. Results

A total of 762 articles were initially found as a result of the database interrogation. After duplicate
removal, and exclusion criteria application, 160 titles and abstracts of articles were selected and read.
After reading the abstracts, 111 full-text articles were analyzed in detail, meeting the eligibility criteria.

4.1. General Characteristics of the Studies

The research methodology imposed a year restriction, requesting only publication since 2011,
having in sight that industry 4.0 concept was introduced in 2011. Figure 2 displays the evolution of
the number of selected published articles. If during 2011–2015, the number of publications increased
relatively slowly and linearly, the pace then increased sharply, with a peak in 2018. This finding
suggests that the impact of information and communication technology or digitalization or automation
constitutes a growing research area.

 
Figure 2. Number of selected published articles, per year. Source: Authors computations, based on
literature surveyed.

The UK plays a leading role in the research on Industry 4.0 or related concepts and their influences
on human capital or consumer behavior or management strategies and marketing practices, with a
total of 25 (22.5%) publications, followed by the USA and Germany with 19 (17.1%) and 14 (13.5%)
publications, respectively. A total of 23 (without Russia) countries were accounted for in the selected
articles, encompassing applications mainly in Europe (76 studies corresponding to 25 publications and
13 countries). Of the 25 European publications, the most numerous are in Northern Europe, namely
10, of which 8 in the UK, where most articles have been published. It is interesting to stress that the
main publication source of papers has been Western Europe, namely in Switzerland. The countries of
Eastern Europe are also well represented, with a total number of 6 publications, of which 4 belong
to Poland.

The first published study on Industry 4.0 [46] was from Ukraine in 2012, following the first
mention of the concept in 2011 [9].

The distribution of publications by country is presented in Figure 3.
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Figure 3. Number of selected published articles, by countries. Source: Authors computations, based on
literature surveyed.

4.2. Main Topics Highlighted in the Literature Surveyed

Along with the topics identified by Büchi et al. [47], from the analysis carried out on the 111
articles, in our opinion, another topic can be noted, namely, marketing in the digital age. Table 1
synthesizes these twelve primary topics, which are described below.

• The phenomenon’s diffusion: These changes are evident in the structure of stock exchanges,
where the financial services industry wins first place [48,49]. The industrial structure of the stock
indices no longer corresponds to the GDP structure, suggesting that the stock market does not
reflect the economy. As a result of the growth of financial services, a new phenomenon has
emerged—financing the economy and, in particular, the markets. However, significant changes in
the industrial structures of GDP and stock markets are expected. The new economy is associated
with new technologies. The share of GDP of traditional industries will decrease, and the percentage
of GDP of robotic industries using IT will increase. These lead to the assumption that the financial
services sector, which is particularly demanding for human capital, will show a downward trend
in its role [50]. The transition to new technologies has to be made gradually based on national
strategies. Governments need to consider a gradual change to economic and social systems based
on new technologies. Problems that may arise are related to IT security, but also to the loss of
many jobs [51,52].

• The impact of enabling technologies on the global economy, measured through productivity,
employment and unemployment, and technological or legal changes: Digitalization will cause
significant changes in the social-economic environment, but especially in terms of employment.
Empirical evidence [53–55] does not show that this will generate mass unemployment. On the
contrary, employment levels show remarkably robust developments in terms of both the number
of employees and the hours worked. New jobs will replace traditional roles, and new business
models will appear. Digitalization, as a long-term evolutionary process, has major effects, such
as transformation of occupations and job profiles, changes in forms of employment, a greater
role for the so-called platform economy, generating challenges for social policy [56–58]. New and
emerging technologies led to the automation of jobs and the rise of entrepreneurship, causing
radical transformations on labor markets [59]. The information technologies determine qualitative
changes in the educational services, creating conditions for improving life and increasing the
comfort level of the inhabitants, both individually and at the community level [60]. In this regard,
the development of information technology can contribute to the personalized choice of the
profession in the social, educational, and communications environment of a smart city. Its facilities

543



Sustainability 2020, 12, 4035

provide the opportunity to combine the stages of specialized training based on the needs of
an individual, economic, and social development, the demands of the labor market in the city,
community, or region, and the systematic aspirations of the corresponding communities [61,62].
The implementation of advances in science and technology has significantly affected not only the
increase in labor productivity and economic growth. Still, it has also brought about changes in
industrial structures [46,63–65]. The implementation of artificial intelligence in production systems
generates, besides beneficial effects, ethical, and legal problems [66]. Labor legislation must adapt
to dealing with the changes imposed by Industrial 4.0 revolution [67–69]. A reorganization of the
production process is required [70,71].

• Innovation in business models: Industry 4.0 affects manufacturing industries differently.
An increase in personnel costs affects the machine and plant engineering sector. After years
of concern for equipment development and production, interest has shifted to software. The
workforce must be qualified to adapt to the effects of IoT introduction, as a result of transforming
the role of employees from being operators to being problem solvers. Industry 4.0 changes
business models across different manufacturing industries. Companies are willing to support
higher education institutions by investing in interdisciplinary education in the areas of economics,
engineering, computer science, and mathematics for future employees. The electrical engineering
and ICT sectors not only address their customers but also their customers’ clients as well. Thus,
“B2B2C” type relationships are developed. On the other hand, some industries are experiencing
slight changes. Here we are talking about sectors that incorporate high-level technologies, such as
the medical engineering sector or the automotive sector [72]. Along with Industry 4.0, servitization
also contributes to the transformation of companies, focusing mainly on adding value for the
customer [73]. Creating value by integrating design contributes to increasing the competitiveness
of firms through innovation [74,75]. This approach allows them to acquire uniqueness, facilitating
their fight against competitors, who will find it harder to imitate their business model and
strategy. Companies thus acquire intelligent and sustainable competitive power [76]. Changing
management approaches it is necessary to support innovative solutions [77,78]. In order to
contribute to the creation of sustainable industrial values, the Industrial Internet of Things (IIoT)
requires an extension of the perspective of creating the sustainable value of the Triple Bottom Line
(TBL). From the economic, ecological, social, and technical dimensions, it must be supplemented
with three other dimensions, namely technical integration, data and information, and public
context [79]. Currently, the effects of IIoT at the business level are underestimated or too little
considered, even if the companies validate their existing business model in this context [80]. SMEs
play an essential role in creating industrial value. They have imposed a business model that aims
to create value, capture value and offer value. The Industry 4.0 revolution affects this model,
acting on three levels, namely, high-quality process digitalization, intelligent manufacturing,
and connectivity between companies. The SMEs’ business models also differ according to their
relation with Industry 4.0: craft manufacturers, preliminary stage planners, Industry 4.0 users,
and full-scale adopters [81]. Artificial Intelligence (AI) is being applied in many sectors, allowing
a broad range of innovative solutions. Specific AI business models are developing, meaning
companies face new challenges from regulation to human resources and data collection. Managing
AI-based innovation led to increased demand for AI experts, but also for clear rules. Policies to
support AI-based innovation, therefore, should focus on human aspects [82].

• Improving the value chain: Transition to Industry 4.0 means growing expectations, especially for
companies that have a modern IT infrastructure. That allow all operations within an organization
to be linked through computer systems and network information management. These lead to
greater efficiency in the manufacturing flow and develop self-learning intelligence by taking
advantage of the specific Industry 4.0 infrastructure. At the level of fully integrated production
systems, “intelligent” machines and products will be able to communicate with each other. The
challenge will be to find the human talents that possess specific knowledge and skills to develop
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the analytical algorithms needed to implement these processes. A new type of human-machine
relationship will replace the classic relationships between suppliers, companies, and customers.
The machine-machine and human-machine interactions will allow for more flexible production
and production customization, leading to smaller batches. In this way, companies can respond
to the pressure of technological progress at the customer level, which generates customers with
special needs, imposing personalized product designs [83]. It is essential that the system designers
take into account the requirements and needs specific to the human factor. A particular process of
mediation should act as a facilitator in this regard, creating ownership in the acceptance system
and allowing a company to actively influence and control the design and use of the Industry 4.0
concept [31,84].

• Redefining the supply chain: The supply chain plays an essential role in the Industry 4.0 stage.
Thus, companies have several types of distribution channels available to reach customers. They
can use multi-channel, cross-channel, over-the-counter, or online commerce. Also, digitalization
and accessibility to just-in-time information allow manufacturers and distributors to respond
more quickly to any new issues emerging in the market and better manage their spending [85]. In
the supply chain oriented to the Industry 4.0 scenario, profound changes occur, such as real-time
visibility across the entire supply chain, a continuous collaboration between the chain stages. The
consumer is much more involved. He wants an immediate reaction and exchange of information.
He is waiting for online order confirmation, tracking an order status, or updating information on
shipping and order delivery. A particularly noteworthy area is data availability, more precisely, the
solutions that allow real-time tracking of operations and the avoidance of unwanted events [86].
Digitalization will completely change the business environment and organizational culture of
companies. New structures of the market will emerge, customer behavior will be different,
with them being much more involved in the act of buying and selling. Process automation will
improve the decision-making process in organizations because the emotional factor specific to
people will be eliminated. The digitalization will cause a transition from homo economicus
to homo cyberneticus [87]. Scientists and practitioners aimed to understand the conceptual
transformation of the supply chain under the influence of digitalization. Studies [88,89] have
shown the need to consider the following issues: (1) current trends and requirements of the supply
chain management; (2) digitalization effects on the classic management model.

• Product reconfigurations: Digitalization will transform classic products into intelligent products.
Smart products will have new competitive advantages in the market. The intelligent product
becomes a complex system that combines hardware, sensors, data storage, microprocessors,
software, and connectivity in numerous ways. They add to the physical component of the
classic product, an intelligent component, and a connectivity component, which gives them the
qualities of being smart and connected, triggering a new era of competition [90,91]. The context is
favorable to large companies, which have resources for implementing new technologies, not only
in the production process but also in communication and product promotion. IoT, which will
significantly influence people’s behavior, will also affect the decision-making model at different
stages of the buying process [92].

• New human resources competencies and skills: The labor market has undergone remarkable
changes in the context of technological changes. Industry 4.0 is especially beneficial in highly
developed countries, which gain a new competitive advantage, but it also causes unemployment
because of high levels of automation [93]. New jobs have emerged that require new competencies
and prospective skills. The educational profile of human capital is changing, and new approaches
to education systems are emerging [94,95]. Human capital is transitioning from the paradigm of
an initial qualification sufficient for a whole career to that of a continuous accumulation of new
knowledge and skills, through periodic training once every few years. These must be correlated
with the development of new personal skills related to management, risk management, leadership,
self-organization, communication skills, or emotional intelligence [96,97]. Emerging technologies
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make it possible to divide the classic work tasks in support of global and digital production,
allowing the generation of new employment models, namely, part-time, temporary, on-demand,
etc. These have advantages for certain categories of workers, (i.e., the best trained, usually
younger), offering flexibility for them. They are often the beneficiaries of online recruitment
platforms. Women can, in turn, become beneficiaries of the increase in the degree of digitalization,
allowing them access in areas that until now, were prohibited or in which they were less represented.
On the other hand, those with a low educational level and belong to disadvantaged social classes,
seem to register higher degrees of risk and social insecurity [96–98]. In high-tech industries, such
as the auto industry, strategies for using human capital are less dependent on process technologies
themselves. Studies [99] support the importance of factors at the workplace for the relationship
between automation and skills, highlighting the role of the factory in the value chain and the
international division of labor. There is an important role for the institutional framework, but also
for the image that a company has in the market [100].

• Developing communications between people, industrial components (equipment and machinery),
and products and extending internal and external networks: In developed countries, digitalization
will make the transition from organizational culture to cybersecurity culture much faster. For the
development of this new type of culture, education, and research, public-private partnerships or
international cooperation play essential roles [101]. The technical and technological progress has
also led to the growth of high-quality products and affordable prices, requiring manufacturers to
take measures consisting of the implementation of production technologies based on automation
and connectivity, data, and security solutions. These require specialized personnel which are
trained by the labor force providers able to generate the new skills needed to eliminate the
existing skills gaps. These efforts create long-term effects, allowing businesses to maximize their
profitability, leading to long-term success in improving productivity and reducing waste [102].
In a global and highly competitive market, characterized by an increasingly dynamic state, this
could mean the difference between sustainability and irrelevance. Large companies have a higher
capacity for innovation than SMEs. For this reason, it is essential to stimulate innovation capacity
among SMEs. This can be achieved by introducing strategic planning at the level of SMEs, in
conjunction with a national strategic plan [103]. The current economic activity also addresses
practices that are not sustainable in the use of resources. The industrial field undergoes a paradigm
shift, which will determine radical changes in production systems and the relationships between
it, the use of resources, and the environment. The production systems will evolve from centralized
control to decentralized control, built on the self-regulating capacity of production. From this point
of view, the essence of the Industry 4.0 concept is the introduction of intelligent systems capable
of self-regulation. The human, technical, and production systems will communicate with each
other, being interconnected, which requires the efficient functioning of logistical processes [104].
Online recruitment platforms allow better matching between the needs of the employers and the
skills of the applicants to find suitable people for certain managerial functions [105–107]. IT’s
influences on communication are also generating implications for marketing managers dealing
with increasingly demanded consumers in today’s digital environment [108].

• Sustainability: The “post-economy of artificial intelligence” is characterized by the priority of new
energy sources and social communication technology. It constitutes a new economic base, which
makes the transition from the “economy of deficiency” to the “economy of abundance”, which
involves new architectures of social order. In the economy of artificial intelligence, new complex
forms appear, which will create new pressures on market institutions involving competition,
innovation, and commercialization [109]. Despite the difficulties facing the developing regions of
the world, the changes generated by technology have created new opportunities to address the
poor management of resources and to improve human well-being [110]. The Industrial Internet
of Things (IIoT) is providing economic, ecological, and social benefits for industrial factories,
including sustainability benefits involving the TBL. Kiel et al. [79] developed a framework for
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IIoT, extending the TBL with three dimensions called: “Data and information” referring to data
processing and analysis capabilities, “Public context” describing requirements in terms of legal
framework and standardization, and “Technical integration”, referring to intra-and inter-company
implementation of the IIoT. Some studies have highlighted geographical differences. Thus,
SMEs in Germany are expected to have a smaller impact as a result of moving to Industry 4.0,
considering it to be more of a challenge. In contrast, Chinese SMEs primarily see social benefits
of this process [111]. The implementation of Industry 4.0 within SMEs also generates economic,
ecological, technical, and social risks, the latter consisting mainly of job losses. As far as social risks
are concerned, they can be controlled by re-qualifying human capital. As for the technical risks,
they are mainly related to IT security and political risks. All these types of risks require a new kind
of management, namely, an intelligent, synergistic, and predictive management, which is able to
anticipate and manage all threats [112]. The use of new skills in information and communication
technology contributes to the improvement of the functional management system [113]. Through
the complex nature of digitalization and collaborative consumption, they generate new challenges
for human behavior and social and business practices [114,115]. By using the latest technologies
for teaching and learning, it is possible to develop the future qualified human resources needed
for sustainable behavior [116]. The “post-economy of artificial intelligence” is characterized
by the priority of new energy sources and social communication technology. It constitutes
a new economic base, which makes the transition from the “economy of deficiency” to the
“economy of abundance”, which involves new architectures of social order. In the economy of
artificial intelligence, new complex forms appear, which will create new competition, innovation,
and commercialization pressures for market institutions [117,118]. According to Scavarda et
al. [119], the global movement around themes like sustainability with the triple bottom line and
Industry 4.0 allows for the establishment of a ground of connection with corporate responsibility
towards society.

• Transforming internationalization processes: To be able to cope with the increasing competition in
the international market, companies must innovate and internationalize at the same time. Given
this context, the studies identified Industry 4.0 technologies that have the potential to increase
the competitiveness of companies, namely, automation manufacturing, automation, distribution
robots, self-driving vehicles, automation warehousing, digitalization, digital lean, digital reality,
social media, flexibility, and horizontal and vertical integration [120]. Integration of IT resources,
related human resources and communication between partner companies improve the firms’ ability
to manage international relations more effectively through shared control, interfirm coordination,
cross-firm formalization, and hybrid centralization. These benefits increase business performance
and IT capabilities help reduce potential contextual limitations and risks. Firms in international
alliances should consider effective development of interfirm IT capabilities in terms of readiness
of hardware and software, human resources, and organizational resources [121]. According
to Strange et al. [122], the implementation of Industry 4.0 creates cyber-risks and implications
for the privacy of individuals, and hence, the need for regulation. Online shopping is a global
phenomenon, showing significant annual growth rates. However, buyers feel a lack of confidence,
especially in the case of international purchases [123].

• Performance: Some studies show that in emerging economies, there are differences between how
the adoption of different technologies of Industry 4.0 is associated with expected benefits for
the product, operations, and aspects of side effects. Thus, in the case of companies focusing on
differentiation, the beneficial effects appear after the implementation of product development
technologies. Instead, companies that focus on reducing costs or on increasing productivity
or operational flexibility should give priority to those Industry 4.0 technologies that make a
significant contribution to improving the manufacturing process [124]. The large-scale transition to
Industry 4.0 requires a systematic implementation of Cyber-Physical systems (CPS), which are the
only ones capable of monitoring and synchronizing all information at all levels [125]. In addition,
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using computer algorithms, machines connected to the network will be able to work more
efficiently, collaboratively, and resiliently [126]. According to Misztal et al. [127], an increasing
quality and efficiency requirements as a result of production automation lead to organizational,
technical and ergonomic implications. To achieve better business performance, managers must
not neglect HRM activities [128,129]. The use of information technology, communication, and
internet facilities contributes to increasing the efficiency of the health systems, offering new
facilities, such as telemedicine, and allowing the increase of the population’s access to high-quality
services [130–134].

• Marketing in the digital age: Automation is everywhere, at home, in industry and, of course,
in marketing and in retail. Marketing efforts focus on attracting, converting, and retaining.
Automation used for attracting customers is aiming for increased online information traffic. With
the evolution of the Internet, websites have started to be an essential tool for marketing. Over
the past 25 years, the importance of using the Internet has increased. The marketing in the
new Industrial 4.0 revolution focuses on building filtered messages through the information we
hold about consumers and on the mass customization component. The companies that will give
increased importance to customizing the products as unique as possible for their clients will be the
ones that will have to win the market competition [135,136]. The Internet of Things has changed the
way of information dissemination by changing customer behavior. Thus, the consumer experience
can be improved with the help of data mining technology. The advantages result from the creation
of customer and supplier networks, focused on the consumer, and supported by the Internet of
Things, big data analysis, and relational fusion technologies [137]. It is necessary to track what
is the consumer profile, to whom we address, what are his interests, from what sources does he
get information, if he uses or not mobile devices, where he is when he comes in contact with the
message, or what occupation he has, to understand users’ acceptance and willingness of use for a
store app [138–140]. The changes in the economic and social environment confront retailers with
significant pressures, requiring them to apply new price optimization models to improve their
incomes, margins, and market share. The novelty of these models resulted from three important
changes: (1) Data; (2) Analyses; and (3) Automation [141]. In the future, artificial intelligence will
substantially change both marketing strategies and customer behaviors [142]. Another important
aspect is data security [143]: Are consumers willing to pay for improved security?

Table 1. Main topics of the included studies. Source: Authors based on literature surveyed.

No. Reference Year Topics

1 [50,51] 2018 The phenomenon’s diffusion

2

[9] 2011

The impact of enabling technologies on
the global economy, measured through

productivity, employment and
unemployment, and technological or

legal changes

[46] 2012

[10,63] 2013

[70] 2014

[53] 2015

[56,65] 2016

[20,59,83] 2017

[7,57,61,64,67,68,71] 2018

[52,54,60,69] 2019

[55,58,66] 2020
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Table 1. Cont.

No. Reference Year Topics

3

[12,72,80] 2016

Innovation in business models
[15,79] 2017

[74,75,77,78,111] 2018

[73,76,82] 2019

[62] 2020

4

[81] 2016

Improving the value chain[31] 2017

[83] 2018

[84] 2019

5

[87] 2017

Redefining the supply chain[85] 2018

[86,88,89] 2019

6

[90] 2014

Product reconfigurations[11,16,92] 2016

[8] 2017

[91] 2018

7

[40] 2016

New human resources competencies
and skills

[59,79,96,97,99] 2017

[5,38,93,98] 2018

[94,100,102] 2019

[95,106] 2020

8

[101] 2015
Developing communications between

people, industrial components
(equipment and machinery), and

products as well as extending internal
and external networks

[104,108] 2016

[103,113] 2018

[105] 2019

[107] 2020

9

[110] 2014

Sustainability[79] 2017

[111,114,116,117] 2018

[112,115,118,119] 2019

10

[109] 2017
Transforming internationalization

processes
[121,122] 2018

[120] 2020
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Table 1. Cont.

No. Reference Year Topics

11

[123] 2012

Performance

[130] 2015

[38,126,127] 2016

[125,128,131] 2017

[129] 2018

[124,134] 2019

12

[132,133,144] 2016

Marketing in the digital age
[135] 2017

[138] 2018

[140,141] 2019

[139] 2020

Table 1 displays the main topics of the included studies. Looking at this through time lenses, it
was found that certain issues have aroused more interest in different periods. The topic of performance
was mainly addressed in 2015–2016. New human resources competencies and skills received the
attention of researchers in 2017. Interest has shifted to the innovation in business models and the
impact of enabling technologies on the global economy, measured through productivity, employment
and unemployment, and technological or legal changes. Sustainability came first in 2019. Marketing in
the digital age has become the focus of interest in 2020.

4.3. Main Types of Influences of Industry 4.0 Revolution in Human Capital Development

Given the noticeable and quick transformation and the increased reliance on modern
technology [57], the question which arises is how all these are changing work, employment, methods,
approaches, and processes related to human resources management field in today’s corporations.

Automation and robotization of production processes will mainly affect the sectors of workers
whose work is repetitive and routine, leading to the loss of many jobs, mainly affecting employees
with lower education. According to many scholars [51], workers will have to acquire a different or
completely new set of skills to cope with these transformations in production processes. This can help
increase employment, but at the same time, it will alienate a large sector of the workforce.

Among all the transformations that Industry 4.0 brings in industrial processes, digitalization is the
area that seems to affect the entire economic and social environment on the broadest scale. At the level
of the labor market, it requires a new set of skills needed to meet the requirements of emerging types
of work (such as platform work), as well as imposing new approaches, especially in higher education.
On the other hand, at the level of higher education, as a result of the intensification of the competition
following globalization and market opening, another new trend appears, namely its commercialization.
The way to solve these problems involves rethinking of traditional learning methods [58].

Wyrwicka and Mrugalska [20] have shown that there is a shortage of ICT professionals in European
labor markets. This lack of employees is mainly manifested in the advanced manufacturing sectors,
where analysis of big data and cybersecurity are needed. At present, although various actions have
been taken to stimulate the acquisition of e-skills, especially in developed countries, the younger
generation does not seem particularly interested in digitalizing the workplace or working in ICT,
despite the fact that they perceive this sector as being the most advantageous one.

Human capital is the key resource needed to support the efficient use of IT. The pace of technological
innovation has very high values, and workplaces are changing faster than ever, while acquiring new
skills has become far more important than having the right credentials, which creates new pressures
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both on labor market and educational systems. Thus, even people who know how to use and operate
technology are required to renew and expand their skills and competencies. Therefore, the key seems
to be to the education system, which must find new resources and methods to meet these challenges.
Educated workers not only have the skills to use new devices, but they are more flexible, and can adapt
more easily to the introduction of new technologies. Some studies have found a strong association
between the level of education and IT investments [145]. These results support the hypothesis that the
effects of IT on productivity are more significant in countries with high levels of education. At the
same time, the role of policies to increase tertiary education is highlighted.

To increase the pace of acquisition of new skills by employees and future employees,
decision-makers should consider creating IT “clusters” in places such as schools, libraries, or community
centers. These could be able to provide IT packages, infrastructure, and training for users. Such
integrated efforts can have more significant effects on IT productivity than a simple distribution of
devices such as laptops or mobile phones in developing regions [63].

The increasing use of software, connectivity and analytics will increase the demand for employees
with specific skills. Therefore, the need for skilled workers in the development of software and IT
technologies will increase. This skills transformation is also a key challenge for workforce providers.
To respond as adequately as possible to these challenges, a combined effort from all social actors is
needed, namely the government, schools and universities, trainers, but also companies. They need to
work together to adapt the curricula and to strengthen the entrepreneurial approaches increasing the
IT skills and innovation skills of the workforce [39].

To understand the notions and concepts of other disciplines, they must be flexible, open to change,
and have the ability to work in interdisciplinary teams. The ability to communicate, having cultural
openness, and the ability to use virtual tools are essential for this.

To successfully cope with these changes, people should first develop skills such as creativity,
experimentation, situational assessment, design, organization, and, last but not least, reengineering.
The use of electronic means and big data tools are mandatory skills for the 4.0 engineer, who must be
able to process and analyze large amounts of data from multiple sources, assess the validity of the
information and its credibility, and draw relevant conclusions [20].

Agolla [38] argued that as Industry 4.0 is implemented on an ever-increasing scale, both nations and
organizations need to engage in education systems that focus on knowledge beyond what is currently
taught. This approach may require abandoning traditional education systems and stimulating the
creativity of children from an early age to university, by focusing on learning outcomes that encourage
the three components of creativity, namely, creative thinking, expertise and cognitive skills. The
Industry 4.0 revolution entails a revolution in education, aiming to produce human capital capable of
benefiting from the needs of the Industry 4.0 revolution for Smart Manufacturing’s competitiveness.

Studying situation in EU countries, Lovric showed that education, especially at higher levels,
is the critical factor in increasing the productivity of developing countries, contributing more than
the implementation of ICT [46]. A high contribution to the development of human capital has a high
enrollment rate in tertiary school. It turns out that education is a critical factor that must be taken
into account by decision-makers to achieve positive effects on increasing productivity. The suggestion
that emerges is the introduction of IT technology at an early age in schools, the development of
complementary training programs, and the organization of tertiary programs for skills development.

A clear conclusion is that new educational systems must be introduced. However, this does not
seem to be able to solve the problem of older workers, as Sung showed [51].

Regarding recruitment methods, promoting new jobs correctly and efficiently becomes essential.
In this sense, the analyzed studies explain the importance of developing an advertising profile for
Industry 4.0 jobs [107]. Technology can help achieve these goals by using data mining techniques to
collect relevant information about the knowledge and skills needed in fast-changing industries. In
such analyses, the extracted job profiles indicate that organizations are not looking for traditionally
educated workers, but creative experts, with multidisciplinary skills, who really can contribute to

551



Sustainability 2020, 12, 4035

increasing the performance and competitiveness of companies. These analyses can contribute to the
development of human capital, helping, on the one hand, the labor force and, on the other hand,
human resources professionals and labor providers, i.e., education systems. Thus, for the first category,
typologies of the job profiles required in Industry 4.0 can be developed. For the second one, new ways
can be identified for how to track changes in the knowledge and skills needed in Industry 4.0. For the
third category, updated information on necessary changes in curricula may be provided. Last but not
least, recruitment companies can benefit from exploratory analyses of job advertisements.

One of the analyzed studies [38] pointed out that the use of social platforms is a current and
interesting topic both in human resource management and in marketing.

4.4. Main Types of Influences of Industry 4.0 Revolution in Consumer Behavior

Industry 4.0 will bring new benefits to customers as a result of the introduction of new technologies.
As the degree of technological complexity increases, the demands of the requirements will increase,
and clients with individual or even unique needs will appear. Therefore, new purchasing methods
may emerge [63]. Customers can have individual requests, they can request specific functions of, or
even they can purchase a single product. Customers can change their order and ideas at any time
during production, even at the last minute, without being charged any fees.

In Industry 4.0 specific interconnected networks, manufacturers have to collect and analyze a
massive amount of data. As a result, the issue of privacy arises as a concern for both customers
and manufacturers [51,92]. This issue, which could pose a threat to privacy, will be a challenge for
both parties.

People are willing to pay for improved security. The presence of security information can influence
consumers and therefore influence their buying behavior. Therefore, reducing these risks would be
an incentive for consumers to buy more secure devices. One of the analyzed studies [143] showed
that people who receive security information (for example, using a label) may be influenced in their
purchasing choices.

In the new “4.0 market”, the investigation of consumer opinions will use data mining techniques
much more intensively, improving the calculation tools used by marketers [74]. Consumers’ willingness
to use mobile applications dedicated to the information process and acquisition will also contribute to
increasing the efficiency of consumer research and marketing content.

Technology is increasingly contributing to the delivery of information to the end-user.
An illustrative example is Virtual Reality (VR) technology [140]. This technology can significantly
increase the efficiency in the presentation of new products, improving communication and content
delivery, and facilitating the flow of information between different entities in the market, which
positively affects consumer behavior and their perception of products.

The smart environment is accelerating changes in customer behavior. In addition, the customer
experience can be enhanced with the help of data extraction technology. While e-commerce is
booming, the problem of “information overload” arises, which also causes problems for customers
and companies. This problem can be solved with the e-commerce recommendation system. It can
recommend information about products that meet the consumer’s consumer preferences towards the
target customer [137].

The widespread introduction of the Internet has had a positive impact on buying intentions,
but not on trust in websites. Moreover, there are studies which have shown that there is a negative
relationship between ease of use of a site and trust in that site. Three significant implications result from
this, as follows: (1) The more a consumer appreciates a website for efficiency and ease of navigation,
the less likely it is for the consumer to trust and submit personal information to the site. (2) The ease of
use of a website is strongly correlated directly with the purchase intention. (3) There is a relationship
between the skills of internet consumers and the confidence of the website, which implies that the
better a person’s skills using the Internet, the less resistant they are to online shopping. This is because
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ease of use strongly refers to the intention to purchase and may even compensate for the lack of trust
that consumers may feel towards a website [123].

Consumers are increasingly using mobile devices while shopping. This behavior allows retailers
to collect data on each purchase and type of consumer (age, gender, etc.), and to create databases that
will later help marketing teams to improve the marketing mix [92].

On the other hand, intelligent technology brings benefits to customers in terms of increasing their
information possibilities, both on the production process of the product and its use concerning their
behavioral patterns [63].

The use of IoT changes the way manufacturers communicate with consumers, which becomes
much more personal, increasing the accuracy of segmentation and targeting the desired audience.
It can even be considered an entirely new type of direct marketing [92]. This feature can become a
prerequisite for more sophisticated personalized marketing. IoT allows the creation of large networks,
which will connect people, equipment, organizations, remodeling not only the style of communication
and product promotion but also the expectations, perceptions and requirements of consumers to
companies [92]. This will affect buying and consuming behavior.

The introduction of IoT and big data technologies has led to the growth of e-commerce. Consumer
online shopping performance has improved due to the diversification of information sources. On the
other hand, Fu et al. [136] have shown that the decision-making process on consumer behavior seems
to be influenced by online consumer reviews.

The application of IoT technology is also useful for mobile commerce. Thus, the use of
location-based services allows users to receive integrated information based on time, location and
context, streamlining the shopping experience. Companies can use external incentives to get consumers
to have a positive attitude towards using applications, which can affect their subsequent behavioral
intent [138].

IT, IoT, digitalization, increasing population mobility and its heterogeneity contribute to changing
social behavior. Thus, if in the past, certain activities (work, school, shopping, socializing) tended to
take place at certain times and places, today they take place more and more in the pattern “anytime,
anyplace” [114]. In addition, while previously these activities tended to be carried out “at a given
time”, in industry stage 4.0 work activities, shopping and personal/social activities become interactive,
with the possibility of overlapping several activities in the same time frame, determining a new form
of consumption, namely, collaborative consumption.

In the field of health services, the implementation of IT can bring specific benefits, both in terms of
service quality and safety. The effectiveness of medical services can increase through personalization of
behavioral health care [131]. The challenges facing IT in this area are significant in the field of behavioral
health, due to difficulties in data standardization, lack of training of the IT provider for health, and
mitigation of privacy issues. In the field of health, the implementation of Industry 4.0 technologies
aims mainly at the more efficient use of available treatments and the promotion of patient-centered care.
Regular use of various technologies in everyday life motivates health care providers to use technology
appropriately to improve health services [115,132]. Understanding people’s new habits can help create
a better perspective for healthcare providers through online communication.

New technologies often change customer behavior, and artificial intelligence, even more so.
AI seems to facilitate both marketers and their target audience. The former benefit from a huge volume
of data for the study, and the latter benefit from reduced search costs. Studies have shown, however,
that there are different degrees of influence, depending on how and when clients relate to artificial
intelligence, namely the adoption of AI, the use of AI and the post-adoption of AI stage. In the stage of
using AI, when clients interact with it, a low-level constructive mentality could be created. It remains
to be seen what other mindsets could be determined by the AI or how an AI application should
communicate with clients because communication has more substantial impacts when it matches the
mindset. Davenport et al. [142] have suggested that in the phase of post-adoption of AI, clients may
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perceive a loss of autonomy if AI can substantially predict their preferences, as a result of which they
may exhibit incorrect behaviors.

4.5. Limitations

This study presents some limitations. Regarding the search for information in articles, there is
a limitation in not including articles that are not open access because of budgetary constraints. In
the first search, including articles that are not open access, 2204 titles were provided. Only 762 were
maintained in the analysis, satisfying the open-access condition.

5. Conclusions

5.1. Opportunities and Challenges for New Directions in Education in Industry 4.0 Stage

New technologies, mainly digitalization, information technology, and communication technology
are changing how corporations produce and deliver customer service.

The development of human capital has generated, in this way, an innovative solution.
Martiskova et al. [37] have stated that nowadays, human capital is not only creative but also is a
super human capital.

At the heart of the 4.0 revolution is the information and communications technology, which,
together with artificial intelligence, profoundly influences the economic-social environment, the life
of each individual and the relationships established on a global scale. In the next decades, certain
professions will be gradually taken over by industrial robots, so that a large part of the jobs will be
affected. Thus, traditional roles in production, agriculture, utilities will disappear [146], but new jobs in
health, education, and service delivery will emerge. However, these new jobs will require employees
to acquire new skills, especially digital ones. Nowadays, the employees who are most afraid of job
automation are those whose formal education is precarious. Continuous retraining of employees is the
most commonly used method to reduce skill differences.

Companies need to get involved and support education. Governments must support continuing
education programs. Industry 4.0 needs Education 4.0. To meet the needs of the economy in the
future, Education 4.0 must be viewed from a four-dimensional perspective: vocational education,
entrepreneurial education, financial education, and digital education.

5.2. Identified Drivers for Human Capital Development and Consumer Behavior in Context of Industry
4.0 Revolution

As Figure 4a shows, the analysis performed on the 111 studies, highlighted some key aspects
for the development of human capital in the industry stage 4.0: information, new jobs, Internet,
technology, training, education, new skills, automation, communication, innovativeness, professionals,
productivity, artificial intelligence, digitalization, e-recruitment, and the Internet of Things. These
factors contribute to the development of human capital in three directions, namely: (1) Reducing
the number of jobs allocated to human labor; (2) Allocating a labor force to other areas that produce
higher added value; (3) Increasing the demand for a labor force endowed with the skills required by
new technologies.
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Figure 4. Word clouds arranged by area from the analyzed papers, based on word frequency in
analyzed papers.

Figure 4b displays the main drivers for consumer behavior in context of industy 4.0 revolution:
Information, e-commerce, digitalization, Internet of Things, e-distribution, technology, automation,
personalized, performance, artificial intelligence, behavior intention, e-shopping, and data mining.
These driver factors contribute to consumer behavior reshaping from four perspectives, namely:
(1) Business model innovation; (2) New market trends in which online commerce is becoming
increasingly important; (3) Increasing access to information and the increased volume of data with
which both consumers and producers are bombarded; (4) Increasing pressure from competitors.

The economic development of the last decades has depended on the competitive advantage
created by the cheap and skilled workforce. In the digital age, this advantage has eroded because the
workforce must be highly qualified and ready to develop new skills. The changes generated by the
industry 4.0 revolution require the adoption of new business models, production processes, and new
curriculums in academic programs.
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5. Banabic, D. Evoluţia tehnicii şi tehnologiilor de la prima la a patra revoluţie industrială şi impactul lor social.

In Discurs de recepţie în Academia Română; The Romanian Academy: Bucharest, Romania, 2018.
6. Mumford, L. The City in History: Its Origins, its Transformations, and its Prospects; Houghton Mifflin Harcourt:

Boston, MA, USA, 1961; Volume 67.

555



Sustainability 2020, 12, 4035

7. Tay, S.I.; Lee, T.C.; Hamid, N.Z.; Ahmad, A.N. An overview of industry 4.0: Definition, components, and
government initiatives. J. Adv. Res. Dyn. Control Syst. 2018, 10, 1379–1387.

8. Fernández-Miranda, S.S.; Marcos, M.; Peralta-Alvarez, M.E.; Aguayo, F. The challenge of integrating Industry
4.0 in the degree of Mechanical Engineering. Procedia Manuf. 2017, 13, 1229–1236. [CrossRef]

9. Kagermann, H.; Lukas, W.-D.; Wahlster, W. Industrie 4.0: Mit dem Internet der Dinge auf dem Weg zur 4.
industriellen Revolution. VDI Nachr. 2011, 13, 2.

10. Kagermann, H.; Helbig, J.; Hellinger, A.; Wahlster, W. Recommendations for Implementing the Strategic Initiative
INDUSTRIE 4.0: Securing the Future of German Manufacturing Industry; Final Report of the Industrie 4.0 Working
Group; Forschungsunion: Berlin, Germany, 2013; pp. 19–26.

11. Qin, J.; Liu, Y.; Grosvenor, R. A Categorical Framework of Manufacturing for Industry 4.0 and Beyond.
Procedia CIRP 2016, 52, 173–178. [CrossRef]

12. Schumacher, A.; Erol, S.; Sihn, W. A Maturity Model for Assessing Industry 4.0 Readiness and Maturity of
Manufacturing Enterprises. Procedia CIRP 2016, 52, 161–166. [CrossRef]

13. Nagy, J.; Oláh, J.; Erdei, E.; Máté, D.; Popp, J. The Role and Impact of Industry 4.0 and the Internet of Things
on the Business Strategy of the Value Chain—The Case of Hungary. Sustainability 2018, 10, 3491. [CrossRef]

14. Vaidya, S.; Ambad, P.; Bhosle, S. Industry 4.0—A Glimpse. Procedia Manuf. 2018, 20, 233–238. [CrossRef]
15. Schwab, K. The fourth Industrial Revolution; World Economic Forum: Geneva, Switzerland, 2017.
16. Wang, S.; Wan, J.; Li, D.; Zhang, C. Implementing Smart Factory of Industrie 4.0: An Outlook. Int. J. Distrib.

Sens. Netw. 2016, 12, 3159805–3159810. [CrossRef]
17. Kicová, M. Enterprise’s process innovations in the context of enterprise’s financial performance. Strat. Manag.

2019, 24, 3–13. [CrossRef]
18. Miller, A.; Miller, M. Study of the problems of technological integration in the manufacturing industry in

Russia. Strat. Manag. 2019, 24, 33–42. [CrossRef]
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Leonardo Badea 1, Daniel Ştefan Armeanu 2, Dan Costin Nit,escu 3, Valentin Murgu 3,

Iulian Panait 4,* and Boris Kuzman 5

1 Department of Finances-Accountancy, Valahia University of Târgovişte, 130024 Târgovişte, Romania;
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Abstract: This paper explores the relative stock market performance of well-diversified gender
equality equity indices in comparison with the overall market, taking both a cross-sectoral and a
financial sector approach, for the period January 2017 to March 2020, with a sample of 11 indices and
834 daily observations, and using several different statistical and econometric methods. Our results
show a high level of dynamic conditional correlation of daily returns among the gender equality
and the overall indices. We also found comparable levels of conditional volatility (resulting from an
Exponential Generalized Autoregressive Conditional Heteroskedasticity (EGARCH)model) and an
elevated degree of synchronization of the volatility regimes (identified by a Markov switching model).
Calibrating simple linear quantile regressions, we found that the value of the slope coefficients of the
hypothetical linear relationship between the gender equality indices and the overall market indices
are close to one, and relatively stable in relation with the value of the quantile. Using separate Vector
Autoregressive (VAR) models for the cross-sectoral indices and for the financial sector indices, we
found only very little evidence of causality and spill-over effects. Based on these results, we argue
that the daily returns of the gender equality indices exhibited very similar characteristics with the
daily returns of the overall market indices. In our interpretation, this could mean that, limited to
our sample and methods of investigation, there were not significant differences in the investors’
preferences towards the equity issued by public companies committed to supporting gender equality,
in comparison with their approach towards listed equity in general. It could also mean that investors
do not yet anticipate the significantly different financial performance of listed companies stemming
from their approach towards gender equality.

Keywords: gender equality; Environmental, Social and Governance (ESG); sustainability;
equity markets; volatility; correlation; Exponential Generalized Autoregressive Conditional
Heteroskedasticity (EGARCH); Markov switching; Dynamic Conditional Correlation (DCC); quantile
regression; Vector Autoregressive (VAR)

1. Introduction

Although gender equality represents a fundamental human right, many studies show that today
women are not treated equally with men in their households, local communities, or at their workplace.
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Statistics show that, globally, women perform around 30%–35% of the total work hours, yet they
receive only around 10% of the world’s total net wages [1]. Women are underrepresented in power
and in decision-making roles. They receive unequal pay for equal work and they continue to be targets
of physical and mental abuse.

The UN’s Sustainable Development Goals (SDGs) [2] underscore women’s empowerment as an
important development objective, in and of itself, and highlight the relevance of gender equality to
addressing a wide range of global challenges. This report is based on the five main SDG objectives that
the 2016 Sustainable Stock Exchanges (SSE) Report on Progress emphasized as being in the area that
financial exchanges are capable to influence, and further analyses the contribution that these important
entities can bring to the goals of sustainable development: enabling women to fully and effectively
participate, and have similar opportunities with men for leadership, in all areas and at all levels where
decisions are made, regarding politics, economy, or the public agenda, and other gender-equality
targets related to the other sixteen SDGs.

Sustainability (sustainable development) is not a new concept. In Greek and Roman philosophy,
there are reflections on the relationship between human activities and ecosystems. But the concept
of sustainable development has been gradually built during the last three decades of the twentieth
century. Thus, in 1987, the World Commission on Environment and Development (WCED) published
the report “Our Common Future” [3], offering further details regarding what sustainable development
includes, referring especially to the items related to people’s relations with the environment and the
responsibilities that present generations have to future generations. Knowledge sharing and capacity
building are fundamental for the new ecosystem, in order to contribute to economic development.
A strategic alignment, both at the macroeconomic and microeconomic level, will offer the convergence
necessary for a strategic change.

Environmental, social, and governance (ESG) principles are increasingly used by investors when
choosing their investments [4]. ESG criteria are also found to be helpful for investors that try to stay
away from companies that, looking forward, could find themselves in significant financial risk because
of a lack of preoccupation with their environmental, governmental, or social impact. Integrating
climate, environmental, and social sustainability factors into financial markets and systems requires
time, vision, and efforts. It also needs strong contributions from all stakeholders.

Gender diversity is an important part of ESG goals, is relevant for every community, and should
be an imperative for each organization and business. For companies, a policy geared towards
gender inclusion generates a positive and favorable work environment which facilitates increases in
productivity due to better collaboration between employees and supports a climate more prone to
innovation, one that fosters better business performance in general.

During the last few years, the public agenda has radically changed, and its main themes are more
geared towards the ESG goals. Thus, it has become more relevant for a company to prove its dedication
to alleviating gender inequality in the workplace. This reflects also on investors’ agendas, which are
increasingly adapted to the priorities of the communities and no longer only focused on optimizing
the risk/return relationship. This is why not only employees, but also investors, stakeholders, and
regulators, have become interested in how a listed company is performing in relation to global ESG
goals, particularly in respect to gender equality aspiration.

In this context, our paper investigates the behavior of returns for three well-diversified gender
equality indices in comparison with relevant overall market indices. Our study uses both cross-sectoral
indices and financial sector indices, to see whether there are specific characteristics for the gender
equality indices that sets them apart from the overall market. We focus mainly on the first two moments
of the distribution of returns, namely mean and standard deviation, and on the correlations among
indices. In order to do this, we model conditional volatilities and correlations using Exponential
Generalized Autoregressive Conditional Heteroskedasticity (EGARCH) and Dynamic Conditional
Correlation Multivariate Generalized Autoregressive Conditional Heteroskedasticity (DCC MV
GARCH), respectively, and we identify the alternation of volatility regimes using a Markov switching
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model. We also study correlations/slope coefficients among pairs of indices resulting from quantile
regressions at different percentiles and a non-restricted vector autoregressive model.

According to the results that we have obtained from studying the behavior of daily returns for the
period 1 January 2017 to 12 March 2020, there are no significant differences among the overall indices
and the gender equality indices in what regards the average return and conditional volatility. Also, the
dynamic conditional correlations and the slope coefficients at different quantiles are very close to 1,
indicating practically a similar evolution for the daily returns of the gender equality indices and the
overall indices.

Gender diversity represents a new trend, influencing the literature, research studies, financial
markets, investor behavior, and the real economy.

In order to be able to accurately assess how different organizations perform in relation to gender
equality, investors should have good access to relevant data. Stock exchanges have the ability to
enhance investors’ access to information by improving the reporting requirements for issuers both
in terms of quality and quantity, and including more in these requirements data on topics related to
gender equality. By enhancing disclosure, the exchanges and the issuers allow investors of all kind,
and especially large institutional investors, to manager risk more efficiently and effectively and to be
better informed when making decisions regarding their portfolio composition [1].

Prior to the last 15–20 years, very few authors considered ESG-related information and variables
when assessing factors that contribute to the performance and resilience of companies. The classic
approach was to rely mainly on financial indicators related to a company’s balance sheet and profit
and loss accounts. Such approaches are still valid and useful today, as recent studies show. Valaskova
et al. [5] concluded that such indicators (i.e., return ratios, liquidity ratios, indebtedness, turnover
etc.) still represent the most significant predictors of profitability and prosperity for Slovak companies.
Also, Kovacova et al. [6] analyzed the effectiveness of over 100 bankruptcy models developed in
Visegrad countries using cluster and correspondence analysis, and argued that such variables continue
to have significant explanatory power with regard to the performance of companies (in this case, more
specifically, their capacity to avoid failure), despite the fact that the set of most relevant variables might
be different from one country to another. In accordance with these findings, Kliestik et al. [7] propose
a new bankruptcy model that takes into account the legal and business particularities of the Slovak
economy, arguing that this approach outperforms the conventional tools, having a higher sensitivity to
the deterioration of the financial solidity of companies.

During the last couple of decades, many authors have argued that companies’ stances related to
gender diversity are relevant for their profitability and, indirectly, for the results of those investing in
the securities that they issue, thus significantly expanding the set of variables used in assessing the
performance of the companies. As an example, Morgan Stanley have collected data related to this topic
from many public companies in different markets, creating a proprietary database and framework that
includes more than 1600 listed equities. The results of their research argue that companies that are
more gender diverse perform at similar levels with others but show lower volatility, a finding which
has important implications for portfolio managers and corporate boards of directors. [8].

The results from a study using a sample of French firms between 2002 and 2012, listed on the Paris
Stock Exchange, show that stock market liquidity is positively and significantly associated with the
presence of women directors. It was found that investors’ decisions vary according to their positions
in the board: women independent members decrease illiquidity costs, while the presence of female
inside directors increases daily trading volume. In addition, inside women increases the firm’s ability
to implement better strategies that cope with economic, social, and environmental constraints, which
leads investors to react positively. Surprisingly, the presence of female independent directors reduces
company involvement in sustainable development projects [9].

Increasing the representation of women in boardrooms could enhance corporate reputation and
increase both financial and social performance [10,11]. For instance, Boulouta [10] and Bear et al. [12]
found a significant and positive effect of women directors on corporate social responsibility (CSR) and
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CSR ratings. Díaz-García et al. [13], Galia and Zenou [14], and Nielsen et al. [15] also show the positive
effect of gender diversity on innovation, even on radical innovations, which are usually perceived as a
male-controlled arena.

Gender diversity on boards could be considered as a substitute mechanism for governance in
poorly governed firms. One plausible reason is that women directors are tough controllers: they are
tempted to set up better monitoring and increase public and private disclosure [16].

According to some studies, the presence of women in boardrooms could be viewed as a signal
made by the firm to investors of better competence, financial and social performance, and career
evolution [17]. Furthermore, women directors most often bring new resources to the firm which may
enhance the corporate public image and reputation in the stock market [18].

Kirkpatrick [19] emphasizes that the “failures and weaknesses in corporate governance
arrangements which did not serve their purpose to safeguard against excessive risk taking in a
number of financial services companies were significantly contributing to the financial crisis”.

Taking as a starting point previous studies in governance (e.g., Caprio, Laeven and Levine [20]),
the analysis performed by Adams and Mehran [21] employ a sample of banking data over 34 years to
examine the relationship between banks’ board structure and performance. The results indicate that
board independence has no influence on bank performance. Other studies on bank performance (e.g.,
Hermalin and Weisbach [22]) emphasize that “board composition does not seem to predict corporate
performance, while board size has a negative relationship to performance.”

An inverted relation between bank performance and board size and between the proportion of
non-executive directors and performance is found by De Andres and Vallelado [23]. Their results
show that a “bank’s board composition and size are related to directors’ ability to monitor and advise
management and that a larger and not excessively independent board might prove more efficient
in monitoring and advising functions, and create more value”. The authors also point out that in
an environment characterized by limited competition, tight regulation, and higher informational
asymmetries, banks’ boards become an important mechanism for corporate governance, as their
specialized knowledge of the banking business and specific risks enables them to better design banking
business conduct and monitor executive managers.

Pathan and Faff [24] studied whether specific features of board structure (in terms of the total
number of members, the number of independent members, and gender equality) exhibited by large
US banks and/or their holding companies are able to determine bank performance. The study
concludes that both the total number of board members and the number of independent members
are negatively related with bank performance, while better gender diversity is linked with improved
financial performance.

Another research paper by Pathan and Skully [25] that examines the trends of boards of directors
(board size, composition, and CEO duality) for a sample of 212 US bank holding companies emphasizes
that board size recorded a decreasing trend over the time period considered for large and medium-sized
banks, while it remained relatively stable for small banks.

Empirical studies of investors’ reactions to the appointment of women directors are still rare.
Lee and James [26] test stock price reactions to the announcements of female and male CEOs. They
conclude that investors’ reactions are significantly more negative to the announcements of female
CEOs than those of male CEOs. However, they are more significant and positive when women CEOs
have been promoted from within the firm than from outside the firm. Similarly, Bharath et al. [27]
focus on the insider trading behavior of senior corporate executives. Despite both female and male
executives making positive profits, female members earn less than their male counterparts. In fact,
market responses, in the short term, are driven by the stereotype that female executives are less
informed about future corporate performance than males. In addition, gender bias may exist among
institutional shareholders and could lead to a decrease in stock price even when gender diversity on
boards has no effect on profits. One explanation is that non-block institutional investors may sell stocks
of firms with gender-diverse boards (Dobbin and Jung [28]).
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Post-2008 financial crisis research studies are trying to identify the influence of banks’ governance
structures on the main indicators related to the capital of the bank, and their contribution to systemic
risk through individual risk-taking. Angeloni [29] mentions that “the relations between capital levels,
risk and governance become more complex”. This approach allows for a dynamic analysis of other
prudential standards (on liquidity, credit allocation and provisioning, and distribution of resources)
whose accomplishment is subordinated to supporting and preserving banks’ solvency, capital being
considered a core measure of a bank’s solvency.

By conducting a first panel regression analysis, Boitan and Niţescu [30] document that larger
boards and increased gender diversity negatively contribute to increases in managerial efficiency,
although the influence exerted is small. The effect of increasing the number of independent directors
appointed to the board and the bank size is positively associated with the managerial efficiency of
large banks. The authors challenge the general perception that increased gender diversity contribute
to increased managerial efficiency.

As per IFM studies [31], “just 18 percent of firms globally are led by women, and on average, only
22 percent of board members in OECD countries are women. There is even lower representation in
emerging economies, such as India at 13 percent or 8 percent in Brazil. Progress has been slow to say
the least”.

Another study conducted by IMF staff analyzes a sample of two million firms geographically
dispersed over 34 European countries, and the results show that, in general, a higher level of gender
diversity at the level of senior management is linked with better financial performance. More specifically,
the IMF study concludes that replacing one male senior management position with a woman at the
same level of management is linked with an increase of 8–13 basis points for the return on assets of
the company.

Although progress on improving the gender diversity at the workplace is being made, the pace
appears to be still very slow, and large gender gaps are still present when analyzing employment and
income data. For example, data shows that the participation rate of woman in the workforce is on
average 20% lower than the similar rate for men, at a global level. Also, quantitative research on legal
systems across countries shows that woman only hold around three quarters of the legal rights that
are afforded to men on matters related to, for example, property, inheritance, and access to financial
services [32,33].

2. Materials and Methods

In this paper, our focus was to investigate whether investors’ behavior in relation to listed
companies that promote gender equality was different in comparison with their approach towards
the general market. Given the availability of gender equality indices at a cross-sectoral level, and
specifically for the financial sector, we included both directions into our research, separately. In our
endeavor, we employed different methods and models, trying to distinguish whether the computed
performance/risk measures are statistically different for the gender equality indices in comparison with
the ones for the overall indices. Because both the overall indices and the gender equality indices are
well diversified, we argue that our results can be generalized.

In short, our aim is to study the behavior of gender equality indices’ returns in relation to the
main market indices. Thus, we investigated the conditional volatility of the volatility regimes for the
11 indices using EGARCH and Markov regime switching models. We also computed conditional
correlations among the relevant indices using a DCC MV GARCH model. Subsequently, we ran
unrestricted and quantile regressions where the dependent variables were the gender equality indices
and the explanatory variables were the general market indices. We also calibrated an unrestricted
vector autoregressive (VAR) model and tested the eventual causal relation between its components.
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2.1. Sample

Our study used daily data during the period 1 January 2017–12 March 2020. We collected
USD denominated prices for eight MSCI equity indices and three Bloomberg Gender Equality
indices, respectively:

• MSCI World (MXWO);
• MSCI World Financials (MXWO0FN);
• MSCI Europe (MXEU);
• MSCI Europe Financials (MXEU0FN);
• MSCI Asia Pacific (MXAP);
• MSCI Asia Financials (MXAP0FN);
• MSCI North America (MXNA);
• MSCI North America Financials (MXNA0FN);
• Bloomberg Gender Equality Index (BGEI);
• Bloomberg GEI Financials (BGEIF);
• Bloomberg GEI Excluding Financials (BGEIXF).

Thus, we have constructed a database composed of 11 time series of a daily frequency (prices and
returns, respectively), each with 834 observations.

All MSCI indices used in our study are free-float weighted, including only companies from
developed markets within the specific region for which the index was constructed.

The Bloomberg Gender Equality indices are modified capitalization-weighted indices that measure
the price performance for listed global companies, which are recognized for periodically disclosing
information and implementing policies and good practices related to gender equality. BGEI is a
composite of BGEIF and BGEIXF. We used the 2020 version of the Bloomberg Gender Equality Index,
which is composed of 325 companies from 11 sectors of economic activity, with a combined market
capitalization of over USD 12 trillion, headquartered in 42 countries and regions. Prior to being
included in the index, the companies should disclose specific information within a framework based
on five dimensions, and their gender performance is assessed according to them. The five criteria are
female leadership and talent pipeline, equal pay and gender pay parity, inclusive culture, pro-women
brand, and anti-sexual harassment policies. Only the listed companies with a market capitalization over
USD 1 billion that score above a globally established threshold, based on disclosure and best-in-class
components, are included in the annual index.

2.2. Research Methodology

Step 1: preliminary data preparation and analysis

At the beginning, we stationarized all the 11 equity indices time series using the logarithmic
transformation of prices into (continuously compounded) returns. Subsequently, we tested and
confirmed the stationarity of each transformed time series using Augmented Dickey–Fuller and
Philips–Perron unit root tests (see Appendix A, Table A1). The summary statistics for the time series
are presented in Table A2.

Step 2: estimating conditional volatilities for daily returns

We used our database of 11 time series to compute daily conditional volatilities. We did this for
every time series. Because in the financial literature there are many studies confirming the asymmetry
of the distributions of daily returns (particularly the negative skewness), we chose to use an EGARCH
(1,1) model according with Tsay [34], described by the equations below:

yt = μ+ εt, where εt = σtzt (1)
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Subsequently, we tested and confirmed that the coefficients of every EGARCH (1,1) model that
we calibrated for each of the 11 time series are significant.

Step 3: estimating conditional correlations for daily returns

Going further in our study, we estimated conditional correlations between MSCI WORLD and all
the remaining ten equity indices. In order to do this, we chose a multivariate DCC GARCH model as
described by Engle and Sheppard [35] and Sheppard [36]:

rt
∣∣∣Ft−1 ∼ N(0, Ht) and Ht = DtRtDt (3)

where Dt is a k × k diagonal matrix containing the time-varying standard deviations estimated using

univariate GARCH models, with
√

hit found on the ith diagonal, and Rt represents the matrix with

similar dimension containing the time varying correlations (at time t).
The log-likelihood for the above estimator can be expressed as presented below:

− 1
2
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where εt ~ N (0, Rt) is the time series of the standardized residuals.
By expressing the components of the Dt matrix as univariate GARCH (P,Q) processes as below,

we find that:
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According with these results, the structure of our dynamic correlation processes was:
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where Q represents the unconditional covariance for the time series of the standardized residuals that
resulted from the initial estimation. Considering this, we note as Q*t the diagonal matrix containing
the square root of each element situated on the diagonal of the matrix Qt.

In addition, the elements of Rt represent the values of the time-varying correlations among the
pairs of time series of indices returns and can be expressed as: ρi jt =

σi jt
σitσ jt

.
As we did previously in step two, described above, we subsequently tested and confirmed that

the coefficients of every DCC MV-GARCH model that we estimated are significant.

Step 4: analyzing the volatility regimes of the indices’ daily returns

As previous studies also found (ex. Lupu [37]), especially during negative shocks, there is a link
between the correlation and volatility, as a form of contagion in a narrow definition. We were interested
to see the level of intensity at which the gender equality indices exhibit this behavior. In order to do
this, we investigated whether the volatility regimes of overall indices and gender equality indices
were synchronized. We estimated a Markov Regime Switching model for each time series of indices’
returns, as proposed by Tsay [34], Hamilton [38,39], and Perlin [40]. The model’s output represents the
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probabilities of the time series being either in a high-volatility or in a low-volatility regime at each
period, and are described by the equation below:

yt =
∑NnS

i=1
βixnS

i,t +
∑Ns

j=1
∅ j,St x

S
j,t + εt εt ∼ P(ΦSt) (8)

where NS and NnS represent the total number of the coefficients that are switching and non-switching,
respectively; xnS

i,t is a subset of xi,t and groups the independent variables with coefficients that do not

switch; xS
i,t is a subset grouping the variables with coefficients that switch; P(Φ) indicates the probability

density function of the errors; and Φ is the vector containing the values of the parameters of P.
Similar to Badea et al. [41], we labeled the volatility regimes at each period by transforming the

time series of probabilities resulting from the model into the time series of volatility regimes. The
labels were set as chronological binary values: 1 if the respective equity index was manifesting a high
volatility and 0 if the volatility regime was a quiet one. As Badea et al. [41] propose, the rules that we
used to derive the values of 0 and 1 were the following:

(a) if the probability of being in a high-volatility regime > the probability of being in a low-volatility
regime, the corresponding regime label is 1;

(b) if the probability of being in a high-volatility regime < the probability of being in a low-volatility
regime, the corresponding regime label is 0.

Step 5: verifying the results from previous stages by two different methods: estimating the slope
coefficients of simple linear quantile regressions at different percentiles and using unrestricted
VAR models

We analyzed the results obtained according with the methods presented, looking for patterns to
confirm whether the evolution of the performance/risk measures of the gender equality indices was
different or not from the overall market indices.

Trying to validate our findings regarding the correlation between the gender equality indices and
the overall market indices, we used two regression methods. We estimated simple quantile regressions
where the dependent variables were the gender equality indices and the explanatory variables were
the overall market indices, and we also estimated unrestricted VAR (2) models for the cross-sectoral
indices and for the financial sector indices, separately.

As described in the literature on financial econometrics, linear regression describes the average
linear relationship between a combination of explanatory variables and a dependent variable relying on
the conditional mean expressed as E(y|x). Because this method only offers a partial explanation of the
relationship, we were interested to investigate the values of the slope coefficients between the gender
equality indices and the overall market indices at several percentiles of the conditional distribution of
these series, and the quantile regression is one of the tools available to do this.

In a quantile regression we express the estimator for the quantile q by minimizing the objective
function described below:

Q
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In a similar approach with other previous studies (e.g., Hammoudeh et al. [42] and
Dekker et al. [43]), we investigated the linkages between the gender equality indices and the overall
market indices (separately for cross-sectoral and financial sector) using a vector autoregressive model.
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Because of the nature of our data, we preferred a simple unrestricted k dimensional VAR(p) model
which can be described by the following equation:

yt = A1yt−1 + . . .+ Apyt−p + Cxt + εt (11)

where yt = (y1, y2, . . . , ykt)
′ is a k x 1 vector of endogenous variables, xt = (x1, x2, . . . , xdt)

′ is a d x 1
vector of exogenous variables, A1, A2, . . . , Ap, are k x k matrices of lag coefficients to be estimated, C is
a k x d matrix of exogenous coefficients to be estimated, and εt = (ε1, ε2, . . . , εkt)

′ is a k x 1 white noise
innovation process.

The results of our calculations made according with the methods presented above are described
and discussed in the following two sections of our paper.

3. Results

One of the first thing to notice after the initial data preparation performed in step one of our
methodology described above was that the overall performance (return) for the entire period (1 January
2017—12 March 2020) for the gender equality indices was mixed and inconclusive in comparison
with the MSCI World indices. Still, when studying the first two moments of the distribution of daily
returns, we observe that the mean values of the distributions are similar and not statistically different
from zero (see Appendix A, Table A2). Also, the standard deviation is larger in comparison with the
mean, and all the series present significant negative skewness and excess kurtosis. Thus, from this
point of view, none of them deviates from the general characteristics of high-frequency equity returns
as they were described by Cont [44]. In addition, we observe that the values of the fifth percentile
of the distributions of daily returns (equivalent to 95% confidence level historical Value-at-Risk) are
quite similar.

When comparing the distributions of daily conditional volatilities estimated using the EGARCH
(1,1) model described in the second stage of our methodology, we observe, however, some small but
relevant differences (see Figure 1):

• the mean and median daily conditional volatility is in general higher for the gender equality
indices in comparison with their correspondent overall MSCI Indices. This also holds true for the
values of the 0.95 quantile;

• the maximum and the minimum values (and, as a result, also the ranges) are comparable;
• the gender equality indices exhibit lower skewness and excess kurtosis of the daily conditional

volatilities in comparison with their correspondent MSCI indices, their distributions thus being a
little closer to the shape of the normal distribution.

 
(a) (b) 

Figure 1. Cont.
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(c) (d) 

Figure 1. Comparison of the distributions of daily conditional volatilities: (a) MWXO; (b) BGEI;
(c) MXWO0FN; (d) BGEIF. Source: Authors’ work. Source: Authors’ calculations.

Furthermore, we observe that in general the evolution of daily conditional volatility is highly
synchronized between the gender equality indices and their correspondent overall MSCI indices, which
already hints a high level of correlation between both the returns series and the volatility regimes,
bearing in mind that linear correlation does not necessarily mean causality and spill-over (as we will
argue bellow, based on our results from the VAR model). Examining Figure 2 bellow we can confirm
the observation that gender equality indices in general exhibit higher daily conditional volatility (as
mentioned above while interpreting the results from Table 1), and we can also observe the synchronized
reaction of the indices to risk events (including the beginning of the Covid-19 pandemic in the right
hand part of the charts).

Table 1. Relevant distributional characteristics of daily conditional volatility.

Daily Conditional
Volatility Statistics MXWO BGEI MXWO0FN BGEIF BGEIXF

Mean 0.006310 0.007669 0.007785 0.008994 0.006824
Median 0.005003 0.006556 0.006876 0.007990 0.005570
Kurtosis 18.708608 14.822775 31.055103 19.484522 11.878589
Skewness 3.354904 2.967020 4.153538 3.217535 2.820361
Range 0.039694 0.037731 0.041764 0.041287 0.031392
Minimum 0.002495 0.003328 0.003548 0.003983 0.002901
Maximum 0.042189 0.041060 0.045312 0.045270 0.034293
0.95 quantile 0.013551 0.015102 0.013804 0.015625 0.013472

Source: Authors’ calculations.

The high level of synchronization of the daily volatility regimes is confirmed by Figure 3 below,
where we present for each observation in our sample whether the volatility regimes of the two biomes
of variables (BGEI vs. MXWO and BGEIF vs. MXWO0FN, respectively) were at the same level
(both high or both low) or were decoupled. Going into detail, we observe that for only 48 out of
834 observations (that is, 5.76% percent of the time), the volatility regimes of the gender equality
indices were not in sync with the overall MSCI indices. As previous studies concluded, the volatility
regimes of the cross-sectoral indices were not necessary aligned with the ones of the financial sector
indices (confirming the different behaviour of financial sector equity indices, which are more volatile
in comparison with cross-sectoral diversified ones).

572



Sustainability 2020, 12, 3558

(a) (b) 

Figure 2. Comparable evolution of daily conditional volatility: (a) BGEI vs. MXWO; (b) BGEIF vs.
MXWO0FN. Source: Authors’ calculations.

  

(a) (b) 

Figure 3. Comparable evolution of daily volatility regimes: (a) BGEI vs. MXWO volatility regimes;
(b) BGEIF vs. MXWO0FN volatility regimes. Source: Authors’ calculations.

Our results show not only that volatility and volatility regimes of gender equality indices are
corelated with overall MSCI indices, but also with the returns themselves. The value of the Pearson
linear correlation coefficient for the entire sample of daily returns is 0.942 for the pairing of MXWO
and BGEI and 0.953 for the pair made by MXMO0FN and BGEIF, respectively (see Appendix A,
Table A3). Furthermore, the study of the daily conditional correlations computed using a DCC MV
GARCH (1,1) model as described in stage three of our methodology confirms that, during the entire
period investigated by us, the conditional correlations between the gender equality indices and the
overall MSCI indices were very high, indifferent of the volatility regime (see Figure 4 below). While
the correlations among the financial indices appear to be more stable over time in comparison with
the correlations among cross-sectoral indices, the conclusion remains that for the entire period the
daily returns of the gender equality indices show a high level of linear correlation with the overall
MSCI indices.
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Figure 4. Evolution of dynamic conditional correlations of daily (logarithmic) returns. Source:
Authors’ calculations.

Going further with our analysis, we were interested to test the above findings using a different
method. As described in stage five of our methodology, we have calibrated simple linear quantile
regressions among the equity indices included in our sample, and our results presented in Appendix A,
Table A4 show that all the slope coefficients (for all quantiles tested) are statistically significant.
Regarding the regressions between the gender equality indices and the overall MSCI indices, the values
of the slope coefficients are close to 1 and relatively stable in relation with the value of the quantile, as
we can observe from Figure 5 below.

(a) (b) 

Figure 5. Slope coefficients resulted from quantile liner regression models for daily returns: (a) BGEI ~
MXWO + c + ε; (b) BGEIF ~ MXWO0FN + c + ε. Source: Authors’ work.

A more in-depth view of the results presented in Figure 5 and Appendix A, Table A4 confirms
frequent findings in the financial literature that daily returns for financial sector assets are often more
volatile and exhibit more skewness and fatter tails. Specifically, our results show that slope coefficients
for simple linear regressions between the cross-sectoral indices are more stable in relation with the
value of the quantile, while the slope coefficients for the linear regressions between the financial indices
tend to be higher for the left tail quantiles, and tend to decrease for the right tail quantile. This is
consistent with studies showing that, especially for financial sector assets, correlations tend to increase
during bad times and decrease during good times.

For the last phase of our research, we were interested to see whether the strong link between
the gender equality indices and the overall MSCI indices could be (in part) explained by causality or
spill-over effects. In order to investigate this, we chose to calibrate vector autoregressive models, as
described in stage five of our methodology, for the cross-sectoral indices and for the financial sector
indices separately. The most relevant results returned by the model are presented in Figure 6.
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(a)  (b) 

Figure 6. Response to Cholesky one s.d. (d.f. adjusted) innovations ± 2 s.e. bands derived from VAR
(2) model of daily (logarithmic) returns: (a) response of BGEI to MXWO; (b) response of BGEIF to
MXWO0FN. Source: Authors’ work.

Based on the results (presented in detail in Appendix A, Tables A5 and A6), we argue that there is
only very little evidence to support any statistically significant causality or spill-over effects from the
overall market to the gender equality indices. In our view, this could mean that the high degree of
correlation observed from the results of all the different models employed and presented in our study
are probably mainly explained by the contemporaneous co-movement of the prices, which supports
the hypothesis of the similar behaviour of investors in relation with the gender equality assets vs. the
general market (entire universe of assets).

4. Conclusions

In this paper, we aimed to study the relative stock market performance of companies recognized for
supporting gender equality policies and practices. In order to do this, we selected three well-diversified
equity indices published by Bloomberg that are composed of companies committed to supporting
gender equality through policy development, representation, and transparency: one cross-sectoral
index, one financial sector index, and one index composed exclusively of non-financial companies.
The cross-sectoral gender equality index is a combination of the other two, and gathers 325 companies
across 11 sectors, headquarter in 42 countries and regions, with a minimum individual market
capitalization of USD 1 billion and a total market capitalization of USD 12 trillion. We compare several
performance metrics for these indices with similar ones computed for selected MSCI overall market
indices, and especially for the MSCI World and MSCI World Financial Sector indices.

We conducted our research over a sample of 834 daily logarithmic returns from a period of more
than three years (1 January 2017—12 March 2020), using several statistical methods to characterize
the properties of the distribution of historical returns (mean, standard deviation, skewness, kurtosis)
and correlations. We also used several econometric models to study the characteristics of dynamic
conditional mean, standard deviation (volatility), correlation, causality, and spill-over effects. Namely
we calibrated EGARCH (1,1) models to examine the evolution of conditional volatility, Markov
switching models to investigate the synchronization of volatility regimes, DCC MV GARCH (1,1)
models to describe the evolution of dynamic conditional correlations, simple linear quantile regression
to analyze the values of the slope coefficients in the relations between gender equality indices and
overall indices, and, finally, VAR (2) models to test for causality and spill-over effects.

Using the statistical methods described, we could not confirm any particularities for the gender
equality indices in comparison with the overall indices. For our sample, the mean values of the
distributions were similar and not statistically different from zero, the standard deviation was larger in
comparison with the mean, all the series presented significant negative skewness and excess kurtosis,
and the values of the fifth percentile of the distributions of daily returns (left tail) were quite similar.
Thus, the daily returns of the gender equality indices confirmed the usual stylized facts for general
equity returns described by most studies.
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When comparing the distributions of daily conditional volatilities estimated using the EGARCH
(1,1) model, we observed, however, some relevant differences: mean and median daily conditional
volatility were, in general, higher for the gender equality indices in comparison with their correspondent
overall MSCI indices. This also held true for the values of the 0.95 quantile. Also, the gender equality
indices exhibited lower skewness and excess kurtosis of the daily conditional volatilities in comparison
with their correspondent MSCI indices.

Overall, we found in our sample a strong link between the evolution of the gender equality
indices in comparison with the overall indices. The values of daily conditional volatility were highly
synchronized between the gender equality indices and their correspondent overall MSCI indices, but
the gender equality indices exhibited, in general, higher daily conditional volatility.

Thus, the results obtained from our sample point in an opposite direction to the conclusions of the
research conducted by Morgan Stanley [8], a situation which could be explained by the difference in
sample size (ours was significantly reduced and composed of aggregated indices, not of individual
issuers), sample period, and methods.

The synchronized reaction of the indices to the risk events was confirmed, including during the
burst of market risk aversion at the beginning of the Covid-19 pandemic towards the end of our sample.
The volatility regimes of BGEI vs. MXWO and BGEIF vs. MXWO0FN, respectively, identified using a
Markov switching model, were synchronized more than 94% of the time. Furthermore, the results
from the DCC MV GARCH (1,1) model showed that, during the entire period investigated by us,
the conditional correlations between the gender equality indices and the overall MSCI indices were
very high, with the correlations among the financial indices appearing to be more stable over time in
comparison with the correlations among cross-sectoral indices.

We tested these findings using another, different, method: we calibrated simple linear quantile
regressions among the equity indices included in our sample. The results obtained showed that, in the
case of the regressions between the gender equality indices and the overall MSCI indices, the values of
the slope coefficients are close to 1 and relatively stable in relation with the value of the quantile.

Using separate VAR (2) models for the cross-sectoral indices and for the financial sector indices,
we found only very little evidence of causality and spill-over effects.

Based on the results of our analysis from several different approaches and using different
econometric and statistical methods, we argue that the daily returns of the gender equality indices
that we have investigated over the period 1 January 2017—12 March 2020 exhibited very similar
characteristics with the daily returns of the overall market indices. Thus, we were not able to confirm
the hypotheses proposed by Sanders and Boivia [17] or Singh and Vinnicombe [18] that the presence of
women in boardrooms brings better perception in the stock market or is more favourably viewed by
investors, inducing a different (better) share price performance in comparison with the other companies.

In our interpretation, this could mean that, limited to our sample and methods of investigation,
there were no significant differences in investors’ behaviour towards the equity issued by public
companies committed to supporting gender equality in comparison with their approach towards listed
equity in general. Accordingly, if a large selection of equity issued by companies committed to gender
equality would have been included in already large diversified portfolios, it would probably not have
modified their overall characteristics and performance. This is somewhat similar to presuming that,
in relation with our sample and period investigated, investors were almost neutral towards large
diversified portfolio of gender equality listed companies in comparison with their approach towards
the overall market. It could also mean that investors do not yet manifest a specific approach in relation
to this category of listed equity, or that they do not yet anticipate a significantly different financial
performance of companies stemming from their approach towards gender equality.

We consider our results to be relevant for asset managers, market regulators, and supervisors, in
an integrated risk based assessment framework, in order to examine how the institutional investors’
strategies oriented towards gender equality ESG objectives might impact the individual and sectoral
resilience to market risk.
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In our research, we were limited to only a short-term approach using daily returns, because the
data that we collected for the gender equality indices was only available from the beginning of 2017.
As longer time series will gradually become available, our methods can also be adapted to analyze
data at a lower frequency, such as weekly or monthly time series; thus enabling the inclusion of a
medium-term approach into the analysis. Future studies using the same methodology could also
consider dividends and other relevant corporate events, using total returns indices if available.
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Appendix A

Table A1. Results of the stationarity test for daily returns time series.

Augmented Dicked Fuller Test Phillips-Perron Test

Series
Decision

(1 = reject H0)
Statistic p-Val.

Decision
(1 = reject H0)

Statistic p-Val.

MSCI_World 1 −11.0614 0.001 1 −22.0319 0.001
MSCI_World_F_F 1 −10.2089 0.001 1 −21.5033 0.001
MSCI_Europe 1 −9.75013 0.001 1 −21.897 0.001
MSCI_Europe_F 1 −10.1501 0.001 1 −22.5886 0.001
MSCI_Asia 1 −12.6945 0.001 1 −25.231 0.001
MSCI_Asia_F 1 −12.7513 0.001 1 −24.8486 0.001
MSCI_NA 1 −13.1364 0.001 1 −26.8434 0.001
MSCI_NA_F 1 −12.0701 0.001 1 −26.5408 0.001
GEI 1 −11.6672 0.001 1 −24.5495 0.001
GEI_F 1 −11.7046 0.001 1 −25.1067 0.001
GEI_XF 1 −11.9262 0.001 1 −23.7693 0.001

Source: Authors’ calculations.

Table A2. Descriptive statistics for (logarithmic) daily returns.

Series Mean St Dev
t-Test Decision
(H0:mean = 0)

p-Val.

MSCI_World 0.000017 0.008277 cannot reject 0.95
MSCI_World_F_F −0.000288 0.009785 cannot reject 0.40

MSCI_Europe −0.000201 0.009399 cannot reject 0.54
MSCI_Europe_F –.000489 0.011996 cannot reject 0.24

MSCI_Asia 0.000042 0.007344 cannot reject 0.87
MSCI_Asia_F −0.000155 0.007809 cannot reject 0.57

MSCI_NA 0.000103 0.009832 cannot reject 0.76
MSCI_NA_F −0.000197 0.011684 cannot reject 0.63

GEI −0.000072 0.009304 cannot reject 0.82
GEI_F −0.000192 0.010594 cannot reject 0.60

GEI_XF 0.000022 0.008492 cannot reject 0.94

Source: Authors’ calculations.
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Table A3. Pearson correlation coefficients for full sample of daily returns.

Correlation/t-Statistic/p-Value

MSCI_WORLD MSCI_WORLD_F

MSCI_WORLD 1
0.911
63.595
0.000

MSCI_WORLD_F
0.911

163.595
0.000

MSCI_EUROPE
0.787 0.791

36.835 37.302
0.000 0.000

MSCI_EUROPE_F
0.720 0.836

29.893 43.917
0.000 0.000

MSCI_ASIA
0.558 0.547

19.401 18.872
0.000 0.000

MSCI_ASIA_F
0.519 0.565

17.498 19.751
0.000 0.000

MSCI_NA
0.966 0.850

107.817 46.619
0.000 0.000

MSCI_NA_F
0.884 0.951

54.582 89.012
0.000 0.000

GEI
0.942 0.934

81.303 75.606
0.000 0.000

GEI_F
0.901 0.953

59.764 90.519
0.000 0.000

GEI_XF
0.926 0.803

70.741 38.901
0.000 0.000

Source: Authors’ calculations.

Table A4. Results of linear quantile regression models for daily (logarithmic) returns.

Specification: GEI ~ MSCI_WORLD + c + ε Specification: GEI_F MSCI_WORLD_F + c + ε

Q-Tile
Slope
Coeff.

Std.
Error

t-Stat. p-Val. Q-tile
Slope
Coeff.

Std.
Error

t-Stat. p-Val.

0.1 1.0681 0.0280 38.10 0.000 0.1 1.1543 0.0167 69.05 0.000
0.2 1.0611 0.0237 44.73 0.000 0.2 1.1289 0.0188 60.03 0.000
0.3 1.0676 0.0270 39.51 0.000 0.3 1.1161 0.0235 47.43 0.000
0.4 1.0542 0.0104 101.26 0.000 0.4 1.0876 0.0255 42.68 0.000
0.5 1.0521 0.0086 121.92 0.000 0.5 1.0766 0.0246 43.75 0.000
0.6 1.0567 0.0087 121.19 0.000 0.6 1.0586 0.0239 44.34 0.000
0.7 1.0598 0.0106 99.69 0.000 0.7 1.0310 0.0234 44.04 0.000
0.8 1.0582 0.0366 28.90 0.000 0.8 1.0097 0.0337 30.00 0.000
0.9 1.0572 0.0343 30.86 0.000 0.9 0.9639 0.0331 29.15 0.000

Source: Authors’ calculations.

578



Sustainability 2020, 12, 3558

Table A5. Results of VAR (2) model for daily (logarithmic) returns of cross-sectoral indices.

Vector Autoregression Estimates

Date: 03/18/20; Time: 15:27

Sample (adjusted): 1/04/2017 3/12/2020
Included observations: 832 after adjustments

Standard errors in ( ) & t-statistics in [ ]
MSCI_WORLD GEI MSCI_EUROPE MSCI_ASIA MSCI_NA

MSCI_WORLD(-1) −0.101699 0.438906 1.481966 -0.475153 −0.317466
(0.68781) (0.77572) (0.74716) (0.51842) (0.82361)

[−0.14786] [ 0.56580] [ 1.98346] [−0.91654] [−0.38546]
MSCI_WORLD(-2) 1.372399 1.794611 0.950739 −0.246714 1.984110

(0.69243) (0.78093) (0.75217) (0.52190) (0.82914)
[ 1.98201] [ 2.29805] [ 1.26399] [−0.47273] [ 2.39299]

GEI(-1) 0.002106 −0.128624 0.060731 0.084374 −0.044455
(0.09799) (0.11052) (0.10645) (0.07386) (0.11734)
[ 0.02149] [−1.16381] [ 0.57050] [ 1.14234] [−0.37885]

GEI(-2) 0.213678 0.244558 0.341912 0.116679 0.186034
(0.09786) (0.11037) (0.10631) (0.07376) (0.11718)
[ 2.18344] [ 2.21578] [ 3.21627] [ 1.58184] [ 1.58753]

MSCI_EUROPE(-1) 0.082684 0.038537 −0.483250 0.273205 0.188152
(0.15679) (0.17683) (0.17032) (0.11818) (0.18775)
[ 0.52735] [ 0.21793] [−2.83731] [ 2.31184] [ 1.00216]

MSCI_EUROPE(-2) −0.184609 −0.271758 −0.222277 0.171777 −0.276080
(0.15919) (0.17954) (0.17292) (0.11998) (0.19062)

[−1.15968] [−1.51367] [−1.28540] [ 1.43167] [−1.44834]
MSCI_ASIA(-1) −0.001358 −0.009153 −0.063877 −0.198273 0.051226

(0.10100) (0.11391) (0.10972) (0.07613) (0.12095)
[−0.01344] [−0.08035] [−0.58218] [−2.60443] [ 0.42354]

MSCI_ASIA(-2) −0.161878 −0.203543 −0.053529 0.010038 −0.240539
(0.10034) (0.11316) (0.10900) (0.07563) (0.12015)

[−1.61333] [−1.79868] [−0.49111] [ 0.13274] [−2.00202]
MSCI_NA(-1) 0.156951 −0.190102 −0.653943 0.620200 0.175709

(0.45518) (0.51336) (0.49446) (0.34308) (0.54505)
[ 0.34481] [−0.37031] [−1.32254] [ 1.80773] [ 0.32237]

MSCI_NA(-2) −1.124681 −1.475558 −0.928551 0.103857 −1.547733
(0.45584) (0.51410) (0.49517) (0.34357) (0.54583)

[−2.46730] [−2.87019] [−1.87522] [ 0.30229] [−2.83554]
C 5.24E-05 −1.52E-05 −0.000220 4.50E-06 0.000177

(0.00028) (0.00032) (0.00031) (0.00021) (0.00034)
[ 0.18520] [−0.04772] [−0.71497] [ 0.02111] [ 0.52108]

R-squared 0.048677 0.040797 0.128270 0.313547 0.032490
Adj. R-squared 0.037090 0.029113 0.117652 0.305186 0.020705
Sum sq. resids 0.054288 0.069052 0.064061 0.030841 0.077841
S.E. equation 0.008132 0.009171 0.008833 0.006129 0.009737

F-statistic 4.200906 3.491879 12.08054 37.50032 2.756967
Log likelihood 2828.554 2728.479 2759.693 3063.787 2678.643

Akaike AIC −6.772967 −6.532402 −6.607435 −7.338431 −6.412603
Schwarz SC −6.710513 −6.469947 −6.544980 −7.275976 −6.350148

Mean dependent 1.26E-05 −8.51E-05 −0.000197 4.31E-05 9.31E-05
S.D. dependent 0.008287 0.009308 0.009404 0.007353 0.009840

Source: Authors’ calculations.
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Table A6. Results of VAR (2) model for daily (logarithmic) returns of financial sector indices.

Vector Autoregression Estimates

Date: 03/18/20 Time: 15:43

Sample (adjusted): 1/04/2017 3/12/2020
Included observations: 832 after adjustments

Standard errors in ( ) & t-statistics in [ ]

MSCI WORLD_F MSCI
EUROPE_F MSCI ASIA_F MSCI NA_F GEI_F

MSCI_WORLD_F(-1) 1.172388 2.485355 0.448605 0.910761 1.486978
(0.64743) (0.76805) (0.45719) (0.78647) (0.71161)
[ 1.81082] [ 3.23591] [ 0.98122] [ 1.15804] [ 2.08960]

MSCI_WORLD_F(-2) 0.937363 0.153216 −0.147247 1.627943 1.043191
(0.65095) (0.77223) (0.45968) (0.79074) (0.71547)
[ 1.43999] [ 0.19841] [−0.32033] [ 2.05876] [ 1.45804]

MSCI_EUROPE_F(-1) −0.361537 −0.815403 −0.113975 −0.255476 −0.315943
(0.17149) (0.20344) (0.12110) (0.20831) (0.18849)

[−2.10823] [−4.00812] [−0.94117] [−1.22640] [−1.67621]
MSCI_EUROPE_F(-2) −0.226172 −0.089775 0.041998 −0.375660 −0.187557

(0.17356) (0.20590) (0.12256) (0.21083) (0.19076)
[−1.30314] [−0.43602] [ 0.34267] [−1.78181] [−0.98319]

MSCI_ASIA_F(-1) −0.226105 −0.350117 −0.261596 −0.157644 −0.186965
(0.11558) (0.13711) (0.08162) (0.14040) (0.12703)

[−1.95630] [−2.55354] [−3.20518] [−1.12284] [−1.47177]
MSCI_ASIA_F(-2) −0.208115 −0.088294 −0.032238 −0.309130 −0.187078

(0.11588) (0.13747) (0.08183) (0.14077) (0.12737)
[−1.79592] [−0.64227] [−0.39396] [−2.19603] [−1.46879]

MSCI_NA_F(-1) −0.707879 −1.218518 −0.313872 −0.668596 −0.787334
(0.39636) (0.47020) (0.27989) (0.48147) (0.43564)

[−1.78597] [−2.59150] [−1.12141] [−1.38866] [−1.80730]
MSCI_NA_F(-2) −0.829470 −0.558734 −0.082903 −1.201396 −0.806104

(0.39393) (0.46733) (0.27818) (0.47853) (0.43298)
[−2.10561] [−1.19560] [−0.29802] [−2.51061] [−1.86176]

GEI_F(-1) 0.237019 0.162279 0.487514 0.190637 −0.088812
(0.12737) (0.15110) (0.08994) (0.15472) (0.13999)
[ 1.86089] [ 1.07400] [ 5.42026] [ 1.23214] [−0.63440]

GEI_F(-2) 0.431131 0.640572 0.304395 0.374240 0.205175
(0.12988) (0.15408) (0.09172) (0.15777) (0.14276)
[ 3.31940] [ 4.15741] [ 3.31882] [ 2.37201] [ 1.43725]

C −0.000251 −0.000471 −0.000134 −0.000143 −0.000111
(0.00033) (0.00039) (0.00023) (0.00040) (0.00037)

[−0.75512] [−1.19484] [−0.57051] [−0.35465] [−0.30352]
R-squared 0.059496 0.119386 0.264061 0.026511 0.028174

Adj. R-squared 0.048041 0.108660 0.255097 0.014654 0.016337
Sum sq. resids 0.074957 0.105489 0.037379 0.110607 0.090553
S.E. equation 0.009555 0.011335 0.006747 0.011607 0.010502

F-statistic 5.193655 11.13045 29.45820 2.235862 2.380119
Log likelihood 2694.345 2552.203 2983.807 2532.494 2615.713

Akaike AIC −6.450349 −6.108662 −7.146171 −6.061284 −6.261330
Schwarz SC −6.387894 −6.046207 −7.083717 −5.998829 −6.198876

Mean dependent −0.000298 −0.000504 −0.000156 −0.000209 −0.000213
S.D. dependent 0.009793 0.012006 0.007818 0.011693 0.010589

Determinant resid covariance (dof adj.) 5.09E-25
Determinant resid covariance 4.76E-25

Log likelihood 17394.68
Akaike information criterion −41.68192

Schwarz criterion −41.36965
Number of coefficients 55

Source: Authors’ calculations.
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