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Abstract

:

The smart city presupposes the integration of different parts—Smart Economy, Smart Environment, Smart People, Smart Living, Smart Mobility, and Smart Governance. The integration assumes the certain relations between them. There are researches considering the impact of separate economic indicators on specific smart area or solutions. Nevertheless, the authors have not come across any studies considering the mutual impact of these areas. The goal of the research is to determine the direct effects of smart economy on other smart components and the indirect (mediation) impact of general indicators of national economy on smart domains. The model was estimated using the PLS-SEM technique tested in SmartPLS-3.3.7. software. The sample included statistical data on the indicators, received from Eurostat Database and Latvian Statistical Office. Data referred to Latvia for years 2009–2019. As a result, the hypotheses that Smart Economy has direct impact on smart people, smart living, smart mobility, smart environment, and smart society were supported. The mediation effect of general indicators of national economy was confirmed only for the smart society domain; other hypotheses were rejected. The obtained results can be practically applied by the authorities responsible for sustainable development of smart areas. The results of mediation effect can be especially interesting for countries that do not present a very high level of economic development but are developing smart, sustainable cities.
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1. Introduction


The ideas of sustainable development are supported by many countries, and sustainability has become the dominating idea in ecology, consumption, economy, science, and so on. Sustainable development puts forward the requirements towards all components of human activities. One of the answers to these requirements is the development of concept of Smart City, which is an implementation of the principal postulates of sustainability.



The concept of Smart City is gaining more and more attention from scholars all over the world. Many factors contribute to this research interest: the rate of urbanization is so great [1,2] that the traditional urban area cannot stand the pressure of this growth and has to adjust to the realia, changing in the way to provide the proper sustainable standard of living and working for its citizens [3,4].



Smart ideas seem to be the answer to many contemporary challenges. In general, the ideas of being “smart” nowadays assume more dimension of being user-friendly than really intelligent [5,6]. Therefore, smart ideas could be referred not only to technologies, which are intelligent by their definition, but also to people, using these user-friendly technologies in different operations, and these operations create smart environment.



Smart ideas seem to be the answer to many contemporary challenges. In general, the ideas of being “smart” nowadays assume more dimension of being user-friendly than really intelligent [5,6]. Therefore, smart ideas could refer not only to technologies, which are intelligent by their definition, but also to the people using these user-friendly technologies in different operations, and these operations create smart environment.



Smart City assumes the integration of different parts—Smart Economy, Smart environment, Smart People, Smart Living, Smart Mobility, and Smart Governance [1,7]. The integration presupposes that all these areas are interconnected and mutually dependent.



Dirks and Keeling [8] emphasized the organic nature of the system, presupposing integration of all its parts. According to [9], it is not enough to use technologies in all subsystems that are considered to be smart by just using the state-of-the-art technologies; it is necessary to treat all these subsystems as a system operating in network. The intelligent behavior of each subsystem should be coordinated [10].



To create the coordinated approach to various smart dimensions, it is necessary to comprehend the types of relationships between the components to understand the ways of impacting each of them.



There are some studies devoted to investigation of each of these smart fields. For example, Nam and Pardo [11] considered several smart dimensions, but they did not reveal the relationships between them.



There are researches considering the impact of separate economic indicators on specific smart area or solutions. Nevertheless, the authors did not come across any studies considering the mutual impact of these areas [12,13,14].



The authors are interested especially in the impact of smart economy on other smart components since economic factors allow the allocation of resources, providing the possibilities of implementation of smart solutions.



Another investigated issue is as follows: whether the general indicators of national economy have the mediation effect on smart components; therefore, it was decided to study the impact of the set of economic indicators referred to smart economy with mediation of general indicators of national economy on other smart domains.



The goal of the research is to determine the direct effects of smart economy on other smart components and the indirect (mediation) impact of general indicators of national economy on smart domains.



The scientific novelty of the research lies in the approach: to estimate not the interrelations of separated smart issues but to see the impact of smart economy on all other smart areas.



Considering the impact of general indicators of national economy not directly but as mediation of smart economy is also new.



The authors also see the significant practical value of this research. If the research demonstrates that smart economy has the effect on other smart components, these effects can be used in the process of developing other smart areas. The authorities and organizations responsible for the smart fields can use the specific tools of progressing smart economy, and smart economy, in its turn, will improve the situation in other smart areas.



Therefore, the obtained results might be interesting for many countries, promoting the smart areas both developed and developing. We tested whether general economic indicators can indirectly facilitate the impact of smart economy on other smart areas. It allows understanding how to use the economic indicators for stimulation of smart concept development, and it could give weight to the idea that countries with different levels of economic development can achieve success in developing smart areas. Certainly, these assumptions would require additional study, predetermining the possible future researches.



The research consists of the following sections: Literature Review, Setting the Hypotheses, Methods, Results, and Discussion and Conclusions.




2. Literature Review


Smart economy is the area where the new economic phenomena take place. The standard scheme that has been working for ages stops functioning properly, and new forms of economic relations appear [15]. As a result, for example, it is more beneficial to use resources without ownership. A small company that has almost no fixed capital can show better results in financial operations than the powerful banks due to sharing but not owning the facilities [16]. We live in the era of smart economy and must recognize, understand, and use these new realia.



According to IGI Global [17], the main principles of smart economy are based on the resource efficiency. This efficient usage of resources is achieved via technological innovations. Therefore, the smart economy will facilitate the innovative development and contribute to sustainability, and this environment will create a beneficial situation for social welfare [18].



Smart economy uses IT solutions for achieving efficiency and for identifying the problems; it uses the collected data for making decisions, for allocating the resources with efficacy, and for enabling the cooperation across various domains [9].



Smart economy is an environment for facilitated development of e-business and e-commerce and new opportunities for entrepreneurs [14]. The innovations and innovative activities become the constituent part of the concept of a smart future based on sustainability and environmental protection, high level of scientific researches, and creative approaches to the processes [19,20]. Smart economy must be efficient, providing the necessary balance of costs and benefits [21,22]



Balaceanu et al. [23] summarized that economy becomes smart due to more dynamic operations, more competitive performance, and innovative entrepreneurial activities.



As we see, the scholars mention the impact of smart economy on other areas of life, but their studies do not contain any investigation of these relationships. Therefore, in order to not produce normative and declarative statements, it is necessary to study these connections.



The researches dealing with Smart People suppose them to be creative, flexible in all areas of their lives, and integrated into society, having highly developed professional competences and skills, actively participating in all initiatives, and always ready to learn [24,25,26,27,28,29]. These features can be implemented only in the case when the economy of the country really requires them, and we can assume that the smart economy will have a specific impact on the area.



According to the European Environment Agency [30], Smart Mobility provides access to national and international transport systems, including the possibilities and safety of mobility, and these should be based on innovations and new technologies. Moreover, the solutions in the area of smart transportation must be efficient [31,32,33]



The authors have not found any researches directed on detecting the impact of smart economy on smart mobility, but even the description of the smart mobility area proves that these smart innovations and smart technologies should be produced, and they are produced by an economy that is also smart. Therefore, the impact of smart economy on the field might exist.



The concept of Smart Living comprises such areas as safe and convenient living environment, efficient technological and user-friendly communication, the balance of working and non-working hours, contributing to the possibilities of development of people, technological home environment, and the efficient use of resources and convenience of people [34,35,36,37,38,39].



In general, when the researchers describe smart domains, they usually separate “Smart Governance”. They usually consider the participation of the population in decision-making processes and the transparent and democratic way of authorities working, which is achieved via the creation of public services [40,41].



Nevertheless, this research does not consider Smart Governance. It is due to the lack of available data on the required indicators. However, some indicators, on which information is available, are included in the study. It was decided to use the domain “Smart Society”, comprising the available indicators on Smart Governance (female and youth participation and availability of e-public services) and also the indicators, which are difficult to ascribe to any one “smart” area, and simultaneously, they determine the wellness of people in smart environment, such as indicators of risk of poverty, indicators of health system, and women and youth inequality indicators. As a result, the section regarding Smart Society has the largest number of indicators.



The part of the indicators considered in this section has an economic nature; it can be very interesting to investigate the impact of smart economy on this domain.



Smart Environment refers, first of all, to sustainability in resources use, allocation and management, protection of nature, and decreased pollution and is oriented toward preservation of green areas [38,42,43]. Here, it is possible to mention the valuable contribution of all the researchers in investigating energy fields, new sources of energy, and the possibility to decrease energy consumption as one of the touchiest issues in the con-temporary world [36,44,45,46].



Another very important area of Smart Environment is waste management, which can be considered as a significant stage of circular economy. On the one hand, waste is a real threat for the environment, and smart organization of waste treatment is very important for area preservation. On the other hand, new technologies allow simultaneous economic development and nature protection; for example, today’s waste is a very promising resource for tomorrow. The contemporary technologies allow turning piles of waste into useful production factors, contributing both to clean environment and smart allocation of resources. However, the process of waste management should be very smart to achieve the ambitious and challenging aims that have been put forward by Smart Environment domain [47,48,49,50,51]. It is possible to speak about other indicators and fields representing Smart Environment, for example, utility services [38,52,53], but any field of the environment must use the tools of smart economy for promoting smart solutions in the environmental sphere. Smart solutions in environment can provide energy efficiency and improve manufacturing capabilities [54], mitigate the negative impact on nature [55], and decrease carbon footprints [56]; in general, ecology is in the center of all decisions, and the researchers pay the greatest attention to the ecological factors in all their studies and their practical implementation [57].



However, many scholars suppose that economic development has a negative impact on the environment. For example, Shaheen et al. [58] stated that the FDI (Foreign Direct Investments) have negative impact on environment; Ahmed et al. [59] were certain that the abundance of natural resources has a destroying impact on the environment; and Yasmeen et al. [60] assumed the general negative impact of development on the natural environment.



As we can see, the relationship between economy and environment is a contradictory issue, and therefore, it is especially interesting to see the impact of smart economy on smart environment.



As a result, these six smart domains considered by many scholars in their studies will be investigated for their interrelations in this research.




3. Setting the Hypotheses


The goal of the research is to analyze the impact that Smart Economy has on other smart areas. Therefore, the first set of hypotheses refers to the direct effect of smart economy.



Hypothesis 1 (H1).

Smart economy positively affects Smart People domain.





Hypothesis 2 (H2).

Smart economy positively affects Smart Society domain.





Hypothesis 3 (H3).

Smart economy positively affects Smart Environment domain.





Hypothesis 4 (H4).

Smart economy positively affects Smart Living domain.





Hypothesis 5 (H5).

Smart economy positively affects Smart Mobility domain.





Another set of hypotheses refers to the assumption that the general indicators of national economy can serve as mediators for smart economy and facilitate its influence. Smart economy is a constituent part of national economy; the level of economic development and economic indicators can affect all the processes in the country, including the smart ones. Therefore, the set of indicators of national economy was taken as a mediator for smart domains.



Hypothesis 6 (H6).

National economy indicators serve as a mediator for Smart Economy and Smart People domains.





Hypothesis 7 (H7).

National economy indicators serve as a mediator for Smart Economy and Smart Society domains.





Hypothesis 8 (H8).

National economy indicators serve as a mediator for Smart Economy and Smart Environment domains.





Hypothesis 9 (H9).

National economy indicators serve as a mediator for Smart Economy and Smart Living domains.





Hypothesis 10 (H10).

National economy indicators serve as a mediator for Smart Economy and Smart Mobility domains.





These hypotheses were set within the frameworks of the proposed research conceptual model (see Figure 1).




4. Materials and Methods


4.1. Data


The goal of the research is to analyze the impact of smart economy on such smart domains as smart people, smart mobility, smart society, smart environment, and smart living.



Each domain comprises the traditional components:




	
Smart Economy: turnover of SMEs due to e-commerce, employment in knowledge-intensive areas, ICT staff as percentage of total employment, ICT input in GDP, individual online consumption in the domestic market and in the EU countries, import of ICT products, and fixed assets as a percentage of GDP [16,17,18,19,20];



	
Smart People: Human Development Index, adult learning, number of students, expenditures on education, schooling years, number of higher educational establishments, % of 18-year-old students, and percentage of people often using the internet [24,25,26,27,28,29];



	
Smart Environment: air emissions, resource productivity, expenditures on environment protection, hazardous waste, hazardous pollutions of different types, emissions of heat plants and producing industries, various air pollutants, and share of electricity from renewable sources [38,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57];



	
Smart Society (combines the indicators of Smart Governance and the traditional indicators of sustainable society): female employment in technological industries, inequality in education, social protection expenditures, female graduates from the universities, gender inequality index, youth participation, availability of e-public services, indicators of risk of poverty (Gini and Quintile indices), expenditures on health system, youth inequality indicators, and decreased access to the internet due to the cost factor [40,41,61];



	
Smart Living: working hours, proportion of leisure and working hours, consumption expenditures of households per capita in PPS, vulnerable employment, rate of urban population, and level of crime [34,35,36,37,38,39];



	
Smart Mobility: passenger transportation, green gas emissions in transportation, share of renewable sources in fuel consumption, number of transport-sharing companies transportation of goods, death numbers on the roads, and investments in road infrastructure [30,31,32,33];



	
“Mediator” variable contains the general indicators of economy development, such as GDP, GDP growth (to year 2010), energy consumption per capita, rate of unemployment, rate of self-employment, and rate of inflation (consumer price index) [61].








All the data are standardized.



The authors used data from Eurostat Database and Latvian Statistical Office. The timespan was for year 2009–2019. All the data refer to Latvia.




4.2. Model


The conceptual structure of the model of the study is presented in Figure 1. The process of analysis comprised the specification of structural model according to the set goal and hypotheses and then the estimation of the latent variables and structural model [62,63].



All the constructs in this model are reflective. The mediator, consisting of indicators of national economy, is a formative construct as it often happens in economics. According to [64,65], the formative latent variables refer to independent indicators. The factors in this variable do not belong to a common theme [66,67]. The indicators in this model should be referred to the reflective ones.



Then, the effect of mediation was estimated using the PLS-SEM technique [68,69].



The choice of PLS-SEM technique is based on the fact that this research is devoted to the stage of exploration of the theory but not testing the existing one. While CB-SEM is mostly used to test and confirm the existing theories, PLS-SEM is a good causal-predictive technique, mostly oriented on the explanation of the variance in independent variables. However, the most significant reason to use PLS-SEM and not CB-SEM is small sample in this research [70,71]. Moreover, according to Iqbal et al. [63], the researchers often use this method for studying the innovative knowledge areas [72,73,74].



This method allows studying simultaneously direct and indirect mediating relations of the constructs [75], which is very suitable for the purposes of this research. This method permits analyzing the key components in combination with path analysis based on regressions [76,77], which makes it possible to estimate the cause–effect models and use them for forecasting the specified construct behavior [77,78,79].



The number of iterations was 8.




4.3. Software


The authors used the partial least square structural equation modeling (PLS-SEM), which is the tool for analyzing data, and it is very often used in social sciences [75,80,81]; it is also used for small sample size and involves complex model structures [65,75,82]; the model was constructed using the software Smart PLS-3.3.7. PLS-SEM. The statistical significance α was taken at the value of the criterion p < 0.05.




4.4. Research Process


One of the most widely-used methods for structural equation modeling is the partial least squares regression. The first step presupposes the evaluation of validity and reliability of the model, and the second step is the interpretation of the structural model [83].



The first stage comprises the estimation of measurement model [84,85]. It includes testing indicators’ reliability, internal consistency, and convergent and discriminant validity and the measurement of indicators loadings and weights [86]. The second stage includes predictive relevance and path coefficients at [74].



All the indicators with factors weights/loadings lower than 0.50 were removed from the model. For example, Hair et al. [84] used even stricter criterion—loading must be more than 0.708. However, in this research, we left 3 indicators with the loadings of 0.648, 0.654, and 0.689 since these factors are important for the model, and their exclusion from the model will decrease the value of it. According to Rahi [86], it is possible if the elimination of the factor does not increase CR [87].



The model was checked for multicollinearity using the Variation Inflation Factor (VIF). The threshold of 10.00 was taken for this analysis [88]. The convergent validity was measured with employment of the Average Variance Extracted (AVE) methods, which is above 0.5 and explains more than 50% of indicators’ variance. The internal consistency was measured for the model in this research, using ρA, which is “approximately exact reliability measure of the PLS-SEM composites” [74]. The authors also used the Composite Reliability (CR) for evaluating the reliability, which is supposed to be the most “liberal” criterion of reliability measure [65,74]. The researchers determine the different values as acceptable ones for different types of studies. For example, for exploratory purposes CR should be more or equal to 0.6 [65,89,90].



If the goal of the study is to confirm the existing ideas, then CR should be ≥0.7 [76] or ≥0.8 [91,92]. This study is an exploratory one; almost all the CR values are more than 0.6. The discriminant validity is measured for reflective model and shows the contrast be-tween variables and how one variable is distinct from another. If we investigate the questions, it is a very important to see the difference between the groups of questions. In case of this research, the difference between the constructs is obvious by their nature, but the authors examined the model using Fornell–Larcker criterion and cross loadings [93]. We also applied HTMT.



Research also included determination of f2 and Q2, which also demonstrate the quality of the model.



Next step was testing the hypotheses H6–H10. Since the mediation effect was analyzed for these hypotheses, it was necessary to measure the direct and indirect effects and also total effect, which is the sum of the aforementioned two [65,94,95].





5. Results


5.1. Testing the Quality of the Constructs


First, the model components were checked for factors weights/loadings. As a result, indicators with low weights/loadings were removed from the latent variables. The indicators, which were included in the model, and their loadings are shown in Table 1. The third column of this table shows the indicators that were removed from the model.



The model was checked for multicollinearity with the threshold of 10.00. The values of Cronbach’s alpha are not good, but some researchers insist that it is “conservative measure” ([65], p.64), and it underestimates the internal consistency ([65], p. 63), [86,89,96].



The results of applying Composite Reliability (CR), ρA, and Average Variance Extracted (AVE) are shown in Table 2. These methods prove that the construct explains the variance and not errors. Determination coefficients also demonstrate that the chosen variables have a high level of explanation by the model.



As we can see, the composite reliability values are not good enough for Smart People and Smart Society, as they are lower than the threshold 0.6; and they are not quite good for Smart Living although it is above 0.6. It demonstrates the low degree of internal consistency of these latent variables. The indicators determining these constructs are very different; for example, Smart People construct is described by the number of adult learners, expenditures on education, and number of people without higher education; the construct Smart Society consists of indicators of female employment in technological industries, inequality in education, gender inequality index, and social protection expenditures. As we understand, the indicators are not homogenous; AVE and rho A are good for these constructs.



The model was checked for f2, demonstrating the effect on R2 when the exogeneous variable is excluded from the model. According to Cohen [97], f2 ≥ 0.02 presents a small effect, f2 ≥ 0.15—medium, and f2 ≥ 0.35—large. This value shows the proportion of variance, which is not explained [98].



The results of our model are in Table 3, and they represent the values higher than 0.02 but lower than 0.15. As we see, the effect is low, and the proportion of not explained variance is not large. It is large only for the construct Smart Society.



The next important analysis is predictive relevance.



The predictive relevance is measured via cross-validated redundancy Q2. This measure estimates the parameters, which were omitted from the model; the omitted parts were estimated, and the difference between original and predicted value was measured. the smaller this difference is, the higher the value of Q2. Q2 higher than zero is taken as relevant ones, but the higher Q2 is, the higher the predictive accuracy of model measurements. According to the rule of thumb, the following values determine the predictive relevance: Q2 > 0, 0.25—small, and Q2 > 0.50—medium and large [84,99]. It shows whether the values are well reconstructed within the model [100,101]. Q2 was received from the Run Blindfolding procedure in SMART-PLS.



The obtained results are shown in Table 3.




5.2. Hypotheses Testing


The hypotheses set in this research were tested with path coefficients, calculated within a bootstrapping algorithm in Smart PLS-3.3.7. PLS-SEM software.



As a result, all hypotheses of the first set were supported:



H1: 

Smart economy positively affects Smart People domain.





H2: 

Smart economy positively affects Smart Society domain.





H3: 

Smart economy positively affects Smart Environment domain.





H4: 

Smart economy positively affects Smart Living domain.





H5: 

Smart economy positively affects Smart Mobility domain.





The obtained model can be seen in Figure 2, and the values of descriptive statistics for these hypotheses are presented in Table 4.



The values in the circles demonstrate the coefficient of determination R2. As we see, all domains are well explained by the indicators. Yellow circles represent the smart domains, which are affected by Smart Economy. The values on the arrows show the path coefficients, and values in parentheses demonstrate p-values. The path coefficients demonstrate strong interrelations between the variables. The p-values for all domains are below the required criterion p < 0.05. The hypotheses H1–H5 are confirmed.



For testing hypotheses H6–H10 and the mediation effect of indicators of national economy, the direct, indirect, and total effects were measured. After analyzing these effects, only one hypothesis, H7, was confirmed; other hypotheses were rejected. National economy has a mediating effect on Smart Society and does not have a reliable effect on other smart components.



The values of the bootstrapping algorism are demonstrated in Table 5.



As we see, the obtained values determine the moderating effect of the factors of national economy:



H7: 

National economy indicators serve as a mediator for Smart Economy and Smart Society domains.





All other hypotheses (H6, H8, H9, H10) should be rejected.



The descriptive statistics for specific indirect effects are presented in Table 6.



As we see from the table, the descriptive statistics shows that Mediator affects Smart Society and does not have impact on other constructs. The indirect moderating impact for them is not confirmed. The results of testing hypotheses H6–H10 are presented in Figure 3.



Therefore, the research reveals the impact of Smart Economy on all smart components and demonstrated that the general indicators of national economy have a mediation effect only on Smart Society domain.





6. Discussion


The concept of smart development presupposes that all areas of life should function in balance, and also, it assumes their mutual interdependence.



The research was conducted to determine the direct effects of smart economy on other smart components and the indirect (mediation) impact of general indicators of national economy on smart domains. The topic seems to be interesting since the smart domains are not functioning individually, but they create a system, each subsystem of which is capable of changing the whole performance. We can assume that this system of smart components works as a complex, self-developing (evolutionary) system [102], but it was not considered in this article although it can present a great interest for future researches. However, it was decided to investigate the interrelations between smart economy and other smart components.



The authors did not find studies devoted to this issue although the internal relations between smart economy and other smart areas should exist. All smart areas are based on the use of technologies and innovations, and their development on such a scale is possible only in the case of proper development of a smart economy, which presupposes the involvement of economic resources in the necessary amount in smart technologies and innovations.



The research revealed the impact of smart economy on smart people, smart living, smart mobility, smart environment, and smart society. We could expect this result since the new processes in economy, which we call smart processes, have become a substantial part of all spheres of our contemporary life. The existence of new forms of economy, functioning on the basis of knowledge, technologies, and innovations, require people to correspond to these new tendencies, and people are pushed to become smarter. Almost for sure, we can assume that it is correct also in opposite direction: the progress in people’s education, knowledge, skills, and, most importantly, approaches and attitudes contribute greatly to the development and progress of smart economy. These interrelations were not considered in this research; however, the topic is interesting and can become the subject of future studies.



Smart economy inevitably should influence smart living since the level of technological development allows decreasing the working hours and change the proportion of leisure time and work for people, and this is supported by the examples of the countries having smart cities, influencing the standards of living, and creating new consumption habits and new way of thinking.



Smart mobility is very dependent on investments in new infrastructure and new technologies and should satisfy the increased needs of smart people and green smart environment. The creation of these technologies is possible only on the basis of new smart economy, and the dependence is quite predictable.



Smart society in this research combines the “traditional” smart domain—smart governance—and social indicators. The authors suppose the social indicators could be referred to smart living, but these indicators are so closely connected to the areas usually related to smart governance that it was considered to place these indicators in the construct “Smart Society”, combining the indicators of smart governance and social indicators. These indicators describe the various types of inequality in the society, and government traditionally takes responsibilities for these areas. Due to responsibility of authorities for these processes, the existence of relations between this domain and smart economy was assumed as not unambiguous, and it was expected there might be no relationship. However, the relationships exist. New economic structures have become the integral part of life and affect even the areas that are traditionally supposed to be under governmental control.



The study revealed the relationship between smart economy and smart environment. On the one hand, it could be expected that the development of smart economy has a positive effect on Smart Environment since it uses innovative ecology-friendly technologies. There are even studies that suppose that the intensive use of resource can decrease the ecological footprint [103,104,105].



These studies are confirmed by the obtained results: smart economy positively affects smart environment domain.



It might be expected that general indicators of national economy have a negative impact on environment; many authors consider the negative impact of economic activities on the ecological situation, for example, via carbon footprint [106,107,108].



According to Ivlev and Ivleva [57], Baloch et al. [109], Hassan et al. [110], and Sarkodie [111], intensive economic activities result in the expanded extraction of natural re-sources, destroyed natural habitat, and significantly increased pollution of the natural environment. However, this research did not show the effect of national economy on the environment.



Great practical value could result from the determination of the role of general indicators of national economy in the influence on the smart areas. The mediation effect of national economy as revealed for the domain of Smart Society and not observed for all other variables.



The mediation effect of national economy on smart society is positive; it facilitates the impact of smart economy on this variable. If we look at betas, we will see, that the beta of direct impact is not substantially bigger than the beta of indirect specific effect (0.497 and 0.442, correspondently); nevertheless, the total effect is significant, and the variables facilitate influence on the domain. The development of society can be under almost equal influence of national economy and smart components of economy. Countries can use both opportunities for developing this domain.



The absence of a mediation effect of national economy on other smart domains provides additional opportunities for developing countries, which have the possibility to advance smart areas without the negative influence of the lack of well-developed national economies. This conclusion is supported by example of many developing countries having some highly advanced smart areas.



Smart components are developed in many countries all over the world. There are many studies devoted to “smart” issues in both developed and developing countries. The results of this study can facilitate the development of smart areas in developing countries, allowing them to concentrate the resources in the peculiar areas and use them for advancing specific components that facilitate the smart processes.



Research Problem


The model has low indicators of discriminant validity by HTMT method. According to this algorithm, the latent variables are similar to each other. Nevertheless, we assume this “similarity” to be false, which is very similar to the discussions of spurious correlations (for example, [112]). We can see the similarity between female employment in technological industries and air pollution, share of SMEs turnover due to e-commerce, and people without higher education. The indicators included in the model are different in their nature. The economic development presupposes that all spheres of human life change with the development of society and economy, and they have the same trend. For example, it is possible to say that the progress of economy results in more active use of resources and increased production, which obviously increases the air pollution. Simultaneously, new trends in economy require more specialists in technological spheres, and their number increases with the development of economy, and inevitably the number of women employed in this industry will increase even if their proportion does not change. The trend is obvious, as both “increases” are connected with a third factor—economic development—but they are not interconnected. The latent variables look similar to each other, but they cannot interchange with each other since they describe different areas of life.



The presented research has some restrictions. The study reveals the interrelation of the components within one country—Latvia. Latvia represents CEE countries and has rather good indicators of “smartness” [16]. Nevertheless, the fact that the research comprises only one country is a limitation.



Another fact that can be considered as a restriction of this study is the set of indica-tors used for analysis. The authors adopted the indicators that are shown by the prominent scholars. Nevertheless, there are no fixed lists of indicators referring to a certain smart area, and the factors may vary depending on the researcher’s approach, country, area of study, etc. Therefore, similar studies can be conducted with another set of indicators, and the obtained results might be different.



The next research limitation is the rejection of the domain Smart Governance; this decision was made due to lack of available information on the required indicators for all years. Instead of this domain, the authors considered the domain Smart Society, which comprises the available indicators determining Smart Governance and also other indicators demonstrating the smartness of social environment and affecting human life.





7. Conclusions


The research is devoted to the determination of the relationships between smart economy and other smart areas and also to revealing the mediation effect of the general indicators of national economy.



Two sets of hypotheses were put forward as follows: the first set revealed the direct impact of smart economy on other smart domains, and the second determined the mediation effect of general indicators of national economy.



All the investigated domains present the high-quality constructs. The obtained models also demonstrate high quality.



For testing the first set of hypotheses, the bootstrap algorithm was applied. As a result, the hypotheses H1–H5 were confirmed: Smart Economy has an impact on Smart People, Smart Society, Smart Living, Smart Mobility, and Smart Environment.



Testing the second set of hypotheses demonstrated that national economy indicators have a mediation effect on Smart Society only (H7); other domains do not feel the mediation effect of indicators of national economy. Hypotheses H6 and H8–H10 were rejected.



The results of the research have the practical value since they allow the countries concentrate the efforts on the smart economy area, which, in its turn, will influence and facilitate the development of other smart domains.



The rejected hypotheses of the second set can present a special interest for the group of developing countries or countries with some economic problems. The results demonstrate that the indicators of national economy have no mediation impact on smart areas. Therefore, the countries that lack truly strong national economies still have opportunities for the development of smart areas.



The research has formed a great field for the following further studies: assumption that smart city is a complex, self-developing system; determining the impact of smart people domain on smart economy; and further research on relations of smart economy and other smart domains and so on.
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Figure 1. The proposed research conceptual model. Source: Figure is generated by the authors. 
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Figure 2. Visual representation of the obtained model. Source: Figure generated by the authors. 
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Figure 3. Visual representation of testing the second set of hypotheses. Source: Figure generated by the authors. 
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Table 1. Indicators of the model, their loadings, and p-values.






Table 1. Indicators of the model, their loadings, and p-values.





	
Indicators Included in Construct

	
Loadings

	
Indicators Excluded from the Construct






	
Smart Economy




	
turnover of SMEs due to e-commerce

input of ICT industry in GDP

employment in knowledge-intensive areas

	
0.890 (0.000)

0.945 (0.000)

0.765 (0.000)

	
individual online consumption,

import of ICT products,

fixed assets as % of GDP,

ICT staff as percentage of total employment




	
Smart Mobility




	
passenger transportation

green gas emissions from transport

share of renewable sources in fuel consumption

transportation of goods

	
0.799 (0.001)

−0.654 (0.022)

0.922 (0.000)

0.962 (0.000)

	
deaths number on the roads, investments in road infrastructure,

number of transport sharing companies




	
Smart Living




	
working hours

consumption expenditures of households

rate of urban population

	
−0.648 (0.018)

0.943 (0.000)

0.969 (0.000)

	
proportion of leisure and working hours,

proportion of leisure and working hours,

vulnerable employment,

level of criminal activity




	
Smart Environment




	
resource productivity

hazardous waste,

share of electricity from renewable sources

	
0.952 (0.000)

−0.888 (0.000)

0.968

	
emissions of heat plants and producing industries,

hazardous pollutions,

air emissions,

expenditures on environment protection




	
Smart Society




	
female employment in technological industries

inequality in education

female graduates of the universities

gender inequality index

social protection expenditures

	
0.914 (0.000)

−0.757 (0.000)

0.802 (0.000)

−0.816 (0.000)

0.929 (0.000)

	
gender inequality index,

youth participation,

availability of e-public services, indicators of risk of poverty (Gini and Quintile indices), expenditures on health system, youth inequality indicators, decreased access to the internet due to the cost factor




	
Smart People




	
adult learning

people without higher education

expenditures on education

	
0.831 (0.000)

−0.925 (0.000)

0.946 (0.000)

	
Human Development Index,

schooling years,

number of higher educational establishments,

number of students,

% of people using the Internet




	
Mediator




	
rate of unemployment

concentration index

energy consumption per capita

	
−0.689 (0.013)

0.925 (0.001)

0.727 (0.004)

	
GDP per capita,

GDP growth (to year 2010),

rate of self-employment, consumer price index,

import if ICT products








Source: Table generated by the authors based on Smart PLS-3.3.3. PLS-SEM software.
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Table 2. Values of model measurement.






Table 2. Values of model measurement.













	Variable
	CR (>0.600)
	ρA
	AVE (>0.500)
	R2
	R2 adj.





	Mediator
	0.449
	0.770
	0.620
	0.820
	0.800



	Smart Economy
	0.903
	0.844
	0.757
	
	



	Smart Living
	0.681
	0.916
	0.709
	0.931
	0.913



	Smart People
	0.564
	0.913
	0.813
	0.949
	0.936



	Smart Society
	0.448
	0.917
	0.717
	0.923
	0.904



	Smart Environment
	0.750
	0.941
	0.880
	0.906
	0.883



	Smart Mobility
	0.780
	0.983
	0.710
	0.679
	0.598







Source: Table generated by the authors based on Smart PLS-3.3.3. PLS-SEM software.
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Table 3. Values of f2 and Q2.






Table 3. Values of f2 and Q2.










	Variable
	f2
	Q2





	Mediator
	
	0.460



	Smart Living
	0.142
	0.599



	Smart People
	0. 103
	0.716



	Smart Society
	0.555
	0.609



	Smart Environment
	0.078
	0.745



	Smart Mobility
	0.067
	0.363







Source: Table generated by the authors based on Smart PLS-3.3.3. PLS-SEM software.
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Table 4. Total path significance testing by bootstrap algorithm for hypotheses H1, H2, H3, H4, and H5.






Table 4. Total path significance testing by bootstrap algorithm for hypotheses H1, H2, H3, H4, and H5.





	Path
	Original Sample
	Sample Mean
	STDEV
	T-Statistics
	p-Value





	H1: Smart Economy → Smart People
	0.816
	0.777
	0.194
	4.200
	0.000



	H2: Smart Economy → Smart Society
	0.497
	0.500
	0.269
	1.848
	0.033



	H3: Smart Economy → Smart Environment
	0.766
	0.756
	0.260
	2.943
	0.002



	H4: Smart Economy → Smart Mobility
	1.124
	1.016
	0.564
	1.992
	0.023



	H5: Smart Economy → Smart Living
	0.754
	0.725
	0.278
	2.714
	0.004







Source: Table generated by the authors based on Smart PLS-3.3.7. PLS-SEM software.
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Table 5. Testing hypotheses H6–H10: Direct, Indirect, and Total Effects (bootstrap algorithm).






Table 5. Testing hypotheses H6–H10: Direct, Indirect, and Total Effects (bootstrap algorithm).





	Path
	Path Coefficient

(Direct Effect)
	Specific Indirect Effect
	T-Statistics

(for Sp. Ind.Eff.)
	p-Value

(for Sp. Ind.Eff.)
	Total Effect





	SEc → Mediator → SP
	0.816
	0.155
	0.855
	0.197
	0.971



	SEc → Mediator → SS
	0.497
	0.442
	1.775
	0.033
	0.938



	SEc →Mediator → SL
	0.754
	0.207
	0.799
	0.218
	0.961



	SEc → Mediator → SM
	1.124
	−0.314
	0.596
	0.276
	0.811



	SEc → Mediator → SE
	0.766
	0.182
	0.720
	0.236
	0.948







Source: Table generated by the authors based on Smart PLS-3.3.3. PLS-SEM software.
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Table 6. Some descriptive statistics values.






Table 6. Some descriptive statistics values.





	Variable
	Original

Sample
	Sample

Mean
	Stand.

Deviation
	T-Statistics
	p-Value





	SEc → Mediator → SP
	0.155
	0.189
	0.182
	0.855
	0.197



	SEc → Mediator → SS
	0.442
	0.440
	0.249
	1.775
	0.038



	SEc →Mediator → SL
	0.207
	0.231
	0.266
	0.799
	0.218



	SEc → Mediator → SM
	−0.314
	−0.192
	0.527
	0.596
	0.276



	SEc → Mediator → SE
	0.182
	0.191
	0.253
	0.720
	0.236







Source: Table generated by the authors based on Smart PLS-3.3.3. PLS-SEM software.
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