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Abstract

:

Industry 4.0 (I4.0) approaches, frameworks, and technologies have gained an increasing relevance in order to gain sustainable and competitive advantages for industrial enterprises and for small and medium enterprises (SMEs), as well. Contrary to previous studies, which are mainly focused on companies, we conducted a questionnaire-based survey on inhabitants, in an attempt to examine general awareness about I4.0 concepts, in the region of South India. Our findings revealed a rather poor informational level of I4.0 concept and its components, which consequently leads to inadequate future actions and expectations. Moreover, respondents with prior information about I4.0 framework tend to have rather positive opinions and expectations of possible future trends. We emphasize that insufficient knowledge of the potential workforce regarding I4.0 concepts, especially in a region with ascending demographic development, can be considered as one of the main barriers for a successful and sustainable future development towards the 4th industrial revolution.
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1. Introduction


In recent years, as a consequence of business and social evolution, a multitude of modern topics emerged, and therefore gained tremendous attention, in the areas of manufacturing, logistics, and organizational development of small and medium enterprises (SMEs), as a consequence of an ongoing business and social evolution. Megatrends, such as globalization, demographics’ dynamics, mass customization, technological progress, or climate change, lead to tremendous challenges for both society and the business sector. As a reaction to this very complex and volatile business environment, various strategic initiatives have taken place all over the world, in order to keep pace with the exponential technological development and to achieve sustainable future growth, for example, the “Made in China 2025”, Germany’s “High Tech Strategy 2020”, or the US’s “Industrial Internet Consortium” [1]. The aim of these projects is to develop and implement future concepts, frameworks, and technologies (e.g., Internet of Things or Industry 4.0) in order to make industries more effective, competitive, sustainable, and to produce higher value added [2] while minimizing negative impact on environment. Considering the costs, Industry 4.0 initiatives could also improve enterprises’ costs management [3,4,5].



In this study, the authors focus on Industry 4.0 (I4.0) as the most promising concept from both social and manufacturing–orientated point of view. Over the past years, we faced a strong advance of technology among almost all industrial sectors. New business propositions and applications within the business systems were enabled given the new technologies. As Thestrup et al. [6] stated, the systematic gathering of physical and virtual data from users, sensors, or devices, emerged. The so called “Internet of Things” (IoT) [7] was defined as a world-wide network of such objects communicating and operating through standardized communication protocols. However, IoT was recognized after the ITU1 report [8], describing IoT as ability of connecting everyday objects, meaning that people will be able to communicate with objects, the same as objects will be able to communicate among themselves. Prerequisite to such communication is advanced wireless technology (identification technologies and sensors). Logically, IoT can be diversified to Industrial IoT and Commercial IoT, while I4.0 expects all those parts to be interconnected and communicating.



To simplify, the goal of IoT infrastructure is to enable participants (people and objects) to be more flexible, to react appropriately and autonomously, thanks to an information sharing network. Harbor Research [9] suggests that two major strands of technological development emerged in the beginning of the 21st century; first is the mentioned IoT, and secondly, “Internet of People” (IoP, or social networking). These interconnected devices, processes, machines, products, etc., will have significant impact on enterprise’s life cycle, efficiency, functioning, and consequently, on the broader economy [10].



To conclude, Sundmaeker et al. [11] defines the IoT as an integrated part of ’Future Internet’, or a “dynamic global network infrastructure with self-configuring capabilities based on standard and interoperable communication protocols where physical and virtual ’things’ have identities, physical attributes, and virtual personalities and use intelligent interfaces, and are seamlessly integrated into the information network”. Internet of Things, as an essential part of I4.0 concept, is already partially adopted by households, with aim of creating a “smart house”, despite the fact that not every gadget is appropriately connectable yet [12]. The same problem can be observed among enterprises, especially in the area of SMEs. It assumed that the main barriers for becoming “smart” are insufficient education and little knowledge [10].



Moreover, interconnected objects and subjects are just one prerequisite for the so called “4th industrial revolution”, where cyber and physical levels should merge [3]. The term Industry 4.0 points to the 4th industrial revolution, and was firstly presented on Hannover-Messe (one of the biggest international trade fairs, oriented on new and smart technologies) in 2011, while it also indicates the initiative of the German government to improve the environment in the manufacturing sector using new technologies (information regarding the concept was brought up in 2014 at the World Economic Forum in Davos [13]). According to BITKOM (Germany’s digital association, founded in 1999 as a merger of individual industry associations in Berlin, representing more than 2500 companies in the digital economy, among them 1000 SMEs, all 400 start-ups), the 4th industrial revolution should allow control over the entire life cycle of the product and value stream, therefore redefine organization entirely. With respect to efficiency oriented on cost-savings and complexity reduction, Modrak and Bednar [14,15] conclude that I4.0 environment will initiate mass customization, mainly because of the ability of each entity throughout the value stream to communicate and identify itself. All these visions and concepts are meant to be environmentally, economically, but mainly socially sustainable. Thestrup et al. [6] also report to the importance of value creation and value constellations for developing the sustainable business models in industrial services. Sustainable development towards I4.0 is however a very complex issue. Leaving a now technical standpoint, we emphasize non-technical aspects of proposed changes within the industries.



As Slusarczyk [16] suggests, the 4th revolution differs from previous revolutions, because it will apply to all aspects of everyday lives, as a consequence of environment, where information will be exchanged between objects, between people, and between people and objects. In other words, real-time data exchange and horizontal and vertical integration of production systems are the main pillars of I4.0 [17], along with cyber security, autonomous systems, capability of analyzing large data sets, virtual reality, and cloud computing. Undoubtedly, such changes would require managerial decisions firstly, due to inevitable initial costs linked to such new technological equipment. Schröder et al. [18] leaves an open question, whether it is even worth implementing I4.0, especially for SMEs, despite the consensus we find among authors describing reduced costs and more efficient processes and environment as a consequence of I4.0. We argue that such dynamics within the industries should be examined deeply, and various elements of sustainable development, not only the economic point of view, should be evaluated [19,20]. The opposite to mentioned cost-saving and cost-reducing is initial need of significant financial expenditures, that are in many occasions out of reach for companies, especially SMEs.



Another very important social aspect of such smart environment is how the intelligent machines will affect the labor market [20,21,22,23,24]. This topic has basically been examined from two perspectives; firstly, by describing requirements towards workers in I4.0 [20,21,22,23,24]; secondly, by examining the standpoint of workers and their outlook or current state of mind [20,25]. Regarding the I4.0 environment, the authors can conclude that there is a growing trend in the literature highlighting the importance of sustainable development and management [26]. We argue that unless reasonable level of awareness and basic knowledge of Industry 4.0 related concepts, parts, and inevitable parts is reached, it will be hard to successfully move towards smart environment, especially in case of less developed regions. Insufficient information base of the eligible work force represents an obstacle for potential employers oriented towards I4.0. Inadequate information and knowledge could also lead potential employees towards wrong or misjudged conclusions or attitudes. Probably the most crowded thought is that bringing in the intelligent machines would steal jobs, again, especially in less developed regions with less qualified, manually involved workforce. Consequently, a lack of awareness and affinity towards any modernization steps could hold the required transformation processes. However, according to Statista [27], countries without any problems with unemployment (e.g., Germany, USA, Japan) report the highest numbers of installed industrial robots per 10,000 employees.



The aim of conducted research is to investigate and analyze general awareness and knowledge regarding Industry 4.0 within the area of South India. Based on an initial analysis, questionnaire-based surveys in the literature show a lack of covering focus on knowledge and attitudes of potential employees within the examined region and in general, as well. This paper concerns the crucial perspective of the potential workforce in the way to find a sustainable process of implementing Industry 4.0 in less developed regions. The questionnaire was created on the basis of previous industry visits and consultations with students, employers, and entrepreneurs in the investigated region. Issues addressed the most by respondents are highlighted and summarized.



The article is further organized as follows: Section 2 provides a problems description, where issues necessary for further research are stated. Section 3 provides a methodology description, while in Section 4, we present obtained results. Section 5 concludes the findings of this research study.




2. Problems Description


The emerging economies should leverage their advantages, such as huge markets, attractive conditions for manufacturing, fast growing economies, and mainly larger labor force with more favorable demography [28]. Admitting that Industry 4.0 will primarily affect manufacturing sector, we face significant discrepancies among countries and regions. Despite the estimate that India will be the world’s fastest growing economy in following years [29] with manufacturing sector that could hit 1 trillion US$ in 2025 [30], we doubt the ability of successful transformation towards Industry 4.0, hence we find India and its regions important to examine with respect to the 4th industrial revolution [31]. For example, having Germany—a technology and manufacturing leader, however, with an aging population and lack of labor force—and on the other hand, an emerging country like India—suffering from technological gaps, which put India to a level of Industry 2.0 as Iyer [28] concludes, on the contrary, with strong demography.



There is also a political will to spur manufacturing sector, translated into initiatives such as ”Digital India” [32], “Skill India” [33], or “Make in India”, with aims to (among others) create sufficient skill sets within the urban poor and rural migrants for inclusive growth, or to increase technological depth in manufacturing in order to increase domestic value addition. In addition, there is the mentioned demographic factor—India has the best demographic dynamics, with approximately 60% of population in age between 15 and 59 [34]. The open question remains, are citizens and workers ready for such development in the foreseeable future?



We accept that within such a huge country, significant disparities among particular regions exist, hence we applied our research only in southern part of India (authors were physically present in the state of Tamil Nadu during data collection). South Indian region includes several states and union territories (Kerala, Andaman and Nicobar Islands, Tamil Nadu, Pondicherry, Andra Pradesh, Karnataka, Telangana, Lakshadweep Islands), which combined accounts for 19.31% of the geographical area of the whole of India. With over 250 million people, South India represents around 20% of the country’s population [35]. As of 2016, economic growth of South India was around 17%, compared to 8% growth of the whole of India, while GDP of South India accounted for 30% of total Indian’s GDP. Some specific industries are even more important from overall perspectives, such as cotton production (48% of India’s entire cotton production comes from South India) or agricultural production (36% of whole state’s production comes from South India).



Same as for other countries and regions, the main employers are SMEs. Unfortunately, as Iyer [28] states for India’s industrial policy in general, it is old, and lacking critical technology. Many enterprises in this area are old and have long lasting traditions. Despite the established reputation and customers created, they are equipped with insufficient and old devices or machines. Internet access and computer equipment within industries in this region is also rather poor. Since the majority of the research has been conducted in the field of needed modernization, especially with respect to the SMEs in order to successfully transform towards Industry 4.0, we would rather point at the necessity of having a potential labor force ready for such a transformation. It is therefore considered that awareness of I4.0 needs to be continuously expanded and promoted, as confirmed by several authors [10,36,37,38]. Even if obtaining new machines and gadgets would be economically viable, will there be enough sufficiently educated workers? Throughout the literature, we find papers addressing similar problems within different regions, e.g., concluding that qualified specialists are often not satisfied with the salary, which causes their outflow in favor of richer economic regions, leaving almost no people able to operate such modern machines [39]. We argue that unless some basic level of knowledge regarding the addressed issues is reached within the population, the ability of forming a sustainable path to become competitive in an Industry 4.0 environment is rather limited.




3. Methodology


Research was conducted in the area of South India, where different industries operate in several segments, with a majority representation of SMEs. The aim of this survey-based study is to examine level of awareness and general consciousness of Industry 4.0 among South Indian students, workers, entrepreneurs, in other words, a broad spectrum of citizens. We expect that proper analysis of the gathered responses could provide us with unique and valuable knowledge of the current state of mind of local citizens, along with their current level of internet/connection requiring gadgets/platforms, and further serve as guidance for finding a suitable implementing strategy for new technologies in such areas.



Results presented in this paper concern opinions and knowledge of inhabitants living, studying, working, or doing business in the previously described area. For obtaining responses, a questionnaire was used, and data collection took place from December 2019 to February 2020. As advised by several authors [40,41], we used fixed-choice questions, in order to maintain time efficiency and difficulty of evaluation. Questionnaire was distributed within several traceable ways during the stay of authors in Tamil Nadu (see Table 1). Sample contains 564 unique responses (after removing incomplete and inappropriately filled responses—respondents’ answers were checked to confirm all required questions had been answered in a prescribed manner). Respondents were notified in advance that providing answers to this questionnaire is anonymous. All answers provided will serve only for research purposes, and no personal details will be required or stored.



We divided the questionnaire into four main parts (Figure 1). In the first part, we focused on the social status of the respondent, education, and the place where respondent currently works, studies, or stays. In the second part, we were interested in respondents’ basic internet communication and usage of social communication applications. In the third and main part, we looked at the awareness of Industry 4.0 in general among respondents. We asked about key terms such as cloud solutions, mass customization, Internet of Things, Industry 4.0, smart manufacturing, smart cities, etc. In the fourth part, we intended to examine what the I4.0 could bring to the South Indian region from the responders’ perspective.



Several scales were used due to substance of the question (full text of the questionnaire and scales of answers is provided in Supplementary Materials). Questions addressing previous experience and general awareness about key terms were scaled binomially (yes/no). Other questions addressing South India region were scaled as 5 levels: Not at all important/no—1; slightly important/rather no—2; no opinion (due to lack of information/knowledge, referring also to “I do not know”)—3; fairly important/rather yes—4; very important/yes—5. Supplementary questions regarding usage of social media, email, or e-commerce had specific scales examining frequency of usage.



To analyze responses, we used tables of counts and percentages for the joint distribution of two (severe combinations) categorical variables. We used custom and contingency tables, statistical testing, and generated bar graphs for easier data presentation. Pearson’s chi-square test was performed to test the independence between the row and column variables. Pearson’s chi-square test requires a large sample. The main rule regarding the sample size is that not more than 20% of expected cells should be less than 5, and none of the expected cells should be less than 1 [42,43]. If the relationship was significant, consequently we used z-test to compare the proportion of column pairs to each other (adjusted by Bonferroni correction) according to the social variables and variables reported by Industry 4.0 areas. For 2 × 2 tables, we used Fisher’s Exact test. The column proportions test shows whether the ratio in one column is significantly different from the ratio in the other column. The test assigns a letter key (A, B, C) to each category reported in column variables. The definition of each comparison of column proportions is discussed in the following section. All statistical outputs were processed in the IBM SPSS Statistics v25.0.



In this study we try to identify the main drivers and barriers of Industry 4.0 readiness in South India. Among the literature, we follow several research questions to investigate their importance on Industry 4.0 readiness in this region. Accordingly, these research issues can be concluded:




	-

	
The higher education achieved and higher personal status play an important role on Industry 4.0 readiness in South India’s region [28].




	-

	
The proper education and requalification are necessary, especially regarding current dynamics (4th industrial revolution), throughout the industries [44,45,46,47,48].




	-

	
The importance of the digital behavior of the young people, whose relationship with the digital world and services are very important for their further social and economic development, supported by the integrating social and economic dimensions of sustainable development in the context of I4.0 [38,49].









Further, we will concentrate on presenting the most attention grabbing outcomes and dependences from responses that were statistically proven as significant.




4. Results & Discussion


In order not to confuse respondents and avoid misinterpretations, we provided short descriptions of possibly unknown terms related to our scope (presented in Supplementary Materials). The questionnaire, in its actual form, is composed by twenty-seven questions divided into four main areas, mentioned above.



Firstly, we asked our respondents if they ever heard about key terms related to 4th industrial revolution. As presented in Figure 2, the term “mass customization” is not known by almost 60% of respondents, while, more importantly, the term “Industry 4.0” is unknown to 49.6% of respondents. Rather than focusing only on simple percentage points-presentations of answers observed, we examined and focused mainly on dependences between key answers on a statistically significant basis, as presented further in this chapter.



Before examining key aspects of this survey, we took the first step by examining dependence between age, education, and such awareness. In all tables below, Chi-square statistic (Χ2) and p-value (Sig.) are presented for each row question, as inevitable assumptions for further column proportions comparison. Χ2 refers to Pearson Chi-Square statistic value, obtained by Chi-square test in SPSS, which tests the hypothesis that two variables (row and column) are independent. Sig. refers to significance value, which has the information we are looking for. The lower the Sig., the less likely it is that two variables are unrelated. When the significance value is less than 0.05, we can conclude that there is a relationship between two variables. To understand the relationship between row and column variables, we examine the crosstabulation tables with results of the column proportions tests. As we mentioned in previous section, the column proportions test shows whether the proportion in one column is significantly different from the proportion in the other column. The test assigns a letter key (A, B, C) to each category reported in column variables. We used three significance levels: 0.05 *; 0.01 **; 0.001 ***. Column proportion tests are performed by z-test, and tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the Bonferroni correction (see Sedgwick [50]). Below we provide Table 2, where statistically significant relationship between answers ”No” to above mentioned general awareness questions and education “Higher Secondary and below” can be observed. We find this in line with basic logic that ongoing and deeper education opens possibilities and provides information about new approaches and cutting-edge trends. Similarly, we find a logical relationship within our answers, that higher education (Doctorate, Medical, or Law degree or higher) goes with higher age of the respondent. However, we consider the fact that 46.4% (45.3%) of the group “Higher Secondary and below” answered “No” when asked about “Cloud solutions” (“Internet of Things”), as a result of teaching plans that are not updated sufficiently, not the respondents’ inability to learn about possibilities linked to I4.0.



In Table 2, the column proportions test assigns a letter key, (A) or (B), to each category of question Q10–Q17. (A) refers to the answers “No” and (B) to the answers “Yes”. The row variables are “Age” and “Education”, which have four categories of answers. The two-sided asymptotic significance of chi-square statistics adjusted by Bonferroni correction is less than 0.05 * in all comparisons, except comparison between “Age” and “Mass Customization” (Sig. 0.100). The Sig. value (0.000 ***) is less than 0.001, therefore statistically significant. For the column proportions test associated with the age group “25 or below” and the answers to question Q10, the B key appears in the column “No”.



Thus, we can conclude that the proportion of respondents aged “25 or below”, who answered the question Q10 about cloud solutions negatively, is greater than the proportion of respondents that answered the question Q10 positively (aged “25 or below”). The same results are listed between the respondents aged “25 or below” and other questions, except the Q11 about mass customization. For the tests associated with “Education”, the results indicate the same in the case of “Higher Secondary and below” education for all questions Q10–Q17.



We would like to highlight the relationship between the age group “25 or below” and answers “No” to general questions. In absolute terms, 56.0%, and 41.4%, respectively, of group “25 or below” answered “No” to questions addressing Industry 4.0 and IoT as a crucial stage of 4th industrial revolution, respectively. We consider this as a very poor informational level, especially within the young and flexible group of workers entering labor market. On the contrary, 79.8% (46.6%) of this group is using WhatsApp (Facebook) almost daily, therefore we cannot explain this level of awareness as a result of insufficient conditions for obtaining information or being digitally isolated. Motyl et al. [49] conducted a survey of more than 460 students at three different universities in Italy about the Industry 4.0 concept. The authors point out the importance of the digital behavior of the young people, whose relationship with digital world and services are very important for their further social, but also economic development, ultimately for the development of the region or country. We agree with the authors that in today’s environment, it is important to empower a broader knowledge of the general I4.0 concepts and bring well-structured action plans into the educational process. These conclusions should emphasize, on the one hand, the role of education, and the SMEs on the other, which are dependent on an educated workforce in the terms of I4.0 and related IoT.



The second part contains information about the importance of several aspects of doing business from the perspective of respondents, considering SMEs. We present Figure 3 with questions Q18, Q21, Q22, and Q23. We observed a relatively high proportion of responds without any clear opinion regarding each question, while almost one quarter of respondents consider investing in training of workers as “Not at all important”. Such attitudes we consider as negative, while on the other hand, almost 40% of respondents consider approaching smart manufacturing as very important.



In Table 3 below, each column refers to awareness questions mentioned above, and each row refers to questions regarding IoT, I4.0, smart manufacturing, e-commerce, and investing in workers’ education.



We then expected the row questions (Q18, Q21–Q23) and column variables (Q10–Q17) would suggests some proportional relations. The fact is, that almost in all situations (where the questions Q18, Q21–Q23 were answered “No opinion”, respectively “I don’t know”), the proportion of respondents who answered the questions Q10–Q17 negatively is greater compared to the proportion of respondents who answered these questions positively. We argue that such statistical evidence of inability to form an opinion or express expectation stems from obvious lack of information. Stentoft et al. [45] also conclude that the lack of information and knowledge about Industry 4.0 and the lack of employee’s readiness are among the main barriers for Industry 4.0. On the contrary, proportion of respondents who answered the questions Q10–Q17 positively is greater compared to the proportion of respondents with negative answers, if we are considering answers “very important” or “fairly important” regarding questions Q18 and Q21–Q23. A possible and logical explanation could be that respondents realize importance of successful transformation of the industries due to previous, at least basic, knowledge about questioned aspects. The most attention grabbing at this stage was, however, finding relations between answers “not at all important” to questions Q18, Q21–23, and questions Q10–Q17 that were answered as “No”. The proportion of respondents answering questions Q12, Q14, and Q15 as “No” that also answered Q22 (regarding approaching smart manufacturing from SMEs perspective) as “Not at all important” was significantly higher than the proportion of respondents answering Q12, Q14, and Q15 as “Yes”. In total, 10.3% of respondents answered Q22 as “Not at all important”, 14.4% answered “Slightly important”, and 24.1% answered “No opinion” (or “I don’t know”), which makes together 48.8%. We can observe a similar relationship between answers “No” to Q12 and Q14 and answers “Not at all important” to question Q18, addressing importance of implementation of I4.0 from SMEs perspective. Additionally, the relationship between respondents answering Q13 regarding I4.0 as “No” and Q21 addressing investing in training workers answering as “Not at all important” is alarming. This could be seen as a lack of information about inevitable changes in the coming future translating into unclear thoughts about crucial education and training for current and potential employees. This is in contrast with consensus among the authors [46,47,48] that proper education and requalification is necessary, especially regarding current dynamics throughout the industries.



Responds to the questions Q19, Q20, and Q25 are presented further in the Figure 4. The respondents were able to choose one of five options: “No”; “Rather no”; “No opinion” (referring also to “I don’t know”); “Rather yes”; “Yes”. In each of these questions, we can see a high proportion of respondents who replied to all questions with the “No opinion” (“I don’t know”). In Q19, it was more than 32% of respondents, in Q20 more than 33%, and in Q25 more than 21%. This again points towards a lack of information resulting in an inability to form an opinion regarding the issue. On the other hand, the answers “No” and “Rather no” opened further questions that we attempted to examine. Within the age group “25 or below”, more than 16% of respondents think that IoT concept will be ineffective for South India’s SMEs. Almost 34% of the respondents within this group reported “No opinion”. Examining performance of this group also on other questions, we observed nearly 17% of the respondents claiming the SMEs in South India are not ready to implement IoT and I4.0 concept, and as many as 36% of the respondents were unable to make a judgement. For more than 27% of the respondents aged “25 or below”, the I4.0 concept is personally unimportant. More than 24% of respondents from the whole sample do not consider the IoT and I4.0 concept as important from a personal point of view.



These results are further examined against general awareness in the Table 4. Similarly, we applied column proportions test. For each combination of testing, we also point to the value of the asymptotic significance statistic (Sig.), which in all cases is less than 0.05 * level, and thus variables are related. This table includes also a comparison of the answers to question Q27, which is focused on whether respondents expect any Smart City in South India within the next 10 years. In proportional testing, we found that in three cases (Q12, Q14, and Q17), the Sig. value is higher than the confidence level 0.05 * (0.100; 0.091; 0.234). In such cases, we consider these variables as independent.



We highlight the high portion of “No opinion” (“I don’t know”) answers observed within the set of questions Q19, Q20, and Q25, related to answers “No” (questions Q10–Q17). A similar pattern was observed and described in Table 2. One concern could be potential complexity or difficulty of questions Q19 and Q20, therefore forming a substantiated opinion could be harder for respondent. On the contrary, inability to take a personal stance towards I4.0 and related IoT, we explain as lack of sufficient information, as described previously. Additionally, on a personal level, implementation of I4.0 and IoT (Q25) is not important for respondents answering Q12 and Q13. In total, 24.3% (7.6%) of respondents answered “No” (“Rather no”) to a question Q25.



Regarding question Q27, where respondents were asked if they see any Smart City within the region in the next 10 years, in total almost 74% answers were positive, which is rather overconfident, especially in contrast to other studies [28] examining current state of art in India. Putting this question in the context of questions Q10–Q17 results in similar outcomes as for previous sets of questions, where negative answer to Q10–Q17 are related to negative answer addressing Smart City. On the other hand, proportion of respondents answering Q27 positively, that answered also Q10–Q17 positively, is higher on the statistically significant basis than the proportion of those who answered Q10–Q17 negatively.



Thus, we find implementation of any I4.0 related features difficult from non-technical point of view, if respondents’ expectations are negative towards companies. On the other hand, throughout each set of questions, we observe a significantly higher proportion of respondents expecting rather positive impacts within questioned aspects, that have previous knowledge or information (which should be also considered as a part of intellectual capital [51]) about key terms addressed in the first part compared to those without such information. To add on, respondents with previous experience with IoT and I4.0 expressed positive expectations with higher frequency compared to those without such experience. On the contrary, we consider some responds to questions addressing Smart cities in South India (Q27), or readiness of SMEs for implementing IoT and I4.0 (Q20), as rather over-confident, considering the current state of art not only in South India [28]. Such observations could however stem from possible drawbacks as sampling error. Other possible limitations could be that only main results are presented. The survey was prepared only in South India’s region with high representation of people of state Tamil Nadu, which could lead to possible biasedness. Additionally, authors realize that a higher proportion of employees of SMEs in the survey could lead to more valuable outcomes. Thus, we recommend further examination of the mentioned region because of its huge demographic potential. Possible improvement of the conducted research should be expanding the sample, or expert surveys with representatives of employee associations and other social parties.




5. Conclusions


In this paper, we attempted to examine general awareness, opinions, and attitudes of South India’s inhabitants towards Industry 4.0 and its features. Contrary to the majority of studies examining I4.0 readiness and implications, we oriented our research towards citizens rather than SMEs. Conducting a survey using a questionnaire, we gathered unique answers containing crucial information about current state of art regarding addressed issues, the same as future expectations. Besides simple counts of answers, we provided also testing of interdependences between general awareness questions, and several sets of questions addressing various issues.



The main findings suggest that general awareness is quite low (almost 50% of respondents have no prior information of Industry 4.0), which consequently leads to inability to form any opinion regarding effects of such new trends on working and personal life, the same as on living and business environment. Respondents with insufficient knowledge of I4.0 and related IoT then tend to answer negatively regarding questions about possible transformation of SMEs towards I4.0, or they are unable to form any opinion regarding addressed aspects. On the contrary, respondents possessing prior information or knowledge regarding I4.0 and related IoT as its crucial part expressed positive expectations in general. We argue that this approach provides us with important information described in detail in previous section, that should serve as steppingstone in forming a sustainable strategy of implementing I4.0 features for both large enterprises and SMEs. From the perspective of sustainability of the transformation process towards competitive and functional I4.0 environment, we therefore highlight the importance of proper skills, education, working conditions, and informational level, which we consider, to some extent, in line with other studies examining sustainable management and development as a part of I4.0 linked research [6,26,39]. To conclude, improving education and providing proper information is crucial from the authors’ perspective.



Based on examined interdependences, we argue that proper education and relevant information dissemination is non-technical, however crucial, in order to achieve a sustainable transformation process of the current environment in South India towards Industry 4.0 and its features. Since we find this approach rather extraordinary, similar survey-based studies in other regions should provide comparable results, and consequently form a broader picture of inhabitants’ preparedness and awareness of I4.0.
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Figure 1. Stages of survey. Note: * For all types of questions, please see Supplementary Materials. 
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Figure 2. Awareness in general on Industry 4.0. 
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Figure 3. The answers to the questions Q18, Q21–Q23. 
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Figure 4. The answers to the questions Q19, Q20, and Q25. 
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Table 1. Profile of respondents.
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	Demographics
	N
	%
	Demographics
	N
	%





	Gender
	
	
	Age
	
	



	Female
	147
	26.1
	25 or below
	466
	82.6



	Male
	417
	73.9
	26–35
	57
	10.1



	
	
	
	36–45
	24
	4.3



	Status
	
	
	46 and more
	17
	3.0



	Student
	438
	77.7
	
	
	



	Employed & Entrepreneur
	105
	18.6
	Residential place
	
	



	Houseperson & Retired
	7
	1.2
	Andaman and Nicobar Islands *
	12
	2.1



	Unemployed
	14
	2.5
	Andra Pradesh
	6
	1.1



	
	
	
	Karnataka
	10
	1.8



	Education
	
	
	Kerala
	14
	2.5



	Higher Secondary and below
	181
	32.1
	Lakshadweep Islands *
	4
	0.7



	Bachelor
	256
	45.4
	Pondicherry *
	9
	1.6



	Master
	67
	11.9
	Tamil Nadu
	507
	89.9



	Doctorate, Medical, Law degree, or higher
	60
	10.6
	Telangana
	2
	0.4







Note: *Union territory; Source: Prepared by authors.
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Table 2. Awareness vs. Age and Education.






Table 2. Awareness vs. Age and Education.





	

	
Q10

	
Q11

	
Q12

	
Q13

	
Q14

	
Q15

	
Q16

	
Q17




	
Before Now, Have You Ever Heard about the...

	
Do You Have Any Previous Experience with IoT or I4.0 Concept?




	
Cloud Solutions So Far?

	
Mass Customization so Far?

	
Internet of Things So Far?

	
Industry 4.0 Concept So Far? (so Called 4th Industrial Revolution)

	
Smart Manufacturing So Far?

	
Smart Cities So Far?

	
5G So Far?




	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes




	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)






	
Χ2

	
Sig.

	
31.512

	
0.000 ***

	
6.251

	
0.100

	
33.499

	
0.000 ***

	
44.270

	
0.000 ***

	
24.811

	
0.000 ***

	
27.827

	
0.000 ***

	
18.893

	
0.000 ***

	
15.197

	
0.002 **




	
Age

	
25 or below

	
B

	

	

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
26-35

	

	
A

	

	

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	




	
36-45

	

	

	

	

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A




	
46 and more

	

	
A

	

	

	

	

	

	

	

	
A

	

	

	

	

	

	
A




	
Χ2

	
Sig.

	
11.945

	
0.008 **

	
8.559

	
0.036 *

	
28.072

	
0.000 ***

	
35.004

	
0.000 ***

	
19.037

	
0.000 ***

	
53.918

	
0.000 ***

	
20.402

	
0.000 ***

	
8.560

	
0.036 *




	
Education

	
Higher Secondary and below

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Bachelor

	

	

	

	
A

	

	

	

	

	

	

	

	

	

	
A

	

	




	
Master

	

	
A

	

	

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	




	
Doctorate, Medical or Law degree, or higher

	

	

	

	

	
B

	

	

	

	
B

	

	

	
A

	
B

	

	

	








Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appears in the category with the larger column proportion. Χ2 refers to Chi-square statistic. Sig. refers to the two-sided asymptotic significance of the chi-square statistic. Significance level for upper case letters (A, B, C): 0.05 *; 0.01 **; 0.001 ***. Tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the Bonferroni correction; Source: Prepared by authors.
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Table 3. Awareness vs. importance of the modern environment of doing business regarding SMEs.
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Q10

	
Q11

	
Q12

	
Q13

	
Q14

	
Q15

	
Q16

	
Q17




	
Before now, Have You Ever Heard about the...

	
Do You Have Any Previous Experience with IoT or I4.0 Concept?




	
Cloud Solutions So Far?

	
Mass Customization So Far?

	
Internet of Things So Far?

	
Industry 4.0 concept So Far? (So Called 4th Industrial Revolution)

	
Smart Manufacturing So Far?

	
Smart Cities So Far?

	
5G So Far?




	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes






	
Χ2

	
Sig.

	
125.083

	
0.000 ***

	
61.415

	
0.000 ***

	
42.886

	
0.000 ***

	
71.854

	
0.000 ***

	
59.146

	
0.000 ***

	
53.016

	
0.000 ***

	
50.778

	
0.000 ***

	
47.945

	
0.000 ***




	
Q18. In your opinion, is IoT and Industry 4.0 concept implementation important for South India’s SMEs?

	
Not at all important

	

	

	

	

	
B

	

	

	

	
B

	

	

	

	

	

	

	




	
Slightly important

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Fairly important

	

	
A

	

	

	

	
A

	

	

	

	

	

	
A

	

	
A

	

	




	
Very important

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A




	
Χ2

	
Sig.

	
71.830

	
0.000 ***

	
16.292

	
0.003 **

	
13.077

	
0.011 *

	
28.767

	
0.000 ***

	
31.763

	
0.000 ***

	
70.570

	
0.000 ***

	
46.957

	
0.000 ***

	
24.682

	
0.000 ***




	
Q21. In your opinion, how important is it for South India’s SMEs to invest in training their workers for new...?

	
Not at all important

	

	

	

	

	

	

	
B

	

	

	

	

	

	

	

	

	




	
Slightly important

	

	
A

	

	

	

	

	

	

	

	

	

	

	

	
A

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Fairly important

	

	
A

	

	

	

	

	

	

	

	
A

	

	
A

	

	

	

	




	
Very important

	

	
A

	

	

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	




	
Χ2

	
Sig.

	
36.366

	
0.000 ***

	
15.174

	
0.004 **

	
17.773

	
0.001 ***

	
18.905

	
0.001 ***

	
26.573

	
0.000 ***

	
55.685

	
0.000 ***

	
21.711

	
0.000 ***

	
17.629

	
0.001 ***




	
Q22. In your opinion, how important is it for SMEs in South India to approach Smart Manufacturing?

	
Not at all important

	

	

	

	

	
B

	

	

	

	
B

	

	
B

	

	

	

	

	




	
Slightly important

	

	
A

	

	

	

	

	

	

	

	
A

	

	

	

	
A

	

	




	
No opinion

	
B

	

	
B

	

	

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Fairly important

	

	

	

	

	

	
A

	

	

	

	
A

	

	
A

	

	

	

	




	
Very important

	

	
A

	

	
A

	

	

	

	
A

	

	

	

	
A

	

	

	

	
A




	
Χ2

	
Sig.

	
104.602

	
0.000 ***

	
40.564

	
0.000 ***

	
45.056

	
0.000 ***

	
61.571

	
0.000 ***

	
78.993

	
0.000 ***

	
52.549

	
0.000 ***

	
63.905

	
0.000 ***

	
46.675

	
0.000 ***




	
Q23. In your opinion, how important is e-Commerce for South India’s SMEs?

	
Not at all important

	

	

	

	

	

	

	

	

	

	

	
B

	

	

	

	

	




	
Slightly important

	

	

	

	
A

	

	
A

	

	

	

	

	

	

	

	

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Fairly important

	

	
A

	

	

	

	

	

	
A

	

	
A

	

	
A

	

	

	

	




	
Very important

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A








Note: “No opinion” refers to “I don’t know”. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appears in the category with the larger column proportion. Χ2 refers to Chi-square statistic. Sig. refers to the two-sided asymptotic significance of the chi-square statistic. Significance level for upper case letters (A, B, C): 0.05 *; 0.01 **; 0.001 ***. Tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the Bonferroni correction.l Source: Prepared by authors.
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Table 4. Awareness vs. questions Q19, Q20, Q25, and Q27.
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Q10

	
Q11

	
Q12

	
Q13

	
Q14

	
Q15

	
Q16

	
Q17




	
Before Now, Have You Ever Heard about the...

	
Do You Have Any Previous Experience with IoT or I4.0 Concept?




	
Cloud Solutions So Far?

	
Mass Customization So Far?

	
Internet of Things So Far?

	
Industry 4.0 Concept So Far? (So Called 4th Industrial Revolution)

	
Smart Manufacturing So Far?

	
Smart Cities So Far?

	
5G So Far?




	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No

	
Yes




	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)

	
(A)

	
(B)






	
Χ2

	
Sig.

	
52.087

	
0.000 ***

	
55.046

	
0.000 ***

	
28.232

	
0.000 ***

	
41.303

	
0.000 ***

	
45.401

	
0.000 ***

	
17.383

	
0.002 **

	
55.819

	
0.000 ***

	
72.579

	
0.000 ***




	
Q19. In your opinion, is IoT and I4.0 concept cost-effective for South India’s SMEs?

	
No

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Rather no

	

	

	

	
A

	

	

	

	

	

	

	

	

	

	

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Rather yes

	

	
A

	

	

	

	

	

	

	

	

	

	

	

	
A

	

	




	
Yes

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A




	
Χ2

	
Sig.

	
52.379

	
0.000 ***

	
16.323

	
0.003 **

	
48.810

	
0.000 ***

	
37.977

	
0.000 ***

	
46.488

	
0.000 ***

	
35.185

	
0.000 ***

	
59.091

	
0.000 ***

	
31.707

	
0.000 ***




	
Q20. In your opinion, are South India’s SMEs ready to implement IoT and I4.0 concept?

	
No

	

	

	

	

	

	

	
B

	

	

	

	

	

	

	

	

	




	
Rather no

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Rather yes

	

	

	

	

	

	
A

	

	

	

	
A

	

	

	

	
A

	

	




	
Yes

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A

	

	
A




	
Χ2

	
Sig.

	
52.355

	
0.000 ***

	
26.645

	
0.000 ***

	
44.466

	
0.000 ***

	
45.476

	
0.000 ***

	
44.201

	
0.000 ***

	
73.733

	
0.000 ***

	
15.657

	
0.004 **

	
26.082

	
0.000 ***




	
Q25. In your opinion, is IoT and I4.0 concept implementation important for you personally?

	
No

	

	

	

	

	
B

	

	
B

	

	

	

	
B

	

	

	

	

	




	
Rather no

	

	
A

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
No opinion

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	

	
B

	




	
Rather yes

	

	
A

	

	

	

	
A

	

	
A

	

	
A

	

	

	

	
A

	

	




	
Yes

	

	
A

	

	
A

	

	
A

	

	
A

	

	

	

	
A

	

	

	

	
A




	
Χ2

	
Sig.

	
17.696

	
0.000 ***

	
8.219

	
0.016 *

	
4.596

	
0.100

	
8.943

	
0.011 *

	
4.793

	
0.091

	
40.112

	
0.000 ***

	
15.174

	
0.001 ***

	
2.905

	
0.234




	
Q27. In your opinion, do you see any Smart City in South India in next 10 years?

	
No

	
B

	

	

	

	

	

	
B

	

	

	

	
B

	

	
B

	

	

	




	
No opinion

	

	

	

	
A

	

	

	

	

	

	

	
B

	

	

	

	

	




	
Yes

	

	
A

	

	

	

	

	

	
A

	

	

	

	
A

	

	
A

	

	








Note: “No opinion” refers to “I don’t know”. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appears in the category with the larger column proportion. Χ2 refers to Chi-square statistic. Sig. refers to the two-sided asymptotic significance of the chi-square statistic. Significance level for upper case letters (A, B, C): 0.05 *; 0.01 **; 0.001 *** a. Tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the Bonferroni correction; Source: Prepared by authors.
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