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Abstract

:

The business environment is characterized by high complexity and competitiveness. This is the reason why information is considered to be the most valuable source companies have available. From the social point of view, information technology (IT) has a positive effect on business performance, creates strong and transparent relations with enterprise’s clients, and increases competition. The purpose of this study is to assess the current state of information systems (ISs) adoption by Greek industry. The main issues that are explored through this survey in regards to IS adoption is the extent, the most important specific drivers and barriers, and the profitability due to IS adoption. The study also investigates whether motivators or inhibitors are affected by the factor of profitability due to IS adoption. The survey that was conducted is questionnaire-based and the responses were analyzed statistically using several statistical tools. The results suggest that the majority of the industries in Greece have adopted IS to conduct their business. Reducing errors that occur during their business activities seems to be their main motivation for IS adoption. On the other hand, they are hesitant to invest in an IS because of its cost.
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1. Introduction


The business environment is characterized by high complexity and competitiveness. This is the reason why information—derived either from the internal or the external business environment—is considered to be the most valuable source the companies have available. Good information management can be proved to be crucial to their existence and prosperity as it helps the administration to adapt to strategies, avoid threats, utilize opportunities, change decisions, and effectively manage all the core and supportive company operations [1,2,3]. Globalization has increased the abundance of information being shared within the organizations along with the existing complexity and competitiveness rapidly. Thus, enterprises seek systems that would help them manage effectively the complexity of their operations along with the information they have available [1,4]. This renders necessary and worthwhile the investigation of the implementation of an information system (IS) or technology (IT) as IT systems enable and facilitate a wide range of business activities (storage, processing, distribution, transmission, reproduction of information etc.) [1,5,6,7].



Several researchers have paid considerable attention to IT being used for supply chain management (SCM) as they noticed that it has become popular among companies. That is the reason why in the more developed economies the competition has shifted among different supply chains (chain-chain) compared to the enterprise-enterprise competition that seems to still exist in less developed economies [8,9,10,11]. Generally, SCM can be considered as a way of approach that intends to put together under a single idea several parties such as manufacturers, suppliers, stores and warehouses. Companies have to be able to manufacture their products within the right time, distribute them in appropriate quantities to the right locations, so they can satisfy the service level requirements and at the same time to minimize the system wide costs. Adopting an IT seems necessary to be able to support their supply chains effectively and efficiently [3,11]. IT can be considered a critical factor in supply chain (SC) as they contribute not only to the performance of an independent enterprise but also to the SC as a whole. One of the critical elements companies can develop through the effective use of IT in the SCM is competitive advantage [2,11,12,13,14]. There are several types of IS that can be used to support logistics management such as: enterprise resource planning—ERP, warehouse management systems—WMS, transportation management systems—TMS, and other related technologies (barcode, electronic data interchange, etc.) [7,14].



Several literature reviews have noted the need for empirical research and in particular for survey-based studies that could provide answers regarding the use of IT in several aspects of industry. Ketikidis et al. [10] call for more research regarding the use of IS for logistics and SCM so as to increase the number of companies that participated in their survey, which was conducted in South East Europe—including Greece. Other studies call for further research regarding the enablers and inhibitors of advanced IT adoption or other perspectives that affect the rate of IT adoption in small–medium enterprises (SMEs) [11,15]. Some researchers focus on a specific type of IS in an effort to discover its benefits. For example, Rouhani and Mehri [5] call for more research in ERP empowering benefits on industrial firms so as to extend their research to more companies, which would also allow comparisons. Besides that, some researchers call for inter-country comparisons [10] or comparisons between different sectors for cross learning [15]. Of course, several other publications exist regarding Information and Communication Technologies (ICTs), ISs or specific systems such as ERP—and the relationship between ERP and SCM performance [16], WMS, etc. Thus far, there are very few published survey-based studies regarding IS, IT, ICT, and SCM that have been conducted partially—as a part of a wider research that has been conducted in other countries too [10]—or entirely in Greece [1,6].




2. Research Objectives


Information technology (IT) offers opportunities for the enterprises to improve productivity, profitability and the performance of supply chain. According to Haseeb et al. [17] IT implementation has a positive effect on business performance, transforms business organization, increases competition and fosters innovation. Wereda and Wozniak [18] claim that ICTs implemented by the enterprise can create strong and transparent relations with its clients. Their study reveals that the relations with clients have the greatest share in shaping the development of innovative enterprises in the areas of minimizing the number of complaints, financial liquidity, and efficiency of core business processes.



The motivation behind the research presented in this paper was the need to assess the current use of IS in manufacturing companies in Northern Greece as well as the drivers and inhibitors they face regarding IS adoption. During the last decade Greece has been hit by a financial crisis that, of course, affected more than enough the Greek companies but also the multinational ones. Beyond the financial crisis the fact that Greece is close to countries with even lower economies and lower taxes has driven several companies to transfer their facilities and their administration in such countries to benefit more by their operations. Due to the landscape of Greece most of the companies that were affected were those located in Northern Greece because of their close proximity with the neighboring countries like Bulgaria, Turkey, and North Macedonia. Businesses, consumers, and suppliers quite often have financial transactions with these countries which affect negatively business affairs of SMEs. The same products or services can be found at lower prices by ordering them and delivered by companies located in the relevant countries or just by crossing the north borders of Greece. Under the peculiar conditions it was interesting to focus on the SMEs that can be easily affected by the bordering countries in contrast with companies located in South Greece.



Therefore, it is natural to pose the following broad question:




	
How much are manufacturing companies in Northern Greece using/adopting IS in an effort to manage the whole or part of their supply chain and what drives them to adopt those technologies or what prevents them?








The main objective of this research is to obtain specific, albeit tentative, answers to the above general question and gain a better understanding of the relevant issues in Northern Greek industry, including manufacturers and multinationals from outside Greece that are active (producing) in Greece, through a questionnaire-based survey about IS in the manufacturing sector. A parallel objective is to contribute to the knowledge about the relative importance of various drivers and barriers to the adoption of IS in European industry.



This empirical research contributes to filling the research gaps we described previously, by making the following contributions:




	
It empirically investigates whether Greek companies use IS and if so, which kind of IS they use to conduct their business.



	
It determines whether IS adoption is considered profitable for the companies.



	
It also determines the importance of the drivers that motivate the enterprises to adopt IS as well as the importance of the barriers that prevent the adoption.



	
It investigates whether there are factors that affect the drivers and barriers of IS adoption. The companies have been divided into two groups: The ones that use IS and those that do not. The two groups are being compared regarding the barriers of IS adoption. Another comparison is being set using as a factor the level of profitability they managed to accomplish due to IS adoption to determine whether there is a difference, regarding both the drivers and barriers of IS adoption.








The next section presents a literature review of the use of IS that is of interest to our research and develops specific research questions that are based on the available literature. Section 4 describes the research methodology and the data collection process. Section 5 contains the research results and the final section summarizes the main conclusions of this research, along with our propositions for future research.




3. Literature Review and Research Questions


The following literature review is limited to papers that are directly related to the general objective of this research. The review helps us to formulate specific research questions by grounding them in the literature and it is divided into sub-sections corresponding to the various sub-themes of the research, each concluding with the statement of the respective research question(s).



3.1. Usage of Information Systems and Supply Chain Management


Empirical studies that were conducted already in the 1990s or a little later consider that information systems (IS)/information technology (IT) help significantly in the development of new organizational forms, such as strategic partnership or networks [19]. Since then, IS/IT or information and communication technology (ICT) has emerged and managed to grow its influence among the enterprises. Companies have realized that through IS they have the opportunity to implement important innovations in their processes and also improve the efficiency of those processes that are utilized to produce their products/services [20]. Several researchers through many years have examined and analyzed the innovations that are derived from ICT/IT investments, the enablers or inhibitors of their adoption or even the possible impacts on the enterprises [21]. Recently managers and researchers seem to show a great interest in the application of IS in SCM because of the general realization that IS can improve not only the performance and efficiency of an individual firm but also the supply chain (SC) performance as a whole [22].



There are several ISs that can be used worldwide in industry in an effort to help the company’s internal processes and also in regards with their supply chain management (SCM) with suppliers and customers. A brief presentation of the ISs that are used in the current research is given below:




	
SCM (supply chain management)



	
ERP (enterprise resource planning)



	
WMS (warehouse management system)



	
APS (advanced planning and scheduling)



	
OMS (ordering management system)



	
MES (manufacturing execution system)



	
MRP (materials requirement planning)



	
DRP (distribution requirements planning)



	
TMS (transportation management system)



	
CRM (customer relationship management)



	
SRM (supplier relationship management)








It seems natural to start the description of the current state of use of IS from the industrial companies—domestic or foreign—of Northern Greece by exploring the level of penetration of IS in these companies and the kind of IS they use to conduct their business. Thus, the first research question is formulated as follows:



RQ1: How much do (or how many) manufacturers in Northern Greece use IS to deal with their affairs? Which kind of IS they have adopted and used to process their activities?




3.2. Profitability of IS Adoption


The business environment is characterized by major complexity in all of its functions and elements. Therefore, the information that is obtained from internal or external business environments needs to be processed and managed in a very systematic way to minimize uncertainty and to maximize profit at the same time. Profitability is the characteristic that can define the existence and longevity of a company in a very competitive environment. The advances in technology have made it possible to manage complexity and information more easily than ever before. Thus, many companies started to be interested in IS to manage the vast amount of information they have available during their operations [1,16,23].



The first studies conducted about the business performance of companies that had adopted IS showed no promising results regarding the profitability of ICT adaptation. Promising results firstly appeared in the mid-1990s, although there were also contradicting findings, which suggest that there are probably other variables influencing the effect of ICT on business performance (e.g., the sector they operate in) [24,25,26].



Ketikidis et al. [10], in their study of Southeastern Europe’s companies—including Greece—with regard to profitability, found that companies in that area are more focused on dealing with suppliers and less with customers. In other words, they try to gain profit from the customers, but the amount of profit they gain from their businesses is not determined. There are also studies that are focused on specific IS systems [27], examining the post implementation practices of ERP systems and their relationship to financial performance.



The focus of the second research question is set on the profitability of IS adaptation and it is expressed as follows:



RQ2: Is IS adoption considered as profitable in direct economic terms by Greek manufacturing companies?




3.3. Drivers of IS Adoption


There are various motivating factors for IS adoption by industry that several researchers have recognized and classified in different ways, which are by necessity subjective.



Competitive advantage is considered as one of the key factor which motivates companies to implement the latest IT to support their supply chain (SC) and stay on the cutting edge [28,29]. According to Appulu and Latham cost and time reductions are considered as two other key elements that force Nigerian SMEs (small–medium enterprises) into ICT adoption [29]. IT development has provided managers with several systems in their constant efforts to control their business performance more effectively and at the same time to achieve cost reduction [23,30]. As the competition among SCs seems more important than the competition among companies, the pressure the managers feel to meet customer demand, achieve customer satisfaction and loyalty is higher. Several ISs—especially CRM—emphasize on the importance of customer satisfaction and consider it as one of the non-financial benefits of new technologies [16,27,30]. Errors/mistakes can occur in every stage of the SC and cause great trouble. The fewer errors that exist, and the sooner they are discovered, the better for the enterprises. Late discovery might lead to financial loss for the company. For example, some products may need to be discarded. One of the major problems especially in SMEs is considered to be the human factor, not only because humans are susceptible to mistakes by nature, but also because they might not be trained into the specific IS used by the company [31]. Production planning is making manufacturing more efficient, providing flexibility because it can adapt to customers’ demand [12] and it can lead to lower inventory levels of all types of materials and products, which eventually leads to inventory cost reduction [13]. In the research by Koh et al. [31] that was conducted in Greece, one of the respondents mentioned that one of the benefits of the ERP system they were using was that it helped them to minimize their inventory because of the improvements in production planning and control. When a company aims at good inventory management it mostly means that it seeks low inventory levels and high availability of required materials. In their research regarding the positive impact of demand forecasting and inventory management, Li et al. [9] concluded that both these processes help the company to reduce overproduction, leading to lower costs and stock levels. WMS is the IS that is usually used for inventory control [7,10]. Companies rely on their suppliers to operate smoothly and meet their customers’ demands and—as a chain—suppliers must be able to meet their customers’—companies’ demands too. For example, low lead time, which is the time that is needed since the customer places an order until the product is delivered, can affect the customers’ production planning and scheduling. Thus, it is crucial for a company to select the appropriate supplier and avoid problems which might occur in their operations. Managers are able to assess a supplier’s performance by checking several variables such as: lead time, order fill capacity, logistics cost, delivery reliability, advanced shipment notification, etc. [12].



The focus of the current research is placed on seven reasons that would motivate upper management of manufacturing companies to invest in IS. Thus, the third research question is formed as follows:



RQ3: Competitive advantage, customers’ satisfaction, cost reduction of all forms, error reduction in several business operations, production planning, inventory management, and appropriate supplier selection have been recognized, among others, as important factors motivating IS adoption in industry. Which of those are the main drivers for (North) Greek manufacturing companies?



It is noted that the drivers that are explicitly included in RQ3 are not the only ones that, according to literature, can motivate companies into adopting IS.




3.4. Barriers to IS Adoption


Although there are more than enough good reasons for the manufacturing industry to adopt IS, at the same time there are enough obstacles which prevent them from implementing one. Since only six barriers are chosen to be explored in detail, the authors of this paper acknowledge the subjectivity of their choice and the framing of these six particular barriers. Due to the fact that the research was conducted in Greece, it was deemed appropriate to include the current financial crisis in the country (since 2009) as a possible barrier.



High cost of technology is considered as a major inhibitor for ICT widespread adoption and use as it poses additional cost to the companies which is why—especially SMEs—avoid implementation [6,32]. Cost forces smaller enterprises to implement a mid-range ERP compared to the large-scale ERP that is more probably implemented by medium or large companies. That is the reason why ERP’s predecessors (MRP, MRPII etc.) are still very popular among SMEs [10]. Human factor sometimes plays a significant part in a company’s decision to adopt IT or not, especially in SMEs. Employees can occasionally be reluctant to change and resist on new IT implementation. Lack of training on the specific system that is about to be installed or generally in new technologies can be a significant reason for employees’ opposition to IT adoption. Thus, the management should communicate and justify the reasons the company needs the new IT and find motives for their employees to go along. On the other hand, it is possible for the administration to prioritize the investment in another field in comparison to the implementation of a new IT because that field seems more problematic or more interesting to them (e.g., educate employees in new technologies) [5,33]. Over the last decade (since 2009) Greece’s economy was severely hit by a financial crisis that led to a period of prolonged recession with very visible results in industry too. That peculiarity in Greek region poses an additional research interest that leads scholars and policy-makers to emphasize on the fact that ICT/IS can perform a crucial role on the attempts the country makes to recover from that financial crisis and start to develop again taking also into consideration that the company was not severely hit by that crisis [6]. The size of an enterprise plays a significant part regarding IT adoption and can become an important discriminator between those which adopt or not-adopt a form of IT. When the need to communicate and store information is low, companies feel the need for advanced IT adoption less compelling [15]. Thus, it is more probable for them to prefer to operate with their current system—regardless if it is an IS or not. The current financial crisis also contributes to that effect.



Taking all the above into account the fourth research question can be posed as following:



RQ4: Cost of IS, financial crisis, systems that satisfy completely or at a sufficient level, other priorities and employees’ resistance have been recognized, among others, as possible obstacles to adopt IS. Which of those are the main barriers to a broader adoption of IS in (Northern Greek) industry?



Before we proceed it is pertinent to assess that there was an “open type” option included in the questionnaire. In this case the respondents were given the opportunity to mention any other motive/barrier they consider equally important. None of the respondents opted to take into consideration this “open choice” and write down any additional motive/barrier.




3.5. Factors Affecting Drivers and Barriers of IS Adoption


In addition to investigating the profitability, the adoption, drivers, and barriers of IS adoption in the Northern Greek industry as a whole, it is interesting to explore whether and how much these issues are affected by two factors that are arguably important, namely (a) IS adoption, and (b) IS profitability. A specific definition of these factors is provided bellow:




	(a)

	
IS adoption. The notation IS0 is used for companies that are not currently using IS for their operations and the notation IS1 for those companies that have adopted IS in order to better manage their operations. A comparison of the responses of these two groups is limited to the barriers of IS adoption and the following research question is posed: RQ5: Are there significant differences between IS0 companies and IS1 companies regarding the perceived barriers to IS adoption?




	(b)

	
IS Profitability. Focusing on IS1 companies and profitability, two different groups of companies can be defined: those with high level of profitability due to IS adoption (IS_H) and those with medium profitability level due to IS adoption (IS_RS). These two groups are being compared against both drivers and barriers of IS adoption. Then the research question can be posed as follows: RQ6: Is there any significant difference between IS_H companies and IS_RS companies regarding the perceived drivers and barriers of IS adoption?











4. Research Methodology and Data Collection


The population for this study was based on manufacturing companies that are active in Northern Greece in the peripheral districts of Macedonia and Thrace. The questionnaire was sent via e-mail to several companies the list of which was obtained from ICAP’s Greek Financial Directory [34], volume 1: industry, which includes detailed listings of manufacturing enterprises—public and private, Greek and multinational—which are active—producing—in Greece. Companies that were listed as “very small” according to ICAP’s directory [34] were excluded from the study as it was considered highly unlikely to have implemented ISs to support their operations. The questionnaire was sent in a total of 184 companies and 96 of them responded by the end of January 2019.



In order to achieve the maximum response rate, the survey instrument was structured as a short questionnaire [35] with a total of 15 questions—13 of which were closed-end questions, while the last two of them were open questions. The first two questions were addressed to all respondents. Specifically, the second one’s objective was to determine whether the company uses information systems (IS) or not. Those responding negatively to that question were instructed to proceed to the tenth question the objective of which was to determine the reasons that prevent the companies from investing in IS. The rest of the respondents had to follow the natural course of the questionnaire. The penultimate question was asking the respondents to specify their job title. Finally, the last question was asking about their thoughts on IS and supply chain (SC) in Greek industry.



The survey instrument was developed based on the extensive review of the current literature, which was delineated in Section 3. The questionnaire was pre-tested on a pilot sample of five experts regarding IS to assess its clarity, comprehensiveness, and overall suitability. After completing the necessary amendments in November 2018, the questionnaire was sent electronically to 184 manufacturing enterprises, which were invited to fill it out on the web. An accompanying cover letter described briefly the research project and provided assurance that the information obtained from participating companies will be treated as confidential. Most of the e-mail addresses were found in the ICAP’s directory [34]. Few other email addresses were found on the General Commercial Registry’s site [36], as well as, the Exporters’ Association of Northern Greece’s site [37]. All the companies—whether we had found the email addresses or not—were contacted by phone to verify or be given the e-mail addresses (so as to send them the questionnaire) but also to inform them about the research. In order to increase the response rate, three weeks after the first invitation the questionnaire was emailed again to all those companies that had not responded. Furthermore, another email was sent after Christmas holidays that was followed by phone contact. In total of 184 companies that were contacted, 96 were returned by the end of January 2019.



Returned questionnaires underwent strict checks to ensure completeness and consistency. The whole number of them that was answered was found to be valid and usable for further analysis, which puts the overall response rate to 52.17%.



The sample was also checked for representativeness with respect to the industry sector and also the district they facilitate. In both instances the X2 goodness-of-fit test shows that the sectorial or the district representation of the sample does not differ significantly from that observed in the total population of manufacturing enterprises in Northern Greece. The p-value of the test (minimal significance level for rejection of the null hypothesis) was 0.813 for the sectorial representativeness and 0.717 for the district representativeness, respectively [38].



The questionnaire was also tested with the Cronbach Alpha method for its reliability. The Cronbach Alpha index value was found to be equal to 0.856 which is considered to be a very good value for validation [39].




5. Results and Discussion


5.1. General Characteristics


Table 1 and Figure 1 show the profile of the companies with respect to the district they facilitate and the industry sector accordingly. The total number of companies appearing in Table 1 and Figure 1 is the whole amount of the responses (96) since they were all identified. In both cases the “other” represents districts or industry sectors with no more than five responses.



5.1.1. Information Systems (ISs) (RQ1)


The majority of the respondents 83 out of 96 stated that the companies they work for, they use IS while 13 of them do not. Of the 83 companies the 82 specified which systems they actually use (Table 2). The majority of the companies use ERP (85.4%). Quite enough of them—32, 31, and 29—use WMS, OMS, and CRM, respectively. The rest of the systems have a percentage of less than 26% each of them. It would be interesting to notice that the SCM which is an area that is in development and will continue to be in the years to come is only used by 13.4% of the companies. As we referred previously in these days the competition has moved or moves from company-company to supply chain-supply chain. The percentages sum up to much more than 100 percent because most companies use multiple ISs.



Comparing the current research with the one that was conducted by Ketikidis et al. [10] one can observe differences or similar results regarding the percentage of the companies regarding the adoption of an IS. Even if the percentages of current and future users of the ERP system are added [10] the percentage (49%) is much lower of that in the current research (85.4%). On the other hand the percentage of the companies in the current research which use systems such as WMS, MRP, SCM, SRM, and APS are lesser than the companies they were already using those systems in the [10] research. The percentage of the companies which use CRM in the current research is between the percentages of those they were already using the system but not greater if we add those were intended to implement it in the future.



More than half companies, 47 out of 83, have stated that they invested in IS the last couple of years which means that they care about their systems being up to date (Figure 2). On the other hand, only eight of them have not invested in IS in the last 10 years besides the financial crisis that hit the country.




5.1.2. Profitability of IS Adoption (RQ2)


Of the 83 companies that use IS the 82 of them answered this question. The estimate of this research, based on the respondents sample is that 92.7% of the companies find IS adoption profitable at a high or at least a satisfactory level (Figure 3). On the other hand, there is just one company that considers IS adoption as non-profitable at all. Another 6.1% of the companies have only recently installed the IS so they cannot provide yet a clear image regarding the results of the implementation.



There are several aspects that affect the financial gains due to ERP implementation which leads to controversial results depending on the company [40]. Larger companies showed better results in financial measures than smaller companies. According to Ata and Toker [41] CRM adoption does not affect the organization’s financial performance. Additionally, some companies although they spent enormous amounts of money to implement an IS they had no positive results regarding their business performance [42]. One the other hand other studies [43] concluded that ERP adoption influenced positively the firm’s profitability. Similarly, Ye and Wang [44] were led to the conclusion that IT adoption leads to better performances regarding profit margins.




5.1.3. Motivation for IS Adoption (RQ3)


All the companies that use IS were asked to indicate how important they consider each of the seven driving factors that have been discussed in Section 3.3, by rating them on a five-point Likert scale with 1—“the least important”—and 5—“extremely important”. The average ratings are shown in Figure 4. All driving factors have an average score above 3.5 which means all of them are considered important. In addition to the two of them—competitive advantage and select appropriate suppliers—the rest are considered as at least “very important” motivators for a company to adopt an IS.



The current research is in accordance to several researches [28,29,45,46] that have been conducting regarding information systems (ISs) and they consider competitive advantage as an important motivator that forces companies to seek to adopt these technologies or update with newer versions or add-ons those they already use. Although in the current study most of the other motivators are considered more important than “competitive advantage”. In addition to competitive advantage being a key motivator Apulu and Latham [29] recognize other two important drivers of IS adoption which are customer satisfaction and reduce cost. Providing better customer services and in a way aimed for customer satisfaction is an important element that has been taken into account during the assessment, selection and adoption stages of an IS [47]. The most profound choice on that effect and the one that is specifically designed to serve the customers seem to be CRM [23] even in B2B (Business to business) markets [41] in which customer satisfaction is also considered as a performance measure. Of course, that does not rule out other forms of IS that can be used for that effect such as: customer satisfaction or generally providing better service to the customers [27,47,48]. Ketikidis et al. [10] use several forms of information technology in an attempt to minimize cost. Similarly, cost reduction is considered a major objective in other researches too [14,48]. Cost savings was also a great concern for respondents in Koh et al. research [31]. According to Fuchs et al. [12] the production process is too complex to be conducted without an IS that will help not only large companies but also the SMEs. Generally, production planning and control can be considered as the second-best motivation for implementing an IS [31]. In the current research Production planning is the second more important driver for IS adoption. Companies aim for low inventory levels in order to attain better inventory management [9] which reduces overproduction. The least important factor that motivates companies to adopt an IS is to select appropriate suppliers. If the company and its supplier have systems that can be integrated that could be positive for their supply chain but that does not mean that it is a priority for them—the integrated systems or suppliers with the latest systems available [12,31]. Mostly the benefits that are obtained due to IS/IT adoption in the supplier selection process are non-financial and more relative to management decisions [22].




5.1.4. Barriers of IS Adoption (RQ4)


In the tenth question of the questionnaire the respondents were asked to assess the importance of specific obstacles to the IS adoption, by rating them on the five-point Likert scale (1: “the least important” and 5: “extremely important”). That question was answered by all the respondents whether they have adopted an IS or not. The six inhibitors that were explicitly mentioned in the questionnaire are those that are described in Section 3.4. Figure 5 contains the average ratings of the six barriers. All barriers—but one—have a score that puts them between being of “medium importance” and “very important”. Most important barrier is considered to be the “cost of IS” that the companies seek to adopt. Employee’s opposition does not seem to be much of an important barrier with an average score of 1.77.



The cost of an IS system seems to be one of the most important—if not the most important—barrier in other studies, too, not only because of the cost to buy it, but also due to the additional costs—implementation costs, employee training, upgrading existing facilities, maintenance etc.—it might bring along. Those must be taken into consideration especially in SMEs [6,32,49,50,51]. Economic crisis might have a negative impact on a company’s efforts to apply innovations which might lead to problems in its financial performance [41]. Giotopoulos et al. [6] suggest that despite the financial crisis that Greece has been hit IT might play a crucial role in the country’s attempts to recover and develop. In the current research companies seem to be reluctant enough to adopt a new system when the one they already have is sufficient enough or it satisfies them completely. Several researchers acknowledge that sometimes employees are reluctant to change and they oppose adopting new technologies, especially if they believe the new process is not going to be better than the one they already use [5,31,33]. It is important for the companies to communicate—especially with the lower-level employees—the changes they need to be done and try to motivate them to go along and not resist.



In literature there is also another barrier that is considered important and seems to be verified by the current research. That is the size of the company in regards to its employees [14,15]. The larger the company the greater the possibility of using—more advanced—IS (e.g., ERP). Small–medium companies that are able to do the job in other ways are not probable to adopt IS or they continue to use an older kind of IS (e.g., MRP) [10]. In the current research all the companies that are not using IS, are those with no more than 50 employees. On the other hand Fuchs et al. [12] suggest that the size of the company might not be an issue regarding the company’s decision to adopt IT since the companies could use IT systems that are most suitable to them, such as less complex ERP suites and not ERP that is mostly used and can be afforded by larger companies.





5.2. Comparisons Regarding the Factors Which Affect Drivers and Barriers of IS Adoption


In the following Section 5.2.1 and Section 5.2.2, the Mann–Whitney two-sample U-test is used to assess differences between two identified different groups that will be described accordingly, regarding the barriers (Section 5.2.1) and the motivators and barriers (Section 5.2.2) that were measured on the five-point Likert scale. That non-parametric test is regarded as particularly powerful for analyzing data collected in a mail survey [38]. The U-tests indicate significant differences between the respective two groups in each case only if the p-value is lower than 0.05. Otherwise, the U-tests indicate that the respective null hypotheses of no difference cannot be rejected at a significance level lower than 0.05%.



5.2.1. IS Adoption (RQ5)


Based on the analysis of the exploratory question in the first part of the questionnaire, two groups of companies were identified in the whole sample: those that have adopted IS (IS1) and those which haven’t adopted IS (IS0). This paper investigates whether there are statistically significant differences between the two groups regarding the reasons that would prevent them from adopting an IS (Table 3).



The results show that IS0 differs significantly from IS1 companies only with respect to the two following barriers: Cost of IS (p-value = 0.004) and employee’s opposition (p-value = 0.023). In regards with the rest of the barriers it seems through the p-values that there are no statistically significant differences between the two independent groups of companies. That implies that the respondents of IS0 and IS1 evaluate the rest of the barriers the same way.




5.2.2. Profitability of IS Adoption (RQ6)


Based on the analysis of the exploratory question in the first part of the questionnaire, two prominent different groups of companies were initially identified in the sample that has stated that they use IS, as shown in Figure 6: Those which consider that the IS adoption leads to high level of profitability (IS1_H = n1 = 36) and those that obtained relatively satisfying level of profitability due to IS adoption (IS1_RS = n2 = 40). Through this research there is an effort to assess whether there are statistically significant differences between the two groups regarding the reasons that motivate them to adopt IS (Table 4) and also the barriers that would prevent them to adopt IS (Table 5).



In regards with the driving factors of IS adoption the results show that IS1_H differ significantly from IS1_RS companies only with respect of the four following motivators: Competitive advantage (p-value = 0.003), reduce errors (p-value = 0.024), production planning (p-value = 0.042), and select appropriate suppliers (p-value = 0.005). There is no difference between the two groups in regards to the rest motivating factors regarding the drivers of IS adoption. That is also the conclusion about these two groups regarding the barriers of IS adoption since p-value is greater than 0.05 in each one of them, which means that the respondents of these two groups are thinking alike.






6. Summary, Discussion, and Conclusions


This empirical research addresses issues regarding the use of IS in Northern Greek industry, the drivers and barriers of their implementation, as well as the cost efficiency due to IS adoption. The statistical analysis of the responses in the 96 questionnaires filled by Northern Greek manufacturing companies leads us to some very interesting results.



Northern Greek manufacturers have adopted IS in a percentage of 86.5% (83 out of 96). The vast majority of them have implemented the ERP system (85.4%). WMS, OMS, and CRM are the next in line with a respective percentage of 39.0%, 37.8%, and 35.4%. It is also worthwhile to refer that SCM is used only by 13.4% of the companies. In addition to the financial crisis that the country has suffered since 2009 the majority of the companies which use IS (90.4%) they have invested in an IS in the last decade.



Of those which have adopted an IS the vast majority consider that has led to a high or relatively satisfying level of profitability for the company. A company’s desire to reduce the errors is considered to be the main motivation to adopt an IS, while production planning is the second best. The greatest inhibitor for any company—whether they use IS or not—is the cost of the system they consider to adopt. On the other hand, any negative reaction from the employees is not considered such a significant barrier. Companies that have adopted IS mostly consider its cost as a great barrier to invest in IS compared to those which have not adopted one. To those that do not use an IS, having a current system that satisfies them completely is a major inhibitor not to invest in an IS.



Both companies with high or relatively satisfying level of profitability seek firstly to reduce the errors as a motivator to invest in IS, yet there is a statistically significant difference between these two groups. In addition, those with high level of profitability have given higher average ratings in every variable on Table 4 regarding those with relatively satisfying level of profitability. In fact, the first ones consider every motivating factor at least “very important” (4) in a five-point Likert scale. The major inhibitor for investing in IS for both groups, is its cost.



A closer observation of Figure 4—the motivating factors to adopt an IS—could lead to a very interesting logic that seems to be followed by the respondents which could be described as: “from internal to external”. In other words, for every company its priority regarding choosing an IS is to solve its internal problems (error reduction, better production planning, maintain appropriate inventory, reduce production cost), and then it expands its viewpoints to the external environment (customer satisfaction, competitive advantage, select appropriate suppliers).



In regards of the barriers that would prevent a company from investing in IS, it is important to note that the “employee’s opposition” is not considered as a significant inhibitor. Although it would be good for the company to inform the employees and try to find ways to limit their counteractions as much as possible, so as to make them go along. The cost of an IS is the number one inhibitor. In addition to its actual cost, companies have to consider its implementation cost, its integration cost with the already existing systems, probable employees educational costs, etc. Along with these they also have to think of the time that would be needed for recuperation. Thus, a high cost would prevent them from investing in an IS, especially if the company is a small one.



Regarding the interpretation of RQ5 we can say the following: There is a significantly different way of thinking regarding the cost of IS and the employees’ opposition. For those that already use an IS (IS1), the cost of IS is close to “very important” inhibitor while for those they don’t use IS (IS0), it is of “medium importance”. In a five-point Likert scale they have a difference of one degree in the average ratings. We can assume that IS1 companies will consider their next investment and its cost more carefully. On the other hand, IS0 companies will probably consider the cost of IS as a “necessary evil” for their company’s modernization. Similarly, IS1 enterprises will consider a little more the employees’ opposition, while on the other hand for the IS0 enterprises it does not seem to be of any importance. Again, we can pinpoint for the companies that have not adopted IS yet, the modernization for that decision and also the effort for gaining other benefits such as competitive advantage, error reduction, etc.



Trying to interpret RQ6 one can realize that the two groups of companies—those that have high level of profitability (IS_H) and those that have a relatively satisfying profitability (IS_RS)—have a similar way of thinking regarding the barriers that would prevent them from investing in a new IS—since they already have at least one. They both consider its cost as the most important barrier and employees’ opposition as the least one. However, a comparison between these two groups regarding the motivating factors that would force them to invest in an IS can show that there are differences in regards to the competitive advantage, the error reduction, the production planning and the selection of the appropriate suppliers. In all these four occasions IS_H companies consider those factors more important regarding the IS_RS companies. It can be said that just because they aim at better results on those four factors with the IS they implement that is why they are more profitable. In other words, those motivating factors make a difference.



Additionally, the barriers which were involved in the current research, there is a rather silent one that has to do with the company’s size. All of the companies that have not adopted an IS they employ no more than 50 employees. That being said, it is understandable that it is more difficult for a small company to invest in IS.



Generally speaking, it can be said that this research has shown that Northern Greek manufacturing companies use IS and they have realized that it helps them financially. Although the numbers show that they can do better and that there are still companies that could choose that path.



At this point, it is important to explicitly acknowledge a limitation of this research regarding the area that was conducted since the research was focused only on the manufacturing companies of Northern Greece and not those of the entire country.



Although the representation of the sample does not differ from that of the population in regards to the sector and the district the company operates, nonetheless it would be interesting to be able to have answers from the whole country. Additionally, it would be interesting to research about specific ISs—such as ERP, etc.—about what they offer in specific areas of a company’s supply chain as well as to its operations. Another future research could focus on the implementation of SCM along with the motives and barriers of its adoption, in the whole country.
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Figure 1. Profile of the companies: Industry sector. 
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Figure 2. Last time the companies invested in IS. 
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Figure 3. Level of profitability due to IS adoption. 
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Figure 4. Drivers of IS adoption. 
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Figure 5. Barriers of IS adoption. 
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Figure 6. Profile of the respondents they have adopted IS with respect to the level of profitability. 
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Table 1. Profile of the companies: District they facilitate.
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	District
	Number of Companies
	Percentage





	Thessaloniki
	21
	21.9%



	Kilkis
	11
	11.5%



	Drama
	9
	9.4%



	Serres
	8
	8.3%



	Imathia
	8
	8.3%



	Pieria
	7
	7.3%



	Rodopi
	6
	6.3%



	Xanthi
	6
	6.3%



	Other
	20
	20.9%
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Table 2. Information systems in use.
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	Information System
	Number of Companies
	Percentage





	ERP
	70
	85.4%



	WMS
	32
	39.0%



	OMS
	31
	37.8%



	CRM
	29
	35.4%



	MES
	21
	25.6%



	MRP
	17
	20.7%



	SCM
	11
	13.4%



	SRM
	11
	13.4%



	TMS
	8
	9.8%



	DRP
	6
	7.3%



	APS
	6
	7.3%



	Other
	3
	3.7%
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Table 3. Barriers of IS adoption—use of information systems.
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Barriers

	
Average Rating

	
p-Values




	
Using IS

	
Not Using IS






	
Cost of IS

	
3.81

	
2.82

	
0.004




	
Financial crisis

	
3.36

	
2.64

	
0.080




	
Completely satisfied by the system that has been already adopted

	
3.56

	
3.83

	
0.408




	
The existed system is considered sufficient

	
3.63

	
3.75

	
0.700




	
Management decided to invest in other areas

	
3.51

	
2.73

	
0.144




	
Employees’ opposition

	
1.85

	
1.18

	
0.023
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Table 4. Drivers for IS adoption—level of profitability.
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Drivers

	
Average Rating

	
p-Value




	
High Level of Profitability

	
Profitable in Relatively Satisfying Level






	
Competitive Advantage

	
4.28

	
3.70

	
0.003




	
Customers’ Satisfaction

	
4.31

	
4.18

	
0.596




	
Reduce production cost

	
4.44

	
4.23

	
0.264




	
Reduce errors/mistakes

	
4.75

	
4.42

	
0.024




	
Production Scheduling/Planning

	
4.58

	
4.33

	
0.042




	
Maintain appropriate inventory

	
4.53

	
4.30

	
0.173




	
Select appropriate Suppliers

	
4.06

	
3.36

	
0.005
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Table 5. Barriers of IS adoption—level of profitability.
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Barriers

	
Average Rating

	
p-Value




	
High Level of Profitability

	
Profitable in Relatively Satisfying Level






	
Cost of IS

	
3.75

	
3.90

	
0.530




	
Financial crisis

	
3.28

	
3.46

	
0.472




	
Completely satisfied by the system that has been already adopted

	
3.61

	
3.55

	
0.618




	
The existed system is considered sufficient

	
3.72

	
3.58

	
0.376




	
Management decided to invest in other areas

	
3.31

	
3.66

	
0.307




	
Employees’ opposition

	
2.03

	
1.68

	
0.187
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