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Abstract

:

Software is a very important part to implement advanced information systems, such as AI and IoT based on the latest hardware equipment of the fourth Industrial Revolution. In particular, decision making for software upgrade is one of the essential processes that can solve problems for upgrading the information systems. However, most of the decision-making studies for this purpose have been conducted only from the perspective of the IT professional and management position. Moreover, software upgrade can be influenced by various layers of decision makers, so further research is needed. Therefore, it is necessary to conduct research on what factors are required and affect the decision making of software upgrade at various layers of organization. For this purpose, decision factors of software upgrade are identified by literature review in this study. Additionally, the priority, degree of influence and relationship between the factors are analyzed by using the AHP and DEMATEL techniques at the organizational level of users, managers and IT professionals. The results show that the priority, weight value, causal relationship of decision factors of users, managers and IT professionals who constitute the organizational level were very different. The managers first considered the benefits, such as ROI, for organization as a leader. The users tended to consider their work efficiency and changes due to the software upgrade first. Finally, the IT professionals considered ROI, budget and compatibility for the aspect of the managers and users. Therefore, the related information of each organizational level can be presented more clearly for the systematic and symmetrical decision making of software upgrade based on the results of this study.






Keywords:


decision making; software upgrade; information systems; decision-making trial and evaluation laboratory (DEMATEL); analytic hierarchy process (AHP)












1. Introduction


Recently, software has been rapidly changing with the development of hardware systems. Software has evolved into a new platform and has higher value as new technologies, such as artificial intelligence (AI), internet of things (IoT), bigdata and cloud, have emerged [1,2]. In the past, software was manually controlled and managed by system administrators. However, current software is very dynamic and runs based on user-centered service [1,3,4]. In this situation, the evolution of software through continuous maintenance is very important [4,5,6,7,8]. This is because software can provide more enhanced functions through continuous improvement and evaluation, while also reducing errors [9,10]. Software can also be easily applied to other working environments based on new hardware systems [8,11,12,13].



Software upgrade is the continual development to maintain an appropriate level of requirements and quality based on the life cycle of the software [11,14]. There must also be a lot of activities to reflect the requirements [15]. Among them, the upgrade activities for improving various functions are very important according to the life cycle of software [11,16,17]. Improving existing software bugs and security issues is also possible for business through upgrade activity [10,18]. In particular, upgrade activity can improve the vulnerabilities of bug patches and security of all components associated with the software [18]. The impact assessment of reuse and the reflection of new technology is important for maintenance [19]. According to the existing research, the decision to upgrade the legacy software system is related to a wide variety of software environments, such as time and planning, selection of new technologies, cost, optimized policies and time [11]. Additionally, software upgrade is one of the essential processes for sustainability [17]. In addition, the upgrade can make software work efficiently and have an extensive impact on the business of company [18,20,21].



Therefore, software must be continuously evaluated through upgrade activity [5,7,11,22]. Enterprise software is constantly required to improve organizational productivity and competitiveness [23]. A lot of preliminary preparations are required for a software upgrade, and decision making for an upgrade at the organizational level is very important. If decision making is wrong or delayed in the upgrade of business enterprise systems, such as enterprise resource planning (ERP) without sufficient preparation, the organization can be dramatically affected by business and cost loss [5,8,9,24,25]. In addition, the continuity of software is reduced, and the maintenance cost is greatly increased [17]. Therefore, decision making for software upgrade must be very systematic and efficient [5,11,15,26].



Previous studies have mostly mentioned that decision makers for software upgrade have been studied in management and professional positions without any preparation [11,21,24,26,27]. However, decision making also affects the user layer, so it can be driven by more diverse groups for symmetry [15,24,28]. The users have a wide variety of behaviors in accepting decision making and innovative parts of information technology (IT) for the continuous software reuse [28]. So, this study aims to analyze what factors affect decision making and what causal relationship factors are based on the weight value of each factor in the users and managers who actually use software as well as IT professionals. In the end, the purpose of this study can be defined as follows:




	(1)

	
The priority of decision making is analyzed based on the weight value of the identified factors.




	(2)

	
The decision-making factors for software upgrade are identified with a causal relationship based on the priority of each factor at the organizational level.









In order to analyze the decision-making factors for software upgrade, this study is conducted by dividing the three layers into managers, users, and IT professionals who manage information systems at the organizational level. In particular, research papers related to existing information systems and software upgrades are reviewed to identify the factors related to decision making. In addition, brainstorming is conducted to analyze which factors in each layer are highly prioritized and affected. For data analysis, the analytic hierarchy process (AHP) and decision making trial and evaluation laboratory (DEMATEL) methods are applied in this study, because the AHP is a technique that can analyze priority by calculating the weight of multiple factors for decision making. Additionally, DEMATEL is a technique that can analyze the causal relationship and influence of complexly connected factors. Therefore, these two techniques are appropriate research methods for the purpose of this study. Of course, there are similar decision-making analyses, such as interpretive structure modeling (ISM) and analytic network process (ANP). However, DEMATEL and AHP have no problem and have optimized processes to analyze the priority and relationship among the identified factors based on the hierarchical structure. Additionally, the visualization of decision making can be shown hierarchically. Therefore, AHP and DEMATEL are chosen for the purpose of this paper.



This paper is organized as follows. Section 2 defines the AHP and DEMATEL techniques, software upgrade, and identifies decision-making factors through a review of the existing literature. Section 3 analyzes data using the DEMATEL technique and AHP based on the identified factors. Section 4 discusses the results of this study. Finally, Section 5 addresses the conclusions and future research tasks.




2. Literature Review


Numerous studies have been using the AHP and DEMATEL techniques to improve decision-making problems and models. In particular, the AHP and DEMATEL techniques are used to address more efficiently the complicated problems of service quality and stakeholders.



Tang et al. [29] conducted a study on the selection technique of functional logistic service providers using AHP and DEMATEL. They noted that there are many logic service providers, but the largest integrated logistic service providers (ILSPs) cannot provide an efficient customized supply chain (CSM) without outsourcing support. An AHP–DEMATEL hybrid technique was proposed focusing on the selection procedure of functional logistic service providers to improve this problem. As a result of the study, decision makers of ILSPs could review more easily through standardized selection procedures.



Sachin et al. [30] mentioned that the cement manufacturing industry in India has been negatively affected by climate change. According to their study, the reduction in gas emissions from cement manufacturing is not easy and a strategy to improve it is needed. Therefore, the existing literature was reviewed and the opinions of experts were used to identify factors for the mitigation of climate change. In addition, the AHP–DEMATEL technique was applied to evaluate strategies for mitigating climate change in the cement industry. As a result of the study, fuel emission reduction and procedural emission reduction factors were the highest priority. In particular, the finding of this study was that the two factors were classified as the cause and the other factors were classified as the influence group. The presented model in this study can help experts to develop short-term and long-term decisive measures to reduce pollutants effectively in the cement industry.



Sarra et al. [31] studied and presented a decision-making model for selecting an efficient and optimized learning management systems (LMS) based on DEMATEL–AHP. They mentioned that the LSM selection is very important as the use of the Internet and information technology increases in educational institutions, corporations, and government agencies to provide content and educational resources easily. In particular, as many LSM functions are developed along with the growth of the LMS market, an effective method for selecting the most optimized LMS is very necessary for decision makers. To this end, their research provides stakeholders with strategic decision making to avoid bad choices and to select the most appropriate LMS through the hybrid analysis of the DEMATEL–AHP technique. One set of criteria was created based on the ISO9126 model and three different LMS categories were considered to select the quality characteristics and sub-specific characteristics of LMSs. This research is a good example of using MEMATEL–AHP as the MCDM problem-solving method to select the most appropriate LMS and optimized systems.



Amit et al. [32] studied the construction of a capital procurement decision-making model to select an optimized supplier using AHP and DEMATEL. Supplier selection for capital procurement is one of the most important strategies for the automobile industry. Therefore, its decision making must be conducted very transparently and systematically. The AHP–DEMATEL hybrid approach was used for their study. The evaluation parameters were identified through an extensive review of the existing literature. Additionally, AHP was applied to calculate priority using the identified criteria, and DEMATEL was applied to analyze the causal relationship between the criteria. As a result of the study, the total cost of ownership (TOC) had the highest weight for decision making, followed by manufacturing flexibility and maintenance capability. Therefore, their research can be meaningful as good guidelines and directions are provided in relation to the most appropriate supplier selection for capital procurement.



Pandey et al. [33] defined various issues related to mobile apps using the DEMATEL technique for efficient mobile app development. In addition, their research defined what issues app development programmers and project managers have regarding the difficulty of developing mobile apps. To this end, 12 major issues were defined. Additionally, the issues were divided into cause-and-effect groups using the DEMATEL technique. Additionally, as a result of the analysis, various issues of mobile app development were closely connected with each other. Additionally, compatibility issues were the most influential as a cause issue, with the subsequent issues being function requests and network connection issues. This study contributed to reducing the risk of development by clearly analyzing the causal relationship of issues for mobile app development using the DEMATEL technique.




3. Research Methods


3.1. Framework of the Proposed Research


For this study, a research framework is proposed as shown in Figure 1. The study consisted of three steps to analyze the symmetric decision-making factors for software upgrade in the three layers of organization. In particular, the AHP and DEMATEL hybrid basis technique was used to determine priority based on the weight of each decision-making factor and to analyze the degree of influence. In the first step, the existing literature related to software upgrades was reviewed and factors were identified. To this end, brainstorming meetings were held with the relevant people, such as managers, users, and IT professionals. Additionally, the reliability of the identified factors was verified.



In the second step, the priorities of impact factors for software upgrade were determined by the AHP technique. This can provide very useful information for short-term planning and decision making of software upgrade in terms of information strategy at the organizational level. In the third step, the causal relationship of each factor was analyzed and schematized by the DEMATEL technique. Information can be provided more clearly for decision making. Therefore, the results of the DEMATEL analysis can be very helpful for long-term planning in terms of information strategy. A symmetric comparison for decision making was made through this step-by-step analysis at the three layers of organization. In other words, the organization can easily identify what decision-making factors are important for each layer and how their causal relationships are defined.




3.2. Determination of the Influence Factors


Existing research papers related to software and information systems development/upgrade were reviewed to identify decision-making factors for this study. As a result of the review, 19 related factors were identified. Additionally, a total of 5 meetings were conducted to select the identified factors with managers, users, and IT professionals in 2 companies over the 2 months. The topic of the meetings was to determine which factors affect the decision making based on the identified factors for software upgrade. A total of 31 people attended these meetings. The managers were 10, the users were 12 and the IT professionals were 8 among the participants.



The 3 meetings were conducted online to determine the priorities of the identified factors and to remove unnecessary factors for each layer. The 2 meetings were conducted offline to resolve issues that were not negotiated. In particular, the factors that are difficult to determine were decided by collecting the opinions of the majority.



Additionally, the participating companies were Korean companies, IT solution development companies and global pharmaceutical companies. The people who attended the meetings included not only Koreans, but also many foreigners. The factors in Table 1 are related to general users as well as IT professionals in software use. In addition, the factors of software upgrade time and software user number were included by collecting the opinions of IT professionals. Some IT experts very strongly suggested the two factors. So, those two factors (F10 and F11) were additionally included. This is more than the maximum of 9 factors recommended by the AHP analysis method. However, the factors were included in order to collect the opinions of relevant IT professionals and to conduct a more accurate factor analysis. Additionally, as a result, a total of 11 factors were identified, as shown in Table 1.



These factors were applied to the AHP and DEMATEL analysis to determine its influence and relationship for the decision making of software upgrade at each layer of organization (managers, users and IT professionals).




3.3. Verification of the Reliability of Decision-Making Factors


First, a survey was conducted to verify the reliability of the factors using the identified 11 factors through previous studies and IT professionals’ opinions. It was conducted on 3 organizational levels (managers, users and IT professionals) based on the 5-point scale from 0 (no) to 4 (very strong).



To this end, a total of 85 people participated in the survey. There were twenty-five managers, forty users, and twenty IT professionals. A total of 70 responses were used, excluding the 15 unfaithful and inaccurate responses among the responses of the total 85 respondents. All responses showed that the factors were influential for software upgrade. It can be observed that this was because they were already verified factors in the existing literature. In addition, the Cronbach’s alpha analysis was conducted to measure the reliability of the survey data using IBM SPSS tool. The Cronbach’s alpha value is an indicator of the reliability of the factor, and it was judged that there was no problem if the value was higher than 0.6.



As shown in Table 2 (managers), Table 3 (users) and Table 4 (IT professionals), the results show that there were no problem because each average reliability of all factors was 0.704 (managers), 0.814 (users) and 0.880 (IT professionals).




3.4. Analysis of the Weight and Causal Relationships for Predetermined Factors


3.4.1. Analysis of AHP


The AHP method was first developed by Prof. Saaty in 1980 and is a very useful mathematical technique that can quantitatively analyze complex and multiple decision-making factors [43]. AHP has been widely used for risk analysis, environmental pollution factor analysis and supply chain management (SCM) [30]. This means that it can be easily expanded, in the manner of fuzzy theory research, by connecting other theoretical parts and methods [30]. AHP can be analyzed in three procedures. First, the key factors for decision making are hierarchically structured. A pairwise comparison questionnaire is constructed and responses are collected to analyze the influence of factors for decision making. Additionally, a pairwise comparison matrix (PCM) can be calculated. Second, the weight of each factor is estimated through an eigenvalue analysis based on the responses of collected pairwise comparison questionnaire. A standard matrix is calculated in this step. Finally, the consistency ratio is verified [30].



In this study, first, a survey of 1 to 9 scales was conducted for each layer based on the determined factors in Section 3.2 for the AHP analysis. The PCM is calculated based on the analyzed results through the survey using the Equation (1). A n(n−1)/2 comparison is required in order to perform the pairwise comparison. For example, suppose that n activities are considered at the layer of the subject. If    b 1  ,  b 2  ,    b 3  … ,    b n    is a set of each activity, the quantitative judgment of the relative importance of the activity    b j    and    b i    pair is expressed as n-by-n pairwise comparison matrix as shown in the following equation:


  A =      1     a  12      …     a  1 n         1 /  a  12      1   …     a  2 n         1 /  a  13       1 /  a  23      …     a  3 n        …   …   …   …      1 /  a  1 n       1 /  a  2 n      …   1       



(1)







The PCMs for each layer in this study were calculated using Equation (1). In addition, the values of each factor were calculated by performing pairwise comparison. As a result of the analysis, the sum of each factor was calculated differently. The matrix A through quantitative pairwise comparison is an irreducible positive reciprocal matrix and has the following properties:




	(a)

	
The A has the only maximum eigenvalue    λ  m a x     with a positive real number.




	(b)

	
The eigenvalue of A corresponding to the eigenvalue    λ  m a x     has a positive value and is unique. The relative weight of factors can be a vector W satisfying the following equation using the pair comparison matrix above:











   A W =  λ  m a x   W   



(2)







A weight for determining the priorities of each factor can be calculated by using the PCM. To calculate this, the values of each factor were divided by the sum of the corresponding columns. Then, the weight value was calculated by dividing the sum of the rows of each factor by 11, as the number of factors. The column sum of the standard matrix must be 1. As a result, the weights of each factor and values of    λ  m a x     in the 3 layers were very different. The weight values were as shown in Table 3 (managers), Table 4 (users) and Table 5 (IT Professionals), and the    λ  m a x     values were 12.449 (managers), 12.430 (users) and 12.492 (IT Professionals).



All factors can be hierarchically prioritized using the weight values. Table 3 (managers), Table 4 (users) and Table 5 (IT professionals) show the importance of decision-making factors for software upgrade in each layer using the weight values. The results were very different. The weight value of each factor is the value calculated from PCM.



As shown in Table 3 below, the most important factor in the managerial layer was F9 (ROI, return on investment). The second most important factor was F10 (software upgrade time), and the third important factor was F8 (sufficient budget). As the managerial layer, the management aspect for business was more prominent.



Table 4 shows the priority of factors in the user layer. The most important factor was F5 (software performance improvement). The second most important factor was F10 (software upgrade time), such as the managerial layer. The third most important factor was F6 (appropriate requirement reflection). Their work efficiency is reflected as the most important factor among them, because users are actually the layer in charge of work. In particular, the ROI factor that was considered important in the managerial layer showed a very low priority in the user layer.



Finally, Table 5 shows the priorities of factors from the IT professional position. The F9 (ROI, return on investment) was also analyzed as the most important factor. Secondly, the F8 (sufficient budget) was analyzed as important. Third, F3 (software compatibility) was analyzed as important. Table 5 shows that the priorities and weights of factors are different compared to the manager and user layer. The IT professionals tended to consider both the benefit of organizations and users through the software upgrade.



The last step in the AHP analysis procedure is the importance and consistency analysis. This is the step to verify the consistency of the estimated maximum eigenvalues in step 2. Consistency index (CI) and consistency ratio (CR) are used for this verification. The formula for calculating the CI and CR is as follows. The RI in the table indicates a random index. In general, if the value of CR is less than 0.1, there is no problem with consistency. The CR value can be allowed to be up to 0.2 for consistency.    λ  m a x     is the maximum eigenvalue of the comparison matrix and n is the degree of comparison matrix.


  C I =      λ  m a x   − n       n − 1     C R =   C I   R I    



(3)







The results of consistency check for each layer are as follows. The analysis was performed to check the consistency of factors using the Equation (3). The RI value was 1.53 based on 11 factors. The lambda average values of each table were used to calculate the CI values of each layer. As a result of calculation by applying the Equation (3), the CI value was calculated as 0.145 for the manager layer, 0.143 for the user layer and 0.149 for the IT professional layer. The calculated CI values of each layer were divided by the RI values for calculating the consistency ratio. As a result, the CR value for each layer was calculated as 0.095 for the manager layer, 0.093 for the user layer and 0.098 for the IT professional layer. The result of analysis shows that the factors of three layers have no problem with consistency under the condition that the consistency value should be less than 0.1.




3.4.2. Analysis of DEMATEL


DEMATEL is a methodology developed in 1971 to analyze the relationships of complex connected factors easily by the Battelle Institute in Geneva, Switzerland. In particular, DEMATEL can be useful when problem solving is difficult because many factors are unclearly connected in the project. In addition, the problem solving of DEMATEL can analyze the causal structure using the opinions of people or professionals who have experience in the field [44,45,46,47,48,49,50,51].



First, the direct relation matrix (DRM) is calculated. The relationship between the factors is analyzed through a questionnaire or meeting of the officials and professionals in the field. The DRM can be calculated as Equation (4). D is the DRM that arithmetically averages the evaluated matrix by n selected people.    D k    means a matrix evaluated by the k value official. k is {1, 2, 3, …, n}.


  D =  1 n    ∑   k = 1  n   D k   



(4)







First, a survey was conducted using the selected 11 factors through a systematic meeting based on brainstorming for the DEMATEL analysis of this study. The DRM was implemented first based on responses to survey. The DRM is a matrix that directly evaluates the relationship between the factors. The DRM can be roughly divided into generalization and normalization. The relationship values of each factor in the tables were calculated through a pairwise comparison survey. The generalized DRM was calculated as Table 6 (managers), Table 7 (users) and Table 8 (IT professionals) using the influence scale of the 11 factors in Section 3.2. and Equation (4) above.



As shown in Table 6, the factor with the highest number of rows in the generalized DRM for managers was F8 (sufficient budget). The F9 (ROI) was the highest among the sum of columns in Table 6.



Table 7 is a matrix that represents the DRM of users except managers and IT professionals. The DRM for users was analyzed very differently compared to the generalized DRM for managers in Table 6. Factor 8 (sufficient budget) was the highest in the sum of rows, but F1 (design based on business process) was the highest in the sum of columns.



Table 8 shows the generalization of DRM for IT professionals. The sum of rows was the highest with F8 (sufficient budget) at 36. F11 (software user number) was the highest in the sum of columns in Table 8.



In the next step, the normalized matrix was calculated based on the defined DRM in the first. The row M of the normalized matrix can be calculated by dividing the value of maximum sum of rows (i) and columns (j) of the initial DRM and the value of D in the first procedure. The calculation method can be expressed as Equation (4). As a step of calculating the normalized matrix M,    d  i j     means the value of the j column and i row of D matrix. (i, j) is {1, 2, 3, …, n}.



The normalization of the DRM can be calculated by dividing the value of each factor of the generalized DRM and the highest sum of rows. Table 9 is the normalized DRM for managers. The normalized DRM through the application of Equation (4) was calculated by dividing it from the values of each factor using the highest value 40 of the sum of each row of the generalized DRM in Table 6. As shown in the Table 9, all values of the matrix changed from those in Table 6.



Table 10 is a normalized DRM for users. The sum of the values in Table 7 was used to calculate the normalized DRM. In particular, the 23 value of F8 (sufficient budget) was the highest. Therefore, the values in Table 10 could be calculated by dividing each value in Table 7 by the 23 value. As a result of applying Equation (4), it could be calculated as shown in Table 10 below.



Table 11 is a normalized DRM for IT professionals. As shown in Table 9 and Table 10, the matrix in Table 11 was calculated based on the generalized DRM of the IT professionals in Table 8. It was also analyzed very differently compared to the DRM of users and managers.



The third step was to calculate the total relation matrix (TRM). When the TRM is called T, T is an inverse matrix that subtracts the normalized M matrix from the unit matrix and can be defined as shown Equation (5):


  T = M +  M 2  +  M 3  + ⋯ +  M n  =   ∑   n = 1  ∞   M n  = M     I − M     − 1    



(5)







The third step was to calculate the TRM. For this, the inverse matrix of the unit matrix can be calculated using the normalized matrix (M). As a result of applying the Equation (5), the TRMs were analyzed as Table 12 (managers), Table 13 (users) and Table 14 (IT professionals).



The sum of the rows of F8 (sufficient budget) was the highest in the TRM for managers. This means that F8 (sufficient budget) has a great impact on the other factors when making decisions for software upgrade. F9 (return on investment) was the highest among the sum of columns.



The matrix in Table 13 is the TRM for users. The calculation method is the same as for the managers’ TRM. The highest of the sum of rows is the same as in the case of the managers’ TRM. However, when the values of the rows and columns of each factor are compared to the managers’ TRM, the results are very different. This is because the importance and relationship of decision-making factors for software upgrade are different from the users’ perspective.



The TRM for IT professionals was analyzed as shown in Table 14. The highest of the sum of rows was F8 (sufficient budget) among the 11 factors. In addition, F11 (software user number) was the highest among the sum of columns.



The influencing group and the affected group can be defined using the calculated T matrix in the third step. D means the degree of cause of the factor, and R means the degree of result that other factors affect the factor for decision making. The i is the number of rows, and j is the number of columns in the matrix. The dispatcher (D) and receiver (R) can be calculated as Equations (6) and (7). The    T  i j     means the value of the ith row and jth column of the T matrix [47,48]. The analysis group can be classified into groups that affect other factors and are affected by other factors based on the results of the TRM. The sum of the rows and columns of the TRM for each layer was used to calculate the two groups. The sum of the rows was defined as D, and the sum of the columns was defined as R. Equations (6) and (7) were applied to analyze the importance, cause and effect of each factor:


  D =   ∑   j = 1  n   T  i j   ,     i =   1 , 2 , 3 , ⋯ ,   n    



(6)






  R =   ∑   i = 1  n   T  i j   ,     j =   1 , 2 , 3 , ⋯ ,   n    



(7)







Therefore, D + R can be expressed as the importance of the factor for decision making based on the cause and effect. In addition, D − R can indicate whether the factor acts as an influencing factor, or acts as a result of being influenced by other factors among all factors. So, if the value of D − R is > 0, it can be expressed as ‘cause’, and if it is <0, it can be expressed as ‘effect’, as shown in Table 15, Table 16 and Table 17 [47,48,52].



In addition, the standard value (∂) for judging the influence was calculated for each level after applying Equation (7) using the value of the TRM. As a result, the standard value of the manager layer was 0.102, the user layer was 0.118 and the IT professional layer was 0.120.



Next, the IDM is a diagram showing the degree of influence between factors. The analyzed TRM of each layer was used to calculate the IDM. The D + R means the center diagram and corresponds to the x-axis of IDM. In addition, The D − R is a cause diagram and corresponds to the y-axis.



The values of each factor are compared based on the calculated standard value through the TRM for each organizational level. If the value of the factors is higher than the standard value, it means that the factor affects other factors. Otherwise, the factor is affected by other factors.



The IDMs of each layer were calculated as shown in Figure 2 (manager), Figure 3 (users) and Figure 4 (IT professionals). As a result of analyzing IDMs, which show the degree of influence of decision-making factors for software upgrade, it was very different for each layer.



First, if the D − R value corresponding to the cause diagram is a positive number, it can be classified into a group that affects other factors. As shown in Table 15 and Figure 2, the IDM for managers shows that F1 (software design based on business process), F2 (appropriate requirement reflection), F3 (compatibility), F4 (change in software environment), F5 (software performance improvement), F6 (appropriate resource allocation), F7 (user type) and F8 (sufficient budget) were analyzed as a cause group that affects other factors. F8 (sufficient budget), F6 (appropriate resource allocation) and F5 (software performance improvement) were found to have the highest impact among them.



If the D − R value is a negative number, it can be an effect group that affected by other factors. F9 (ROI), F10 (software upgrade time) and F11 (software user number) were analyzed in the order of effect. Figure 2 also shows that F9, F10 and F11 factors are affected by other factors. In particular, F9 was analyzed to be affected by many factors. This means that managers consider cost benefits the most when making decisions for software upgrade.



The IDM for the users is diagrammed as shown in Figure 3. The causal relationship between decision factors was very different compared to the managers’ IDM. The factors with positive values in the D − R cause diagram were analyzed as F6 (appropriate resource allocation), F7 (user type), F8 (sufficient budget) and F9 (ROI). This was analyzed as a cause group that affects other factors when making a decision software upgrade at the user layer. It was analyzed that the causes of the influence were large in the order of F8 (sufficient budget), F7 (user type), F6 (appropriate resource allocation) and F9 (ROI).



F1 (software design based on business process), F2 (appropriate requirement reflection), F3 (compatibility), F4 (change in software environment), F5 (software performance improvement), F10 (software upgrade time) and F11 (number of software users) were analyzed as an effect group affected by other factors among the factors with negative D − R values. In addition, as a result of analyzing the degree of impact effect, the factors were determined in the order of F5 (software performance improvement), F10 (software upgrade time), F1 (software design based on business process), F3 (compatibility), F4 (change in software environment), F11 (software user number) and F2 (appropriate requirement reflection).



Figure 4 shows the IDM of IT professionals. The analysis was conducted based on the TRM in Table 14, as shown in the IDM calculation method for managers and users. The factors that have positive D − R values are F1 (software design based on business process), F2 (appropriate requirement reflection), F4 (change in software environment), F5 (software performance improvement), F6 (appropriate resource allocation), F7 (user type), F8 (sufficient budget) and F11 (number of software users) were analyzed as cause groups. The cause of the impact was analyzed in the order of F8 (sufficient budget), F5 (software performance improvement) and F6 (appropriate resource allocation). The factors with negative D-R values, F3 (compatibility), F9 (ROI) and F10 (software upgrade time), were analyzed as effective groups. In addition, it was analyzed that they are affected by other factors in the order of F9 (ROI) and F10 (software upgrade time).



As a result of the analysis and diagramming of the IDMs of each layer of the organization, their IDMs were very different. This is because the causal relationship of factors for the decision making of software upgrade is different for each layer.






4. Results


As a result of the AHP analysis, the important factors considered by the three layers of organization when planning and making a decision for software upgrade for a short period of time are as follows.



First of all, F9 (ROI) was analyzed as the most important decision-making factor in the managerial layer. ROI is usually an important part of an organization’s management or manager layer. In addition, the ROI was analyzed as the most important decision-making factor in the managerial layer since the organization always tends to think about the profits of investment for continuous business. The second important factor was F10 (software upgrade time). This factor can also be related to organizational continuity. Software that is closely related to the business, such as enterprise resource planning (ERP) or supply chain management (SCM), can have a great impact on an organization’s business if the system downtime is prolonged [43]. Therefore, the managers can think that software upgrade time is an important factor. The third important factor was the F8 (sufficient budget). This factor can be linked to the first factor F9 (ROI). Managers definitely have to consider costs for their business.



Next, each factor was analyzed in the user layer, which includes those who are in charge of practical work in the organization. The first important decision-making factor in the user layer was F5 (software performance improvement). The users can naturally desire better features than the existing software for their work. The users can expect to improve their work efficiency as more useful functions are provided. The second most important factor was F10 (software upgrade time). This factor may differ from the perspective of the managerial layer. While upgrading the software, users who are in charge of practical work can have an environment where they cannot work. This can have a negative impact on the users’ work, so the software upgrade time can be very important. The third important factor was F2 (appropriate requirement reflection). Users are the layer that directly handles their work, so the requirements are very important. The requirements from them can be an important factor because they can be very closely related to the sustainable business.



The first important factor in the IT professional layer was F9 (ROI). This was as in the case of the managerial layer. IT professionals also think about the business benefits of the organization through software upgrade. The second most important factor was F8 (sufficient budget). The budget is a very important part of project management for software upgrade. This is because IT professionals think that a sufficient budget was essential for the project to be successful. The last factor for IT professionals was F3 (compatibility). During major software upgrades, if there is a problem with compatibility with other software, such as the splash used by the users, it can be an important factor because of it can have a very negative impact.



As a result of the DEMATEL analysis, the causal relationship of 11 factors was different for each layer as well. The results of this analysis can be very useful for the planning and decision making for long-term software upgrades. In addition, the key factors are present in the effect group. Therefore, the results of this study in each layer can be explained as follows.



The first and second factors were the same as those for the managers’ AHP analysis result. F9 (ROI) and F10 (software upgrade time) are very important factors in decision making for software upgrade in the managerial layer. However, the third factor was different. The third most important factor was F11 (number of software users). This factor can also be extremely related to ROI. This is because the number of users of the software can be directly related to cost. All organizations must purchase licenses for the number of users to use the software. Enterprise-class software is very sensitive to the manager layer because its cost is very expensive.



The first and second factors in the user layer were the same as the AHP analysis result. The F5 (software performance improvement) was the most important for software upgrade. Second, F10 (software upgrade time) was also important. The third most important factor was F1 (software design based on business process). The users are actually the people in charge of the work, so software must be designed based on the business process. The fourth most important factor was F3 (compatibility). The users determined that compatibility with other software for work was important. The fifth most important factor was F4 (change in software environment). Users may find it inconvenient to use the software, because its UI (user interface) and various functions are changed due to a software upgrade. The users considered this to be an important factor among decision-making factors. The sixth most important factor was F11 (number of software users). However, this factor is a very unusual finding. This is because considering the number of users for a software upgrade is usually a result of it coming from the manager and IT professional layer. This part was found through the meeting that elucidated that users, as in the case of managers, think about the cost and benefits of upgrading the software. The last important factor was F2 (appropriate requirement reflection). It means that users’ requirements must be properly reflected through the software upgrade.



The first and third factors of IT professionals were the same as those in the AHP analysis result. The IT professionals considered F9 (ROI) as the most important factor. They also thought about investment and cost, as the managerial layer, because there should be benefits from software upgrades at both the organizational level and the user layer. The second most important factor was F10 (software upgrade time). The IT professionals, just as the user class, considered that the software upgrade time was a very sensitive factor because it could have a significant impact on the organization’s business.




5. Discussion and Implication


Numerous studies have been conducted for the successful implementation of IT systems and software. However, a system, such as the ERP, for a company’s business is very important [23,25,53,54]. This is because delayed decision making can lead to a loss of cost and competitiveness for the organization [23]. As a result of this study, the weight and causal relationship between the decision-making factors of the three layers at the organizational level were very different. However, some of the factors were found to be of the same importance in the managerial and IT professional layer.



The managerial layer thought extensively about the company’s management profit when making decisions for software upgrade. So, the ROI and software upgrade time factors were determined as important decision-making factors. More diverse factors were analyzed in the user level. As users work in a practical environment, their thoughts and opinions for software upgrade are reflected. It turns out that users focus on their work efficiency through software upgrade and the risks from changes in the software environment. In particular, the most important decision-making factors were determined in the order of software performance improvement, software upgrade time and software design based on business process and compatibility. The factors of users were significantly different compared to the decision-making factors of the managerial layer. Finally, the importance of decision-making factors was analyzed in the order of ROI, sufficient budget, software upgrade time and compatibility at the IT professional layer. This means that IT professionals consider not only the managers’ position, but also the users’ position when making decisions for software upgrade. It can be seen that IT professionals must think about business benefits and practical efficiencies when upgrading their company’s major systems and software.



Thus, this study suggests that the decision making for software upgrade can be very different depending on the three different layers of the organization even if 11 factors are used. Therefore, how software is implemented and managed in the era of the fourth Industrial Revolution is very important, when the dependence of IT is very high. In particular, software upgrade is a means to maintain organizational sustainability and competitiveness, so decision making is more important [14].



As non-face-to-face works and activities have increased due to the COVID-19 pandemic worldwide, IT technology has become very important. Especially, as many companies try to upgrade their software for digital transformation, decision making is very important. The result of this study is meaningful in terms of theoretical and practical perspective.



From the point of view of theoretical implications, more clear decision-making factors, their priorities and causal relationships, are presented for software upgrade compared to existing related studies. Most of the existing literature has suggested actions and problem solving for system upgrade only from the perspective of IT experts. In particular, it is difficult to find studies that clearly suggest what factors affect the decision making of general software upgrades from the perspective of users and managers. This part can be presented more clearly, so this study provides useful information for future research directions.



This study from the practical perspective can provide information on what factors affect the decision making of software upgrade from managers, users and IT professionals who are actual members of the organization, because the priorities and causal information of decision-making factors of each layer can be provided, Therefore, symmetrical and better decision making between the three layers for software upgrade can be carried out. Of course, in general, we can easily think of what we want for software upgrades at each layer. However, it is difficult to predict which factors are necessary and the causal relationship with their priority. Therefore, the results of this study can provide the information more clearly.




6. Conclusions


This study was conducted to investigate the weight and causal relationship between decision factors for software upgrade at the three layers (manager, user, and IT professional) of an organization. As a result, the priority and causal relationship of the 11 factors were very different for each layer. In addition, many companies are investing heavily in the introduction and management of software in terms of engineering as software becomes more important. From the investigation of the existing literature, we concluded that there are not many instances of research in which the factors were clearly related to decision making in the organizational level of a company.



From this point of view, the result of this study has a very significant meaning. First, for this study, decision-making factors for software upgrade were identified through the existing literature, meetings and surveys with representatives of each layer in the actual organization. The AHP and DEMATEL techniques were used to analyze the priority and causal relationship of the factors for each layer (managers, users and IT professionals) using the identified factors. From the analysis, it can be seen that the managers thought a lot about the benefits at the organizational level through software upgrade. In particular, they considered ROI to be the most important factor for decision making in software upgrade. The next most important factor was software upgrade time. This part is very interesting, because, if you are a general manager, you may think about the cost aspect first. Apparently, the software upgrade time is a factor to be considered because it affects the business. The cost was considered as the next factor. They thought software as a very important tool and a means for the sustainability of the organization.



The user layer considered the performance of software very important for their work. Since the users are the layer in charge of the actual work in the organization, this may be a natural result. However, they also considered software compatibility to be a very important decision-making factor because the software compatibility is usually a factor considered by IT professionals. One interesting point is they were afraid that compatibility among existing software functions would cause problems in their work. The software environment change was also an important decision-making factor. They mentioned that they need time to adapt to the new software environment and have fears about it. Lastly, the IT professional layer considered the benefits of managers and users at the same time. They first thought of ROI as the most important factor, as in the case of the managerial layer. They also considered software upgrade time and compatibility for the user layer. However, IT professionals have always considered the budget for software upgrade projects. From the perspective of IT professionals, software can be used as a tool for the organizational business, but they thought that software must be helpful in enhancing the competitiveness of organizations and improving work efficiency through continuous upgrades. As such, the results of this study clearly show the symmetrical and other parts when making a decision for software upgrade from the three layers of organization. This can be a more efficient risk management for better decision making.



However, only 11 factors were used to study the priority based on its weight and causal relationship of decision making for software upgrade in this study. Evidently, more diverse factors can affect decision making. This study has limitations in this part because it was conducted in only two companies and three layers.



Therefore, further research is needed to analyze the thoughts and opinions of people from other companies and organizations and what additional factors affect the decision making for software upgrade. In addition, other analytical methods, such as the ANP and ISM methods, are needed for more valuable research through weight analysis of each factor as well as the AHP and DEMATEL methods.
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Figure 1. The proposed research framework. 
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Figure 2. IDM for managers. 
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Figure 3. IDM for users. 
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Figure 4. IDM for IT professionals. 
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Table 1. Identification of the decision-making factors for software upgrade.
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	No
	Factor
	Alias
	Description
	References





	1
	Design based on business process
	F1
	Software should be designed based on the optimized business process.
	[11,21,34]



	2
	Appropriate requirement reflection
	F2
	Users’ requirement should be accurately reflected.
	[5,11,13,21,35,36,37]



	3
	Software compatibility
	F3
	Compatibility is very important to utilize previous and other functions after upgrading software.
	[9,38]



	4
	Change in software environment
	F4
	Users can be sensitive to changes in using software.
	[11,13,16,24,35,36,39,40,41]



	5
	Software performance improvement
	F5
	The performance of software should be improved when upgraded.
	[4,10,11,21,25,38,39]



	6
	Appropriate resources allocation
	F6
	Appropriate resources must be allocated for upgrade project.
	[9,11,25]



	7
	Software user type
	F7
	The interface of software can be different according to the user’s type of security management.
	[11,38,42]



	8
	Sufficient budget
	F8
	A sufficient budget can have an impact on the software upgrade project.
	[11,21,24,38]



	9
	Return on investment (ROI)
	F9
	Software upgrade must be cost effective for continuous business.
	[11,23,25,26,38]



	10
	Software upgrade time
	F10
	The time required for upgrading software can impact on the users’ work.
	[11,23]

IT professionals’ opinion



	11
	Software user number
	F11
	Software upgrade can be sensitive on how many licenses are needed for users.
	[13,35,36]

IT Professionals’ opinion
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Table 2. Verification of the reliability of decision-making factors for software upgrade.
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	Scale Average if the Items Are Deleted
	Scale Distribution if the Items Are Deleted
	Modified Item—Total Correlation
	Cronbach Alpha if the Items Are Deleted





	F1
	46.90
	5.253
	0.361
	0.681



	F2
	46.85
	4.766
	0.665
	0.632



	F3
	46.80
	5.221
	0.460
	0.668



	F4
	46.80
	5.221
	0.460
	0.668



	F5
	46.85
	5.397
	0.319
	0.688



	F6
	46.80
	5.537
	0.283
	0.693



	F7
	46.85
	5.608
	0.213
	0.704



	F8
	46.80
	5.537
	0.283
	0.693



	F9
	47.15
	4.661
	0.604
	0.636



	F10
	47.20
	5.116
	0.389
	0.677



	F11
	47.00
	6.211
	−0.084
	0.753
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Table 3. Priority of decision-making factors based on the weight values for managers.
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	Factor
	Alias
	Weight
	Priority





	Return on investment (ROI)
	F9
	0.188
	1



	Software upgrade time
	F10
	0.136
	2



	Sufficient budget
	F8
	0.131
	3



	Appropriate requirement reflection
	F2
	0.109
	4



	Software performance improvement
	F5
	0.091
	5



	Design based on business process
	F1
	0.075
	6



	Software compatibility
	F3
	0.073
	7



	Change in software environment
	F4
	0.056
	8



	Appropriate resource allocation
	F6
	0.055
	9



	Software user number
	F11
	0.045
	10



	Software user type
	F7
	0.041
	11










[image: Table] 





Table 4. Priority of decision-making factors based on the weight values for users.
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	Factor
	Alias
	Weight
	Priority





	Software performance improvement
	F5
	0.188
	1



	Software upgrade time
	F10
	0.157
	2



	Appropriate requirement reflection
	F2
	0.129
	3



	Design based on business process
	F1
	0.111
	4



	Change in software environment
	F4
	0.096
	5



	Software compatibility
	F3
	0.077
	6



	Sufficient budget
	F8
	0.066
	7



	Appropriate resource allocation
	F6
	0.063
	8



	Return on investment (ROI)
	F9
	0.046
	9



	Software user number
	F11
	0.037
	10



	Software user type
	F7
	0.032
	11
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Table 5. Priority of decision-making factors based on the weight values for IT professionals.
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	Factor
	Alias
	Weight
	Priority





	Return on investment (ROI)
	F9
	0.179
	1



	Sufficient budget
	F8
	0.133
	2



	Software compatibility
	F3
	0.131
	3



	Software performance improvement
	F5
	0.112
	4



	Appropriate resource allocation
	F6
	0.101
	5



	Appropriate requirement reflection
	F2
	0.095
	6



	Software upgrade time
	F10
	0.084
	7



	Design based on business process
	F1
	0.059
	8



	Change in software environment
	F4
	0.041
	9



	Software user number
	F11
	0.035
	10



	Software user type
	F7
	0.027
	11
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Table 6. Generalized DRM for managers.
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	Alias
	Description
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	Design based on business process
	0
	3
	0
	3
	4
	0
	3
	0
	4
	3
	0
	20



	F2
	Appropriate requirement reflection
	3
	0
	1
	2
	4
	0
	3
	0
	4
	2
	1
	20



	F3
	Software compatibility
	0
	1
	0
	2
	4
	3
	3
	0
	4
	2
	1
	20



	F4
	Change in software environment
	0
	2
	2
	0
	4
	3
	3
	0
	4
	2
	2
	22



	F5
	Software performance improvement
	4
	0
	4
	4
	0
	0
	4
	4
	4
	4
	4
	32



	F6
	Appropriate resource allocation
	3
	3
	3
	3
	4
	0
	3
	4
	4
	3
	3
	33



	F7
	Software user type
	3
	3
	3
	3
	4
	3
	0
	0
	4
	3
	3
	29



	F8
	Sufficient budget
	4
	4
	4
	4
	4
	4
	4
	0
	4
	4
	4
	40



	F9
	Return on investment (ROI)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	F10
	Software upgrade time
	0
	2
	0
	0
	0
	0
	3
	4
	4
	0
	0
	13



	F11
	Software user number
	0
	1
	1
	0
	0
	3
	0
	4
	4
	2
	0
	15



	SUM
	
	17
	19
	18
	21
	28
	16
	26
	16
	40
	25
	18
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Table 7. Generalized DRM for users.






Table 7. Generalized DRM for users.





















	Alias
	Description
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	Design based on business process
	0
	4
	0
	4
	4
	4
	0
	0
	0
	0
	0
	16



	F2
	Appropriate requirement reflection
	4
	0
	4
	4
	4
	0
	0
	4
	0
	0
	0
	20



	F3
	Software compatibility
	0
	4
	0
	4
	4
	0
	0
	0
	0
	0
	0
	12



	F4
	Change in software environment
	4
	4
	4
	0
	0
	0
	0
	0
	0
	3
	0
	15



	F5
	Software performance improvement
	4
	4
	4
	0
	0
	0
	0
	0
	0
	0
	0
	12



	F6
	Appropriate resource allocation
	4
	0
	0
	0
	3
	0
	0
	3
	0
	3
	0
	13



	F7
	Software user type
	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	7



	F8
	Sufficient budget
	4
	4
	4
	3
	3
	3
	0
	0
	0
	2
	0
	23



	F9
	Return on investment (ROI)
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	0
	3



	F10
	Software upgrade time
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	F11
	Software user number
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



	SUM
	
	24
	20
	16
	15
	21
	7
	0
	7
	0
	8
	3
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Table 8. Generalized DRM for IT professionals.






Table 8. Generalized DRM for IT professionals.





















	Alias
	Description
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	Design based on business process
	0
	2
	3
	2
	3
	0
	2
	0
	3
	2
	4
	21



	F2
	Appropriate requirement reflection
	2
	0
	3
	2
	3
	0
	2
	0
	3
	2
	4
	21



	F3
	Software compatibility
	3
	3
	0
	3
	3
	4
	0
	0
	3
	3
	0
	22



	F4
	Change in software environment
	2
	2
	3
	0
	3
	0
	1
	0
	3
	1
	4
	19



	F5
	Software performance improvement
	3
	3
	3
	3
	0
	4
	3
	0
	3
	3
	4
	29



	F6
	Appropriate resource allocation
	4
	4
	4
	4
	4
	0
	0
	0
	0
	4
	0
	24



	F7
	Software user type
	2
	2
	3
	0
	0
	0
	0
	4
	0
	1
	4
	16



	F8
	Sufficient budget
	4
	4
	4
	4
	4
	4
	0
	0
	4
	4
	4
	36



	F9
	Return on investment (ROI)
	0
	0
	0
	0
	0
	4
	3
	0
	0
	0
	0
	7



	F10
	Software upgrade time
	0
	0
	0
	0
	0
	0
	1
	0
	3
	0
	4
	8



	F11
	Software user number
	0
	0
	4
	0
	4
	4
	4
	4
	4
	4
	0
	28



	SUM
	
	20
	20
	27
	18
	24
	20
	16
	8
	26
	24
	28
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Table 9. Normalized DRM for managers.






Table 9. Normalized DRM for managers.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.000
	0.075
	0.000
	0.075
	0.100
	0.000
	0.075
	0.000
	0.100
	0.075
	0.000
	0.500



	F2
	0.075
	0.000
	0.025
	0.050
	0.100
	0.000
	0.075
	0.000
	0.100
	0.050
	0.025
	0.500



	F3
	0.000
	0.025
	0.000
	0.050
	0.100
	0.075
	0.075
	0.000
	0.100
	0.050
	0.025
	0.500



	F4
	0.000
	0.050
	0.050
	0.000
	0.100
	0.075
	0.075
	0.000
	0.100
	0.050
	0.05
	0.550



	F5
	0.100
	0.000
	0.100
	0.100
	0.000
	0.000
	0.100
	0.100
	0.100
	0.100
	0.100
	0.800



	F6
	0.075
	0.075
	0.075
	0.075
	0.100
	0.000
	0.075
	0.100
	0.100
	0.075
	0.075
	0.825



	F7
	0.075
	0.075
	0.075
	0.075
	0.100
	0.075
	0.000
	0.000
	0.100
	0.075
	0.075
	0.725



	F8
	0.100
	0.100
	0.100
	0.100
	0.100
	0.100
	0.100
	0.000
	0.100
	0.100
	0.100
	1.000



	F9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	F10
	0.000
	0.05
	0.000
	0.000
	0.000
	0.000
	0.075
	0.100
	0.100
	0.000
	0.000
	0.325



	F11
	0.000
	0.025
	0.025
	0.000
	0.000
	0.075
	0.000
	0.100
	0.100
	0.050
	0.000
	0.375



	SUM
	0.425
	0.475
	0.450
	0.525
	0.700
	0.400
	0.65
	0.400
	1.000
	0.625
	0.450
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Table 10. Normalized DRM for users.






Table 10. Normalized DRM for users.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.000
	0.174
	0.000
	0.174
	0.174
	0.174
	0.000
	0.000
	0.000
	0.000
	0.000
	0.696



	F2
	0.174
	0.000
	0.174
	0.174
	0.174
	0.000
	0.000
	0.174
	0.000
	0.000
	0.000
	0.870



	F3
	0.000
	0.174
	0.000
	0.174
	0.174
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.522



	F4
	0.174
	0.174
	0.174
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.130
	0.000
	0.652



	F5
	0.174
	0.174
	0.174
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.522



	F6
	0.174
	0.000
	0.000
	0.000
	0.130
	0.000
	0.000
	0.130
	0.000
	0.130
	0.000
	0.565



	F7
	0.174
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.130
	0.304



	F8
	0.174
	0.174
	0.174
	0.130
	0.130
	0.130
	0.000
	0.000
	0.000
	0.087
	0.000
	1.000



	F9
	0.000
	0.000
	0.000
	0.000
	0.13
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.130



	F10
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	F11
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	SUM
	1.043
	0.870
	0.696
	0.652
	0.913
	0.304
	0.000
	0.304
	0.000
	0.348
	0.130
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Table 11. Normalized DRM for IT professionals.






Table 11. Normalized DRM for IT professionals.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.000
	0.056
	0.083
	0.056
	0.083
	0.000
	0.056
	0.000
	0.083
	0.056
	0.111
	0.583



	F2
	0.056
	0.000
	0.083
	0.056
	0.083
	0.000
	0.056
	0.000
	0.083
	0.056
	0.111
	0.583



	F3
	0.083
	0.083
	0.000
	0.083
	0.083
	0.111
	0.000
	0.000
	0.083
	0.083
	0.000
	0.611



	F4
	0.056
	0.056
	0.083
	0.000
	0.083
	0.000
	0.028
	0.000
	0.083
	0.028
	0.111
	0.528



	F5
	0.083
	0.083
	0.083
	0.083
	0.000
	0.111
	0.083
	0.000
	0.083
	0.083
	0.111
	0.806



	F6
	0.111
	0.111
	0.111
	0.111
	0.111
	0.000
	0.000
	0.000
	0.000
	0.111
	0.000
	0.667



	F7
	0.056
	0.056
	0.083
	0.000
	0.000
	0.000
	0.000
	0.111
	0.000
	0.028
	0.111
	0.444



	F8
	0.111
	0.111
	0.111
	0.111
	0.111
	0.111
	0.000
	0.000
	0.111
	0.111
	0.111
	1.000



	F9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.111
	0.083
	0.000
	0.000
	0.000
	0.000
	0.194



	F10
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.028
	0.000
	0.083
	0.000
	0.111
	0.222



	F11
	0.000
	0.000
	0.111
	0.000
	0.111
	0.111
	0.111
	0.111
	0.111
	0.111
	0.000
	0.778



	SUM
	0.556
	0.556
	0.750
	0.500
	0.667
	0.556
	0.444
	0.222
	0.722
	0.667
	0.778
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Table 12. TRM for managers.






Table 12. TRM for managers.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.038
	0.107
	0.039
	0.115
	0.149
	0.027
	0.127
	0.034
	0.180
	0.123
	0.039
	0.977



	F2
	0.108
	0.036
	0.062
	0.093
	0.149
	0.029
	0.125
	0.034
	0.180
	0.101
	0.062
	0.977



	F3
	0.042
	0.063
	0.045
	0.096
	0.152
	0.105
	0.129
	0.043
	0.185
	0.104
	0.069
	1.031



	F4
	0.045
	0.089
	0.096
	0.051
	0.157
	0.108
	0.133
	0.047
	0.193
	0.108
	0.096
	1.121



	F5
	0.148
	0.070
	0.157
	0.165
	0.094
	0.065
	0.183
	0.150
	0.237
	0.182
	0.157
	1.607



	F6
	0.138
	0.141
	0.142
	0.152
	0.196
	0.061
	0.170
	0.157
	0.247
	0.167
	0.142
	1.715



	F7
	0.122
	0.125
	0.126
	0.135
	0.176
	0.116
	0.081
	0.057
	0.221
	0.148
	0.126
	1.433



	F8
	0.171
	0.177
	0.175
	0.188
	0.216
	0.164
	0.210
	0.076
	0.276
	0.206
	0.175
	2.034



	F9
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	F10
	0.032
	0.079
	0.030
	0.034
	0.042
	0.027
	0.108
	0.114
	0.153
	0.037
	0.030
	0.685



	F11
	0.033
	0.060
	0.057
	0.037
	0.046
	0.101
	0.046
	0.127
	0.163
	0.090
	0.033
	0.791



	SUM
	0.876
	0.946
	0.930
	1.064
	1.377
	0.802
	1.313
	0.837
	2.034
	1.264
	0.930
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Table 13. TRM for users.






Table 13. TRM for users.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.246
	0.391
	0.206
	0.333
	0.363
	0.229
	0.000
	0.098
	0.000
	0.082
	0.000
	1.948



	F2
	0.442
	0.341
	0.423
	0.416
	0.430
	0.109
	0.000
	0.247
	0.000
	0.090
	0.000
	2.499



	F3
	0.191
	0.360
	0.183
	0.310
	0.316
	0.042
	0.000
	0.068
	0.000
	0.052
	0.000
	1.522



	F4
	0.327
	0.364
	0.315
	0.184
	0.193
	0.066
	0.000
	0.072
	0.000
	0.169
	0.000
	1.690



	F5
	0.327
	0.364
	0.315
	0.184
	0.193
	0.066
	0.000
	0.072
	0.000
	0.039
	0.000
	1.560



	F6
	0.318
	0.178
	0.131
	0.132
	0.272
	0.078
	0.000
	0.172
	0.000
	0.173
	0.000
	1.453



	F7
	0.217
	0.068
	0.036
	0.058
	0.063
	0.040
	0.000
	0.017
	0.000
	0.014
	0.130
	0.643



	F8
	0.454
	0.482
	0.415
	0.380
	0.409
	0.224
	0.000
	0.113
	0.000
	0.176
	0.000
	2.652



	F9
	0.043
	0.047
	0.041
	0.024
	0.156
	0.009
	0.000
	0.009
	0.000
	0.005
	0.000
	0.334



	F10
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	F11
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	SUM
	2.564
	2.594
	2.066
	2.022
	2.395
	0.863
	0.000
	0.868
	0.000
	0.800
	0.130
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Table 14. TRM for IT professionals.






Table 14. TRM for IT professionals.




















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	SUM





	F1
	0.057
	0.110
	0.162
	0.104
	0.153
	0.079
	0.119
	0.034
	0.168
	0.131
	0.190
	1.307



	F2
	0.110
	0.057
	0.162
	0.104
	0.153
	0.079
	0.119
	0.034
	0.168
	0.131
	0.190
	1.307



	F3
	0.143
	0.143
	0.084
	0.140
	0.156
	0.168
	0.061
	0.017
	0.164
	0.155
	0.091
	1.322



	F4
	0.107
	0.107
	0.157
	0.049
	0.150
	0.076
	0.090
	0.030
	0.163
	0.101
	0.182
	1.211



	F5
	0.161
	0.161
	0.196
	0.153
	0.107
	0.195
	0.160
	0.042
	0.193
	0.186
	0.219
	1.772



	F6
	0.177
	0.177
	0.199
	0.174
	0.194
	0.070
	0.067
	0.020
	0.107
	0.193
	0.111
	1.490



	F7
	0.111
	0.111
	0.161
	0.056
	0.080
	0.072
	0.051
	0.137
	0.088
	0.107
	0.184
	1.158



	F8
	0.210
	0.210
	0.250
	0.205
	0.241
	0.226
	0.105
	0.039
	0.257
	0.241
	0.250
	2.236



	F9
	0.029
	0.029
	0.036
	0.024
	0.028
	0.125
	0.095
	0.014
	0.019
	0.030
	0.028
	0.457



	F10
	0.016
	0.016
	0.032
	0.013
	0.027
	0.036
	0.057
	0.021
	0.111
	0.029
	0.131
	0.489



	F11
	0.094
	0.094
	0.217
	0.085
	0.204
	0.210
	0.177
	0.143
	0.215
	0.216
	0.113
	1.769



	SUM
	1.216
	1.216
	1.656
	1.105
	1.494
	1.336
	1.102
	0.532
	1.653
	1.521
	1.687
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Table 15. Analysis of the relation of each factor for managers.






Table 15. Analysis of the relation of each factor for managers.





	Alias
	Description
	D
	R
	D + R
	D − R
	Group





	F1
	Design based on business process
	0.98
	0.88
	1.85
	0.10
	Cause



	F2
	Appropriate requirement reflection
	0.98
	0.95
	1.92
	0.03
	Cause



	F3
	Software compatibility
	1.03
	0.93
	1.96
	0.10
	Cause



	F4
	Change in software environment
	1.12
	1.06
	2.19
	0.06
	Cause



	F5
	Software performance improvement
	1.61
	1.38
	2.98
	0.23
	Cause



	F6
	Appropriate resource allocation
	1.72
	0.80
	2.52
	0.91
	Cause



	F7
	Software user type
	1.43
	1.31
	2.75
	0.12
	Cause



	F8
	Sufficient budget
	2.03
	0.84
	2.87
	1.20
	Cause



	F9
	Return on investment (ROI)
	0.00
	2.03
	2.03
	−2.03
	Effect



	F10
	Software upgrade time
	0.68
	1.26
	1.95
	−0.58
	Effect



	F11
	Software user number
	0.79
	0.93
	1.72
	−0.14
	Effect
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Table 16. Analysis of the relation of each factor for users.






Table 16. Analysis of the relation of each factor for users.





	Alias
	Description
	D
	R
	D + R
	D − R
	Group





	F1
	Design based on business process
	1.95
	2.56
	4.51
	−0.62
	Effect



	F2
	Appropriate requirement reflection
	2.50
	2.59
	5.09
	−0.09
	Effect



	F3
	Software compatibility
	1.52
	2.07
	3.59
	−0.54
	Effect



	F4
	Change in software environment
	1.69
	2.02
	3.71
	−0.33
	Effect



	F5
	Software performance improvement
	1.56
	2.40
	3.96
	−0.84
	Effect



	F6
	Appropriate resource allocation
	1.45
	0.86
	2.32
	0.59
	Cause



	F7
	Software user type
	0.64
	0.00
	0.64
	0.64
	Cause



	F8
	Sufficient budget
	2.65
	0.87
	3.52
	1.78
	Cause



	F9
	Return on investment (ROI)
	0.33
	0.00
	0.33
	0.33
	Cause



	F10
	Software upgrade time
	0.00
	0.80
	0.80
	−0.80
	Effect



	F11
	Software user number
	0.00
	0.13
	0.13
	−0.13
	Effect
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Table 17. Analysis of the relation of each factor for professionals.






Table 17. Analysis of the relation of each factor for professionals.





	Alias
	Description
	D
	R
	D + R
	D − R
	Group





	F1
	Design based on business process
	1.31
	1.22
	2.52
	0.09
	Cause



	F2
	Appropriate requirement reflection
	1.31
	1.22
	2.52
	0.09
	Cause



	F3
	Software compatibility
	1.32
	1.66
	2.98
	−0.33
	Effect



	F4
	Change in software environment
	1.21
	1.11
	2.32
	0.11
	Cause



	F5
	Software performance improvement
	1.77
	1.49
	3.27
	0.28
	Cause



	F6
	Appropriate resource allocation
	1.49
	1.34
	2.83
	0.15
	Cause



	F7
	Software user type
	1.16
	1.10
	2.26
	0.06
	Cause



	F8
	Sufficient budget
	2.24
	0.53
	2.77
	1.70
	Cause



	F9
	Return on investment (ROI)
	0.46
	1.65
	2.11
	−1.20
	Effect



	F10
	Software upgrade time
	0.49
	1.52
	2.01
	−1.03
	Effect



	F11
	Software user number
	1.77
	1.69
	3.46
	0.08
	Cause
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