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Abstract:



An information system (IS) upgrade is an essential way to enhance the competitiveness of an organization. Specifically, the decision making processes surrounding IS upgrades is one of the most important parts of an organization’s competitiveness in regard to business sustainability. Previous research studies on IS upgrade decisions have focused on implementing a more efficient decision-making system by determining when IS upgrades should be performed based on the cost factor, from the perspective of both users and experts. However, if the decision making of an IS upgrade is delayed or not performed accurately due to the limitations of a specific business environment, such as a job, position, or cost, an organization can lose its business competitiveness. In this context, the present study determines the main factors involved in decision making processes surrounding IS upgrades, and analyzes the interrelations among these factors in an organization with regard to users, managers, and experts. The interpretive structural modeling (ISM) method is used as an analytical tool to analyze the characteristics and interrelations of factors based on a real system model called the User-Centered Training System (UCTS). Based on the results, the present study provides a deeper insight into decision-making factors and directional models, and allows for a more efficient management of the decision-making problem of an IS upgrade caused by differences in the business environment between each layer (i.e., users, managers, and experts). Specifically, according to our results, users are more likely to think about the positive effects and benefits they could have on their work, rather than about organizational benefits. By contrast, managers reason that IS upgrades should have a positive impact on the overall organizational goals and benefits. Finally, experts think that an IS upgrade should benefit both the organization and users. Taken together, the results of the present study are meaningful in that they clearly show the interrelationships between the decision-making factors on each of the levels.
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1. Introduction


Many companies have strived to achieve their business goals based on strategic information system (IS) operations. In particular, given that business management cannot be sustainable without information technology (IT) and IS, the latter has been recognized as an essential management domain [1,2,3,4,5,6,7,8,9]. Therefore, investment in IT and an IS is an essential part of ensuring the organization’s sustained competitiveness and business [2,10]. With an increase of the dependence on an IS, the competitiveness of an organization’s IS has started to be considered a very salient concept. In this context, an IS is required for the continuous evaluation of an organization’s efficiency, and constant IS upgrades are also required based on new technology [1,11,12]. However, it is problematic to invest in an IS and reflect it on the level of user demand for upgrading [13]. Moreover, IS technology is becoming more complex, and constantly changes following unforeseeable patterns [14]. Therefore, managing an IS for upgrade is not easy, as it manages many closely connected issues within the system, as well as factors of the business environment [15].



One of the most important of these factors is the decision making required for IS upgrades at the organization level [12,16]. An IS upgrade can bring numerous changes to the organization, which can lead to various risks [17]. Decision making should also be very sensitive to the organization’s budget, and should be cautiously implemented. Another reason why decision making is important for IS upgrading is that it can have a significant impact on the organization’s competitiveness, which is intrinsically linked with organizational sustainability [16].



While numerous previous studies have focused on efficient IS upgrades, this body of research has several important limitations. In particular, although extant studies on decision making about IS upgrades have addressed efficient decision-making systems, such as the cost of IS upgrades, the time required, and the timing of appropriate decisions, the limitations of those studies are the factors that can be influenced by the business environment, such as external vendor support, jobs, and positions [12,16]. In addition, the most relevant studies on successful IS upgrades and decision models have targeted users and experts [16,18,19,20], disregarding managers. Therefore, a wider scope of targets is needed in order to study efficiently decision-making models.



As a project manager, an expert should check what can contribute to organizational sustainability during an IS upgrade [19,20]. In addition, owing to everyday work with users in a cooperative relationship and having the authority to control users [21], the manager has a great influence on the continuous use of an IS through an IS upgrade. Specifically, an IS upgrade can have a significant impact on the behavior of users who are forced to use the existing and new versions of the IS [17]. Furthermore, the experience of reuse of software by the user and the manager’s strong interest in an IS upgrade are important factors to consider as well [22]. Previous studies on successful IS implementations and management also underscored the importance of the user environment [23,24]. Therefore, the present study focuses on the following three layers, or perspectives: the users, managers, and experts. The specific research goals of the present study are as follows:

	
To investigate decision-making factors that can affect the IS upgrade at each layer of the organization (users, managers, and experts);



	
To develop a decision-making directional model for each layer of an organization based on those decision-making factors.








The results of the present study can provide a valuable decision-making model for IS upgrades at the organizational level. In particular, addressing the above-mentioned research questions can specify relevant decision-making directions for users, managers, and experts, thereby facilitating a more efficient management of decision-making problems that relate to IS upgrades.



In the present study, an extensive literature review was undertaken in order to define pertinent research concepts and identify the factors that affect decision making in relation to IS upgrades. In addition, in order to define the identified factors with an upgrade topic for an IS that is actually used by an organization, we also conducted systematic brainstorming sessions with managers, users, and experts. The target participants were defined as individuals who can make decisions on each of the following three hierarchical level of an organization: managers, users, and experts. The conceptual relationship of the factors identified in the literature review was defined by pairwise comparison with the results of the brainstorming meetings. In addition, in order to analyze the interrelation between the factors at each layer, the interrelation between potential factors was established based on interpretive structural modeling (ISM), which led to establishing an interrelation model of the decision-making factors for the IS upgrades.



The remainder of this paper is organized as follows. Based on an extensive literature review, Section 2 defines the concept of the IS upgrade, and identifies the factors that are important for decision making regarding an IS upgrade. Section 3 introduces a User-Centered Training System (UCTS), which is an actual upgrade model that is used in the present study. Section 4 describes ISM, and presents the results of the analysis based on ISM. Furthermore, Section 5 describes and discusses the results of analyses of the present study. Section 6 discusses the implications of the findings of the present study. Finally, Section 7 draws the conclusions, and outlines further research directions.




2. Literature Review


2.1. IS Upgrade


The IS is an application that works with a database that stores and processes data [25]. Therefore, upgrading an IS requires many updates, including the algorithm of the application, the schema information of the database, the interface of application, the addition and deletion of a system functions, the maintenance of vendor support, and data [25]. An IS upgrade can also be defined as a decision-making point for both IS vendors and system users [26].



An IS upgrade is mostly based on a system’s lifecycle [27]. Accordingly, as an expert, a vendor strives to continuously develop an IS for users during its life cycle [28]. In turn, users also rely on the vendor to support and change IS services [29]. Therefore, an IS upgrade is an interaction between the vendor and the user for a sustainable business [30].



An IS upgrade is a part of the system integration management, and since it can have a significant impact on the organization, an IS upgrade requires careful planning [26]. Therefore, many previous studies on IS have addressed the requirements and procedures for a system upgrade, and it is important to study the factors that affect those requirements and procedures [26].



As shown in Figure 1, Mukherji et al. [16] noted that an IS upgrade decision is a crucial point for improving organizational competitiveness for sustainable business, and that decision making about an IS upgrade is a point in time when there is an extreme gap between the existing system in use and the new system. Furthermore, Mukherji et al. [16] defined cost as the most important factor that can affect the gap. If an organization’s decision to upgrade a major system is delayed due to the cost, this can have a significant impact on business competitiveness, and ultimately, on sustainability of an organization. However, as mentioned above, decision making about an IS upgrade can also be affected by other factors, such as the job and positions of the users and experts. However, these factors were not considered by Mukherji et al. [16], which is one limitation of their study.


Figure 1. Research concept based on Mukherji el al. [16].
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2.2. The Proposed Research Concept


As can be seen in Figure 1, IS upgrades can have a very positive impact on organizational competitiveness if the IS upgrade proceeds with good decision making and timing. Definitely, as specified by Mukherji et al. [16], cost and budget for IS upgrades are very important, as the IS implementation and upgrade projects usually entail many cost-related risks. However, if well-timed decision making about an IS upgrade is delayed due to other business environmental factors, this may result in an organization losing both profit and competitiveness [16].



In view of these risks, and to overcome the limitations of Mukherji et al.’s [16] study, the present study is based on the concept shown in Figure 2. Specifically, in order to study the differences in decision making arising from positions and jobs at the organizational level, the scope of our research is divided into users, managers, and experts. Furthermore, decision-making factors that could affect IS upgrades are systematically identified through a literature review. Next, the identified factors are used to propose a directional model of decision making from the viewpoint of users, managers, and experts. Taken together, the results of the present study provide a deeper insight into the factors that can affect decision making about IS updates, and specify directions to support such decision making at the organizational level.


Figure 2. The proposed research concept.
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2.3. Identification of Decision-Making Factors for IS Upgrade


This section overviews the decision-making factors for an IS upgrade based on a literature review. Most of the factors were identified in previous studies. The identified factors were applied to the ISM to define conceptual relationships and interrelations. A total of 18 factors were identified, and the number of system users and test environment presence factors were checked by experts. Importantly, the identified factors were relevant not only for the experts; the users were also included as much as possible.



The factors that were identified in a literature review that can affect a successful IS implementation and upgrade are summarized in Table 1. Some of the expert opinions that were obtained in brainstorming meetings are also included.


Table 1. Factor analysis for a decision making of an information system (IS) upgrade.


	No
	Factors
	Description
	References





	1
	ROI
	Return of Investment
	[2,12,13,31]



	2
	Design based on business process
	IS should be designed based on business process
	[4,27]



	3
	Business object linkage
	An IS upgrade should be linked to business objectives
	[2,4]



	4
	Changes in the user system environment
	The user system environment can be changed by an IS upgrade
	[31]



	5
	Continuous upgrade
	An IS should be continuously upgraded with vendor support
	[17,31]



	6
	Easy accessibility
	An IS should have accessibility that users can easily use
	[31]



	7
	Rapid response to issues
	All issues concerning an IS upgrade should be quickly responded to
	[4]



	8
	System performance improvement
	System performance should be improved through an IS upgrade
	[31]



	9
	Useful information update
	Users want useful information when upgrading an IS
	[22]



	10
	Appropriate requirements reflection
	The user’s requirements should be reflected in an IS upgrade
	[4]



	11
	Continuous training
	Continuous training should be carried out after an IS upgrade
	[4,27]



	12
	Time required for upgrade
	The time required for an IS upgrade can be considerable
	[31]



	13
	Adequate budget
	Sufficient budget for IS upgrade is very important
	[27,31]



	14
	Number of system users
	The number of users currently using an IS should be checked
	Expert opinion



	15
	Test environment presence
	An environment for testing a new version of the system
	Expert opinion, [32]



	16
	System compatibility
	Compatibility between the existing and new systems is crucial
	[33]



	17
	Respond to changes in user personal computer (PC) environment
	Changes in the user’s system can have an impact on the business
	[31]



	18
	Continuous monitoring
	Continuous monitoring is essential to improve the IS quality
	[4]











3. UCTS Review for IS Upgrade Model


In this section, we describe the UCTS, which is a system upgrade model that is used in the present study. The system is currently being developed and used in the organization, which is a training system linked to an IT service management (ITSM) system based on an Information Technology Infrastructure Library (ITIL). The User-Centered Training System (UCTS) is connected to the operation phase of the ITIL’s lifecycle. In addition, the UCTS regularly provides training contents, including solution information regarding the issues that users repeatedly request through the service desk. This system improves the efficiency of IT service management by reducing iterative issues.



3.1. The UCTS Process


The process of the UCTS is shown in Figure 3. The UCTS uses a configuration management database (CMDB), which is a database of the ITSM system. The CMDB is an integrated database that stores all of the configuration information in the ITSM system. The UCTS checks the iterative issues through a service desk operated by the concept of Single Point of Contact (SPoC). If a user makes a request for the same issue more than five times in a row, it is updated on the list of the training board. In addition, if the training board has 20 lists, the training system automatically starts with a notification message when the user logs into the ITSM system. Users must proceed with 20 training lists. In addition, the training can only be completed if the evaluation of the training is conducted. Therefore, to log into the ITSM system and use other services in the system, users need to complete 20 trainings.


Figure 3. Process of the User-Centered Training System (UCTS).
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3.2. The UCTS Database Modeling


In terms of database modeling, it is normalized, as shown in Figure 4. All of the information is shared with the CMDB of the ITSM system. Figure 4 shows the database relationships as the object-centric basis.


Figure 4. Database modeling of the UCTS.
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3.3. The UCTS Implementation


The UCTS is implemented based on the process and the database (see Figure 5). At first, when logging in, the user checks the ITSM system for training, and informs whether trainings exist.


Figure 5. Interface of the UCTS.
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If a user checks the training notification message and succeeds in login, the user can see that the issues that are repeatedly requested through the service desk (see Figure 5) are updated on the list. Additionally, training and evaluation can be conducted if the user chooses to proceed with training. In this way, the UCTS was developed in conjunction with the ITSM system in order to provide more efficient IT service management.




3.4. UCTS Upgrade Need Context


The UCTS has been providing users with training services related to solving IT issues, and its use is increasing. Therefore, for a better environment, the UCTS upgrade is constantly needed at the organizational level. In particular, users have been demanding many things, including useful educational information and new features. Therefore, in order to upgrade the UCTS, it is necessary to investigate which factors, individually or in combination, affect decision making





4. Research Method and Results


4.1. Interpretive Structural Modeling (ISM)


Interpretive structural modeling (ISM) method was first introduced by Warfield, and was further developed by a Vanderbilt Columbus Laboratory in the United States [34]. The ISM is a mathematical methodology created to clearly identify the interrelation between complex factors or explain a problem [35,36]. In general, each factor can be intuitively judged if it overlaps or acts as an independent variable, and when the problem is simple. However, if it is a complicated relationship, it is not easy to accurately analyze the interrelation between the factors involved. The ISM has the characteristic that it can clearly explain a complex interrelation between factors in a hierarchy [36,37].



In general, the following procedures are performed to establish interrelation between factors [36,37]:

	
The factors are appropriately identified to analyze the value through a literature review and systematic meetings.



	
The conceptual relationship of factors is appropriately described by contrasting the defined factors.



	
A structural self-interaction matrix (SSIM) that can represent results using appropriately defined factors is made.



	
A reachability matrix (RM) is made from the SSIM, and confirms a transition matrix. The RM is converted into a binary matrix using 0 and 1. The transition rule of the conceptual relationship of the factor is that, if factor S is related to factor D, and factor D is related to the factor F, then factor S means the basic assumption of ISM, which is related to factor F.



	
According to the results of the fourth step, the RM is classified step by step.



	
A directional graph is drawn based on the staged matrices and eliminates the transition relationship from the RM. In addition, directional graphs are converted to the ISM-based model so as to change the nodes between each factor of the directional graph.









4.2. Analysis Based on the ISM


Numerous studies have been using ISM to analyze factors and their interrelation to address different topics [36,37,38,39,40,41,42]. As specified in Section 4.1, the ISM technology is a very useful mathematical method to understand the interrelation between factors in a comprehensive framework, and has been widely used in many studies over the last decade. Accordingly, we decided to use the ISM method in the present study to analyze the decision-making factors and their interrelation with regard to IS upgrades.



4.2.1. Determination of Valuable Decision-Making Factors


In addition to the factors derived from the literature review (see Section 2.2), three systematic brainstorming meetings were conducted to analyze the value of decision-making factors for the UCTS upgrade. The first meeting was held from 3 July to 5 July 2017, in each of the positions of the organization. Furthermore, the second meeting was conducted from 14 August to 16 August 2017. Finally, the third meeting was conducted from 17 October to 18 October 2017. As shown in Table 2, there were 30 people in total, all of whom could influence decision making. The managers consisted of people in positions above a team leader in the organization, while the users included people who actually used the system under the manager. Finally, an expert was enrolled from the IT team members who directly managed and upgraded the IS.


Table 2. Respondents’ characteristics.


	Layer
	Number of People
	Specification





	Manager
	8
	Team leader above



	User
	15
	Staff



	Expert
	7
	IT department member









Potential factors for upgrading the UCTS were defined in the meetings. The defined factors by each layer are shown in Table 3 (Manager), Table 4 (User), and Table 5 (Expert). As a result of the meetings analysis, the decision-making factors of each layer differed for the UCTS upgrade. First, as shown in Table 3, the managers appeared to prioritize the organization’s business objectives and the benefits of investment. Rather than improving the UCTS performance or convenience, it was more likely that the upgrade reflected the benefits that the UCTS could bring to the organization.


Table 3. Factors mentioned by managers in their decision making about the UCTS upgrade.


	Factor
	Priority





	ROI (Return of investment)
	1



	Design based on business process
	2



	Business objective linkage
	3



	Changes in user system environment
	4



	Continuous upgrade
	5








Table 4. Factors mentioned by users in their decision making about the UCTS upgrade.


	Factor
	Priority





	Easy accessibility
	1



	Design based on business process
	2



	Rapid response to issues
	3



	System performance improvement
	4



	Useful information update
	5



	Appropriate requirements reflection
	6



	Continuous training
	7



	Changes in user system environment
	8



	Time required for upgrade
	9








Table 5. Factors mentioned by experts in their decision making about the UCTS upgrade.


	Factor
	Priority





	ROI (Return of investment)
	1



	Appropriate requirement reflection
	2



	Adequate budget
	3



	Number of system users
	4



	Test environment presence
	5



	System compatibility
	6



	Respond to changes in user personal computer environments
	7



	Time required for upgrade
	8



	Continuous monitoring
	9









The users were the members of the organization who were actually in charge of the work. Accordingly, as shown in Table 4, they were interested in improving the efficiency of their work and in making the system easier to use through the UCTS upgrade. In addition, the acquisition of useful information regarding the business and the support of IT services for responding to issues from the experts were found to be important decision-making factors.



As system administrators, the experts were members of the organization to manage the UCTS upgrade. As shown in Table 5, compared to the managers, the experts prioritized the benefits through the investment of the system. However, most of these benefits were technical factors for an efficient UCTS upgrade.




4.2.2. Analysis of the Contextual Relationship and SSIM


In the next step, a conceptual relationship analysis was performed by comparing the factors that were defined through systematic brainstorming meetings with the members at each hierarchical level of the organization. The structural self-interaction matrix (SSIM) was made to show the comparison results between each analyzed factor using V, A, X, and O symbols based on the (N × (N − 1)/2).



In the present study, in order to facilitate appropriate expression and improve understanding of the study progress, we described the overall ISM-based analysis progress on the user-based basis. The SSIM for the user is shown in Table 6. The conceptual relationship of the SSIM factors can be defined using the symbols of V, A, X, and O, as shown below [42].

	
V: factor i may be related to factor j.



	
A: factor j may be related to factor i.



	
X: factors i and j may be related to each other.



	
O: factors i and j may not be related to each other.







Table 6. Structural self-interaction matrix (SSIM) for the users.















	No
	Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9





	1
	Easy accessibility
	X
	X
	V
	A
	O
	X
	A
	A
	O



	2
	Design based on business process
	
	X
	X
	X
	X
	X
	X
	X
	X



	3
	Rapid response to issues
	
	
	X
	X
	O
	X
	A
	O
	O



	4
	System performance improvement
	
	
	
	X
	X
	X
	X
	X
	X



	5
	Useful information update
	
	
	
	
	X
	X
	V
	X
	O



	6
	Appropriate requirements reflection
	
	
	
	
	
	X
	V
	V
	O



	7
	Continuous training
	
	
	
	
	
	
	X
	O
	O



	8
	Changes in user system environment
	
	
	
	
	
	
	
	X
	O



	9
	Time required for upgrade
	
	
	
	
	
	
	
	
	X









In the previous step, the factors defined by the organization’s hierarchy were composed of rows and columns based on priorities. In Table 6, the conceptual relationship is composed of SSIM using four symbols. The left column (No) in the tables indicates matrix i, and the upper right row (No) indicates j.




4.2.3. Analysis of RM


As described in Section 4.1, the initial RM can be made by binary matrices based on the SSIM. As shown in Table 7, the initial RM was made using the SSIM (see Section 4.2.2). The following rules were used to make the initial RM. In the rule below, i means the number of the row, and j means the number of the column.

	
If (i, j) is V in SSIM, then (i, j) = 1 and (j, i) = 0 in the initial RM.



	
If (i, j) is A in SSIM, then (i, j) = 0 and (j, i) = 1 in the initial RM.



	
If (i, j) is X in SSIM, then (i, j) = 1 and (j, i) = 1 in the initial RM.



	
If (i, j) is O in SSIM, then (i, j) = 0 and (j, i) = 0 in the initial RM.







Table 7. Initial reachability matrix (RM) for the users.


	No
	Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9





	1
	Easy accessibility
	1
	1
	1
	0
	0
	1
	0
	0
	0



	2
	Design based on business process
	1
	1
	1
	1
	1
	1
	1
	1
	1



	3
	Rapid response to issues
	0
	1
	1
	1
	0
	1
	0
	0
	0



	4
	System performance improvement
	1
	1
	1
	1
	1
	1
	1
	1
	1



	5
	Useful information update
	0
	1
	0
	1
	1
	1
	1
	1
	0



	6
	Appropriate requirements reflection
	1
	1
	1
	1
	1
	1
	1
	1
	0



	7
	Continuous training
	1
	1
	1
	1
	0
	0
	1
	0
	0



	8
	Changes in user system environment
	1
	1
	0
	1
	1
	0
	0
	1
	0



	9
	Time required for upgrade
	0
	1
	0
	1
	0
	0
	0
	0
	1









For example, defining the RM values of factor 1 (Easy accessibility) and factor 3 (Rapid response to issues) in Table 6 can be explained as follows.



The value of (1, 3) in Table 6 (SSIM) is V, so the value of (1, 3) is 1, and the value of (3, 1) is 0 in Table 7 (Initial RM). If factor 1 (Easy accessibility) and factor 5 (Useful information update) are compared, the value of (1, 5) in Table 6 (SSIM) will be O. The value of (1, 5) is 0, and the value of (5, 1) is 0 in Table 7 (Initial RM). Finally, if factor 3 (Rapid response to issues) and factor 7 (Continuous training) are compared, the value of (3, 7) in Table 6 (SSIM) is A. Then, the value of (3, 7) is 0, and the value of (7, 3) is 1 in Table 7 (Initial RM). Through this calculation, the relationship of all of the factors was defined as a binary value in Table 7.



The final RM in Table 8 was made based on the transition rule described in Section 4.1. For example, if factor S affects factor D, and factor D affects factor F, it means that factor S affects factor F. The value of (1, 2) in Table 7 is 1, because factor 1 (Easy accessibility) affects factor 2 (Design based on the business process). The value of (2, 4) in Table 7 is 1, because factor 2 (Design based on the business process) affects factor 4 (System performance improvement). Therefore, the value of (1, 4) in Table 7 can be changed from 0 to 1 based on the transition rule. In addition, since factor 3 (Rapid response to issues) affects factor 2 (Design based on the business process), the value of (3, 2) in Table 7 is 1. Since factor 2 (Design based on the business process) affects factor 1 (Easy accessibility), the value of (2, 1) in Table 7 is 1. Therefore, the value of (3, 1) in Table 7 can also be changed from 0 to 1. However, as a result of checking the transition rule based on the user’s initial RM, the binary values of all of the factors could be 1. In this case, the transition rule is not applied, because the relationship between the factors cannot be established. So, the initial RM is defined as final RM (see Table 8). The final RM for the user contains the driving power and the dependence power. The driving power is the sum of the numbers of each row in the matrix, meaning that it can affect other factors. The dependence power is the sum of each column in the matrix, meaning that a factor can be influenced by other factors. The final RM for the user shows that there is no change from the initial RM by the transition rule.



Table 8. Final RM for the user.



	
No

	
Factor

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
Drive






	
1

	
Easy accessibility

	
1

	
1

	
1

	
0

	
0

	
1

	
0

	
0

	
0

	
4




	
2

	
Design based on business process

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
9




	
3

	
Rapid response to issues

	
0

	
1

	
1

	
1

	
0

	
1

	
0

	
0

	
0

	
4




	
4

	
System performance improvement

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
9




	
5

	
Useful information update

	
0

	
1

	
0

	
1

	
1

	
1

	
1

	
1

	
0

	
6




	
6

	
Appropriate requirements reflection

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
0

	
8




	
7

	
Continuous training

	
1

	
1

	
1

	
1

	
0

	
0

	
1

	
0

	
0

	
5




	
8

	
Changes in user system environment

	
1

	
1

	
0

	
1

	
1

	
0

	
0

	
1

	
0

	
5




	
9

	
Time required for upgrade

	
0

	
1

	
0

	
1

	
0

	
0

	
0

	
0

	
1

	
3




	
Dependence

	
6

	
9

	
6

	
8

	
5

	
6

	
5

	
5

	
3

	
53/53











4.2.4. Analysis of Decision-Making Factors Based on Matrice d’Impacts Croises-Multipication Applique’an Classment (MICMAC)


According to the driving power and the dependence power shown in Table 8, the coordinate plane was made including the following four categories (see Figure 4) [35].

	
Cluster I: Autonomous Factor



	
Cluster II: Dependent Factor



	
Cluster III: Linkage Factor



	
Cluster IV: Independent Factor








Figure 6 is a chart of the defined nine factors using the driving power and the dependence power shown in Table 8 from the users’ point of view. The X axis in Figure 6 means the sum of the dependence power of each factor, and the Y axis means the sum of the driving power of each factor. In Table 8, the sum of the dependence power and driving power of each factor can be calculated up to 9. Therefore, the range of the X and Y axes in Figure 6 can be up to 9. Although all of the factors are distributed over four areas as a whole, the results suggest that there is no factor with a strong autonomous characteristic in Cluster I. This means that almost each factor can be defined as being related to the other factors, including itself. In Table 8, factor 9 (Time required for upgrade) can be defined as 3 for the driving power, and 3 for the dependence power. Thus, factor 9 can be located (3, 3) on the MICMAC chart. Factor 7 (Continuous training) and factor 8 (Changes in the user system environment) are in the same position (5, 5) on the MICMAC chart. This is because their dependence power value and driving power value are the same in Table 8. Factor 1 (Easy accessibility) and factor 3 (Rapid response to issues) are also in the same position (6, 4), as these factors also have the same value of dependence power and driving power in Table 8. Factors 1 and 3 have a strong dependence power. This means that these factors have characteristics that are influenced by other factors. In addition, as shown in Figure 6, factor 2 (Design based on the business process) and factor 4 (System performance improvement) have very strong dependence and driving characteristics. This is because the dependence and driving values of those factors are very high in the final RM (see Table 8). Finally, factors 2 and 4 have a particularly strong linkage. Said differently, it means that the characteristic linking factors are strong.


Figure 6. Factors position of the four classification criteria for the users.
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4.2.5. Stratification of the RM


The stratification was conducted to analyze the critical levels of each factor using the final RM in Section 4.2.3. The reachability set and the antecedent set [34] can be made from the final RM. The reachability set can be expressed as the 1 or 1* value of the driving power of a row as a set of factors that affect other factors, including itself. Furthermore, the antecedent set can be expressed as the 1 or 1* value of the dependence power of a column as a set of factors that can be affected by other factors, including itself. The first stratification was completed (see Table 9). In order to determine the first level, the factors of the reachability set and the antecedent set were compared (see Table 9). If the factors of the reachability set and the factors of the interaction set were identical, the level was marked as I [34].


Table 9. First iteration for the user-level stratification.









	No
	Reachability Set
	Antecedent Set
	Interaction Set
	Level





	1
	1, 2, 3, 6
	1, 2, 4, 6, 7, 8
	1, 2, 6
	



	2
	1, 2, 3, 4, 5, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9
	I



	3
	2, 3, 4, 6
	1, 2, 3, 4, 6, 7
	2, 3, 4, 6
	I



	4
	1, 2, 3, 4, 5, 6, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9
	



	5
	2, 4, 5, 6, 7, 8
	2, 4, 5, 6, 8
	2, 4, 5, 6, 8
	



	6
	1, 2, 3, 4, 5, 6, 7, 8
	1, 2, 3, 4, 5, 6,
	1, 2, 3, 4, 5, 6
	



	7
	1, 2, 3, 4, 7
	2, 4, 5, 6, 7
	2, 4, 7
	



	8
	1, 2, 4, 5, 8
	2, 4, 5, 6, 8
	2, 4, 5, 8
	



	9
	2, 4, 9
	2, 4, 9
	2, 4, 9
	I









For the second stratification, the factors of Level I were deleted, and the analysis proceeded as shown in Table 10. This repetitive procedure was continued until the completion of the definition of each factor level.


Table 10. Second iteration for the user-level stratification.









	No
	Reachability Set
	Antecedent Set
	Interaction Set
	Level





	1
	1, 6
	1, 4, 6, 7, 8
	1, 6
	II



	4
	1, 4, 5, 6, 7, 8, 9
	4, 5, 6, 7, 8, 9
	4, 5, 6, 7, 8, 9
	



	5
	4, 5, 6, 7, 8
	4, 5, 6, 8
	4, 5, 6, 8
	



	6
	1, 4, 5, 6, 7, 8
	1, 4, 5, 6,
	1, 4, 5, 6
	



	7
	1, 4, 7
	4, 5, 6, 7
	4, 7
	



	8
	1, 4, 5, 8
	4, 5, 6, 8
	4, 5, 8
	









As a result of the stratification of the RM, the final results were obtained (see Table 11). The highest levels were factor 2 (Design based on the business process), factor 3 (Rapid response to issues), and factor 9 (Time required for upgrade). The next lower level was factor 1 (Easy accessibility).


Table 11. Final results of iteration for the user-level stratification.


	No
	Reachability Set
	Antecedent Set
	Interaction Set
	Level





	1
	1, 6
	1, 4, 6, 7, 8
	1, 6
	II



	2
	1, 2, 3, 4, 5, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9
	I



	3
	2, 3, 4, 6
	1, 2, 3, 4, 6, 7
	2, 3, 4, 6
	I



	4
	4, 5, 6, 7, 8
	4, 5, 6, 7, 8, 9
	4, 5, 6, 7, 8
	III



	5
	5, 6
	5, 6
	5, 6
	IV



	6
	5, 6
	5, 6
	5, 6
	IV



	7
	4, 7
	4, 5, 6, 7
	4, 7
	III



	8
	4, 5, 8
	4, 5, 6, 8
	4, 5, 8
	III



	9
	2, 4, 9
	2, 4, 9
	2, 4, 9
	I









As described in the MICMAC in Section 4.2.4, the results suggest that there was a feature that links the upper layer and the lower layer. The next three levels were factor 4 (System performance improvement), factor 7 (Continuous training), and factor 8 (Changes in the user system environment). Finally, the bottom levels were factor 5 (Useful information update) and factor 6 (Appropriate requirements reflection).




4.2.6. Results of the ISM Directional Graph and Model for Users


Using the layered final RM of Section 4.2.5, the ISM model of the IS upgrade decision-making factors for users was established (see Figure 7). The interrelation structure of the decision-making factors is composed of four layers. The users thought that updating useful information and reflecting appropriate requirements were the most important factors to consider for decision making. In addition, these factors affect the user system environment change, system performance improvement, and continuous education. The users also thought that these factors were related to each other, and would affect easy accessibility. In addition, business process-based design and quick issue response factors were influenced by the easy accessibility factor. The users also considered upgrade time as a critical decision-making factor, and saw it to as related to system performance improvement.


Figure 7. The interpretive structural modeling (ISM) model of an IS upgrade (as viewed by the users).
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4.2.7. Results of the ISM Directional Graph and Model for Managers and Experts


The ISM models of the IS upgrade decision-making factors for managers and experts are shown in Figure 8 and Figure 9, respectively. These two models are quite different from the corresponding model for users that is shown in Figure 7. Figure 8 shows the ISM directional graph for the managers. Here, there are five hierarchical structures. In addition, ROI was analyzed as the first factor to consider among decision-making factors. Based on the ROI, the managers thought that it was important to be able to upgrade continuously, and see how it would affect the users’ system environment change. This change in the system environment was considered to have an impact on the organization’s business process-based design and business goals.


Figure 8. The ISM model of an IS upgrade (as viewed by the managers).
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Figure 9. The ISM model of an IS upgrade (as viewed by the experts).



[image: Sustainability 10 00872 g009]






Figure 9 shows the ISM directional graph for experts. The interrelation structure of decision-making factors is composed of two layers. The experts thought that the first factor to consider was a sufficient budget based on the number of system users. The first factors that could affect other factors such as ROI, reflection on the appropriate requirements, system compatibility, upgrade time, continuous monitoring, the presence of a test environment, and the response to user system environment change at the highest level. In particular, the seven decision-making factors on the top level were closely related to each other. Said differently, the results suggested that experts simultaneously considered the technical and the management parts based on the user status and sufficient budget for a successful IS upgrade.




4.2.8. Summary of Results


The ISM model results reported in Section 4.2.6 and Section 4.2.7 demonstrate that the decision-making factors, their interrelations, and directions for IS upgrades as perceived by managers, users, and experts are very different. In the present study, the level of decision making of ISM was analyzed differently by each level of the organization’s hierarchy, which was influenced by the differences in corresponding work environments.



As shown in Figure 7, in the ISM model of the users, nine factors were defined based on four levels of decision making. Most of these factors can affect their work. It is important for users to make a more efficient and comfortable working environment through the IS upgrade.



In the ISM model for managers in Figure 8, five factors for organizational benefit were defined based on five levels of decision making. The managers reasoned that, when the organization invests in IS upgrades, it is important to be able to continue to use the IS and pursue business goals. Finally, Figure 9 shows the ISM model of IS upgrade decision making as viewed by experts. However, the nine decision making factors for an efficient IS upgrade are closely linked. In particular, experts thought that system technical factors and environmental factors should be prepared for an IS upgrade project.



Taken together, our results suggest that the decision-making factors for all of the levels of the hierarchy (users, managers, and experts) focus on improving the corresponding types of business environment. This can be very deeply related to improving the competitiveness of the organization.






5. Discussion


The IS upgrade can bring many benefits, such as security enhancement, performance enhancement, and continuous support from vendors [31]. However, most users do not want to change through IS upgrades, as an IS upgrade can cause compatibility problems, function changes, and various configuration changes [31]. However, these factors should be checked, as they can affect a pending IS upgrade. Previous theories and research models of IS upgrades focused on the understanding of user decision making and the IS adaptation behavior. This can be seen an effort to obtain a better understanding of the users’ IS upgrade behavior response [43]. A comprehensive understanding of users’ decision-making is also essential in order for researchers and experts to integrate more advanced technology into an IS [43,44,45]. From this perspective, previous studies have sought to understand the first use of the system, and the adaptive behavior of users’ repeated use for an IS upgrade [31]. However, users can understand all of the functions based on the system they are using, and know what efficiency they have for their work. Therefore, factors such as the first use or repeat use are considered to have little impact on the IS upgrade decision making [43]. In addition, previous studies have focused on the behavioral characteristics of users who are aware of the need for an IS upgrade, such as the ease of use of existing systems, user satisfaction, perceived requirements, resistance to change, and purchasing ability [31]. However, while it is possible to broadly understand pertinent decision-making factors for an IS upgrade, the interrelation among these factors remains unclear. In order to address this issue, the present study focused on managers, users, and experts viewed as representatives of different hierarchical levels of an organization. Our results yielded the following two important findings.



First, as shown in Figure 7 and Figure 8, the decision-making factors and the interrelation between the managers and the users for IS upgrades were significantly different. In previous studies, there was no clear analysis of the decision-making factors for an IS upgrade on a comprehensive user level. First, the return on investment (ROI) was the top priority for managers. When an ongoing IS upgrade was based on the ROI, the managers considered that the process of the business should be optimized for the organization in order to achieve specific business goals. Users’ ISM models have identified factors from previous studies (e.g., reflection on appropriate requirements, changes in the user system environment, the time required for upgrade, and easy accessibility) that are closely related to system performance improvement and useful information updates. In addition, during the IS upgrade process, it was found that a rapid response to issues and the design based on the business process are important for the convenient and efficient use of an IS.



The second important insight relates to the IS upgrade as viewed by the experts. In particular, although the ROI was the highest for the experts (see Table 5), the decision-making direction of the experts was based on the number of users. Also, as shown in Figure 9, important factors found in previous studies (e.g., appropriate requirements reflection, system compatibility, and the time required for upgrades) were found to be interrelated. Ultimately, for an IS upgrade, the experts needed a sufficient budget based on the number of users. They also considered technical factors (reflecting appropriate requirements, system compatibility, the existence of a test environment, and responding to changes in the user’s PC environment) and administrative factors (e.g., ROI, upgrade time, and ongoing monitoring). This is a new insight, as most previous studies on IS upgrades focused on and comprehensively defined the decision factors of users. However, through the analysis of the decision-making factors and interrelation of organizational members based on the actual IS model, the present study revealed many pertinent differences between different groups (users, managers, and experts).




6. Theoretical and Practical Implications


Many previous studies have already confirmed that a successful IS upgrade can affect not only experts, but also all of the users of a system. Therefore, it is essential to establish important decision-making factors of an IS upgrade based on a wide range of users. In this context, the results of the present study are informative for all of the users of a system, in that our findings provide a better understanding of the interrelation between the factors.



Furthermore, our results have both theoretical and practical implications. As to the former, as mentioned earlier, for a more efficient IS upgrade, many scholars have focused on the users of an IS. The IS upgrade is essential, and means that research on users is important in terms of getting successful results. Accordingly, previous work has focused on what users feel about IS upgrade, such as user satisfaction and resistance to change. In this respect, the contribution of the present research is that our results suggest that users can think very differently depending on the environment, work characteristics, and position. Therefore, depending on the hierarchy of the members of an organization, an IS upgrade should be made more clear, and more detail about it should be provided to users of all levels.



As to practical implications, our results suggest that, above all, experts should effectively manage an IS upgrade project along the lines suggested by our results. Specifically, for an IS upgrade, experts should not analyze requirements in an extremely comprehensive user range. It is necessary to clearly identify the characteristics and factors of IS users. In particular, our results confirm that there is a difference in decision making for an IS upgrade according to the position of the members on the organization’s hierarchy. Experts should also be aware that when managers invest in an IS upgrade, they are above all interested in improving the overall business process and achieving the business goals of the organization. In their turn, users also want useful information for their work. In addition, experts should know that users expect their requirements to be well-updated on the system, improving system performance and work efficiency. Therefore, creating the desired performance for managers and users by using a well-designed business process-based system should be a crucial part of the effort. In addition, since changes in the user environment caused by an IS upgrade can create a sense of rejection among users [31], experts should always provide continuous training and quickly respond to users’ concerns. It is also important to accurately understand the status of managers and users, define requirements, and check the compatibility of multiple systems based on the test environment. In addition, it is essential to respond to user PC change issues through continuous monitoring. Finally, experts should ensure that there is a sufficient budget for an IS upgrade. After the upgrade is complete, constant communication with managers and users is necessary in order to make a valuable system.



The users are employees who work very closely with their department managers. Moreover, users should work through management from and collaboration with the manager. The results of the present study provide users with valuable information that facilitates understanding what managers think about making decisions for IS upgrades. Based on this information, users can better communicate with the manager when the IS is upgraded. In addition, users can more efficiently manage the various risks that may arise from the difference in the manager’s business environment. In particular, users often think that managers need an IS upgrade for organizational goals and benefits. However, as shown in Figure 8, managers consider whether a continuous IS upgrade is possible, and how the user’s system environment can be changed based on the business process. This means that managers consider the viewpoint of users as well. Managers are members of the organization who communicate with staff in each department and team. In other words, they can be members of the organization that can have a big impact when making decisions on IS upgrades. Similarly to users, managers always work closely with their staff. Therefore, managers should understand what users think about the decision making processes regarding IS upgrades. As shown in Figure 7, it is important to provide easy-to-use accessibility through system performance improvement or continuous training; however, users prioritized the useful information and requirements that were needed for their work. Therefore, our results provide valuable information for managers. Based on the results of the present study, managers can easily understand what users think of IS upgrades.



With the development of new technologies and systems that have to be continually upgraded, there should be plentiful preparation to do so. The results of the present study convincingly demonstrate interrelations between pertinent factors that affect decision making regarding IS upgrades. The factors uncovered in the present research can be applied to other IS upgrades, in order to ultimately provide a better direction for decision making.




7. Conclusions


Based on the results of the present study, we can conclude that the decision making processes surrounding IS upgrades considerably vary among managers, users, and experts depending on the organizational level. Specifically, our findings suggest what factors, steps, and directions are relevant for each layer of the organization in terms of decision making about an IS upgrade. Specifically, users prioritize getting useful information through IS upgrades, and they expect that an IS upgrade will have a positive effect on their work. In comparison, managers expect an IS upgrade to have a positive effect on users. However, they also think that an IS upgrade should be beneficial for the organization’s goals. Finally, in their decision making about an IS upgrade, experts consider both users and managers. They believe that IS upgrades should have a positive effect on the interests of the organization and the interests of users, including managers, which ought to be based on technology and support.



These findings suggest that the decision-making factors for different hierarchical levels of users within an organization should ideally be studied separately. This is consistent with the experts’ perspective that budgeting and users are the aspects that ought to be prioritized in decision making about an IS upgrade. In summary, users, managers, and experts who have different positions and tasks in the organization have different ideas and requirements for decision making of IS upgrades. As a result, their decision models and directions can vary considerably. However, they all expect IS upgrades to have positive effects on an organization, such as an increase in the organization’s competitiveness.



This granular picture of how IS upgrades are perceived by different groups of agents within an organization defines the utility of our results. Notwithstanding, the present study has several limitations that need be addressed in future studies.



First, no matter how complete the resources for an IS upgrade are, IS upgrade decision making can be influenced by various environmental factors, such as management decision making, organizational culture, technical differences, and the IS environment. Therefore, future research should take these factors into account. Second, in the present study, brainstorming meetings and ISM were used as methodological approaches to analyze the decision-making factors and their interrelationships. However, for a deeper analysis, comparing and analyzing the results using other methodologies, such as decision making trial and evaluation laborator (DEMATEL), will be very meaningful. Therefore, in the future, more research based on various methods and organizational environments is needed.
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