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Abstract

:

An analytics-empowered enterprise system looks to many organizations to be a far-fetched target, owing to the vast amounts of factors that need to be controlled across the implementation lifecycle activities, especially during usage and maintenance phases. On the other hand, advanced analytics techniques such as machine learning and data mining have been strongly present in academic as well as industrial arenas through robust classification and prediction. Correspondingly, this paper is set out to address a methodological approach that works on tackling post-live implementation activities, focusing on employing advanced analytics techniques to detect (business process) problems, find and recommend a solution to them, and confirm the solution. The objective is to make enterprise systems self-moderated by reducing the reliance on vendor support. The paper will profile an advanced analytics engine architecture fitted on top of an enterprise system to demonstrate the approach. Employing an advanced analytics engine has the potential to support post-implementation activities. Our research is innovative in two ways: (1) it enables enterprise systems to become self-moderated and increase their availability; and (2) the IT artifact i.e., the analytics engine, has the potential to solve other problems and be used by other systems, e.g., HRIS. This paper is beneficial to businesses implementing enterprise systems. It highlights how enterprise systems could be safeguarded from retirement caused by post-implementation problems.






Keywords:


enterprise systems; advanced analytics; post-live activities; post-implementation












1. Introduction


An enterprise resource planning (ERP) system is a type of enterprise system (ES) that acts as an integrated set of programs to provide support for core organizational functions such as manufacturing and logistics, finance and accounting, sales and marketing, and human resources. An ERP system helps the different parts of the organization to share data, reduce operating costs, and improve the efficiency of business processes [1,2]. Despite these benefits, many ERP systems fail, owing to implementation difficulties [3,4]. It has also been observed from the literature that ERP post-implementation has not received much research focus [1], which is a point that had been made by early [5,6] and recent [7] research alike. The latter statement defines the basis of our research work as well as being the triggering point towards the awareness of the problem at hand, for which our focus is on post-implementation failures.



On the other hand, the requirement to transform liabilities of data into actionable enterprise decisions has provided a fertile foundation for various transformational offspring analytical technologies as a direct consequence of big data analytics (BDA) [8]. With the rise of analytical technologies and the ability to execute complex algorithms on huge amounts data; algorithmic accuracy has become quite important. Correspondingly, considerable improvements have been experienced through typical evolution on analytical algorithms. The incidence of algorithmic evolution can be seen clearly in the case of artificial neural networks (ANNs) evolving into deep-learning algorithms [9]. Deep learning enables hierarchal methods to extract complex features from simple abstractions.



Employing advanced analytics algorithms together with enabling components within typical BDA architectures has the potential to support post-live ERP systems. Correspondingly, this would command the development of artificially intelligent agents that work on analyzing ERP system data to prevent process failure. That said, this marks the first academic attempt to build artificially intelligent agents that empower ESs for post-implementation activities.



The following sections will introduce the concepts as well as discuss potential solutions and research methodologies to be adopted in this research activity through the methodology of design-science research. The paper is therefore structured as follows: Section 2 will shed light on ESs and the ERP lifecycle. Section 3 will highlight the role of big data and advanced analytics. Section 4 will focus more on the post-implementation stage of the lifecycle and the corresponding problems witnessed within research. Section 5 derives the research problem from the earlier two sections. Section 6 then positions the importance of this research study, followed by Section 7 and Section 8, discussing the research methodology and the technical architecture of the IT artifact at hand. These sections would focus on formulating the research as well as the tentative design, triggering the design-science research process used to develop the performance measures leading to scientific results of the modular advanced analytics artificially intelligent agent. It should be noted that one of the main referencing themes within this paper relies on topic relevance to relevant literature. This helps in posing an emphasis towards the persistence of the problem at hand. The paper then addresses the evaluation of the IT artifact in Section 9, and the generalizability dimension of the IT artifact in Section 10. The final two sections, Section 11 and Section 12, discuss the concluding findings from the experiment carried out on sample ERP data provided from a large retailer, and the future work, respectively.




2. Enterprise Systems


Enterprise systems, also known as enterprise resource planning systems or ERP, are integrated, modular, off-the-shelf systems aiming to control key functional areas within the enterprise such as sales, accounting and finance, material management, inventory control, and human resources [10]. The benefits of using ERP systems are several: seamless information flow, access to real-time data, process-orientation, and improved communication across the enterprise. ERP implementation projects have proved to have high organization and technical complexity, and the human consequences and required changes in business processes are often underestimated [11]. Previous research has identified certain critical success factors (CSFs), which are important for gaining benefits in organizations implementing ERP systems [12]. However, the cost of an unsuccessful ERP implementation can be high, given the number of risks ERP projects experience [13,14]. More importantly, it has also been explained that despite the various research on implementation related CSFs, many of these identified factors are not considered during the post-implementation stage, making ERP projects fail [1].



Research within the field has exhausted the analysis of the ERP system development lifecycle, in which several prominent models appear. Research done by Esteves & Pastor [15] as well as Markus & Tanis [15] mark some of the important lifecycle frameworks. The following snapshot (Figure 1) illustrates the proposed framework introduced where the phases and dimensions are shown.



Within this framework, the phases describe the different stages a given ERP system lifecycle goes through in typical organizations (Adoption Decision, Acquisition, Implementation, Use and Maintenance, Evolution and Retirement). On the other hand, the dimensions describe the different viewpoints by which a given phase could be analyzed (Product, Process, People, and Change Management).



Markus & Tanis explains ERPs as a part of ESs [16]. ESs are commercial software packages that enable the integration of transitions-oriented data and business processes throughout an organization. ESs include ERP software and such related packages as advanced planning and scheduling, sales force automation, customer relationship management, and product configuration. The authors claim that the key questions about ES from the perspective of an adopting organization’s executive leadership are questions about success. Additionally, it has been claimed that no single measure of ES success is sufficient for all the concerns an organization’s executives might have about the ES experience. Consequently, a “balanced scorecard” of success metrics addressing different dimensions at different points in time needs to be adopted, governed by the ES experience cycle phases. Organizations’ experience with an ES can be described as moving through several phases, characterized by key players, typical activities, characteristic problems, appropriate performance metrics, and a range of possible outcomes. The phases within this cycle are explained as follows:



The Chartering Phase comprises the decision leading up to the funding of an ES.



The Project Phase comprises activities intended to get the system up and running in one or more business units.



The Shakedown Phase is the organization coming to the adoption state of the implemented ES. Activities include bug-fixing and reworking, system performance tuning, retraining, and staffing up to handle temporary inefficiencies.



The Onward-and-Upward Phase continues from normal operation until the system is replaced with an upgrade or a different system. During this phase, the organization is finally able to realize the benefits of its investment. Activities of this phase include continuous business improvement, additional user skill building, and post-implementation benefit assessment; however, these typical activities are often not performed.



Other studies explained some of the challenges an ERP project would encounter during the three phases of the project (pre-implementation, implementation, and post-implementation) [17]. The following Table 1 explains some of these challenges:



Post-implementation problems are the most renowned reasons for general cases of failure being found, even after successful ERP implementation. There is a continuous requirement to rely on external resources (consultants, vendors, support teams, etc.) for the purposes of either extending the capabilities of the solution through adding additional modules to the ones already implemented, or to follow-up on current existing tickets from users [17]. This has been highlighted long ago in the literature [18]. It has been explained how all preceding factors appearing before the post-implementation phase (Shakedown phase and Onward-and-Upward phase) continue to live, which could be an explanation why is it very hard for ERP projects to survive the post-implementation phase. Although that is the case, many companies do not perform a post-implementation audit of the ERP project to assess and document the achieved benefits [19]. It could therefore be observed that many of the possible earlier problems continue to emerge and contribute to project failures through the years.



These facts lead to the post-ERP depression phenomenon [20]. ERPs usually face very high expectations. However, especially during the immediate time following project conclusion, flaws in the system and newly unveiled bugs tend to dampen expectations, which would consequently dishearten personnel and devastate project managers. That said, post-ERP depression needs to be considered seriously.



In contrast to the difficulties and high failure rate in implementing ERP systems, a cornerstone concept coined in the term CSF has been proposed to develop a more systematic account of ERP implementation, which is useful for guiding implementation management and advancing ERP research [21]. This involves the application of the socio-technical model of system development to ERP implementations. It provides a basis for identifying and classifying CSFs according to model components and interdependencies, developing causal relationships and explaining ERP impact and value added to several organizational dimensions.



Over the past decade, IT investments have grown to become the largest class of capital expenditures in US-based businesses. In the meantime, enterprises consider ESs to be a fundamental tool for organizational distinction, since they integrate organizational systems and enable operational transactions in a cross-functional manner. Successful implementation of ESs has the potential to reduce inventory, optimize production, shipping, labor, and IT maintenance costs, and thus lead to greater effectiveness and a competitive edge [22].



Although ESs have been described as a panacea, there are many reports that run into costly implementations, suffer serious difficulties, and must cope with severe maintenance problems along the implementation lifecycle [22].



Previous research is documenting organizational issues and problems connected with time over-runs and lack of alignment of organizational structure with the adopted ES. Meanwhile, practitioners from industrialized countries recognize the implementation and post-implementation complications linked to ESs as lack of user engagement. ES implementation projects suffer from interdepartmental disagreements, insufficient training, and system customization problems [23].




3. The Role of Big Data and Advanced Analytics


Big data has become important as many organizations have been collecting massive amounts of data which can contain useful information about given problems i.e., ERP log analysis, through the ability of employing highly scalable architectures, surfaced through typical Hadoop architectures. This could in turn enable detailed business analysis and decisions impacting existing investments and future technology.



Big data as a technology unlocks the powers of unstructured data. This paves an open highway for text analytics in big data to unlock the transformations sought by the technology. From unstructured data, the process of extracting information and facts is called text mining [24] and knowledge discovery in text (KDT). This is a rising field of information recovery, statistics, machine learning, and computational linguistics based on the fact that most big data is actually unstructured text [25]. There are many approaches of text mining. The major approaches are the keyword-based approach and the information extraction approach. Text analytics solutions use a combination of statistical and content analysis to extract information. Statistical analysis is carried out on text at various dimensions such as term frequency, document frequency, term proximity, and document length. Content analysis on text takes place at different levels:



Lexical and syntactic processing: recognizing tokens, normalizing words, language constructs, parts of speech, and paragraphs.



Semantic processing: extracting meanings, name entity extraction, categorization, summarization, query expansion, and text mining.



Extra-semantic features: identify feelings or sentiments (feelings, emotions, and mood).



Goal: Dimension reduction [26].



Correspondingly, state-of-the-art technological paradigms catalyze analytics models and algorithms for information mining, machine learning, and ultimately artificial intelligence (AI). AI dates to 1950s, explained in Turing’s intelligence test [27]. However, it was not until 2006 that the fruit of AI was harvested, when Geoffrey Hinton, Osindero, & Teh [9] proposed the deep architecture of an unsupervised greedy layer-wise learning manner, creating the concept of deep neural networks. Deep-learning algorithms extract high-level complex abstractions as data representations through a hierarchal learning process [28]. Complex abstractions are learnt at a given level based on relatively simpler abstractions formulated in the preceding level in the hierarchy. These abstractions enhance the process of feature engineering and extraction, whereby the ability to construct features and data representations from raw data is elevated. Many practitioners think of deep-learning architectures as the natural evolution of ANNs in which intermediary hidden layers grow out of proportion to the original ANN models. Several commanding breakthroughs have been introduced through applications of deep convolutional networks (one of the types of algorithms introduced under the deep-learning paradigm) since the early 2000s, with great success in detection, segmentation, and recognition of objects and regions in images. These were all tasks in which labeled data was relatively abundant, such as traffic sign recognition, segmentation of biological images, and detection of faces.




4. Research Gap: ERP Post-Implementation Problems


ERP systems have been criticized for not maintaining the return on investments (RoI) promised. Sykes et al. (2014) claims that 80% of ERP implementations fails. Also, 90% of large companies implementing ERP systems failed in their first trial [3]. It has also been reported that 50%–75% of US firms experience some degree of failure. Additionally, 65% of executives believe ERP implementation has at least a moderate chance of hurting business [29]. Three quarters of ERP projects are considered failures and many ERP projects end catastrophically [30]. Failure rates are estimated to be as high as 50% of all ERP implementations [31]. In addition, as much as 70% of ERP implementations fail to deliver the anticipated benefits [32]. Still, many ERP systems face resistance and ultimately failure [1]. That been said, there are two main critical phases that might lead to the failure of an ERP project. The implementation as well as the post-implementation phases mark the two main phases in a given ERP lifecycle where many of the organizations might experience failure. The two phases include similar activities and involve similar stakeholders.



Post-implementation lack of success within small- and medium-sized enterprises (SMEs) as well as large enterprises reflects how the human factors of failure dominates the scene of malfunction. This would then lead to what is known as a lack of continuous, productivity decline, or early retirement, which causes performance dips within given organizations. The main themes that had furnished a foundation for ERP post-implementation failure within SMEs are: (1) workarounds; (2) lack of training; (3) incentives among resellers and implementation consultants; and (4) lack of culture openness within the company, where every one of those pillars would lead to another [33]. This foundation would surely lead to the inflation of the hidden costs of a given ERP project, which diminishes the expected RoI [34].



ERP systems usually impose business process standardizations through routines, roles, and data with the aim of optimizing the business processes within the organization. Unfortunately, many users, when faced with problems that break the flow of daily business, would adopt a workaround [35]. A workaround employs the functionality of the ERP system by deviating from the intended design, achieving the required functionality. Although workarounds do not change the ERP system or the business processes, workarounds usually have dire consequences on productivity and often degrade process excellence and increase the possibility of making errors [36]. The typical aim would be to overcome the performance dip through finding workarounds to get the company back to normal operations as fast as possible. The concept of a workaround is defined as “computing ways for which the system was not designed or avoiding its use and relying on alternative means for accomplishing work” [37]. Workarounds, as earlier pointed out by Gasser [37], and researched by Alter [38], usually lead to errors that eventually cause many other problems to the underlying database that interferes with the work processes of other employees. The work required to rectify these database errors are considerably time consuming, which henceforth would contribute to the elongation of the performance dip within the organization. This is observed by analyzing the tendency of “drifting”, which describes the discrepancy from intended use towards context-based user patterns [39].



Additional reasons that contribute to ERP post-implementation failure and enforce the adoption of workarounds would be lack of training [40]. In many cases, once an ERP is implemented, the vendor works with employees to educate them on how to use the system and follow best practices. Unfortunately, many organizations fall into the trap of inadequate and low-quality training. Through an inability to efficiently coordinate the flow of the training course, lots of discussion with curious and inexperienced users is triggered. That would then leave the trainees with hectic and uneven learning.



Through inabilities to build up internal proficient competencies within an organization, external consultants are brought to the table to transform failure into success. To continue the chain of consequences leading to post-implementation failure, there is a requirement to hire a subject expert to both rectify and discontinue adoption of workarounds. Resellers or vendor partners would typically be at the top of a list to handle these tasks, through deploying their experienced implementation consultants. In such situations, consultants could make it difficult for the hiring organization to dispense their expertise to secure the revenue flow. One method would incur a deficiency on the documentation of the system modifications being made to rectify the ramifications of the workarounds. Even though consultants are very important to ERP implementations, consultants would often follow their own agendas, which might do more harm than good to the organization [41,42].



It has been identified through research that many different aspects cause many ERP projects to fail, on top of which lack of organization learning comes into perspective [43]. The research community recognizes the essential role of organizational learning and the relationship between an ERP system across the ERP implementation lifecycle. It is worth mentioning that the theory of organizational information processing (TOIP) suggests that an organization’s fundamental task is to process information concerning uncertainty in the environment and to make decisions to deal with it [44]. If the uncertainty could not be settled effectively, it can translate into volatility of firm performance, causing firm risk. Firm risk degrades ERP business value as a direct trigger by post-implementation bottlenecks.



Furthermore, in the context of a large enterprises, several factors affecting the post-implementation phase complements the earlier discussed factors affecting SMEs [45]. Customized workarounds and post-implementation training were two common factors between SMEs and large enterprises. It had been noted that the higher a customization or a workaround is adopted, the more the negative impact is on the ERP system. Additionally, training is discussed to be a crucial factor keeping the ERP system successful. Moreover, among the key factors hindering the success of an ERP post-implementation are:




	
Lack of Executive Management Support:



Top management support is a critical recurrent factor which affects every stage of the ERP lifecycle. Enormous support given by top management pays off in the post-implementation phase, where users get the opportunity to use a system that satisfies their expectations.



	
Initial Post-Implementation Benchmarking:



As stated by an independent consultant, "initial post-implementation benchmarking is the measurement of user expectations with actual performance, at the initial stage of the post-implementation stage”. This practice includes setting milestones and benchmarking parameters and estimating expected versus actual.



	
Change Management



Illustrate the importance of proper change management initiatives to achieve the true benefits from an ERP system.



	
Maintenance of ERP



According to past literature, ERP maintenance is the process of updating the ERP to meet changing user requirements. Almost all the case examples have made the effort to maintain the ERP. Help-desk support and ERP support team teams were used as criteria to determine the existence of ERP maintenance. Adherence to any of the above criteria determines that a particular case has carried out successful ERP maintenance.



	
Introduction of Additional Features at the Post-Implementation Phase:



According to an independent expert, this is a practice where vendors initially provide the basic ERP system with the basic set of functionalities. The additional features mentioned in this practice are about the value-added features such as enhancements to the user interface and attractive templates.



	
Success of Pre-Implementation



Pre-implementation success directly impacts on the post-implementation success.








The above pointers open discussions to the very important socio-technical impact on any ERP project. Lack of transparency caused by workarounds among the socio-technical stakeholders is one of the main reasons many projects reach the point of failure. That is why application stewardship or application governance had been discussed in an attempt to increase the value of applications in the hands of users [46]. This theoretical socio-technical framework explains the relationship models between IT professionals and user organizations, with a goal towards increasing the functional outcomes of a given application.



Despite the huge value posed by application stewardship in mapping these activities to the bigger IT governance frameworks to preserve application values, the cost of establishing a governance board is typically high, especially for SMEs [47]. That would then expose the gap for how augmented ESs are able to provide a rather cost-friendly approach.




5. Research Problem


In this research, we address the problem of ES post-implementation failures [1,48,49]. We seek to answer the research question of how advanced analytics could help ESs during post-implementation activities. The idea is to design and develop an advanced analytics engine (AAE) that seeks to be artificially intelligent. The role of AAE is to understand the implementation environment, detect issues, predict system failures, and suggest and verify solutions. In this way, the AAE will enable ESs to rely less on vendors and third-party Service Level Agreements (SLAs). This will enable organizations adopting ESs to achieve their implementation targets. The AAE will employ advanced analytics techniques, machine learning, and data mining. These domains have been proven to have a strong presence through academic as well as industrial arenas, via robust classification and prediction methods. This will help make ESs self-moderated, by reducing the reliance on vendor support. The idea is to bring analytics to transactional systems, with the objectives of using analytical capabilities to enhance the functionality of these systems.



The AAE will act towards helping ESs in two phases:



Phase I: in this phase, the AAE will analyze the environment, which mainly includes business processes via their business blueprint, and examine where data insights can be useful to support those processes. Also, support tickets, product documentation, and related email communication needs to be analyzed and understood.



Phase II: in this phase, the AAE will provide analytical capabilities related to failure prediction, solution confirmation, and full integration. Roles which were supposed to be undertaken by humans—either support staff or SLAs—are supposed to be automated. Added to that, the availability of the ES will be further enhanced.




6. Importance of the Study


With the abundance of data-creating technologies, businesses are gathering data generated at high velocity from various sources such as the Internet of Things (IoT), sensory and social media, and in many different formats such as structured, semi-structured, and unstructured. Such abundance is coupled with ubiquity and value, whereby humans and businesses alike are leaving a digital trace [50]. Today’s data are limitless in terms of size, where each record is represented by a huge number of attributes that have less clear dependence compared with other records [51]. Therefore, a combination of data from many diverse sources represents a new challenge, and at the same time an opportunity for business [52]. Accurate data comes at a cost, demanding businesses to study the trade-off between the benefit of more data and the cost of acquiring it [53]. In the meantime, advancements in analytics is making computing cheaper, and AI tools, such as machine learning, are lowering the cost of prediction. These trends have put further pressure on organizations to sense and respond faster and be more competitive. AI techniques now extract more value from data. Therefore, this study comes in a timely manner to make use of data abundance, taking it as an opportunity, using machine-learning techniques and AI as methods to enhance ES post-implementation performance.



Despite their pervasiveness, ERP systems suffer from a serious concern regarding the failure of ERP implementation [54]. Sykes et al. [55] claims that 80% of ERP implementations fails. It has also been reported that one of the extremely important factors in ERP post-implementation is ongoing vendor support. Therefore, this study sets out to use machine learning and AI to build an AAE, which is making use of the sheer amounts of data available to businesses to make ESs more resilient to failure and hence reduce total reliance on vendor support. The use of the AAE is going to be a game-changer, as it changes the way businesses and those implementing and running ERP systems rely on external support from vendors in financial and technical terms. Staehr et al. [56] examined post-implementation periods in four manufacturing companies and proposed a framework for understanding the benefits that businesses achieve from ERP implementation. The framework consists of themes where support is one which could leverage the ERP system. According to Oseni et al. [57], maintenance and upgrade costs are ever-present in the yearly ERP budget. Client companies of some of the larger ERP vendors, such as SAP and Oracle, can be charged hundreds of thousands if not millions of dollars in maintenance, annually. The ongoing costs of maintaining, modifying, and updating an ERP system is substantial, even for mid-sized organizations. Thus comes the importance of such a study. Organizations adopting the AAE will benefit via dropping their reliance on external parities, lessening operation costs and reducing system failure times. Altogether, it will increase the availability of ESs and accordingly optimize business operations.




7. Research Methodology


The AAE would work on defending ERP implementations from post-live problems. The AAE, to be able to generalize its usage, will be developed via a detailed framework that works on defining the integration of the analytical points between the ERP and analytical algorithms. For this purpose, design-science research (DSR) is to be adopted [44].



Our process aims to follow the guidelines explained by Hevner et al. [58] to build the AAE.



On the other hand, the DSR process model explained is to be adopted through the six research steps to be used to devise a complete artifact, leading to the solution [59]. The process, Figure 2, begins by identifying the motivational problems within the topic, which is something that has partly been explained in this proposal. Second, it identifies the suggested objectives of the solution, which explains how our AAE would work to help ERP implementations during post-implementation phases. During the third step of the research, we would be looking into the design and development of the artifact to serve the purpose defined in the objective. Fourth, the artifact is to be evaluated and tested by examining how the developed artifact performs against an actual ERP case study. Finally, the conclusion step of the research journey comes through publications as well as industrial events. It should be noted that this is an iterative process model where several outputs are produced at the end of each iteration. In this case, the first iteration cycle produces the proposal for the research project, while the second is in operation until (n-1) cycles are used to extract the tentative design, the artifact design, and performance measures. This would then end with the results observed during an experiment to test the IT artifact.



Artifact Design and Development


From the earlier sections, it could be deduced that the artifact in discussion is the AAE, which works on overcoming ERP post-implementation challenges. By design the AAE should be application-agnostic, ready to modularly integrate with any ERP for analyzing the dimensions of challenges. The tentative design technology components should include data feeds to be used for training the analytical models used to train the AAE. Analysis of the challenging dimensions should take place through employing advanced analytical techniques carried over from data feeds extracted from support tickets, emails, application back-end repository, and application logs. Text mining should be used to build contextually related resolutions to given post-implementation challenges queried by end users. The training dataset should enable the agent to learn from previously resolved support tickets through analyzing historical data extracted from the different source collections. Deep-learning architectures could then be used to analyze the sources of data, furnishing a foundation working on avoiding post-implementation hazards that lead to organizational process failures.



As illustrated in the diagram shown in Figure 2, the design and development phase should address a continuous feedback process that works on the development of the artifact at hand and the realization of the sought results. Coupling this process with the aforementioned tentative design components should obtain conclusive results leading to the artifact. The design guidelines would then be explained as follows:




	
Data Selection:



The first step of the process is defined in the action of determining appropriate data types and sources to be used for collecting data either in batches or in real time. This step therefore defines the types of instruments to be used for collecting the data without compromising the integrity aspect.



	
Data Pre-Processing:



Secondly, understandability of the data is one characteristic that needs to be maintained to enable accurate and efficient execution of the various data-mining techniques. Often, big data is incomplete, inconsistent, and/or lacking certain behaviors or trends, and is likely to contain many errors. Data pre-processing prepares data for further processing through employing data-transformation techniques, data cleaning, data integration, data reduction, and data discretization.



	
Data Transformation:



To gear up the data with a trait of usability, data-transformation methods would be employed to read/parse the data in its original and then translate the data to be used by the data-mining techniques.



	
Data Mining:



To produce particular enumeration of patterns or models over the data, this step takes place as part of the advanced analytics discovery process by applying data analysis and discovery algorithms.



	
Interpretation and Evaluation:



Interpreting the analyzed and discovered patterns works by producing understandable relevant information that should be used to explain the data population or corpus. This step makes up the feedback loop to previous steps within the discovery process, as well as automated event trigger as a result of the entire process. Visualization of the identified patterns furnishes a base for manual user intervention.










8. The Artifact: Technical Architecture


For some, an artifact could be a system or a system component, while for others, artifacts need to be in a form of theory or theory components [60]. According to Baskerville et al. [61], “if an artifact is novel and useful, then it necessarily contributes to design knowledge”. Additionally, “two common types of contributions are defined as research outcomes from a DSR project—design artifacts and design theories” (p.359).



Adhering to the cyclic research process from Vaishnavi & Kuechler [59]; our artifact explains the awareness of the process steps as follows: the artifact at hand is one that works on discussing the encapsulated method used to solve chronic post-implementation problems facing businesses running on ESs, hence realizing the process of problem awareness.



The suggestion process explains how the artifact is to be composed out of three main components, which transfers the problem into the confirmed solutions. Correspondingly, these components are:




	
Problem Identification: this component identifies the problem once it is occurring. The identification could be manually handled via user input, or automatically through an agent.



	
Problem Resolution: this component captures related relevant data to the problem and applies advanced analytics and machine-learning techniques to find a solution to the problem. This component represents the core idea of the AAE. The AAE Problem Resolution is a composite component which is uniquely characterized by: (1) use of big data such as support tickets; forums; documentation; and business blueprint; (2) use of advanced analytics such as text analytics, business process intelligence, and deep learning. Although techniques are not new, the algorithmic approach of using such techniques towards solving the problem is unprecedented; and (3) use of state-of-the-art techniques such as in-memory computing.



	
Solution Confirmation: this component ensures the solution can resolve the problem. This confirmation could be manually sourced via user, or automatically via simulation agent.








During the first iteration output of the DSR model, the following tentative high-level design explains the initial development state of the artifact at hand, which would then be discussed through the following sections. Correspondingly, Figure 3 explains how the designed AAE should sit on top of any given ES to enhance its functionality. Automatic problem identification and solution confirmation is addressed by the AAE both to spot problems and to propose corresponding solutions. Additionally, the illustration shows how the purposefully designed spoken dialogue system (SDS) or chatbot helps users to manually interact with the AAE for problem identification and solution-confirmation purposes. System failure would then be safeguarded through the ability to analyze text data feeds coming from support tickets, emails, log files, business blueprint (BBP), and forums. That said, this high-level design should set the guidelines for the development of the technical architecture. These guidelines are to be later followed by evaluating the efficiency and accuracy of the architectural framework through a set of performance measures.



8.1. System Modularity


It is a known fact that many ERP vendors are shipping different types of systems for specific purposes serving a digitally governed business process for efficiency purposes. Correspondingly, modular design of the AAE is one that enables it to interact with any ERP. This modular design is one that lies in the ability of the system to integrate with the data sources regardless of type, format, or technology. Information integration with the sources is governed by the analytical data model used by the agent to carry out text analytics, deep learning, and business process intelligence mapping against the system at hand. Automatic feedback takes place between the AAE and the ERP for automated problem identification and solution confirmation. Depending on analytics accuracy, the AAE would be able to cater for requirements posed by the chatbot to be used by the users for manual problem identification and solution-confirmation purposes. Given the level of modularity of this AAE, both cloud and on-premise deployment models could be achieved, depending on organization preference.




8.2. System Interoperability


It can be observed based on the system design that a resource-intensive architecture is required. A big-data architecture is then employed to host the AAE to support the parallel multi-threaded analytical executions over the sheer amounts of text data coming from the many sources. This, by turn, defines the interoperability model of the system, whereby a resource-intensive architecture residing on a Hadoop cluster is formed for text pre-processing, and for topic modeling through multi-document summarization methods.




8.3. Data Sources


Through the ability to process various large and fast data inputs, as part of the AAE architecture, a big-data manifest materializes. Textual data sources spanning a considerable number of touch points should be processed by making use of several text analytics techniques. However, it is worth mentioning that these text sources are ones that essentially enriches the understanding of a given obstruction point within the post-implementation process, hence establishing the basis for a rather accurate automated problem identification. Through the ability to combine structured information specific to the ERP application at hand, this setup could be achieved. That said, one of the main focal points would be to sensibly indicate quintessential sources of data dissemination, which would correspondingly maintain the modularity and interoperability traits of the architecture as well as deliver a holistic digital understanding of probable problematic areas leading to an automated solution confirmation. Henceforth, the unstructured text-based sources that are part of the architecture are explained as follows:




	
Business Blueprint: possibly the most vital document explaining and setting the implementation guidelines for a given implementation process. This document sets a common strategy of how the organizational business processes are to be selected and implemented. Through explaining the details of the organizational units, master data, business scenarios, business processes, and process steps, the defining key aspects of the ERP implementation process could be realized.



	
Documentation: Typically, any business solution comes with product documentation manuscripts that explain the code of operation of the system at hand. These documents usually touch base on the different components being used to make up and formulate the solution. These documents are usually the main source of information for technical insights defining the application. Hence, these documents are ones that should construct the digital understanding of what is the purpose of the system, how to manage the code of operation, and how to possibly rectify typical problems.



	
Support Tickets: A support ticket is traditionally a communication trail-signaling problem with the solution between the technical support engineers and functional/technical consultants working on the system. These textual artifacts describe given problems and corresponding probable solutions to the problem being raised.



	
Forums: With many of the vendors, technical forums are being created to furnish a social and technical platform where people with technical expertise interact with one another to flag bugs, problems, etc., and the corresponding methods of resolution to the problems. These forums usually possess the trait of technical richness in defining and resolving the problem through collaborative detailed explanations of the resolution tracks.



	
Emails: Within any given organization, email communication makes up one of the most important means of communication that could be used to define a given problem with a given system. These textual sources of information, if analyzed, could narrow down the margin of error in identifying a given problem with a given application.








That said, through the ability to contextually move between these different textual artifacts suggest a rather holistic understanding of a given problem could be reached, leading to corresponding automated resolutions. On the other hand, structured data points that could be directly extracted from the ERP could be also used to verify a given problem by associating the identified problems of the earlier unstructured textual sources with the data hosted within the ERP central back-end repository as well as the application logs. Once these contextual associations take place between the different data touch points, a corresponding solution could be also confined for the final process of resolving the problem, leading to the final stage of solution confirmation.




8.4. Technical Architecture


To be able to carry out the different processes of problem identification, analytics/solution building, and solution confirmation, advanced analytics and data processing (batch and real-time) technical capabilities are required for the sought-after prototype. The following diagram (Figure 4) explains the tentative design of the technical architecture dissecting the anatomy of the technological products being used to furnish the basis of execution.



This technical architecture relies on several Hadoop architectural interfaces within the big-data infrastructure (Hive/Impala, Spark, etc.) to facilitate the process of data dissemination between the different data points to be used in formulating the AAE solution. Data selection, pre-processing, and transformation is taken care of through making use of the different interfaces appearing within the architecture. After all, the entire Hadoop architecture is one that has proved to be strong towards harnessing unstructured and semi-structured data pertaining to these three steps within the discovery process. To explain the compositional build of this, the above figure describes the technological attributes making up this technical architecture.



One of the main components within this prototype architecture is the visual development platform that is being used to govern and facilitate the processes of execution on either the data ingestion or advanced analytics processes. Therefore, RapidMiner acts as the analytics umbrella platform used to facilitate the different steps of the discovery process. Through the openness trait of this platform, additional open-source languages (Python and R) are to be used to accelerate the statistical capabilities of the architecture, as well as sophisticated advanced analytics methods expressed in the form of deep learning, for instance.



Keras, among others, is one of the prominent high-level neural network libraries, written in Python and working as a wrapper to other deep-learning tools. Similarly, R has many libraries that excel at statistical analysis and prediction.



The abstract mapping between the conceptual architecture and the technical architecture is illustrated in Figure 5. Apart from the common data sources layer on both diagrams, it could be observed how analytics and solution building, comprised of three pillar processes making up the composition of the AAE, is mapped to the visual development layer of the technical architecture. This mapping indicates how RapidMiner, as the data-mining development tool, is used to furnish a development base for the three processes of the AAE. Through combining the Out-of-The-Box (OOTB) capabilities of the tool with open-source languages such as Python and R, the entire discovery process could be addressed.




8.5. Analytical Techniques


The AAE artifact works through three pillar components—problem identification, problem resolution through advanced analytics and solution building, and solution confirmation. The ultimate purpose of these components would be to ensure that the solution can resolve a given ERP post-implementation problem leading to safeguarding ERP implementations. Given the abundance of textual data being ingested into the framework, extractive and abstractive text summarization techniques would then define the core of the problem-identification component, helping to condense these large amounts of textual data for a case identification. Text summarization techniques help achieve the following key aspects: (1) removing several redundancies with corpuses, which leads to efficiently executing the analytics algorithms without wasting time on processing repetitive data; and (2) removing data that is not essential for the problem-identification process within given documents/corpuses [62]. Therefore, the text summarization techniques firstly pre-process the relevant sentences while maintaining the coherence of the document/corpus. By combining extractive and abstractive text summarization techniques, term frequency-inverse document frequency (TF-IDF) problems could be identified automatically. Within the context of this problem-identification process, rare occasions of manual human intervention are expected to occur. This expectancy of the manual intervention would be defined by the accuracy measures pertaining to the algorithms used within this process.



Once the given problems are identified, the process of problem resolution begins. Advanced analytics techniques define the core of the solution-building component. Motivated by the requirement to analytically close on resolutions to the identified problems, information extraction (IE) algorithms are used [24]. Entity recognition (ER) is also employed where entities are found within the text and classified into predefined categorical solutions. Supervised ER techniques such as decision trees, hidden Markov models, conditional random fields, etc. are applied in a combination with unsupervised learning techniques such as clustering algorithms. On the other hand, relation extraction (RE) algorithms work on finding and extracting semantic relationships with pre-identified problems and corresponding resolutions from the pre-processed ingested text from ERP blueprints, documentation, support tickets, emails, and forums. Deep-learning algorithms also play a pivotal role in the process of IE. Given the powerful capabilities of these algorithms, deep learning helps in lifting the accuracy of the IE process.




8.6. Building the AAE Architecture


Throughout the following sections, a set of pointers will be discussed to explain how the tentatively designed technical architecture is being transformed into a physical infrastructure. This physical infrastructure should be capitalized on for realizing the physical prototype (the DSR artifact). These sections follow the DSR process model illustrated in Figure 2 [59], for which at this stage the process outputs evolves into explaining the artifact product based on the earlier explained tentative design. It should be noted that to realize a fully operational physical prototype, additional DSR iterations are required to explain the logical data structures to be used in influencing the physical prototype from an analytical perspective addressing the three components of the AAE (problem identification, problem resolution, and solution confirmation).



The tentative DSR artifact design has paved the way towards building and running the realized big-data infrastructure. The infrastructure build has been constructed to retain the intactness of the state-of-the-art technologies to be consumed for the purpose of assimilating large, various in type, and fast unstructured and semi-structured data. Correspondingly, changes to the methods and anatomical composition of building the infrastructure has been embraced, for which an illustration to the changes are highlighted in Figure 6.



Firstly, the current infrastructure has been cloud hosted. The reserved hardware infrastructure hosts 4 cloud compute machines and one additional virtual machine hosted on the public cloud and is accessible remotely.



It should be noted that the upfront relative increase in the computing resources has been founded only on the ability to leverage the public cloud provider template resources, and not based on performance benchmarking rigor.



On the other hand, among the changes comes the requirement to avoid the impact of virtualization technology overheads [63,64], on the already virtualized machines hosting the infrastructure. Likewise comes the elevated levels of accompanied administrative maintenance of the virtualization infrastructure on the guest virtual machines versus the hosted cloud machines. That said, the approach of directly installing the big-data technologies on the cloud compute servers has been adopted. In this case, Cloudera Hadoop distribution is the distribution being installed. This Cloudera installation has also resulted in a corresponding change in the real-time element of the architecture given an out-of-the-box streaming component that gets installed automatically, for which this component is Spark Streaming, substituting Apache Storm.



The advanced analytics layer is manifested under the visual development platform. This is built with an aim of matching the underlying powers of the massive parallel processing engines hosted on the Hadoop architecture. RapidMiner is the general advanced analytics/data-science visual development platform that is used for the purpose of interfacing with underlying big-data infrastructure [65]. It is an open-source graphical user interface that facilitates running Hadoop jobs. One of the key features of the tool would be the API extensions that enable the integration of Hadoop with other user interfaces and state-of-the-art data-science platforms. This feature has influenced an anatomical change in the composition of the advanced analytics/data-science components taking part in the structural build of the platform powering the processes of AAE problem identification, problem resolution, and solution confirmation. The change discusses incorporating state-of-the-art languages and API in the form of Python, R, and Keras, as a substitute to Mahout.



The decision to include Python, R, and Keras as the main components as opposed to Mahout is one that is influenced primarily by the vast capabilities of these two languages, with all the pre-packaged libraries made available for machine learning. The eminence of these languages is also evident from both an academic and industrial view. Recent KDnuggets software poll carried out by Shapiro [66] indicates that R and Python are the two most popular data-science tools partly making up the composition of our platform.



The complementary addition of Keras was influenced by the fact that RapidMiner, which is the key platform in our data-science development layer, has out-of-the-box extensions with Keras. While Keras is generally known to be an easy-to-use Python-based deep-learning library, the augmentation with RapidMiner adds an elevated level of simplicity and puts an emphasis on the system interoperability and modularity traits of our artifact.





9. AAE Evaluation


As per Venable, et. al. [67], evaluation is a pivotal activity in conducting DSR. In line with their seminal paper, we classify the AAE as a tool (product), rather than a process, and as technical instead of purely social. We have also taken a naturalistic approach to evaluation by relying on real data and real users. Meanwhile, since the AAE includes mathematical and statistical machine-learning models, so it leans itself more towards the artificial evaluation. Therefore, we have set up a lab experiment on which the AAE was built and tested, as a type of ex ante evaluation, in addition to a case study with a retailer, as a type of ex post evaluation. See below for more details.



In this section, we explain how the AAE is going to support problem identification, solution, and verification of the solution via application. We have contacted a case study company working in retail. The reason for the convenience sample is attributable to the fact that the retailer has been working on an ES for more than 10 years; they have run through three full implementations, and they have substantially large implementation, including over 400 users and 80,000 articles.



9.1. Data Acquisition


We have obtained four datasets: Support Tickets, Business Blueprint, Application Failures, and application log files.



First—Support Tickets: in our attempt to implement the AAE to support post-live activities, we have acquired the support tickets of ten years 2008–2017. For the first eight years the retailer—support ticket provider—was running on Oracle ERP, whereas for the last two years the retailer was running on SAP ERP. Each ticket includes the following attribute structure: {ID, date, problem description, Requester, Solution, and Solution Authority}. See example below example:



	8000037002
	01102017
	Both the Inbound and Outbound are not working
	Finance Department
	The Java server is down and the service needs restart
	Application Department








Second—Business Blueprint: added to that, we have also acquired the business blueprint documentation of all implemented modules at the retailer. That includes: sales, financials, purchasing, and human resources. See example below, which shows accounts receivable—AR—process steps:


[image: Systems 07 00031 i001]











Third—Failures: the failures dataset was acquired showing three structures: user structure, failure meta-data, and failure detail. For the failure record, see the below example, which includes {date, failure authority, failure scope, type of failure, planned/unplanned, duration, action taken}:



	21052017
	Application Department
	SAP ERP
	Application Failure
	Unplanned
	1.25 min
	Release core files








Fourth—Application Log: the application log of the ERP is an important source of understanding failures. Therefore, we have obtained application log to better understand failures. ERP system failures are not so frequent, but are often very costly. Such failures can have an unfavorable impact on the business of any organization. The ability to accurately predict a forthcoming failure adds an essential functionality to ESs. See example below, which shows the subset of the parameters taken on regular basis:
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9.2. Data Pre-Processing


A substantial amount of the datasets obtained included text. Therefore, text pre-processing is mandatory for the analytics engine to make sense of the data and to be able to properly diagnose and suggest a solution. Below is an example of how we pre-processed text:




	
Tokenization: in text analytics, a document is one;



	
Piece of text, no matter how large or small. A document is composed of individual tokens. For now, think of a token or term as just a word. A collection of documents is called a corpus;



	
Filter tokens: tokens that are less than 3 letters are filtered out;



	
Filter stopwords: stopwords need to be removed. A stopword is a very common word in English. The words the, and, of, and on are considered stopwords in English so they are typically removed;



	
Normalization: the case has been normalized: every term is in lowercase. This is so that words such as SALES and Sales are counted as the same thing;



	
Stemming: word suffixes are removed, so that verbs such as announces, announced, and announcing are all reduced to the term announc. Similarly, stemming transforms noun plurals to the singular forms, which is why directors in a text becomes director in the term list;



	
n-grams: n-gram is a bag-of-words representation which treats every individual word as a term, discarding word order entirely. In some cases, word order is important. For example, we could include pairs of adjacent words so that if a document contained the sentence “PO down” where PO stands for Purchase Order, which means the user is unable to create a purchase order as service is down. Generally speaking, n-grams are token sequences of length n.









9.3. Data Analytics


Many analytical techniques have been used such as association rules, TF-IDF, topic modeling, K-means clustering, ANN, and decision trees. In the next section, we present in a tabular format to show how we have used various analytics techniques to address which problem and the solution confirmation attained.



It is worth noting here that the analytics part is still ongoing to automate the analytics process as well as the discovery and application of a suggest solution.




9.4. Results Interpretation


In Table 2, we portray a partial list of the analytics we have accomplished so far. It should be noted that we continue to work to incorporate more problems and solutions. Also, we aim to fully automate the AAE engine phases and make it generalized enough to be integrated with more ESs.



To explain how these results help to address the problem, we say that the AAE comes in two phases—as explained in Section 4—which are:




	
Phase I: the AAE will analyze the environment. Here the results above helped to provide data insights to identify business blueprint documents and analyze them, as well as analyze support tickets and know which areas have more problems, linking tickets to modules.



	
Phase II: the AAE will provide analytical capabilities related to failure prediction, solution confirmation, and full integration. Here the results above helped to link problems to solutions as well as predicting tickets and failures.








Nevertheless, we are still working towards providing more analytical and confirmatory components to be added to the AAE.





10. Generalizability


Ideally, DSR ought to involve the possibility of generalizing. In reality, the AAE as the artifact resulting from our DSR is a collection of ingredients serving different purposes. Therefore, it is a sort of a solution that addresses a specified problem. Hence, they both could be generalized. Sein et al. (2011) suggested four levels of generalization and we discuss how they apply to the AAE artifact:




	(1)

	
Problem-related generalizations: the AAE is designed to address problem-related operationalization of ESs. However, the AAE could also pertain to similar operationalization situations without ESs. For instance, principles could also apply to operationalizing embedded systems.




	(2)

	
Solution-related generalizations: the components of the AAE could be used as part of other solutions, such as the data acquisition component. The same goes for the analytics component.




	(3)

	
Design principles: the knowledge gained via design and implementation of the AAE could serve as design principles, for future researchers and practitioners to use. Below is the list of design principles which we have elucidated during the journey of the AAE design:




	-

	
Make ESs open: it is important that the implementation of ESs takes into account openness, i.e., these systems need to be implemented, keeping in mind that other (analytical) systems will interact with these systems frequently.




	-

	
Get ESs ready for analytics: the readiness of ESs for analytics is a key success factor, i.e., implementation and configuration of the systems needs to be documented and updated, since these documents will serve as environmental essentials for the analytics phase.




	-

	
The importance of post-live environment: the post-live environments needs to be planned ahead, i.e., the role of the external vendors needs to be well-defined and documented. Otherwise, if the role is not well-defined and communication is not documented it is going to be impossible to automate it via the analytics engine.




	-

	
How to create support tickets: creation of support tickets could represent the biggest hurdle towards the automation of solving tickets via the analytics engine. We have found that the more streamlined the ticket is, the easier it is to find a solution. By contrast, the more storytelling it contains, the greater the difficulty involved solving it. We have suggested to the retailer whom we obtained the data from to give training on how to create support tickets and to put as many options as possible and reduce free-text space.




	-

	
The necessity to properly configure application log files: the application log is the place where many parameters are stored in time windows. Therefore, configuring it properly will help the analytics engine to read all necessary variables and hence make the right predictions about failures. Additionally, there must be enough retention policy for logs. For instance, less than a month is not going to help in predictions.




	-

	
It is all about text: most of the sources come in the form of text. Accordingly, it is rather important to equip the analytics engine with enough text analytics capabilities—at the least, text pre-processing, n-grams, TD-IDF, and topic modeling. That will enable the analytics engine to understand the business blueprint, support tickets, and emails and forums.










	(4)

	
Feedback to design theory: This type of generalizability constructs the cumulative efforts described above. It determines the range of generalizability for the design principles. This may include the creation of design theories or the possible refinement of contributing theories. That said, a complete design theory may not emerge from a single DSR endeavor.










11. Conclusions


Incorporating the AAE results formulates a balanced process, tackling the complications of traditional support activities through the ability of building an analytical discourse around given ESs spanning both the functional as well as technical underpinnings of the systems at hand. Through a plethora of currently proven advanced analytical methods applied to the inputs, such as business blueprints, support tickets, forums, emails, and system documentation, problems arising from traditional support process could be avoided. By analyzing these semi-structured sources, the AAE could come to an analytical discourse. This analytical discourse works on analyzing the historical and current health stance of the system to either propose relevant solutions or completely apply problem fixes.



This research work has discussed a suggested framework that works on addressing the ES post-implementation challenges by making use of a modular AAE. The six-phased DSR model has been adopted to help pave the research path. This is to be achieved through the design and development of the DSR artifact. Through several iterations, design and framework build of the artifact has been formulated to realize a modular advanced analytics agent. The agent works by integrating with any ES to analyze multiple data sources leading to resolutions safeguarding a systems’ post-implementation activities. Automatic problem identification and solution confirmation could be done by the AAE through interaction with the ES. System modularity also explains how the system would be able to be hosted in the cloud. That said, future scholarly publications should illustrate and discuss observed findings from the design, development, demonstration, and evaluation phases by assessing use-case scenarios over several real-life cases, while also adopting the action design research methods to ensure organizational relevance [68]. Given the business impact, a next-generation breed of ESs that works on catalyzing business performance with an impact towards higher availability would pose a transformational stance towards maintenance and usage role personnel either in house (internal) or third party (external).




12. Limitations and Future Work


Regarding limitations, this research is still ongoing with a near-future focus on the issues of data management and fully automated data acquisition and pre-processing, which are also evolving.



Among the limitations, we have not studied the problems of end users interacting with the AAE. Added to that, we have also not focused on the challenges of implementing the AAE itself, in terms of being a socio-technical element introduced into the organizations seeking to solve their ES post-implementation challenges.



Regarding future work, given the impact of the AAE, the way organizations and vendors are going to engage will be transformed given the addition of AI acumen to the equation. This would correspondingly lead to transformational views not only on how internal and support personnel are to be assigned, but also on the supporting state-of-the-art technologies being part of the equation. With an outlook to the near future, it will significantly boost the levels of support communication to provide a standardized structure between stakeholders supporting the maintenance lifecycle. Correspondingly, it will require an update to the current academic ERP implementation lifecycle model. On a longer outlook, combining the explained framework with the bigger scopes covered by a wider in-scope breed of techniques is also required.



It was earlier explained that our designed AAE seeks to be artificially intelligent. In turn, the AI trait seeks to be enforced by extending the analysis scope with a plethora of methods (audio analysis, social network analysis, simulation modeling, optimization, etc.) to reach saturation. Henceforth, this opens wider research doors for studying how business process integration would be feasible, especially in the light of peer technologies (IoT, blockchain, robotics, etc.). That said, future research work will both encompass studying the application of state-of-the-art technologies as well as business related-organizational impacts.



It should be noted that future research also includes testing the AAE among end users in various organizational contexts. We strongly believe that will also create more room for new design principles being added to the ones already identified earlier on.



Longitudinal case studies are in the making, with organization adoption of the AAE reinforcing analytical capabilities.







Author Contributions


By referencing the MDPI Contributor Roles Taxonomy (CRedit), the following contributions had been acted upon by the respective authors. These contributions are: conceptualization, A.E. and H.E.H.; methodology, H.E.H.; software, A.E.; validation, A.E.; formal analysis, A.E. and H.E.H.; investigation, H.E.H.; resources, H.E.H.; data curation, A.E.; writing—original draft preparation, H.E.H.; writing—review and editing, A.E.; visualization, A.E & H.E.H.; supervision, A.E.; project administration, H.E.H.; funding acquisition, H.E.H.




Funding


This research received no external funding. H.E.H. did own the build-up and provisioning of the explained architecture in Figure 5.




Acknowledgments


The research team would like to acknowledge Rapidminer for providing the necessary Rapidminer educational licenses. These licenses had been leveraged to build the research artifact contributing to the evaluation of our scholar work. The research team would also lie to acknowledge the Egyptian retailer who accepted to provide data and validation to the experimental results.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Osnes, K.B.; Olsen, J.R.; Vassilakopoulou, P.; Hustad, E. ERP Systems in Multinational Enterprises: A literature Review of Post-implementation Challenges. Procedia Comput. Sci. 2018, 138, 541–548. [Google Scholar] [CrossRef]

	



Aladwani, A.M. Change management strategies for successful ERP implementation. Bus. Process. Manag. J. 2001, 7, 266–275. [Google Scholar] [CrossRef]

	



Donovan, R.M. Successful ERP Implementation the First Time. Perform. Improv. 2001, 1, 63–68. [Google Scholar]

	



Stratman, J.; Roth, A. Enterprise Resource Planning Competence: A Model, Propositions and Pre-Test, Design-Stage Scale Development. In Proceedings of the 30th Annual Meeting of the Decision Sciences Institute, New Orleans, LA, USA, 20–23 November 1999; Volume 2, pp. 1199–1201. [Google Scholar]

	



Law, C.C.H.; Chen, C.C.; Wu, B.J.P. Managing the full ERP life-cycle: Considerations of maintenance and support requirements and IT governance practice as integral elements of the formula for successful ERP adoption. Comput. Ind. 2010, 61, 297–308. [Google Scholar] [CrossRef]

	



Häkkinen, L.; Hilmola, O.P. Life after ERP implementation: Long-term development of user perceptions of system success in an after-sales environment. J. Enterp. Inf. Manag. 2008, 21, 285–310. [Google Scholar] [CrossRef]

	



Ali, M.; Miller, L. ERP system implementation in large enterprises—A systematic literature review. J. Enterp. Inf. Manag. 2017, 30, 666–692. [Google Scholar] [CrossRef]

	



Taylor, J. Decision Management Systems, 1st ed.; Ray, M.B., Greene, C., Griest, D., Nicolas-Shirley, J.S., Eds.; Pearson Plc as IBM Press 1st edition: London, UK, 2011; ISBN 978-0132884389. [Google Scholar]

	



Boza, A.; Cuenca, L.; Poler, R.; Michaelides, Z. The interoperability force in the ERP field. Enterp. Inf. Syst. 2015, 9, 257–278. [Google Scholar] [CrossRef]

	



Hinton, G.E.; Osindero, S.; Teh, Y.-W. A Fast Learning Algorithm for Deep Belief Nets. Neural Comput. 2006, 18, 1527–1554. [Google Scholar] [CrossRef]

	



Volkoff, O.; Strong, D.M.; Elmes, M.B. Technological Embeddedness and Organizational Change. Organ. Sci. 2007, 18, 832–848. [Google Scholar] [CrossRef]

	



Somers, T.M.; Nelson, K. The Impact of Critical Success Factors Across the Stages of Enterprise Resource Planning Implementations. In Proceedings of the 34th Annual Hawaii International Conference on System Sciences, Maui, HI, USA, 3–6 January 2001; pp. 1–10. [Google Scholar]

	



Sun, A.Y.T.; Yazdani, A.; Overend, J.D. Achievement assessment for enterprise resource planning (ERP) system implementations based on critical success factors (CSFs). Int. J. Prod. Econ. 2005, 98, 189–203. [Google Scholar] [CrossRef]

	



Huang, S.-M.; Chang, I.-C.; Li, S.-H.; Lin, M.-T. Assessing risk in ERP projects: Identify and prioritize the factors. Ind. Manag. Data Syst. 2004, 104, 681–688. [Google Scholar] [CrossRef]

	



Esteves, J.M.; Pastor, J. An ERP Life-cycle-based Research Agenda. In Proceedings of the 1st international workshop in enterprise management & resource planning, Venice, Italy, 25 November 1999; pp. 359–371. [Google Scholar]

	



Markus, M.L.; Tanis, C. The Enterprise System Experience—From Adoption to Success. Fram. Domains IT Manag. Proj. Futur. Through Past 2000, 173, 173–207. [Google Scholar]

	



Hustad, E.; Bechina, A. A study of the ERP Project Life Cycles in Small-and-Medium—Sized Enterprises: Critical Issues and Lessons Learned. World Acad. Sci. Eng. Technol. 2011, 5, 85–91. [Google Scholar]

	



Nah, F.F.; Lau, J.L.; Kuang, J. Critical factors for successful implementation of enterprise systems. Bus. Process. Manag. J. 2001, 7, 285–296. [Google Scholar]

	



El Sawah, S.; Tharwat, A.A.E.F.; Rasmy, M.H. A quantitative model to predict the Egyptian ERP implementation success index. Bus. Process. Manag. J. 2008, 14, 288–306. [Google Scholar] [CrossRef]

	



Vogt, C. Intractable ERP A Comprehensive Analysis of Failed Enterprise Resource Planning Projects. Softw. Eng. Notes 2002, 27, 62–68. [Google Scholar] [CrossRef]

	



Somers, T.M.; Nelson, K.; Ragowsky, A. Enterprise Resource Plannin (ERP) for the Next Millenium: Development of an Integrative Framework and Implications for Research. AMCIS 2000 Proc. 2000, 211, 998–1004. [Google Scholar]

	



Shaul, L.; Tauber, D. Critical Success Factors in Enterprise Resource Planning Implementation: Review of the Last Decade. ACM Comput. Surv. 2013, 45, 10–21. [Google Scholar] [CrossRef]

	



Soja, P.; Paliwoda-Pekosz, G. Impediments to enterprise system implementation over the system lifecycle: Contrasting transition and developed economies. Electron. J. Inf. Syst. Dev. Ctries. 2013, 57, 1–13. [Google Scholar] [CrossRef]

	



Vashisht, P.; Gupta, V. Big Data Analytics Techniques: A survey. In Proceedings of the 2015 International Conference on Green Computing and Internet of Things (ICGCIoT), Greater Noida, Delhi, India, 8–10 October 2015; pp. 264–269. [Google Scholar]

	



Packiam, R.M.; Prakash, D.V.S.J. An Empirical Study on Text Analytics in Big Data. In Proceedings of the 2015 IEEE International Conference on Computational Intelligence and Computing Research (ICCIC), Madurai, India, 10–12 December 2015. [Google Scholar]

	



Suero Montero, C.; Suhonen, J. Emotion Analysis Meets Learning Analytics. In Proceedings of the 14th Koli Calling International Conference on Computing Education Research, Koli, Finland, 20–23 November 2014; pp. 165–169. [Google Scholar]

	



Turing, A.M. Computing Machinery and Intelligence. Mind 1950, 59, 433–460. [Google Scholar] [CrossRef]

	



Rusk, N. Deep learning. Nat. Methods 2015, 13, 35. [Google Scholar] [CrossRef]

	



Umble, E.J.; Umble, M.M. Avoiding ERP implementation failure. Ind. Manag. Mag. Better Manag. Ind. 2000, 44, 25–33. [Google Scholar]

	



Rasmy, M.; Tharwat, A.; Ashraf, S. Enterprise Resource Planning (ERP) Implementation in the Egyptian Organizational Context. In Proceedings of the European and Mediterranean Conference on Information Systems (EMCIS), Cairo, Egypt, 7–8 June 2005; pp. 1–13. [Google Scholar]

	



Muscatello, J.R.; Parente, D.H. Enterprise Resource Planning (ERP): A Postimplementation Cross-Case Analysis. Inf. Resour. Manag. J. 2006, 19, 20. [Google Scholar] [CrossRef]

	



Wang, E.T.G.; Lin, C.C.L.; Jiang, J.J.; Klein, G. Improving enterprise resource planning (ERP) fit to organizational process through knowledge transfer. Int. J. Inf. Manage. 2007, 27, 200–212. [Google Scholar] [CrossRef]

	



Hustad, E.; Olsen, D.H. ERP Post-implementation Issues in Small and Medium-Sized Enterprises. In Proceedings of the Communications in Computer and Information Science-International Conference on Enterprise Information Systems Pt I (CENTERIS), Vilamoura, Portugal, 5–7 October 2011; Volume 219, pp. 290–299. [Google Scholar]

	



Lindley, J.T.; Topping, S.; Lindley, L.T. The hidden financial costs of ERP software. Manag. Financ. 2008, 34, 78–90. [Google Scholar] [CrossRef]

	



Avison, D.; Malaurent, J. Impact of cultural differences: A case study of ERP introduction in China. Int. J. Inf. Manag. 2007, 27, 368–374. [Google Scholar] [CrossRef]

	



Van Beijsterveld, J.A.A.; van Groenendaal, W.J.H. Solving misfits in ERP implementations by SMEs. Inf. Syst. J. 2016, 26, 369–393. [Google Scholar] [CrossRef]

	



Gasser, L. The integration of computing and routine work. ACM Trans. Off. Inf. Syst. 1986, 4, 205–225. [Google Scholar] [CrossRef]

	



Alter, S. Theory of Workarounds. Commun. Assoc. Inf. Syst. 2013, 34, 1–30. [Google Scholar] [CrossRef]

	



Ciborra, C.U. From Thinking to Tinkering: The Grassroots of Strategic Information Systems. In Bricolage, Care and Information: Claudio Ciborra’s Legacy in Information Systems Research; Palgrave Macmillan: London, UK, 2009; pp. 206–220. ISBN 978-0-230-25061-1. [Google Scholar]

	



Chou, H.W.; Chang, H.H.; Lin, Y.H.; Chou, S. Bin Drivers and effects of post-implementation learning on ERP usage. Comput. Hum. Behav. 2014, 35, 267–277. [Google Scholar] [CrossRef]

	



Skok, W.; Legge, M.; Hill, K. Evaluating enterprise resource planning (ERP) systems using an interpretive approach. Knowl. Proc. Manag. 2002, 9, 189–197. [Google Scholar] [CrossRef]

	



Haines, M.N.; Goodhue, D.L. ERP Implementations: The Role of Implementation Partners and Knowledge Transfer. In Proceedings of the Information Resources Management Association International Conference (IRMA), Anchorage, AK, USA, 21–24 May 2000; pp. 34–39. [Google Scholar]

	



Chadhar, M.; Daneshgar, F. Organizational Learning and ERP Post-implementation Phase: A Situated Learning Perspective. J. Inf. Technol. 2018, 19, 138–156. [Google Scholar]

	



Tian, F.; Xu, S.X. How Do Enterprise Resource Planning Systems Affect Firm Risk? Post-Implementation Impact. MIS Q. 2015, 39, 39–60. [Google Scholar] [CrossRef]

	



Kiriwandeniya, I.; Ruwan, V.U.A.; Samarasinghe, S.S.U.; Samarakoon, S.M.P.A.; Kahandawarachchi, C.; Thelijjagoda, S. Post Implementation Framework for ERP Systems with Special Reference to Sri Lanka. In Proceedings of the 8th International Conference on Computer Science & Education, Colombo, Sri Lanka, 26–28 April 2013; pp. 508–513. [Google Scholar]

	



Licker, P.S. Application Stewardship: A User Responsibility Approach to Post-Implementation Application Performance. In Proceedings of the 2010 Special Interest Group on Management Information System’s 48th Annual Conference on Computer Personnel Research, Vancouver, BC, Canada, 20–22 May 2010; p. 151. [Google Scholar]

	



Devos, J.; Van Landeghem, H.; Deschoolmeester, D. Rethinking IT governance for SMEs. Ind. Manag. Data Syst. 2012, 112, 206–223. [Google Scholar] [CrossRef]

	



Parhizkar, M.; Comuzzi, M. Impact analysis of ERP post-implementation modifications: Design, tool support and evaluation. Comput. Ind. 2017, 84, 25–38. [Google Scholar] [CrossRef]

	



Malaurent, J.; Avison, D. From an apparent failure to a success story: ERP in China—Post implementation. Int. J. Inf. Manag. 2015, 35, 643–646. [Google Scholar] [CrossRef]

	



The Economist. The world’s most valuable resource is no longer oil, but data—Regulating the internet giants. Available online: https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data (accessed on 18 June 2019).

	



Rai, A. Editor’s comments: Synergies between big data and theory. MIS Q. 2016, 40, iii. [Google Scholar]

	



Davenport, T.H.; Dyché, J. Big Data in Big Companies. J. Heuristics 2013, 8, 1–31. [Google Scholar]

	



Agrawal, A.; Gans, J.; Goldfarb, A. Prediction Machines: The Simple Economics of Artificial Intelligence; Harvard Business Review Press: Boston, MA, USA, 2018; Volume 7, ISBN 9781633695689. [Google Scholar]

	



Chakravorty, S.S.; Dulaney, R.E.; Franza, R.M. ERP implementation failures: A case study and analysis. Int. J. Bus. Inf. Syst. 2016, 21, 462. [Google Scholar] [CrossRef]

	



Sykes, T.A.; Venkatesh, V.; Johnson, J.L. Enterprise system implementation and employee job performance: Understanding the role of advice networks. MIS Q. 2014, 38, 51–72. [Google Scholar] [CrossRef]

	



Staehr, L.; Shanks, G.; Seddon, P.B. An Explanatory Framework for Achieving Business Benefits from ERP Systems An Explanatory Framework for Achieving Business Benefits from ERP Systems. J. Assoc. Inf. Syst. 2012, 13, 424–465. [Google Scholar]

	



Oseni, T.; Foster, S.; Rahim, M.; Smith, S.P. A framework for ERP post-implementation amendments: A literature analysis. Australas. J. Inf. Syst. 2017, 21, 1–21. [Google Scholar] [CrossRef]

	



Hevner, A.R.; March, S.T.; Park, J.; Ram, S. Design Science in Information Systems Research. MIS Q. 2004, 28, 75–105. [Google Scholar] [CrossRef]

	



Vaishnavi, V.; Kuechler, B.; Petter, S.; Design Science Research in Information Systems. Assoc. Inf. Syst. December 2017. Available online: http://www.desrist.org/design-research-in-information-systems/ (accessed on 19 June 2019).

	



Peffers, K.; Tuunanen, T.; Niehaves, B. Design Science Research Genres: Introduction to the Special Issue on Exemplars and Criteria for Applicable Design Science Research. Eur. J. Inf. Syst. 2018, 27, 29–139. [Google Scholar] [CrossRef]

	



Baskerville, R.; Baiyere, A.; Gregor, S.; Hevner, A.; Rossi, M. Design science research contributions: Finding a balance between artifact and theory. J. Assoc. Inf. Syst. 2018, 19, 358–376. [Google Scholar] [CrossRef]

	



Patil, A.P.; Dalmia, S.; Abu, S.; Ansari, A.; Aul, T.; Bhatnagar, V. Automatic Text Summarizer. In Proceedings of the International Conference on Advances in Computing, Communications and Informatics (ICACCI), Greater Noida, India, 24–27 September 2014; pp. 1530–1534. [Google Scholar]

	



Chen, L.; Patel, S.; Shen, H.; Zhou, Z. Profiling and Understanding Virtualization Overhead in Cloud. In Proceedings of the 44th International Conference on Parallel Processing, Beijing, China, 1–4 September 2015; pp. 31–40. [Google Scholar]

	



Ding, X.; Shan, J. Diagnosing Virtualization Overhead for Multi-Threaded Computation on Multicore Platforms. In Proceedings of the IEEE 7th International Conference on Cloud Computing Technology and Science (CloudCom), Vancouver, BC, Canada, 30 November–3 December 2015; pp. 226–233. [Google Scholar]

	



Beckmann, M.; Ebecken, N.; Beckmann, M.; Nelson, F.F. A User Interface for Big Data with RapidMiner; RapidMiner: Boston, MA, USA, 2014. [Google Scholar]

	



Piatetsky-Shapiro, G. KDnuggets 2017 Software Poll Results; KDnuggets: Chestnut Hill, MA, USA, 2017. [Google Scholar]

	



Venable, J.; Pries-Heje, J.; Baskerville, R. A Comprehensive Framework for Evaluation in Design Science Research. LNCS 2012, 7286, 423–438. [Google Scholar]

	



Sein, M.; Henfridsson, O.; Purao, S.; Rossi, M.; Lindgren, R. Action Design Research. MIS Q. 2011, 35, 37. [Google Scholar] [CrossRef]








[image: Systems 07 00031 g001 550]





Figure 1. The ERP lifecycle [14]. 
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Figure 2. Adopted DSR process model: amended illustration of the cyclic research process from Vaishnavi and Kuechler [59] and how outputs mature from these cycles. 
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Figure 3. Illustration of the system design including an advanced analytics engine (AAE). 
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Figure 4. Illustration of the technical architecture design of the artifact showcasing batch and real-time data dissemination and processing. 
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Figure 5. Illustration of the technical architecture design of the mapping to hardware resources. 
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Figure 6. Highlighted in orange, anatomical changes to the AAE artifact. 
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Table 1. Project challenges over phases [16].
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	Pre-Implementation
	Implementation
	Post-Implementation





	
	
Defining the right requirements and needs



	
Selection of system



	
Selection of vendor



	
Contract with the vendor





	
	
Ineffective cleaning of data



	
Inappropriate customization and implementing of module



	
Project leader spends too much time—conflict with the contract



	
Problems with allocation of user





	
	
Problems with use of the system



	
Users avoiding using the system



	
Problems with module



	
Problem with support



	
Problems with user access



	
Problems with data redundancy



	
Problems with the customizations carried out during implementation
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Table 2. AAE Results.
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	Problem Identification
	Solution Building
	Confirmation





	The ability to recognize which document is passed on to the AAE
	Top-ranked tokens
	Using text pre-processing techniques and top-ranked token, the AAE has been able to recognize and classify the document correctly (100% accuracy)



	The ability to recognize general implementation problems
	Year-to-support ticket correlation
	Using text pre-processing techniques and the correlation coefficient, the AAE has been able to recognize that the implementation of the Human Resources (HR) module has been problematic



	The ability to associate problems with solutions
	Topic modeling
	The use of topic models has enabled the AAE to associate certain problems and specific solutions with 80% accuracy. Via confirmation with case study organization officials, we reported 8 out of 10 cases were successfully grouping problems with the right solution within the same topic



	Predicting the number of tickets a user will generate
	Various prediction models
	Using random forest, Neural Networks (NN), and Generalized Linear Model (GLM), the AAE has been able to predict tickets (avg. RMSE 2.3)



	Classify the ticket to the appropriate module
	Various prediction models
	Using GLM, decision trees, and NN, the AAE has been accurately able to classify tickets to the appropriate module (avg. accuracy 56%)
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