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1. Initiation, Research question and Research approach

Initiation 

The problem domain was concerned with developing a decision enhancement studio that facilitates complex asset management decisions by providing services to support decision-making. As a result, an environment had to be identified and designed to support sector managers in decision-making.  Thus, our aim in this research was on the need to present relevant product(s) or artefacts such as a “water asset management decision enhancement environment” as perceived by sector managers. The initiation stage, therefore, involved a pilot study to test the research instrument and gather information prior to undertaking a larger study. This was done to improve the quality and efficiency of the data collection methods and this was conducted with sector managers at the National Water and Sewerage Corporation (NWSC). Permission to carry out data collection was sought and granted in three water utilities: NWSC, Uganda; Rand Water, Johannesburg, South Africa; and Waterbedrijf Groningen, The Netherlands. Preliminary interviews and recent literature review were then conducted. The initiation stage was vital for achieving the set goals.
Research objective and approach
The main objective of this study was “to develop a decision enhancement studio that facilitates complex asset management decisions through providing services to enhance decision-making”. The research objective was addressed using insights from the design science paradigm of Hevner et al., (2004) and Hevner (2007). The design science approaches enabled rigorous analysis and development of a decision enhancement studio founded on the decision enhancement lens of Keen & Sol (2008). This design science research philosophy is effectuated with the inductive-hypothetic research strategy of Sol (1982) to facilitate problem initiation, abstraction, theory formulation, solution implementation and evaluation.

2. Contributing to a body of knowledge

This study has contributed to the literature on decision enhancement, and particularly sector managers and stakeholders’ decision-making processes, in two ways. First, it has managed to develop, implement and evaluate a relevant artefact, the Decision Enhancement Studio for Water Asset Management (DES-WAM) targeted towards the sector managers’/stakeholders’ maintenance management decision related tasks. Secondly, it proposed design principles for the problem domain. From the results of exploratory study and literature review, one of the key weaknesses with existing systems is ineffective decision-making in water infrastructure asset management, particularly maintenance management. Poor maintenance management leads to a significant investment in maintaining, rehabilitating, and replacing these assets (Bhagwan, 2009) not to mention the resulting effects of non-revenue water due to operational inefficiencies (World Bank, 2006; Wyatt, 2010).  For DES-WAM, a “Mobile Application” has been incorporated with the Dashboard Visualization Suite to facilitate capturing of information and relaying feedback to stakeholders on complaints reported and how they are resolved via SMS.

3. Exploring a field

The literature review and exploration phases of this research resulted in the three water asset management decision-making challenges and several observations, confirming that decision-making in the water domain can be characterized as a complex and wicked problem (Head & Alford 2014). 
Sector managers’ decisions that matter included decisions on maintenance, rehabilitation, and replacement (asset management); decisions on investment planning to inform prioritization especially depending on the scope that is, short-term medium-term for replacement/refurbishment in the areas of tactical/operational levels. Others are decisions on risk management which inform the decisions on asset maintenance and investment planning. Similarly, the situation is made complex due to such factors as existing policies, governance, culture, regulatory bodies, operating and ownership structures, and customer service requirements. The other factors are socio economic, political, environmental, and technology and business objectives (Pudney, 2010). Water and sanitation companies are more focused on engineering solutions while placing little emphasis on services. Lloyds (2012) further observes that businesses should focus more on services rather than engineering in order to reduce exposure to risk, operating costs and capital spending. As Keen & Sol (2008) argue, decision enhancement provides services to guide a journey where executives, their advisors, change management, specialists, experts in multi-disciplinary fields and technology developers can come together to make a substantive new impact on effective decision-making in any organization.  It is in this perspective that this study was initiated.

The initial literature survey in this study revealed that one of the major challenges faced by water utilities in transitional countries is ineffective decision-making in water asset management. From the above observations, it was clear that effective water asset management in the water utilities was constrained by lack of adequate information systems that can enhance water asset management decisions. Consequently, the motivation for the study was to develop, prototype and evaluate a decision enhancement studio which would facilitate complex asset management decisions through providing services to enhance decision making in water infrastructure asset management, particularly maintenance management. We envisaged that the decision enhancement studio for water asset management would provide services that would enable stakeholders come together to make effective decisions on maintenance management. 
4. Creating a generic understanding

What decisions in Water Utilities should be enhanced?

The respondents were asked to mention the decisions that can be supported by the Decision Enhancement Studio for Water Asset Management and the following were underscored:

i). Decisions on maintenance, rehabilitation, and replacement (asset management);

ii). Decisions on investment planning to inform prioritization, especially depending on the scope (short-term and medium-term for replacement/refurbishment in the areas of tactical/operational levels); and

iii). Decisions on risk management that inform the decisions on asset management and investment planning.

Decision activities related to Maintenance, Rehabilitation, and Replacement 

Among the challenges of asset maintenance, utilities cited a lack of condition assessment and limited use of formal methods for asset maintenance. Within maintenance, management decisions on asset renewal can improve the reliability and performance of infrastructure. 
Decision activities on Investment Planning

Utilities need support to make better investment decisions by helping them identify needs and plan future investments through facilitative environments. This would in turn help them to support meetings and make them more productive and engender constructive engagements among stakeholders. The challenges cited about meetings included; lack of participation from stakeholders, lack of consensus, lack of commitment, lengthy meetings and absenteeism.

Decision Making Activities on Risk Management

Because many of the water utility assets (pipelines) are buried, water utilities have had difficulty applying risk management techniques (Aikman & Doherty, 2006). Water utilities need to identify operating and maintenance procedures and capital rehabilitation or replacement projects to lessen the risks of possible failure (Aikman & Doherty, 2006). 
Requirements for the DES-WAM

The author set out to establish the characteristics of a decision enhancement studio enhancing water asset management. To accomplish this, the respondents in the three water utilities were asked to identify the desired characteristics for an ideal DES-WAM design which is a wicked problem with unstable requirements and constraints (Hevner, 2008); the stakeholders generated many requirements.  However, we chose to focus on requirements that directly lead to solving the problem specified by the respondents:

i). The solution should provide stakeholders with an environment to share information.

ii). The solution should enhance collaboration, interaction, and communication among stakeholders to promote positive attitudes to maintenance as well as increase effort in and budget for water asset management.

iii). The solution should allow customers to report incidents and in turn get feedback on maintenance works.

iv). The solution should facilitate improvement in decision analysis for asset maintenance, risk management and investment decisions by providing scripts to guide water asset management decisions.

v). The solution should enhance collective participation of all stakeholders without fear of victimization. 

vi). The solution should provide a means of sharing information about decisions made through secure deployment.

vii). The solution should be of low cost.
The findings indicate that there is a need for an adaptable solution that enables analysis of decision alternatives as well as collaboration and constructive dialogue, in the complex and dynamic water asset management domain. Decisions about the way assets are managed are of utmost importance in ensuring effective asset maintenance. This research therefore proposes a decision enhancement studio that can enhance decisions. In the next chapter, the author provides design of the proposed decision enhancement environment for water asset management.

5. Developing a contribution

The underpinnings that guide the design hinge on seven principles for inquiry systems (Gonzalez and Sol, 2012), namely the purpose is creating knowledge; the measure of its performance is societal; the client is humankind; and knowledge should go outward to be useful for the entire society. Others include; the inquiry system needs a cooperative environment; the decision-makers ideally involve everyone; and the designers are ideally everyone. In addition, the assertions of the inquiry system are stated in “ought” form as an imperative rather than “is”. These principles guided the design of a suite of software tools in a studio to support sector managers in management, documentation, collaboration and communication, training and visualization in their decision-making processes. The main purpose was to enhance decision-making in asset management by creating knowledge jointly on risks reports, complaint logs, investment plans and decisions to rehabilitate, repair and replace assets for life-cycle delivery. Therefore, basing on the asset management decisions presented in Chapter 2 and the exploratory case studies in chapter 3, the following were the design considerations for the DES-WAM:
i). The design enabled efficient and effective (Frolov et al., 2010) complaints handling of customer/public complaints to prolong asset life (Hastings, 2010) and cut back on response time to asset failure incidents leading to the scoping and costing of engineering interventions (Lloyd, 2012).

ii). The design supported stakeholders at different levels, tactical and operational levels (CIEAM, 2008; Amadi-Echendu et al., 2007; Wittwer et al., 2002), for accountability (Mohammadi, 2011; Bhagwan, 2009) and flexibility (Keen & Sol, 2008) in handling both management and maintenance issues. More so in ensuring that an appropriate mix of interdisciplinary skills can be accommodated in resolving the complex issues in asset management (Amadi-Echendu et al., 2010). This is so because all levels must commit to asset management in order for it to be successful especially in planning at the strategic level and implementation at the operational level (Bhagwan, 2009; Van de Honert et al., 2013).
iii). The design facilitated communication and commitment between management and maintenance staff in implementing asset management (ISO 55002, 2014; Lloyd, 2012; Transition guide, 2014). 

iv). The design facilitated methods, tools and a technique in an environment that supports collaboration so that the stakeholders in charge would make decisions faster (Lloyd, 2012). The purpose in collaboration was to greatly amplify and accelerate individual and team thinking effectiveness. Most information systems utilized by the water utility industry fall short of implementing systems that deal with asset management decisions (Mathew et al., 2006).

v). The design provided guidelines (Hastings, 2010; Nunamaker et al., 1991; Transition guide, 2014) of using the participatory studio to build consensus, agreement and commitment during decision-making in asset maintenance (Keen & Sol, 2008). 
The DES-WAM overview shown in figure 4-1 consists of technology suites, stakeholders, asset management decision process areas and factors affecting the way assets are managed. 
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Figure 4‑1: DES-WAM overview

Note: Decisions on asset maintenance involves asset maintenance, rehabilitation, replacement and renewal.
The DES-WAM consists of six suites of different technology enablers, namely the authentication, dashboard, complaints, collaboration, Administration (Manage Users), and Training (Help) suites. In addition, as part of the DES-WAM, facilitation, guidelines and scripts are provided to support stakeholders (e.g. sector managers, engineers, and customers, public) involved in the asset management decision-making process. The major decision areas of the asset management decision process include decisions on asset maintenance; decisions on investment planning; and decisions on risk management. In making decisions during asset management, factors affecting the way assets are managed in water utilities are also taken into consideration (see Figure 4-1). These factors may include but are not limited to existing policies, governance, culture, regulatory bodies, operating and ownership structures, customer service requirements, socio economic factors, political factors, economic factors, environmental factors, technology and business objectives (Pudney, 2010).

6. Instantiation

The rationale of instantiation was to determine the performance of the proposed decision enhancement studio for water asset management, a service packed in technology suites, guidelines and scripts and underpinned by Keen and Sol’s (2008) concept of decision enhancement. 

Specifically, the studio verification mainly focused on service accessibility, insights on incidents displayed using markers, visualization of incidents reported, navigation, and training. It also focused on insight into the level of consensus and knowledge sharing, guidelines for effective decision-making and expert facilitation, repeatable processes providing structure in a collaborative session in level of decisions, and time horizon of the decisions in maintenance management. From verification of the results, the DES-WAM therefore, enhances the maintenance management decision processes by providing the much needed support of collaboration as well as addressing most of the challenges facing stakeholders involved in this process. Sector managers/stakeholders were able to access and use the studio suites and services.
1. Evaluation

Basing on the design science evaluation the utility, quality, and efficacy of a design artefact must be rigorously demonstrated via well-executed evaluation methods (Gregor & Hevner, 2013; Hevner et al., 2004). Empirically, DES-WAM evaluation was performed following the Keen & Sol’s (2008) constructs of usefulness and usability. In addition, the evaluation exercise utilized methods and techniques obtainable within existing knowledge base. From the insights of user-centred methodologies (Nielsen, 1993; Ryser & Glinz, 1999; Van de Kar, 2004), key decision scenarios were utilized to capture the studio’s functionalities and constraints. On usefulness evaluation, results showed that the studio helps enhance sector managers’ maintenance management decision-making process leading to reduction in non-revenue water, water leakage reduction, increased response time to customer needs and increased knowledge about the water pipe network systems. In general, the studio’s usefulness is reflected on the following decision tasks:

i). Facilitating increased fire fighting capability by decision-makers to cut back on response time thereby reducing water losses;

ii). Enabling reduction of property damage through fast information on leakage, decision-makers are alerted and they can take immediate action;

iii). Promoting collaboration among sector managers on water asset management, particularly maintenance management; 

iv). Enabling reduced risk of water contamination by using crowd sourcing to alert decision-makers on incidents; and

v). Promoting more stabilized water pressure throughout the system to provide better quality service.

Usability focused on the perceived ease of use of the studio by the decision maker to enhance decisions on water asset management.  Usability focused on ascertaining whether the studio is accessible, provides visualization on incidents reported, supports navigation, supports insights at the level of consensus, supports knowledge sharing, provides effective guidelines on decision-making, supports expert facilitation and is easy to use. 

7. Epilogue
Hevner et al., (2004) postulated that the main purpose of design science research is to achieve knowledge and understanding of a problem domain by building and applying a designed artefact. Design science research encompasses two types of knowledge, namely descriptive and prescriptive (Gregor and Hevner 2013). A design theory is created by means of an abstract representation of the studio, which starts from conception and initiation (Chapter 1), further understanding, and exploration (Chapters 2 and 3), design as an artefact (Chapter 4), instantiation and realization (Chapters 5 and 6) and epilogue (Chapter 7). 

In conclusion, based on the research objective, a number of key considerations have been recommended.

i). Designing and implementing a decision enhancement studio for sector managers’ and stakeholders should be positioned within an organizational context with the researcher as an active participant in solving practical problems in the course of studying them. For this study, the author has paid attention to sector managers and stakeholders’ decision challenges. 

ii). Communication of the research and outcome of this study to both the technology-oriented and management-oriented audiences is needed to encourage wider engagement of sector managers, experts and the research community, which may lead to additional insights and new research plans.

iii). In designing similar services for sector managers, it is a requirement to ensure that the design is shaped by the users that is user-centric, personalized, process enabled, and participatory. Personalization makes it possible to enable sector managers’ and other stakeholders to work together to carry out asset maintenance, investment planning as well as manage risk leading to services which are user-centered,

iv). To improve the utility of the studio, it is vital to define correctly maintenance management decision-making activities of sector managers at the operational and tactical levels in small and medium water and sanitation companies. These activities facilitate and inform the design, instantiation and evaluation of the studio amongst a specific group of sector managers and other stakeholders.

