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ABSTRACT

The Asset Management Systems (AMS) implementation process, benefits and barriers, and needs for successful implementation are identified by reviewing studies of various asset management tool implementations. Although transportation agencies in the US have been implementing AMS, they also identified barriers to successful AMS implementation.  

This paper identifies possible solutions to address AMS implementation problems through the implementation process. Based on research focusing on a hypothetical agency in the US, Soft Systems Methodology is used to describe the problem situation and conduct a more detailed analysis of AMS implementation beyond the literature review.
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INTRODUCTION

Asset management is defined as a systematic process of maintaining, upgrading, and operating physical assets cost-effectively by using an inventory of assets, a method of assessing current condition or performance, a process for determining needs, tools to evaluate and select appropriate strategies to address the needs, and methods to evaluate the effectiveness of each strategy (U.S. DOT et al., 1998). Asset Management Systems (AMS) provide a holistic asset management approach to strategic decision-making, which combines different management elements such as pavement management systems (PMS) and bridge management systems (BMS), based on a consistent evaluation process, allowing transportation agencies to trade off investment across the different elements. Also, AMS help agencies to understand the implications of different investment options (Cambridge Systematics Inc, 2004).

The AMS implementation process, benefits and barriers, and needs for successful implementation are identified by reviewing studies of various asset management tool implementations. These studies represent experiences both in foreign countries and in the US, and include governmental policy, technology, institutions, and funding (Mizusawa and McNeil, 2005). A successful implementation is defined as continual use of AMS including updating the process and technology, implementation of the results (e.g., work order) of the AMS, achievement of outcomes corresponding to performance goals defined by users, and production of larger agency and user benefits. 
Although the US is in a relatively advanced stage of development of the AMS process (Mizusawa and McNeil, 2005), there are six barriers recognized by agencies implementing asset management (Hendren, 2005): 1) lack of integration using more sophisticated analytic tools to evaluate and prioritize M&R projects; 2) database issues such as existing legacy systems and costs for data collection; 3) lack of adequate communication tools and methods for use with different audiences; 4) jurisdictional issues such as gaps in the asset management approach between agencies; 5) institutional issues such as the lack of a coordinated and consistent asset management implementation process; and 6) implementation and development costs. In the literature reviewed, documentation of problems, solutions and the implementation process is incomplete and often superficial. In order to advance AMS implementation, the answers to the following questions should be addressed:

· Where do the barriers exist?

· What kinds of resources (e.g., budget, human capital resources, knowledge, and technology) should be applied and where should these needed resources be applied in AMS implementation process?

· Who are the important stakeholders dealing with the barriers and needs?

· How do stakeholders look at the barriers and needs?

The objective of this research is to answer these questions. This research focuses on hypothetical agencies in the US and employs Soft Systems Methodology (SSM) to describe the problem situation and conduct a more detailed analysis of AMS implementation beyond the literature review.

First, the paper explains the concept of SSM and provides basic information documenting the process. Then, the paper conducts an analysis using the SSM to achieve the objective by taking into account the perspectives of four different stakeholders related to AMS: agency, central government, politicians, and the public. Finally, the results identify 1) barriers to and needs for successful AMS implementation, 2) resources needed to develop AMS, 3) who is in charge of the needs, and where possible 4) perceptions about the barriers and needs from stakeholders. Also, the research addresses the direction for future research to improve the results of the SSM.
In the paper, a ‘barrier’ represents a phenomenon that degrades or distracts from functions or activities in the AMS implementation, while a ‘problem’ is a situation caused by the barrier. Moreover, a ‘need’ is defined by the barrier and/or problem and is addressed by applying resources. A ‘solution,’ ‘change,’ and ‘action’ are used as concrete responses to the need.
WHAT IS SOFT SYSTEM METHODOLOGY?
The SSM is one way to systematize the discrepancy between the rational reasons for developing and implementing an AMS and the fact that in practice the agencies are facing the barriers to successful AMS implementation. 

The SSM, published in 1981, was developed to address ill-defined, complex problems (Couprie et al, 2005, Checkland, 1999). It is more of a framework than a methodology and provides a strategy for integrating social, economic, political and human elements into a solution. However, the nature of the SSM is such that there is no absolute correct solution. The SSM involves seven steps (Couprie et al, 2005, Checkland, 1999):

1. Learn about the problem situation by identifying the key players or stakeholders, and understanding how any processes work. 

2. Use a concept model called a ‘rich picture’ to express the problem context identified in the previous step. Possible problems include: structure (physical layout, power hierarchy, reporting structure, the pattern of communications), process (decision making, implementation, monitoring, corrective action), and the relation between structure and process. The rich picture expresses how the situation is problematic, how stakeholders normally behave in the situation, and what and how the commodities of power exist in the situation. 

3. Determine the different perspectives for looking at the problem and producing a root definition of each task or issue identified in the rich picture in terms of a transformation from an input to an output. The root definition aims to express the core purpose of some purposeful activity system (i.e., do X by Y in order to contribute to achieving Z). The root definition uses a mnemonic CATWOE to capture the key components:

· Customer: beneficiary from a system

· Actor: stakeholders performing activities in the system

· Transformation process: a process of conversion from an input to an output

· Weltanschauung (the German expression for world view): world view showing the transformation process

· Owner: a stakeholder who has the power to start up and shut down the system

· Environmental constraints: external elements existing outside the system such as organizational policies, and legal and ethical matters. 

4. Build conceptual models of the activity system based on the root definition and using the minimum set of activities. The models assemble the activities required to obtain the input to the Transformation process, transform it, and dispose of the output. It is important to take into account activities associated with CATWOE and logical dependencies among the activities. 

5. Compare the conceptual models with the real world where there are perceived problems expressed in the first two steps. Comparing the activity systems in the conceptual models (i.e., rational and ideal) with the problem context (i.e., irrational in the real world), we can dig into the context of the complex problems in terms of what, where, and how problems exist in the description of and interrelationship among the activities and the stakeholders related to the problems.
6. Identify feasible and desirable changes to the system. There are three kinds of changes to be considered: changes in structure such as organizational groupings and reporting structures; changes in procedures such as the processes of reporting and informing, verbally or on paper; and changes in attitudes such as influence, the expectations for people’s behavior, and readiness to rate others’ behavior. By using the comparison in the previous step, we can discuss and identify feasible and desirable changes to improve the problem situation.
7. Implement actions to improve the problem situation. Once feasible and desirable changes are agreed, the changes will be implemented as actions. Because the implementation may cause another problem, it is recommended to implement the actions in a temporary system under the supervision of system analysts. If the agency observes problems due to the implementation, another implementation is required. Otherwise, we should iterate the steps above and develop alternate actions.
SSM EXPERIMENT

This part explores an AMS framework using the SSM as applied to the following stakeholders: a hypothetical State Department of Transportation (DOT) as the implementing transportation agency directly dealing with asset management; a U.S. DOT-like agency as a central government agency that is a higher-level organization providing technical and financial support to the transportation agency; politicians who guide society to an ideal solution based on the public opinion; and the public who are users of assets managed by the agency and indirectly pay for asset management as a part of their taxes. 
The exploration takes the form of an experiment based on a hypothetical situation in which we apply the SSM elements from step1 to step 5, and focuses on the environment surrounding AMS implementation in the agency. The ideas presented reflect a situation common to many agencies in the US. 
Problem Situation

Since physical asset condition deteriorates due to time and usage, and since the available budget for asset management is limited, transportation agencies need to maintain assets cost-effectively. In order to make maintenance and rehabilitation (M&R) decisions and effective budget allocations to produce sound assets, it is necessary for agencies to implement and develop AMS. Also, some agencies are required to implement AMS or asset management concepts by regulation. The various stakeholders have their own perceptions about asset management, its implementation, and potential benefits. The asset management process is complicated by the fact that many different jurisdictions/agencies are responsible for setting the policies, collecting/assembling the data, securing funding, and implementing the AMS. Currently, there is a disparity in implementation progress among transportation agencies because each agency has faced problems in AMS implementation and development such as the six barriers identified in the introduction. 

Rich Pictures and Root Definitions

Drawing on the problem situation, our knowledge of AMS principles and practices, and the literature, we represent the problem situation as a rich picture from the agency’s perspective, the central government’s perspective, the politicians’ perspective and the public perspective.

Agency Perspective

Figure 1 depicts AMS as a rich picture representing the structure, processes, actors, stakeholders, and issues of the agency relevant to the problem situation.

There are three layers. The central layer represents the AMS. Within the AMS layer, there are four types of actors: E: engineers; M: managers; C: contractors; and V: vendors. If the agency develops AMS as an in-house application, the contractors and the vendors do not exist in this layer. 
Also in this central layer are the key components of the AMS: data and information; models and tools; asset management objectives; performance measures; and decision-making processes. ‘Data and information’ stores asset inventory and condition derived from surveys. ‘Models and tools’ provides a project implementation strategy addressing appropriate M&R projects based on both the deterioration process and road user effects, and the benefits (e.g., improvement of asset condition) and costs of the projects. In order to provide a strategy, the agency’s objectives, such as improvement of asset condition and reduction of their costs and/or user costs, must be defined. For measuring the improvement of asset condition, performance measures are created to benchmark the current condition and articulate how much improvement is achieved. As described above, the AMS per se provide the decision-making process that is used to develop the strategy using the components.

The second layer represents seven entities inside the agency which influence AMS: 1) Objectives determine the direction for asset management, guiding the agency to build, maintain and operate a desired transportation system. Objectives are usually inputs from the public. 2) Users are those who manipulate the AMS after implementation. Planners (to recognize the long-term perspective) and accountants (to include asset value) are included. The accountant can use the AMS to determine the agency’s asset value consistent with the Governmental Accounting Standards Board Statement No. 34 (GASB 34) guidelines. 3) Budget for AMS, 4) Research, 5) Surveys support AMS implementation, operation, and development in the agency. 6) Existing systems sometimes conflict with new AMS implementation and operation in terms of resources and usage. 7) Assets are the subject of AMS. 

The third layer shows eight entities outside the agency which influence AMS: 1) central government, 2) politicians, 3) public opinion, 4) national organizations, consultants, and academics, 5) other agencies, 7) new technology, and 8) information exchanged through conference and meetings.

Using the rich picture, the problem situation can be described as follows:
· Assets: Poor condition is exacerbated by a lack of resources for M&R, and increases in traffic. The agency’s M&R work backlogs have accumulated to a significant level. Complaints about the current condition from politicians and public are increasing. In order to get budget increases for M&R, the agency needs both short- and long-term budget estimates. Also the agency needs to use the limited budget for M&R cost-effectively.

· Lack of budget: The agency’s budget competes with various social demands such as medical care, welfare, education, security, and infrastructure, as well as budgetary competition with other agencies. Plus, the agency needs to allocate the budget across different transport modes. The agency needs to obtain as many resources as possible from the central government based on the agency’s needs and to allocate effectively the budget according to the demands including AMS implementation. 
· Lack of technical information: The agency needs to obtain technical information such as data structures, models and tools for AMS, and performance measures to plan AMS implementation. The absence of this information causes difficulties in the implementation and system inconsistency among agencies.

· Regulation: The agency may be required to implement asset management concepts demanded by regulation in order to demonstrate good business practices and show them to the public. Also, because of GASB 34, accountants in the agency need to extract data from the AMS to value the agency’s assets. (GASB 34 is a guideline, not regulation. However, in most states, state law requires that the agency (state or local) follow such a guideline.) 
· Conflict with existing systems: It is difficult for agencies to implement new AMS into their business process because there are existing systems whose functions fit with their current asset management. 

· Difficulty in AMS improvement: For the agency that has already implemented AMS, system improvement involves investments of resources and cooperation within the agency. The engineers and managers may be confronted with difficulties in obtaining the resources and cooperation without showing a robust implementation plan and function of AMS to the public and politicians. Therefore, they have synthesized information and technology from the central government, national organizations, consultants, academics, and other agencies. 

Figure 2 depicts the agency’s view of AMS. There are two AMS needs. One is to develop an asset management plan and implementation strategy including appropriate M&R projects and budget allocation for M&R. The outputs, the plan and strategy, are used to justify the agency’s budget request to the central government. The budget obtained from the government through the justification satisfies the agency’s need for M&R. Then, the outcomes of AMS, sound asset condition, and effective budget allocation satisfy the needs of the government, politicians, and the public. The other is to provide data used by accountants who report asset valuation to the public required by GASB 34. In order to satisfy the two needs, the agency utilizes inputs: strategies such as defining objectives for asset management; allocation of limited budgets for M&R; implementation and development of AMS incorporating components such as data and information, and models and tools; and assets as the subject.

A root definition for AMS in accordance with the agency’s view is as follows:

The AMS provide an asset management plan and implementation strategy to request the central government to allocate a budget derived from the public, allocate effectively the limited budget for M&R, and manage agency’s assets. These satisfy a need to justify budget allocations required by the agency, a need for effective budget allocation required by the government, a need for achieving sound asset conditions demanded by politicians (who are the representatives of the public) and the public. Also, AMS provide data used for accountants in response to a need for asset valuation. 

The CATWOE analysis for the root definition is as follows:

· C (Customer): Public (users and non-users), politicians, agency (e.g., planners and accountants)

· A (Actor): Users, engineers, managers, contractors, vendors

· T (Transformation process): The asset management plan and strategy take the raw inputs (objectives and resources) to achieve sound asset conditions and effective budget allocation for M&R, and data for asset valuation.
· W (Weltanschauung): The resources for AMS implementation and development and cooperation are needed.

· O (Owner): Agency

· E (Environmental constraints): Budget for M&R, technology, information, regulation

Central Government Perspective

The central government is a higher-level organization that provides technical and financial support to transportation agencies. The central government needs to create an environment so that transportation agencies can make an asset management plan and implementation strategy and maintain assets in sound condition using the plan and strategy. Using resources, guidance provided by the government, and assets as inputs, AMS used by agencies produce the plan and strategy for M&R and then satisfy the needs of stakeholders (i.e., politicians, public, agency and the government itself): demonstrate effective budget allocation using limited budgets among agencies; and produce sound asset condition managed by the agencies through the government’s supervision.  

A root definition for AMS in accordance with the central government’s view is as follows:

The central government expects that the AMS allow agencies to make an asset management plan and implementation strategy that enable the government/agencies to allocate/receive a budget fairly and in response to needs, and to achieve sound asset condition based on the plan and strategy using the limited budget effectively, in response to needs identified by politicians and the public.
The CATWOE analysis for this root definition is as follows:

· C (Customer): Public, politicians, agency, central government

· A (Actor): Agency consisting of engineers and a manager, officers in central government

· T (Transformation process): Provide support for effective budget allocation and sound asset condition 

· W (Weltanschauung): The resources and guidance for AMS development in agencies and the budget for asset management are required.

· O (Owner): Agency
· E (Environmental constraints): Budget, communication, political decision
Politicians’ and Public Perspective

The politicians and the public recognize sound or poor asset condition while using assets, and hearing or voicing comments. These two groups differ in their interactions with the other stakeholders. Politicians have relationships with the central government and agencies to guide these agencies to the desired asset condition required by the public. The public voices their concerns through the politicians, as they do not necessarily know which agency is responsible for the asset. 
A root definition for AMS in accordance with the politicians’ view is as follows:

Despite the limited budget and increasing demands for M&R by the assets, the AMS enable agencies and the government to address the needs of the public and politicians such as management of the assets at a desired level and efficient use of the budget. 
A root definition for AMS in accordance with the public’s view is as follows:

The AMS improve current asset condition in response to needs from the public, and also reduce public expenditure due to the efficient M&R strategies developed by the AMS.

The CATWOE analysis for these root definitions is identical except for the transformation process: 
· C (Customer): Public

· A (Actor): Agency

· T (Transformation process): Set objectives, set budget levels and provide oversight (Politician); the need for good asset condition and low user and external costs (Public)
· W (Weltanschauung): The resources for AMS implementation and development and cooperation are needed.

· O (Owner): Agency

· E (Environmental constraints): Information, communication
Conceptual Model

Drawing on the rich pictures and root definitions in Step 4 of the SSM in the previous section, the SSM develops a conceptual model. Figure 3 shows the AMS conceptual model. The model focuses on the AMS implementation and development at the center (i.e., center box). Circles represent activities resulting from the center box and activities causing the center box. Arrows represent the directions of dependencies of the activities. This model presumes that AMS have been developed and implemented in a transportation agency. There are four stakeholders, each identified by designated activities in Figure 3 in the model. To illustrate the concepts shown in Figure 3, we explore the agency perspective in more detail. 

The transportation agency undertakes a complex set of activities related to AMS implementation and development. Those activities are surrounded by the solid line in Figure 3. The model is further simplified by breaking it into three stages: implementation, application, and evaluation. Agencies that have already implemented AMS may begin with the application stage and then iterate through the stages.

Implementation  Activities influencing the AMS implementation and development (i.e., need for efficient business process using AMS, implementation of regulation requiring or encouraging AMS implementation, creation of a strategic plan utilizing long-term planning and AMS, need for asset condition profiling utilizing databases involved in AMS, and provision of AMS guidelines) occur at the beginning of the process in the conceptual model. The exceptions are the support for AMS and the increase of budget for AMS updating since they should occur after AMS implementation. The order of occurrence and precedence varies from one agency to another. 

Application  Once the AMS have been implemented, the AMS can be utilized to recommend decisions related to the assets of the agency including developing budgets and programs, scheduling, work order generation and tracking, and asset valuation.

Evaluation  At the same time, the agency needs to define criteria to evaluate AMS in terms of 3Es: efficacy showing whether AMS work or not; effectiveness identifying the degree to which AMS achieve the agency’s asset management goals; and efficiency identifying optimal use of resources using the ratio of output or outcome (i.e., performance) to input (i.e., resources) of AMS (Checkland, 1999). The 3Es are continuously monitored and reported. A similar analysis was undertaken from the perspectives of the central government, politicians and the public. The central government and politicians have an important role in providing guidance and oversight, and the public focuses on the outcome of the process. 

Comparison of Conceptual Model with Real World

In order to clarify problems related to AMS, a comparison of the activities in the conceptual model (Figure 3) with the real world is conducted based on our observations. This includes whether the activities in the model exist in the real world, how the activities are conducted, who is in charge of the activities, what is the status of the activities (i.e., functional or less functional), and whether there are alternative activities and/or stakeholders. We look at the comparison from the perspective of the agency to illustrate the concepts.

Table 1 is a comparison between a hypothetical agency and reality. The five activities in the shaded rows are applicable to all agencies, while others are applicable to agencies that have already implemented AMS. From the comparison, the status of the activities is noted as follows:

· Most agencies recognize the lack of budget for M&R. Thus, the status of the need for efficient business is ‘functional.’ 

· Although many agencies have implemented AMS, there are disparities among agencies in progress towards implementation since each agency has developed AMS individually. Hence, it is assumed that some agencies may not have successfully implemented and developed AMS, and are not able to describe the status of the activities (i.e., implement regulation and provide AMS guidelines) as ‘functional.’
· The activities related to the creation of a strategic plan and the need for asset condition profiling are assumed to be ‘functional’ because strategic planning and asset condition profiling are generally required by regulation (e.g., Intermodal Surface Transportation Efficiency Act (ISTEA) and GASB 34). 

· Since all agencies may not have implemented AMS, the status of the implementation and development of AMS is not determined as ‘functional.’

· The status of the activities following from the AMS implementation and development (i.e., the development of cost-effective prioritized work orders, determination of the required budget for M&R, recognition of budget constraints, determination of the budget for M&R, conduct of M&R, and provision of data for asset valuation) is ‘functional’ because all agencies must do these activities. 

· Determining whether the agency achieves sound asset condition and satisfies the needs of the public, politicians, central government, and agency itself is difficult, since the agency may not fully implement AMS in terms of the 3E’s – efficiency, effectiveness and efficacy. 

· One of the current problems in agencies that have implemented AMS is that engineers and managers in agencies cannot articulate the 3Es of AMS. Although the engineers and managers define monitoring criteria and use performance measures to show how much AMS contribute to asset improvement, it is difficult to assess the criteria because the performance measures focus on a part of performance of assets (Gayle, 2004). In addition, since asset condition will be improved not only by the AMS but also by other means and efforts made by the agency (e.g., outsourcing and larger investment on M&R), the agency struggles to analyze the AMS implementation in terms of the 3Es. Hence, the status is evaluated as ‘less functional.’

· Also, the activity of taking action in response to the 3E’s cannot be identified because it is impossible to execute the action without articulating the 3Es of AMS and knowing where problems exist.

· Because the articulation of the 3Es of AMS is ‘less functional,’ it is difficult to conclude that the following activities (i.e., the recognition of the 3Es of AMS, sending of AMS information to outside, building of good reputation, support for AMS, and increase of budget for AMS updating) function very well, although there are many papers addressing various benefits of AMS in a descriptive manner. Hence, their statuses are described as ‘less functional.’

· It is not clear whether a good reputation has been built or not. Results of a customer satisfaction survey can reveal the status.
· National organizations such as the Federal Highway Administration (FHWA), the American Association State Highway Transportation Officials (AASHTO), and the Transportation Research Board (TRB) have provided and coordinated opportunities for the exchange of technology and knowledge in national conferences and meetings. Therefore, the status of the provision/coordination of technology and knowledge is ‘functional.’ 

A similar analysis from the perspectives of the central government, politicians and the public was also conducted. The comparison supports the idea that AMS are in various stages of implementation, application and evaluation. However, in all cases, the assessment and outreach activities between groups are consistently ‘less functional.’

ANALYSIS RESULTS

This part identifies needs for feasible and desirable changes, step 6 of the SSM methodology, based on the results of the comparison study between the conceptual model and the real world in the previous part. This reveals answers to the three questions addressed in the introduction: Where do the barriers exist?; What kinds of resources should be applied and where should the needed resources be applied in AMS implementation process?; and Who are the important stakeholders to deal with the barriers and the needs? Given the result from the SSM experiment, then, the six barriers identified by transportation agencies in the 2004 TRB Asset Management Peer Exchange Meeting are discussed along with the research questions. 

Results from the SSM Experiment

Before AMS Implementation

In order to conduct some activities prior to AMS implementation, two needs were identified in the conceptual model. Without the improvements, AMS implementation may not be successful.

Need to Explore the Role of Regulation by Agency, Central Government and Politicians  Regulation is a strong motivation to implement AMS because it represents top-down support and is a commitment to implement AMS. The implementation of regulation is divided into two types: regulation implemented based on top-down decisions from within the agency; and regulation implemented by the central government mandating agencies to develop AMS. The states of Michigan and Vermont have instituted legislation that requires AMS and both states also execute efficient business. They are good examples of implementing regulation within the agency. 
Regulation implemented by the central government rarely exists. Although ISTEA required agencies to implement AMS that cover all Federal-aid infrastructures by 1996, the requirement was rescinded in 1995 as an unfunded mandate.

Although the two types of regulation are different from each other in terms of who makes the regulation and whether regulation makes possible successful implementation, those motivations to implement AMS are equivalent. Most importantly, agencies are not required to implement regulation but to explore the role of regulation. Through the discussion about the regulation, the importance of asset management is recognized. 

Need to Provide AMS Guidelines by Higher-Level Government  Guidelines provide a norm for AMS implementation in terms of technology, while regulation specifies the boundaries of an agency’s behavior (i.e., AMS implementation) as mandatory. Although guidelines are not generally enforceable, they provide direction in terms of a specific system structure and process.  
After AMS Implementation

In addition to the needs for AMS implementation, there is a need for the evaluation of AMS usage after implementation. This evaluation allows an agency to determine a strategy how to use and update the AMS.
Need to Articulate 3Es of AMS by Agency  It is necessary to assess whether the activities work or not, because its cost is derived from the public purse and the investment must be justified. Since the 1970s, agencies in the US have been investing in the implementation and development of the components of AMS such as pavement and bridge management systems. However, agencies have struggled to assess the 3Es due to a lack of assessment methodology. Although agencies use performance measures to address the improvement of assets, they cannot identify whether (i.e., efficacy) and how much (i.e., effectiveness) the AMS improve the assets, and how much the AMS improve resource consumption (i.e., efficiency). If agencies have the methodology, they can articulate the 3Es of AMS, and then they can further enhance the use of AMS in their asset management through support from the central government, politicians, the public, and the inside of the agency, thus being able to increase the budget for AMS updating. This need is a key to operate and develop AMS continually. With cooperation from the central government, national organizations, consultants, and academics, the agency should deal with the need in the near future.

Discussion from Applying SSM to Six Barriers in Agency

Lack of Integration Using More Sophisticated Analytic Tools

Sophisticated analytic tools include prioritization functions for different works (e.g., safety versus preservation) across different modes (e.g., bridges versus roads) within budget constraints (Hendren, 2005). This barrier may come from insufficiencies among several activities such as the need for efficient business, the provision and coordination of technology and knowledge, the increase of budget for updating, and so on. If the statuses of the activities before AMS implementation are figured out as ‘functional,’ the barrier exists in the activities such as support and budgeting after AMS implementation due to the inability to articulate the 3Es of AMS. Otherwise, currently, there is no analytic tool sophisticated enough to satisfy the agencies’ needs. It is required to investigate the latest available technology at the same time.

Database Issues

Data issues include: legacy systems which do not allow for predictive analyses; expensive data collection and maintenance; and data integration emphasis on GIS-based system (Hendren, 2005). The problem of the legacy system is caused by a dilemma between investment in existing data systems and investment in new data systems compatible with AMS analytic tools after determining AMS implementation in an agency. If there is evidence of the cost-effective application of AMS, the agency can justify the investment in new data systems and then employ them. Data collection and maintenance are critical to the use of AMS continuously. This problem may also originate from the inability to articulate the 3Es of AMS because sufficient budget for data collection and maintenance would be provided if agency recognizes the 3Es. Data integration is an issue related to technology. The provision and coordination of technology and knowledge by national organizations, consultants, academics for AMS implementation and development are effective in developing data technology.

Lack of Adequate Communication Tools and Methods

Communication tools and methods are used to interact with various stakeholders by providing information such as the 3Es of AMS. Since communication will enhance support for AMS from the stakeholders and then provision of a sufficient budget for AMS updating, communication is very important for an agency. The articulation of the 3Es and provision of information should be focused on to deal with the barrier.

Jurisdictional Issues

Currently, there are gaps in the asset management approaches between agencies. Since the assets managed by the agencies do not have labels identifying who owns the asset, the public does not necessarily know the owner and where to complain about asset condition. Also, the public are concerned about asset performance and cost, not about the owner (Hendren, 2005). Therefore, well-balanced asset management across different agencies is needed. In order to improve the situation, the activities before AMS implementation such as the creation of a strategic plan, regulation, and AMS guidelines are effective for agencies that do not own AMS. Moreover, the provision and coordination of technology and knowledge by national organizations, consultants, and academics are also applicable through implementation process. 

Institutional Issues

It is assumed that institutional issues such as lack of coordinated and consistent asset management implementation (Hendren, 2005) are caused by the immature preparation for institutional environment before AMS implementation. If there are no well-defined goals, objectives, guidelines for usage and process, and so on, it is difficult to implement and use AMS properly. Even if AMS are implemented, the activities following AMS implementation do not function well, thus discouraging the use of AMS. Hence, a strategic plan, regulations, and guidelines determined by interactive discourse in an agency may be required to break the barrier. Also, after the implementation, the articulation of the 3Es is needed to take a control action for asset management, which lets the agency know the inadequacy of asset management explicitly and reinforces institutional environment. 
Implementation and Development Costs

AMS implementation and development costs put pressure on agencies’ limited budgets. Without showing that the benefits of AMS implementation exceed the costs for AMS implementation and operation, it is difficult to implement AMS in an agency that is trying to implement and continuously use AMS. In particular, upper-level managers are interested in benefits that can be translated into monetary values (Smadi, 2004), because they will decide whether AMS have to be implemented in the M&R planning process and also be developed for updating based on their economic decision (Mizusawa and McNeil, 2005). Furthermore, the central government, politicians, and the public will hesitate to support AMS and then AMS will not be used anymore because the evaluation activities do not function. Methods to quantify the benefits of AMS implementation in terms of the 3Es are needed. Therefore, it is imperative for agencies to develop these methods in cooperation with national organizations, consultants, and academics. 

CONCLUSION

The SSM provides an opportunity to analyze how to deal with the barriers in AMS implementation. This research employed the SSM to determine answers for the four research questions inquiring into successful AMS implementation. The results identified: where barriers exist; what kinds of needs and where they should be applied; and who should apply the needs to deal with the barriers. Since the results could not identify the perception about the barriers and needs, that is, the answer to the fourth question due to the lack of information, interviews with the stakeholders are required to obtain their perception and more complete results in order to develop an effective strategy to apply the needs at some points where the barriers occur.
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	Activity in Model
	Exist?
	How?
	Who?
	Assessment
	Alternatives?

	Implementation
	Need efficient business process
	Yes
	Recognition of lack of budget for M&R
	Agency, CG (Central Government), politicians
	Functional
	No alternative

	
	Implement regulation
	Yes/No
	Research, discussion, approval of council
	Agency, CG, politicians
	Less Functional
	Legislation by legislature

	
	Create strategic plan
	Yes
	Long-term planning 
	Agency, CG, politicians, the public
	Functional
	No alternative

	
	Provide AMS guidelines
	Yes/No
	Research
	Agency (engineers), CG
	Less Functional
	Contractors, CG, national organization (NO)/consultant/
academic

	
	Need asset condition profiling
	Yes
	Survey
	Agency 

(engineers, contractors) 
	Functional
	No alternative

	
	Implement and develop AMS
	Yes/No
	Research
	Agency (engineers)
	Functional in some agencies
	CG, NO/consultant/
academic

	Application
	Develop cost-effective prioritized work orders
	Yes
	AMS analysis tools
	Agency

(engineers, managers)
	Functional
	No alternative

	
	Determine required budget for M&R
	Yes
	AMS analysis tools
	Agency 

(engineers, managers)
	Functional
	No alternative

	
	Recognize budget constraints
	Yes
	Comparison between required budget and available budget
	Agency
	Functional
	No alternative

	
	Determine budget for M&R
	Yes
	Approval of council
	Agency (managers), CG, politicians
	Functional
	No alternative

	
	Conduct M&R
	Yes
	M&R activity
	Agency (engineers), contractors
	Functional 
	No alternative

	
	Provide data for asset valuation
	Yes
	AMS database
	Agency (engineers), contractors
	Functional
	No alternative

	Evaluation
	Achieve sound asset condition
	Yes/No
	Conduct of M&R
	Agency (engineers), contractors 
	Functional in some agencies
	No alternative

	
	Satisfy needs of public, politicians, central government, and agency
	Yes/No
	Information for inside and outside of agency
	Agency 

(engineers, managers)
	Functional in some agencies
	CG for politicians and the public; CG and politicians for the public


	Activity in Model
	Exist?
	How?
	Who?
	Assessment
	Alternatives?

	Evaluation
	Define criteria for monitoring
	Yes
	Performance-based management
	Agency 

(Engineers, managers)
	Functional
	CG, 
National Organization (NO)/consultant/academic

	
	Monitor 3Es (efficacy, effectiveness, and efficiency) of AMS
	Yes
	Research and discussion using performance measures
	Agency 

(engineers, managers)
	Functional
	CG, NO/consultant/ academic

	
	Articulate 3Es (efficacy, effectiveness, and efficiency) of AMS
	Yes
	Research and discussion
	Agency 

(engineers, managers)
	Less Functional
	CG, NO/consultant/
academic

	
	Take action for AMS
	Yes/No
	Research and discussion
	Agency 

(engineers, managers)
	Less Functional
	CG, NO/consultant/
academic

	
	Recognize 3Es (efficacy, effectiveness, and efficiency) of AMS
	Yes/No
	Research and discussion
	Agency 

(engineers, managers)
	Less Functional
	CG, politicians, the public, NO/consultant/
academic

	
	Send AMS information to outside
	Yes/No
	Conference, meetings
	Agency 

(engineers, managers)
	Less Functional
	CG, politicians, contractors, and vendors

	
	Build good reputation
	Yes/No
	Customer satisfaction
	Agency
	Less Functional
	Reduction of number of claim

	Implementation

(Updating)
	Support AMS 
	Yes/No
	Cooperation in AMS use and development 
	Agency (engineers, managers, accountant, planner)
	Less Functional
	CG, politicians, the public 

	
	Increase budget for AMS updating 
	Yes/No
	Approval of top-level management
	Agency (managers)
	Less Functional
	No alternative 

	Other
	Provide/coordinate technology and knowledge
	Yes
	Conferences and meetings
	NO/consultant/

academic
	Functional
	No alternative
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Table 1: Comparison with Reality (Agency Case)
Table 1 (continued): Comparison with Reality (Agency Case) 

Figure 1: Agency’s Asset Management Systems Rich Picture
Figure 2: Agency’s View of Asset Management Systems

Figure 3: Asset Management System Conceptual Model





















































































































































































