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Introduction

First introduced by Lawrence D. Miles in 1947, Value Analysis (VA) is a well-known method in product development and used to increase product value and/or cut costs. Today, international norms, such as UNI EN 12973:2003and BS EN 1325-2:2004, provide formal description of the "standard" VA methodology. The core of this technique is the concept of "Value", represented by the ratio between satisfaction of functional requirements and use of resources in order to fulfil users' needs. By determining the objective parameter called Value Index (I V ) it is possible to define a value hierarchy among all the prospective solutions that will be pointed out to the people in charge of the decision. With the primary target to reduce costs, VA is commonly used both in contexts characterized by high production volumes and limited product complexity (Sastry, 2000;[START_REF] Ibusuki | Product development process with focus on value engineering and targetcosting. A case study in an automotive company[END_REF], and in contexts where products are very complex and/or engineered to order in very low/unitary volumes, such as in the private/public building industry [START_REF] Hanmin | Application of Value Engineering in Building Water Supply Pipe Material Selection[END_REF][START_REF] Meil | A life cycle environmental and economic assessment of optimum value engineering in houses[END_REF].

VA is characterised by a creative, structured and interdisciplinary approach regulated by a work schedule developed by SAVE (Society of American Value Engineers). It includes five major steps: • Information Phase: concerns the identification and collection of information about the project, from its basic elements to the major information regarding project execution. • Functional Phase: the functional structure of the VA object is outlined in order to identify and classify the fundamental customers' requirements. • Creative Phase: some alternative solutions to the current situation are given, starting from the observations made in the previous functional phase. • Evaluation Phase: the alternatives are compared on the basis of the Value Index, defined by the ratio between the Worth Index and the Cost Index. • Presentation Phase: proposals are presented to the management and the benefits, limitations and risks related to each proposal are also explained.

Literature recognises that the main benefit of VA lies in its high degree of formalization. However, researchers have also underlined several limits in VA implementation. Information collection and organization is ranked as the most frequently occurring problem (Shen and Chung, 2000). The lack of information and poorly organized data could negatively affect the development of a VA study from its beginning. VA requires strong teamworking and interdisciplinary competences to face decision making. The group decisional process can be very difficult and unproductive if not managed in the proper way [START_REF] Nunamaker | Individual and team trends and implication for business firms[END_REF]. Information Technology can help overcome some difficulties commonly encountered during VA implementation, such as the formalization of the problem to be addressed, the generation of selection criteria, the facilitation of cross-functional interaction, the achievement of active participation in decision analysis, and the speeding up of the decision making process. Unfortunately, only little research has been undertaken to study and understand how it is possible to overcome these problems. Shen and Chung (2000) and [START_REF] Fan | Using Group Decision Support Systems to support Value Management workshops[END_REF] argue that decision making capability can be supported and enhanced by the use of Decision Support Systems (DSS) along all the stages of the decision process, from the structuring of the problem, to the selection of the proper alternative solution. According to Zack (2007), computer-based decision support technologies are appropriate to support decision making especially under conditions of uncertainty and complexity. However, a decision support tool, based on Value Analysis, designers can use to document and formalize their choices, thus overcoming the above mentioned limits, still lacks.

Interestingly enough, information collection and organization play an important role non only during VA implementation. Also at the end of VA studies there is the risk to lose important information. When projects call for long times, large costs and impact on current assets, and a wide involvement of subcontractors, knowledge (e.g. on decision criteria, on solutions adopted to solve problems, etc.) generated during each project to reduce costs and/or increase value could be usefully transferred to other projects so that management teams can benefit of a formalized database of past problem solving experience. In VA literature there is a lack of investigation on how the knowledge base acquired and created during the execution of one VA study can be transferred and re-used in following projects. Instead, the most popular approach in VA literature is focused on single independent projects (e.g. [START_REF] Meil | A life cycle environmental and economic assessment of optimum value engineering in houses[END_REF][START_REF] Ibusuki | Product development process with focus on value engineering and targetcosting. A case study in an automotive company[END_REF], without exploring the possibility to share common knowledge. This approach often leads to a non-organic and non-effective use of past experience, thus preventing exploitation of useful knowledge and past approaches.

This paper aims to fill the research gaps discussed above by addressing the following research question: how can the standard VA methodology -normally used to increase product value and/or cut costscan be enhanced to better support VA team in collecting and organizing information to formalize the VA problem, to generate selection criteria, to improve cross-functional interaction, to obtain active participation in decision analysis, to facilitate re-use of the available knowledge base across VA projects, and to speed up the decision making process? Literature seems to recognize that DSS and IT can play an important role in addressing such research question. In this paper we employed the action research method to develop and validate a VA-based DSS filling the literature gaps discussed above. Value Analysis has been adapted to the shipbuilding environment, thanks to the cooperation with Fincantieri S.p.A., a leading company in the cruise ship industry. In particular, we initially focus on the potable water and to the sewage treatment and discharge piping systems of a large cruise ship. Then, the VA model has been converted into an original decision support tool, now used by Fincantieri's designers to obtain a consistent, reproducible and transparent approach to support decisions, integrate general data and codify expertise.

The remainder of this paper is organized as follows. In the next section we outline the research context and discuss the methodology. The following section describes how we adapted an implemented VA to develop our decision support tool. The fourth section discusses the sequence of problems we encountered and decisions we made during the process of creation and implementation of the DSS. This section is followed by the analyses and discussion of the results found. Finally, conclusions summarize the main theoretical and managerial contributions of this study and provide opportunities for future research.

Case selection and methodology

Shipbuilding is one of the most complex environments for decision making. A cruise vessel can have a capacity on board up to 3,500 passengers, a total weight up to 110,000 tons, and a length up to 290 meters. The building process can last up to 22 months. Project management requires the integration of several ship sub-assemblies, each one consisting of a high number of components. These sub-assemblies are built separately and then assembled. In a shipyard, up to three ships can be built simultaneously. Also the network of suppliers and subcontractors involved in design and production activities is really wide and heterogeneous. Cruise vessel design and production activities are engineered-to-order, according to specifications mainly determined by the ship owner itself (Roh and Lee, 2007). In shipbuilding context every stage of the design and construction process must follow strict rules imposed by naval registries, especially the introduction of new technological solutions. Due to these reasons, the combination of a large and systemic product with an extremely high environmental complexity complicates the task of making product development choices.

We had the opportunity to directly experience the difficulties related to decision making in such a complex setting by collaborating with Fincantieri, one of the largest groups in the world in the design and construction of large ferries, merchant ship, and cruise vessels.

Fincantieri uses a "reactive" approach to improve system design, materials and working methods -i.e. problems are addressed only when they arise, and the problem solving is characterized by the lack of any formalized and replicable methodology to support project solutions. Thus, important product development choices are often taken "one spot", according to the single case, without considering decisions adopted previously. Decisional activities often rely on the experience and unformalized competences of each single designer. Except for the decision maker, nobody knows why a design choice has been taken, and whether it was the best alternative. We soon realized the rationale behind this problem lay in the lack of any instrument and routine encouraging decision makers to document and formalize their decisional criteria.

Indeed, this context is extremely appropriate to address to the research question, namely to study how the standard VA methodology can be adapted and used to overcome the information collection and organization problems discussed in the introduction section. In particular, we found action research a methodology particularly suited to this study which required problem solving, active participation of the researchers and focus on the implementation process. In fact, action research is an interactive inquiry process where researchers work in close contact with managers of a company and cooperate in problem solving actions (Reason and Bradbury, 2001). Therefore, this methodology entails the active participation of the researchers in a firm's change process and it is particularly appropriate when studying an implementation process [START_REF] Coughlan | Action Research for Operations Management[END_REF].

As usually happens in action research, initially we had no precise idea of how to improve decision making process in Fincantieri. As a consequence, the method developed in this research required continuous interactions between theory and action with iterative cycles of data gathering, feedback, analysis, action planning, implementation and evaluation (Westbrook, 1995;[START_REF] Coughlan | Action Research for Operations Management[END_REF]. The research findings emerged, on the one hand, from the decision support tool, and, on the other, from the trial and error process that led to its development and implementation.

Value Analysis implementation

The research project started in June 2006. It is a three-years project conducted at one of the shipyards of Fincantieri. The research team led about sixty meetings with managers, engineers and designers, often involving external suppliers, and about fifteen visits at the shipyard.

Initially, we developed our first attempt of VA implementation focusing on the potable water distribution system. The resulting VA was an original adaptation to the shipbuilding process of the standard VA approach. This first implementation allowed us to better understand the shipbuilding context and to finetune our method. Later, we decided to test the proposed method by applying it to the sewage water pipeline system of a large cruise ship. This paper reports the implementation to the sewage treatment and discharge system, that validated our model and allowed us to create the decision support tool grounded on VA methodology, which is now widely used to support design choices in Fincantieri.

To perform the implementation, we followed the SAVE approach including five steps shown in the Introduction section. The first step in VA implementation was the creation of the VA team. Initially, we worked with technicians responsible for functional design of piping systems and the Method and Technology Development Department personnel.

Cruise ships require several pipeline systems: sewage treatment and discharge, domestic and sanitary potable water, fire and deck washing subsystem, etc. On suggestion of Fincantieri's personnel we focused at first on piping systems because all these systems share some common requirements: e.g. to assure durability, to minimize failures and maintenance during the ship life-cycle, to be corrosion resistant and fire-proof, to be of limited weight and spatial dimension, and to be cheap. Due to these features, we realized that system knowledge formalization could be re-used and exploited for further applications and tests.

We explained the basic elements of VA to Fincantieri's technical personnel in several training sessions in order to obtain their commitment and full understanding of the methodology and to share the correct terminology in VA implementation. The team agreed that a very appropriate starting point for the implementation of VA could be the evaluation of the existing piping materials for their possible replacement with new solutions existing in the market. Thus, the team has been completed with experts of the Chemical Department of the University of Udine to use their competence and perform experiments on piping materials to objectively compare their characteristics.

Since VA requires to identify a series of criteria to evaluate existing solutions and to compare the potential alternative solutions, the VA team decided to focus on piping material cost and on their functional performance (e.g. weight, resistance to fire and corrosion, etc.).

Information Phase

A deep insight of the research context must be provided in this phase. The research group searched for all possible information about the sewage treatment and discharge system. This first part of the research has been carried out together with the company personnel through interviews and the review of technical documents, such as functional schemes, technical reports and catalogues. An example of a functional scheme is shown in Figure 1. It represents the various components of the sewage treatment and discharge system (valves, pumps, tanks, collecting and treatment units and topological connections, or pipes). In order to be aware of any project restrictions envisaged in the Registers of Shipping, the VA team carried out several visits on board and reviews of the regulations in force. Visits on board are very important to understand the environment to be studied. For instance, piping systems usually display the highest degree of complexity in the engine room, so the VA team visited this problematic zone to be aware of failure modes and installation practices. The solution originally adopted on the majority of cruise liners produced by the company is a piping system made of AISI 316L stainless steel with socket junction, mixed with other technologies like zinc-coated steel, depending on specifications imposed by Registers of Shipping. The opportunities for improvement are essentially related to three features of this system:

• weight;

• cost; • corrosion.
In particular, material cost and corrosion resistance urged the company to embark on research and explore potential alternatives to the stainless steel. In fact, on the one hand, market competition forces the company to relentlessly search for cost reduction; on the other hand, the pipeline system must be highly effective to avoid leaks in stainless steel pipes, due to corrosion. Moreover the selection of a lighter piping technology can offer benefits in the installation activity, ensuring an easier transport and reducing installation costs and duration.

Functional Phase

The VA team conducted the Functional Phase as follows:

• Identification and listing of functions: the objective is to provide an exhaustive description of the system final use. According to the methodology, the functions must be specified through a verb followed by a noun. • Organization of functions: the objective is to have a clear and organized list of functions which must be presented in a logical manner through a graph. The FAST (Functional Analysis System Technique) diagram -as described by [START_REF] Kaufman | The power of FAST in Value Management[END_REF] -has been used to map and organize the functional context of the project. Since the context can be defined at different levels of detail, the first "macro" FAST document has been drafted to show the main functions of the sewage treatment and discharge system, represented in Figure 3 The VA group has developed the FAST diagram starting from the highest order function of the system, which is crucial as it supports its "output" (i.e. "eliminate sewage"). Indeed, the function makes sure that sewage is regularly discharged. Starting from this fundamental function, it is possible to move on the axis to the right side, asking the question "how?". By answering this question the VA group identified three major functions: "collect sewage", "perform sewage treatment", and "eject sewage". To move to the left side the key question is "why?". In other words, the VA team verified if the three functions matched the fundamental function's requirement: to eliminate sewage. Indeed, sewage collection must be performed and sewage must be transported to the different ship areas through the pipes, according to an effective regulating scheme. Starting from the main function "collect sewage" and moving to the right side, the team identified the secondary functions "fill tanks", "receive sewage from vertical collector" and "receive sewage from horizontal collector". The collection of sewage from the horizontal collector is exerted through the function "set in action vacuum pumps". Vacuum pumps help create vacuum in the system, thus making sewage flow through the pipes.

The FAST tree diagram begins with the "root" function "eliminate sewage". The tree structure enables to identify the major functional subsets which are physically linked to the components or physical systems. The FAST diagram enabled the work group to identify the major functional subsystems in the sewage treatment and discharge system:

• Collection system

• Treatment system • Ejection system
Conducting the analysis at the subsystem level is an effective method to avoid information surplus which is typical of analysis at the single component level. Moreover, a detailed analysis of every single component would not be feasible, due to the huge amount of pieces. As the VA project aim was the choice of the most suitable material for pipes in the sewage treatment and discharge system, the team decided to focus on functions related to the critical path of the sewage collection system (the upper part of the FAST diagram shown in Figure 3). All the functions having a relationship with the function "collect sewage" and the other functions of the critical path have been carefully detailed and linked together to be later discussed in the light of the different piping technologies available on the market.

The supporting functions directly related to the functions "receive sewage from vertical collector" and "receive sewage from horizontal collector" are "resist to accidental impacts", "diminish weight", "retard corrosion" (as corrosion phenomena would jeopardize correct sewage delivery), "resist to thermal variations" and "resist to depressure". The material used for pipes must be light, for this reason we made explicit the function "diminish weight", which actually refers to a key requirement for new materials. The functions "retard corrosion" and "resist to accidental impacts" are connected to "ensure durability" and "eliminate vacuum leakages", since corrosion and impacts could lead both to a shortened life of the material and possible As shown in the diagram, leaks are also connected to the function "ensure watertightness". The joints must withstand system vacuum to perform the transport of potable water; hence the function "resist to depressure".

Creative Phase

The Creative Phase aims to stimulate ideas to accomplish the functions considered herein. The VA team identified a list of alternatives through a brainstorming process and a market research, in order to find new suitable solutions. Then, we performed a critical screening analysis by comparing the alternative materials. This analysis is really important to select only the alternatives that ensure the minimal requirements imposed the Registers of Shipping. At the end of this analysis the following solutions seemed the more interesting:

• stainless steel AISI 316L with socket junction (current solution)

• polypropylene multi-layer with socket junction

Evaluation Phase

Starting from data collected in the Information Phase, the functions devised and organized in the Functional Phase, and the alternatives selected in the Creative Phase, the VA team performed a set of evaluations to analytically define the Value Index, i.e. the objective parameter used to identify the best solution.

Figure 4 shows all the steps employed to define the Value Index, which is the ratio between the Worth Index and the Cost Index. The first step is the calculation of the Worth Index which is strictly connected to the fulfilment of the customers' needs. This index has been calculated on the basis of the functions outlined in the functional phase. The methodology used to calculate the Worth Index is articulated as follows: 

Identification of the "set of requirements"

The VA team created the following list of requirements for the piping system to work properly:

1. Safety (S): refers to the conditions for consumers' and operators' safety, as well as protection and avoidance of risks caused by accidental factors in the service use; 2. Reliability (R): refers to the conditions for the right functioning of the system in certain conditions and in a certain time range; 3. Construction (C): refers to the conditions for an easy and correct assembling of the system; 4. Maintainability (M): refers to the conditions for system repair; 5. Design (D): refers to the degree of effort required to designers to adapt or modify the functional system design as compared to the actual solution; 6. Integrability (I): refers to the possibility of easily joining pipes and different parts of the system; 7. Management (G): refers to the conditions for cost-efficiency in service use; 8. Aspect Analysis). The team introduced "ad hoc" requirements, extremely important for Fincantieri's context, with the aim of creating a tailored decision support tool. It is worth to stress that these classes have been selected not exclusively considering piping systems, but using a broader focus, in order to encompass every requirement related to a project life cycle in the shipbuilding context.

Assignment of functions to the set of requirements

Each requirement has been associated to some of the functions identified in the Functional Phase. Interestingly enough, the VA team added several functions to those found in the Functional Phase (see Figure 3). Learning by doing is very common in action research and in VA, as problems and new solutions come out as the project proceeds. A list where each of the eight requirements is associated to a set of functions is the main output of this step (e.g. the first column in Figure 6 reports the functions associated to the Safety requirement). This complete scheme is the basis for the evaluation phase.

Assignment of importance weightings to each function

The VA team used the "pair-wise comparison" method to assign weighting factors to each requirement. The comparison is based on the Mudge Diagram, the half-matrix reported in Figure 5. For instance, the Safety requirement received the score "-2" in comparison with Reliability, because the team members argued that Safety has much lower importance than Reliability in the context of the sewage treatment and discharge system. Total score (TS) is calculated for each requirement by the sum of the positive scores in the row and of the absolute values of the negative scores in the column. Using the Mudge Diagram it is possible to perform the complete comparison and to assign the weighting, considering all the interactions between the functions. A minimum score (MS) has been assigned to each set of requirement in order that each single requirement can contribute to the definition of the final index, even in case of null total score (TS). The team decided to assign the 75% of the Final Weighting (FW) to the total scores, and the remaining 25% to the minimum scores. The distribution (D) column simply transforms the total scores into a 0%-75% scale. Instead, the 25% weighting has been equally distributed to the eight requirements, assigning 3.13% to each of them. The weighting of each requirement has been calculated to identify the contribution of each related function. An example referred to the Safety requirement is reported in Figure 6. Using the same approach described in Figure 6, the VA team calculated a relative weighting (RW) for each function. Then, the 5.10% weighting of the Safety requirement found in Figure 5 

Function evaluation

After having associated a weighting to each function of each requirement, the VA team was able to evaluate the two alternative materials: stainless steel and polypropylene. The group casts a score (using a 1-5 Likert scale) for each of the functions previously detailed for each alternative, according to whether and how well the alternative meets the relevant requirement. All the members of the VA team contributed to the evaluation of the alternatives so as to converge to the most objective judgment. Evaluation required the VA team 

Calculation of the Worth Index

The absolute Worth Index for each piping alternative is the sum of n terms (n is the total number of functions), where every term is determined by the product between the final weighting given to a specific function and the relative score received. The VA employed the following formula:

∑ = × = n i i i W vote weighting I 1 for each alternative material (1)
After the team evaluation, the absolute Worth Index scored 352.24 for polypropylene pipes and 347.05 for stainless steel pipes. The relative Worth Index for each alternative material is the ratio between its absolute Worth Index and the highest absolute Worth Index. Therefore, stainless steel pipes score 0.985 (i.e. 347.05/352.24), while polypropylene pipes have a unitary relative Worth Index, as shown in Table 2.

Calculation of the Cost Index

The Cost Index results from the analysis of all potential costs related to the product under investigation during its life cycle. The VA team focused on three different types of costs the company usually incurs for accomplishing the whole sewage treatment and discharge system project:

1. engineering costs: costs for piping system design and engineering activities.

2. implementation costs: costs for materials, accessories, possible consumption and labour for system installation. 3. warranty costs: the company must ensure one-year warranty coverage for its cruise ships.

As it is impossible to predict future system maintenance requirements in certain terms, estimates must be made about future damages on the basis of available historical data. The VA team created and original model to calculate the Cost Index. Its basic features are shown in Table 1 The relative Cost Index for each alternative material is the ratio between its total cost and the global cost of the less expensive alternative, which in this case is represented by the polypropylene solution. Using the same approach described for the relative Worth Index, we determined the relative Cost Index for polypropylene pipes and for the more expensive stainless steel pipes (see Table 2).

Calculation of the Value Index

The Evaluation Phase is accomplished when each alternative material can be associated to its Value Index, which corresponds to the ratio between the relative Worth Index and the relative Cost Index (see Table 2). As a result, the Evaluation Phase suggests that, under the current circumstances and on the basis of the available data, the best solution in terms of value is to use polypropylene multi-layer for the sewage treatment and discharge piping system: the new solution could increment the satisfaction of the functional requirements while simultaneously reducing material and assembling costs. In fact, if compared with stainless steel, polypropylene multi-layer ensures corrosion and resistance to chemical agents, lightness and ease of use and it also prevents leakages. However, its main flaws are a changeable size, the need for "customized" accessories, a "fragile" appearance, the need to manage the transition towards a new material and to design ad hoc brackets to support plastic pipes along walls or suspended from the ceiling. However, although polypropylene multi-layer is characterized by these handicaps, this alternative demonstrates to have a better score in terms of worth. From an economic point of view we found that the polypropylene multi-layer alternative effectively is cheaper than stainless steel.

Presentation Phase

The Presentation Phase marks the end of the VA implementation process. The calculation of the Value Index has enabled the research group to identify the best solution which has been later suggested to the management. After this VA study, Fincantieri started to plan the introduction of multi-layer polypropylene pipes on board for the next new ships. Preliminary schemes have been prepared and the innovative pipes will be tested in the shipyard by preparing a mock-up.

Development of the DSS

As discussed in the Introduction section, one of the major gaps found in VA literature is the lack of DSSs supporting information collection and organization during the implementation process. According to Shen and Chung (2000), Information Technology could benefit Value Management practices, but it is too often underutilized. The authors maintain that, although a variety of DSSs and other similar applications has been developed since the 1980s, they typically offer only a small set of tools to really support decision making, such as electronic brainstorming and idea evaluation or voting. In order to improve VA process more specific functions are required, such as interactive user forms to guide the team along the VA steps and to facilitate data upload, functional analysis support and decision matrixes with automated indexes calculation. Indeed, some practitioners assert that VA cannot be effectively transformed in a software or in a DSSs, due to the exclusive characteristics of each single VA study and its non replicability. Instead, after the implementation to the potable water distribution and the sewage treatment and discharge piping systems, our research team noticed several interdependencies between VA studies. For instance, some decisional criteria can be transferred across the studies, and also some solutions to solve problems can be successfully implemented in different studies. Therefore, we decided to develop a software application to facilitate decision making and knowledge transfer between VA projects, thus addressing both literature gaps and the research question. With this aim, we translated our VA methodology into a computer-based tool to support and routinize decision making in VA projects.

In order to solve the main problems found in VA studies, namely the poorly organized information and the difficulty of retrieving project information during the implementation process, the research team developed a shared knowledge database which allows the transfer of structured knowledge across VA projects. The trigger for the adoption of this solution was the study of [START_REF] Fan | Using Group Decision Support Systems to support Value Management workshops[END_REF] which suggests the creation of computerized project databases to be used as a reference for similar projects.

DSS architecture is usually based on databases which make it possible access to internal and external data. Users can exploit information thanks to the support of modelling functions and interfaces that enable interactive queries, reporting, and graphing utilities. As stressed in literature, simple and user friendly decision support tools are more readily trusted and used, as sophisticated tools may mislead managers (Primrose and Leonard, 1987;Swann and O'Keefe, 1990). Therefore, we decided to build a tool simple to understand, whose workings and decision criteria are highly visible. Our tool is a simple "stand-alone" program developed in a MS Excel environment, using Visual Basic macros to define the main functions and create the interaction with internal databases. In particular the tool supports all the VA phases, following the main steps of the methodology presented in the third section. First of all, the tool automates the decisional process, allowing the VA team to focus on the "human" activities only, namely those which cannot be automated. In fact, it is important to stress that our tool does not seek to replace "face-to-face" mode, which is a key feature of any VA study, but rather it seeks to integrate it with the support of the software, in order to exploit all the benefits of the methodology.

Figure 7 reports the various activities and their flow. After the system selection, which points the object of the VA implementation, users are supported in data gathering, following specific guidelines the software suggests. This way all information for functional analysis is retrieved and stored in the database. On the basis of the gathered information, the team is supported in defining FAST diagrams and the complete function list. These outputs are stored in the database, to allow future knowledge re-use. The software supports also the creative phase by recalling the constraints required by Registries, thus assuring their observance during the screening analysis after the brainstorming. Technical and cost information referred to the suitable alternatives are stored, feeding directly the cost model that calculate the Cost Index for each alternative. Simultaneously, the software automatically creates diagrams for the final evaluation. Therefore, the VA team can focus its attention on the evaluation activity, entrusting the automated Value Index calculation to the tool. In this way we address to another important problem often found in VA studies, which is data analysis. Thanks to our tool it is possible to computerize the recurring work and eliminate human error in calculation, shortening also the data processing time. The results are stored and translated in a report, that can be used to discuss the results of the analysis and to get the final decision on the base of objective numbers. All decisions are finally stored to motivate and formalize choices and adopted criteria. 

Discussion of results

The creation and implementation of our VA-based DSS contribute to fill the gaps found in the literature and included in the research question. Like the standard VA approach, our method made it possible to reduce costs in the analysed systems without diminishing value delivered to customer. However, we also found several further interesting outcomes mainly due to the integration between VA and DSS approaches.

First of all, the possibility to create a chronology of past decisions and a repository for any key information and knowledge gathered and/or emerged during VA implementation (e.g. system designs, functional schemes, FAST diagrams, selection criteria, cost data and team evaluations) allows Fincantieri to better manage information needed during new VA projects. For instance, by fast recalling previous choices and solutions the VA team can start brainstorming on new VA problems formulation or on selection criteria generation from a consolidated knowledge base. In this way our method provides an original solution to the most frequently occurring problem in VA implementation -information collection and organization -because databases make it possible to store important project information and reuse them in future studies. Interestingly enough, this result has an important follow up, namely the reduction of the risk of losing key information, knowledge and experiences at the end of the project. [START_REF] Disterer | Management of project knowledge and experience[END_REF] considers this as one of the main pitfall in the management of project knowledge. A second result of this study concerns the capability of evaluating projects and learning from them. Most companies are not able to improve implementation processes as they fail to learn from their past errors. The most common consequence of not reviewing a finished project is that the actions and decisions that caused problems and errors in the past may be repeated in the future [START_REF] Dooley | Multiple project management: a modern competitive necessity[END_REF]. Thanks to the formalization and the storage of selection criteria, evaluations and choices, Fincantieri is now able to review project decisions and has the means to avoid the repetition of past errors in system development.

Thirdly, the centralization of information storage allows to share it easily among VA team members thus providing a common understanding of the project and facilitating workshop activities. The proposed tool connects team members which can be geographically dispersed in different company sites (for example shipyards and central offices in the Fincantieri case) and collects their evaluations using formalized data gathering forms and a shared terminology. We found that the possibility to easily connect different/distant people using a centralized database together with the use of a common terminology and of interactive user forms for data gathering encourage cross-functional interaction, collaboration and active participation. This result confirms the findings by Shen and Chung (2002). In fact, by partially automating and formalizing the decision making process, our method made it possible to extend the number of members and functions involved in VA projects. This has been favourably perceived in the company as an attempt to achieve shared decisions, overcoming existing inter-functional barriers. The active participation in decision analysis of designers and shipyard workers was crucial to ensure completeness and truthfulness to the solutions obtained with VA projects. For example, when studying the sewage discharge system, several designers from different technical areas were involved in the Information and Functional phases. The starting point of the Functional Analysis were preliminary drafts of schemes -not formalized in FAST diagrams -developed in previous studies. Close interactions between designers allowed the VA team to complete these rough schemes, thus obtaining drafts of formalized FAST diagrams. After several visits on board at shipyard, these drafts were enriched with further information gathered from shipyard personnel. As a result of this process, the VA team obtained the detailed final FAST diagrams and the complete list of functions, which are the precious outcome of the mix of experiences of people from different departments. This way the evaluation of alternatives was made more objective and shared.

Interestingly enough, the better organization of information gathering and analysis, the enriched interfunctional interaction, the active participation of VA members, and the possibility of bearing in mind past trials and errors allowed the reduction of decision time. We applied the VA first to the potable water distribution system and then to the sewage treatment and discharge system. When comparing the two implementations we found that the Information and Functional phases in the sewage treatment and discharge system took 3 months: one month less than in the potable water distribution system. Moreover, the VA for the potable water distribution system required 20 meetings for organizing and analyzing data on the project context. We reduced the number of meeting to 6 when addressing the sewage treatment and discharge system.

Conclusions

The present research proposed and validated on the field a structured methodology, based on Value Analysis, to support decision making in the complex shipbuilding environment. Since we didn't find in literature examples of VA implementation in this context, this study represents an original and new contribution in the naval field. Thanks to VA implementation Fincantieri is now able to make design choices, such as the selection of new materials, on the basis of formalized criteria and objective parameters offered by our software application.

Though uncommon in the shipbuilding context, these results are typical of any VA implementation. Instead, an original contribution of this research is that, unlike VA implementation cases found in literature, the proposed methodology enables the knowledge base formalization and reusing. In other words, the proposed tool makes it possible to transfer to further improvement projects the body of knowledge that VA team gathered and created during previous VA implementations. We refer to information on functions, set of requirements, data obtained from tests and catalogues and related to the cost model. Such data are stored in a formalized and shared knowledge database available to all people involved in similar improvement initiatives. Though the method was created and implemented in Fincantieri, we think that its application can be generalised also to other companies where transfer of knowledge across multiple projects is required.

Moreover, the new VA approach offers also remarkable managerial implications from a supply chain perspective as it improved communications upstream and downstream in the supply network. In fact, on the one hand, our model allows Fincantieri to foster interactions with suppliers, because formalized evaluations and judgements performed by the technical personnel could be reported to piping manufacturers in order to improve their products or reduce costs. On the other hand, the VA model operated as a facilitator to introduce and support innovative design solutions, which maybe shipowners would haven't accepted if proposed without the foundation of a formalized tool. Actually, after the first implementation of our VA model in the potable water distribution piping system, innovative polybutylene pipes have been installed on board, as a result of the evaluation perform by the VA team. For the first time such plastic pipes have been adopted in the company to realize this system. This decision allowed cost reduction and the elimination of corrosion problems.

Another important feature of our model is its general applicability. Though we tested it in several systems in the shipbuilding context, we think it can be implemented in any context where systems/products can be completely described in functional terms. In fact our set of requirements is sufficiently flexible to be easily adapted to several systems and contexts. For instance, in the naval environment the Safety requirement, we used in piping systems, can be useful also when analyzing innovative solutions for ship engines or HVAC systems, by simply determining the functions to be performed by the particular system. It would be also possible to easily update and adapt the set of requirements to the specific studied context, thanks to the flexible structure of our DSS application, which allows the user to modify the set of requirements if necessary.

In conclusion, the limitations and future developments of this study should be considered along with the results. Firstly our research setting, the shipbuilding industry, could limit the generalizability of our findings. As reported above, it is plausible to suppose that our method works well also beyond the naval context. But, though we have no evidence to support this, it is likely that other sectors may show different problems and patterns. Hence, future research should validate our method in companies from other industries.

At a first sight, a further limit of the proposed method could lie in its apparent complexity. Certainly other simpler techniques exist to support decision making when selecting among different alternatives. For example, for choosing a material for a pipe it would be possible -and sometimes it is better -to use checklists. But these don't support decision makers in the selection of the decisional criteria. How can they be sure of having included all the set of requirements required for the selection? In other words, the adoption of simple tools is appropriate in the case of relatively simple decision making and "stand-alone" projects. Instead, more complex decisions, characterized by long times and costs, high impact on assets utilization, intense interactions with customers and supplies, could greatly benefit by trial and error learning experience gathered during previous decision making. In this context, unlike simple decision making tools, our method creates a shared knowledge base to be transferred across projects and supports a complete functional overview of the system/product, thus defining every function and requirement worth being evaluated when selecting an alternative.

This study provides also some interesting hints for future research. First, following the stream of studies on cost transparency [START_REF] Lamming | Sharing Sensitive Information in Supply Relationships: The Flaws in One-way Open-book Negotiation and the Need for Transparency[END_REF][START_REF] Agndal | Supply chain decision-making supported by an open books policy[END_REF], it could be intriguing to investigate how VA implementation can enable customer-supplier collaboration and knowledge sharing on costs. Second, our VA methodology and DSS knowledge transfer capability could be tested in an environment different from pipeline systems. We identified the electric cable system that represents another complex context in shipbuilding sharing some common features with the piping systems. Moreover, we intend to support Fincantieri in the design of new typologies of ship cabins, a context quite different from pipeline systems. •
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  ***************** Insert here Figure 1 ***************** Starting from the sewage water pipeline system and on the basis of the company personnel's wellconsolidated experience, the VA team identified the main subsystems up to the individual components and accessories, as shown in Figure 2. The choice of the most suitable material for piping systems required the VA team to account for a large number of factors which affect the selection. The VA provides managers with a formal methodology to evaluate and select new materials for piping by considering the less or more formalized experience gained in previous cases, explicit ship-owner's requests, Registers' specifications, and market innovations. Innovations on materials are usually introduced at this level. ***************** Insert here Figure 2 *****************
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  (A): refers to the aesthetic aspects of components This set of requirements have been adapted from the seven classes proposed by UNI 8289:1981 standard (usually considered in public constructions by AIAV -Italian Association of Value Management and

  has been split among the three functions S1, S2, S3 in accordance with the relative weightings distribution. Similar calculations have been made also for the other requirements. ***************** Insert here Figure 5 ***************** ***************** Insert here Figure 6 *****************

  empirical data, information provided by suppliers and every kind of evidence gathered from previous cases.
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  Figure 3. FAST diagram of the sewage treatment and discharge system.
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  Figure 6. Pair-wise comparison between the functions related to the Safety requirement.
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Table 1 .

 1 Cost model.

	COST DRIVERS	NOTES	FINAL COST MODEL
	PLANNING AND ENGINEERING (E)	
			○
	Planning costs	They can be neither calculated in certain terms, nor estimated	Note: hypothesis that these costs are the same for all
			alternative materials
	Costs for changes and design adaptations due to piping technology switching	They can be estimated by calculating the difference between each alternative solution and the current solution	• Note: calculated as ∆ costs for design changes from the existing solution to the alternative one
		IMPLEMENTATION (I)	
	Costs for system materials	They can be calculated in fairly certain terms	•
	Costs for system accessories	They can be calculated in fairly certain terms	•
			○
	Costs for consumable material	They can be neither calculated in	Note: hypothesis that these
	(for assembling)	certain terms, nor estimated	costs are the same for all
			alternative materials
	Labour costs	They can be calculated in fairly certain terms	

Table 2 .

 2 Value Index comparison.
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