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Abstract.
This paper presents an integrated methodology for the improvement of discrete products: Product
Architecture Mapping (PAM). The paper also presents how PAM can be taught to practitioners. There is
a strong analogy between PAM and Value Stream Mapping (VSM), which is one of the most used Lean
tools. VSM is a technique to analyze and improve the flow of activities and information needed to bring
a product or service from its beginning to the customer. PAM focusses on the analysis and improvement
of the elements of a product or service, and their interfaces, in order to fulfill customer values. PAM can
be seen as a methodology that integrates a number of existing tools for product improvement. PAM
requires input from and participation of various departments in a company. This aspect is addressed in a
PAM teaching program.

1. Introduction
Product Architecture Mapping (PAM) is a Lean methodology for the improvement of discrete products.
Companies need to improve their products regularly because of technological development and/or
changing market demands. Companies will only survive if their products are competitive and deliver
high value to their customer. PAM supports companies to make successful improvement decisions.
We developed PAM in cooperation with a number of small and medium-sized enterprises (SMEs). The
PAM project was subsidized by the Dutch government (SIA RAAK). It was a project of three years: 20142016. In the last year, we taught PAM to a group of about 30 managers, general managers as well as
R&D managers. Afterwards, we evaluated the managers’ appreciation for PAM and noted the following
generalized comments:
•
•
•
•
•

“PAM starts with analyzing customer value. It is a powerful methodology to link customer value to
key product development decisions”.
“PAM gives focus. It becomes clear what the direction of product development should be and which
development activities have to be done”.
“PAM creates shared responsibility for product development. All departments participate in the
process of PAM”.
“PAM is a system approach. It is theoretically funded, but practical”.
“PAM leads to new insights. The visual elements of PAM are convincing and trigger new thoughts”.
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PAM has an analogy with Value Stream Mapping (VSM), one of the most used Lean tools. VSM is
focused on the improvement of processes and consists of the following four steps: (i) selection of the
product family, (ii) making the Current State Map showing how activities are organized, (iii) designing
the Future State Map showing how the flow of activities need to be organized, and (iv) creating a
Process Improvement (implementation) Plan. Like VSM, PAM also consists of four steps:
1.
2.
3.
4.

Selection of the product that needs innovation.
Making a Current State Product Architecture. What were major design choices?
Designing the Future State Product Architecture. What product do we want?
Creating a Design Roadmap.

The first step is of major importance. Companies have limited time for the improvement of their
products and have to make choices. The choice for a product can be based on sales performance,
market share, technological development, and/or the possible impact of an improvement of the chosen
product on other products in the portfolio of the company. The next two steps concern the architecture
of the product. A careful description of the current architecture, step 2, is important for gaining insight
in the, often implicit, design choices in which a product serves the customer. Directions of improvement
are gained in step 3, the design of the Future State Product Architecture. Next, a design roadmap is
needed in order to maximize the efficiency and effectiveness of the (re-)design activities. This paper
focuses on the description of PAM on step 2 and step 3.
An important part of the subsidized project has been the valorization of our findings, the transfer of
knowledge to SMEs. This was a learning process for us. We developed our teaching program from
master classes to a firm-specific approach. This development is also described in this paper.
In section 2 of this paper, we explain the concept of ‘product architecture’. Section 3 presents the steps
by which a Product Architecture Map can be made and also a visual presentation of the map. In section
3 we also shortly mention and explain the tools useful for the selection of improvement directions.
Section 4 is used to illustrate the use of PAM in practice. A few cases are shortly presented in this
section. These cases gave, amongst other cases, input to the PAM teaching program. In section 5, we
describe the evolution of this PAM teaching program. Section 6 gives a short summary and discusses the
application of PAM in a broader context.

2. Product Architecture
According to Ulrich (1995), the architecture of a product provides information about (i) the
decomposition of functional elements, (ii) the translation of functional elements in physical
components, and (iii) the specification of interfaces between physical components. Figure 1 illustrates
the concept of Product Architecture by means of a dishwashing brush. Figure 1a presents the various
functions of a standard brush and the physical elements of the product which are responsible for these
functions. As can be seen, there is a 1-to-1 mapping of functions to physical elements. This basically
simplifies the improvement of a particular function. If a designer wants to improve one particular
function, he/she only has to change one physical element, without the risk that it has effect on other
functions. However, as can be seen, the interfaces between the physical elements of the dishwashing
brush are complex. This complicates the improvement of one function...
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Understanding the choices made for the architecture of a product, helps to find design improvements.
Figure 1b shows two alternative dishwashing brushes. As can be seen, some functions are integrated (‘to
brush dishes’ and ‘to store brush when it is not needed’) and the ‘to certify quality’-certificate is now in
another way connected to the product. Furthermore, a ‘soap dispensing’ function is integrated in one of
the alternatives in figure 1b. The addition of this function, probably comes from analysis of customer
values.

Figure 1a. The functions of a dish washing brush

Figure 1b. Two alternative brushes

3. Product Architecture Mapping
Figure 2 gives a schematic view of the concept of Product Architecture Mapping. The axis can be seen as
important variables which determine the quality of the product architecture. The quadrants give
information about the linkages between the variables and can be linked to various supporting methods
for product development.
Product Architecture Mapping starts with defining customer value: what is the appreciation of the
customer for the product, what are they missing, what is problematic? There are several methods to
discover customer value. A powerful way to discover customer value is the ‘jobs-to-be-done’-method
presented by Clayton M. Christensen et al. (2007 and 2016). In this method, all the activities related to
the use of the product by a customer are described and further analyzed in order to discover possible
improvement. The addition of the soap dispensing function to the existing function of the dish washing
brush could be an output of a ‘jobs-to-be-done’ analyses. Also the removal of the ‘to scrape dirt from
dishes’ function could be a decision based upon the fact that this function is not often used in practice.
We noted that many SME companies do not systematically analyze the value of the customer. The
notion of customer value is more implicit and usually embedded in the way the entrepreneur and/or
leading engineers look at the market.
The formulation of product functions, the second variable in PAM, is not an easy task. We noted that
students and practitioners have experienced difficulties to formulate the product functions. A function
tells us what a product ‘does’ and not ‘what it ‘is’. A function has to be formulated as an active verb and
a measurable noun. The formulation of the product functions is important: it makes some aspects
quantifiable, enables comparison, and helps to find alternatives. As can be seen in the example of figure
1, there are alternative ways to realize the function ‘to hold brush in hand’.
Functions may come from various sources such as engineering characteristics, customer value, the
strategy of the company, regulations, and the characteristics and abilities of the various departments of
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the company. There is not one way to define functions and not one solution. Functions may also be
formulated on several levels of aggregation. Function analysis can be done by using the concept of a
function tree: in-/output analysis on different aggregation levels. An interesting and valuable method is
FAST, Function Analysis Systems Technique, described by Wixson (1999). This technique systematically
analyses which functions have to be done in order to create an output (i.e. customer value) by means of
some input (e.g. current).
The third variable of PAM concerns the physical components of the products and basic processes to
make these components. Basically, the components are the carriers of the functions. A function can be
performed by one or more components. Some components may serve more than one function. See
figure 1. It is important to define the level of aggregation in the selection of components. This level
should correspond with the level of aggregation of the product functions. Also manufacturing and/or
other processes can be part of this PAM variable, because of their impact on product performance.
Students and practitioners usually have no problems to specify the components and major processes.
The fourth variable of PAM concerns all products of the company related to the product which needs
improvement. These products have commonalities with the current product and may use the same
components or processes. Usually, these products serve more or less the same customer values. A
design change may have also impact on these products.

Figure 2. The four axis and four quadrants of Product Architecture Mapping

From our experience, when specifying the four variables, the best way is to start with customer value.
Then components, and major processes needed to gain these components, are specified. After this,
some major information (customer value, technical principles currently used) is available to perform a
function analysis. Information about the three variables (customer value, product functions,
components/processes) helps to find the set of products related to the product which needs
improvement. This is the fourth variable in PAM.
Information about the current state of the four variables provides a good starting point for further
analysis. In this analysis, first the link between the four variables needs to be made explicit. Which
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product functions are, to what extent, related to the customer values? What are the components
performing each of the functions? What are the interfaces between these components? What is the
commonality between various products, in terms of the use of same components or processes? To what
extent do these products serve similar customer values? The linkages between the four variables have
to be done carefully. It is important that the different disciplines in an organization (engineering, sales,
manufacturing) gain a similar view on the relation between the four variables.
A critical assessment of the product architecture can be performed by selecting the customer values
which have to be improved and linking them to the other variables of the Product Architecture Map. The
information in the quadrants of the PAM framework is useful to make these linkages. By doing so, the
product development team will be able to specify the weak points of the product, seeing from the eyes
of the customer. This assessment step is in line with the methodology of Quality Function Deployment,
QFD (see Hauser and Clauser, 1988). Figure 2 positions QFD in quadrant 1 of the Product Architecture
Map. This is not the complete story. QFD may ‘run’ through all the quadrants of the Product
Architecture Map in order to see the impact of the Voice of the Customer on all variables of the map.
The customer is an important starting point for the analysis of the Product Architecture Map. Critical
success factors of the various departments of the company are a good additional input for the analysis
of the Product Architecture Map. Marketing and sales, for instance, may ask for further customization of
the product. The degree of modularity of the product architecture (see Fixson, 2007) determines the
ease of (mass-)customization. The R&D department may also ask for modularity in order to be able to
simplify the improvement of certain product functions. This analysis, through the eyes of the various
departments of the company, is called Modularity Function Deployment (MFD), see Ericsson and Erixon
(1999). Figure 2 positions MFD in quadrant 2 of the Product Architecture Map. Also here, it is not the
complete story.
One of the success factors of a product can be the commonality of components and/or processes over a
set of products. Commonality reduces variety and likely leads to lower costs. Commonality analysis can
be seen as part of MFD. It is only depicted in a special quadrant (3) of the Product Architecture Map. A
product platform from which a variety of products can be developed, is a special form of commonality.
There are many articles written about the value and the design of product platforms, see e.g. Jiao
(2007).
QFD and MFD are helpful to analyze the weak points of the current product architecture and to specify
options for improvements. Technology Road Mapping (TRM) is another tool for finding product
improvement options. Important triggers for product improvements by using TRM come from
developments in technology and market demands. In our project we embraced the T-plan method of
Phaal et al. (2004). TRM is concerned with the possible impact of new technology and market demands
on all four variables of the Product Architecture Map. The product portfolio of the related products of a
company (quadrant 4) will be analyzed carefully in TRM. This supports the development of a plan for
launching new products, one of the elements of the Technology Road Map. Technological developments
enable the (re-)design of the new products.
We will illustrate PAM with a simplified case: the solar boat of the HAN University of Applied Science.
The solar boat is developed by the company QConcepts Design & Engineering B.V. with support of HAN
students. Figure 3 shows the solar boat in action. Figure 4 presents the Product Architecture Map of the
solar boat, made in cooperation with one of the key persons responsible for organizing improvement
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projects and students who performed a PAM project in the Minor World Class Performance. Some
conclusions drawn from this map are:
1. Speed and maneuverability are the most important value of the solar speedboat to be
improved;
2. (i) creating stability when sailing, (ii) transferring sun power to electrical power, and (iii)
transferring mechanical power to propelling power are the most important functions which
need improvements;
3. Improvements are needed on the propeller, the floats, and the foils;
4. These improvements are also of importance if other solar boats (e.g. a hobby boat) are
developed. This synergy is one of the motives for the main sponsor company.
This is a simplified example, just to illustrate the variables, the relation between variables and the way in
which conclusions can be drawn.

Figure 3. The HAN solar boat
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Figure 4. Product Architecture Map of the HAN solar boat
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4. Product Architecture Mapping in practice
Ten companies participated in the RAAK PAM project and were interested in the improvement of one or
more of their products. In a number of these companies, we started improvement projects. We will
shortly describe our experiences from these projects.
Case 1. This project started from the idea that a more modular product is easier to adapt to specific
customer demands. Initially, the company thought that Modularity Function Deployment would be an
important part of the project. In the course of the project, the focus changed to the issue of prioritizing
customer wishes. Main tool in the project became Quality Function Deployment. In the opinion of the
R&D managers: ‘we first have to understand our customers better’. He planned to send his engineers to
the users of their products.
Case 2. This project also started as a Modularity Function Deployment project. The company faced
problems with the huge variety of components (with similar functions) and the engineering effort to
adapt their products to customer wishes. The MFD project was a small project, just focused on a part of
the product. As a follow-up of this project, the company decided for a more complete modularization.
Their main objective was to create standard component which could be used in many product variants.
They defined a limited set of design principles, to be used by their engineers in the redesign of the
whole product. See below. They skipped the analysis of modularity drivers from the various
departments. As a result, they realized a complete redesign of a main product family within one year.
Some design principles for product development in case 2, as formulated by the company:
• Before creating a new item: is it possible to use existing components?
• When creating a new item: can it make an old item obsolete?
• Create as many standards as possible and make use of these standards.
• Be careful in changing standards.
• If a current standard is not sufficient: change the existing, don’t create a new standard.
• If an option is added to the standard, be aware that this doesn’t change the applicability of
the standard in various product variants.

Case 3. This project started from the idea that the assembly of the product should be simplified. In this
case, assembly of the product is done by customers. Customers get instructions for assembly. The
company decided to invite some employees/installers of their customers to show the way in which they
perform the assembly. On the basis of the insights gained by an analysis of the ‘jobs to be done’, the
company decided (i) to create an organized kit of components, (ii) to improve the instructions, and (iii)
to redesign two linked components into one component. The kit and the instructions are now seen as an
integrated part of the offering of the company. The redesign of the two components is an example of
function integration, a possible outcome of Modularity Function Integration. The R&D manager told:
‘the PAM framework is for me an important model which supports systematic work; it helps to see the
whole’.
Case 4. This company was especially interested in product modularity in order to develop a product
configurator that could be used by sales and, subsequently, would simplify various internal processes.
The project started by analyzing the current product variety. Complex issue in the development of the
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product configurator was/is the wish of sales to offer specials to customers. According the manager: ‘It
is difficult for each department to see the whole. For sales it is difficult to recognize that customer
problems can sufficiently be solved by existing components”.
Case 5. This company recognized the need to have more rationality in prioritizing development
activities. They started PAM with applying QFD, but found it difficult to make steps. They needed good
facilitation of the project. Furthermore, they faced the difficulty that the application of QFD was not
clearly on the priority list of the participating employees. This caused delays in the execution of QFD.
It can be concluded from the case studies that each company has its own concerns to be addressed by
PAM. As a consequence, it may not be needed to follow the PAM methodology as strict as presented in
section 3. Companies may decide to focus on a particular tool. By doing so, the manager/facilitator
should be aware that each tool only covers a part of the issues playing a role in product development.
QFD focuses on the Voice of the Customer and does not consider the Voice of the Various Departments
(as done in MFD) and the Voice of Future Market and Technology Developments (as done in TRM). Not
understanding the system of PAM may lead to sub-optimization.
It is also interesting to see the impact of the organization, the level of cooperation between various
departments, on the application of PAM. PAM needs a cooperative environment, the understanding
that product innovation asks for multi-disciplinarily. Furthermore, it is helpful to stress the importance
of PAM-elements by integrating it in a Stage Gate Models used in product development. Many SME
companies, however, do not have an explicit Stage Gate Model. Some companies in our project, e.g. the
company of cases 2 and 3, have improved their Stage Gate Model in the course of the project.

5. PAM Teaching Program
The PAM Teaching Program is developed in four stages:
1. Masterclasses. A number of master classes were given by experts to the group of managers,
participating in the projects. The master classes covered a broad set of topics related to product
development, for instance: market analysis, portfolio-management, product platforms, the use of
Stage Gate Models, Six Sigma in product development, QFD, MFD and TRM. Based on this we, as a
research team, learned which issues were felt as important and difficult for the managers. We were
also challenged to discover the linkages between the various methods. This supported us to develop
and articulate the concept of PAM.
2. Teaching PAM for students. We developed a PAM teaching program for students. They had to spend
one week (40 hours) on PAM. In that week, we offered four morning workshops: (i) PAM-general
concept, (ii) QFD, (iii) MFD and (iv) TRM. In the time between the workshops, the students worked
on a case. They had to analyze the current product architecture map of the solar boat and had to
think about desired design challenges in case of a different group of customers. How to change the
solar speed boat in an, for instance, boat for tourists to be used on a lake? At the end of the week,
the students presented their results. The evaluation of this week was very positive.
3. Teaching PAM for practitioners. Based upon our success in the classroom, we offered a broad group
of managers a program of four workshops, with in-between times of two weeks. Table 1 presents
schematically the program. Companies were invited to participate with a multifunctional
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development team. They were challenged to apply the concepts in their own companies, during the
in-between times. In the evaluation of the program, managers were very positive about the concept
of PAM, see the introduction of our paper. However, only few managers/teams performed some
homework. From the evaluation, we got the following reasons:
• Important success factors were not present in the company (e.g. vision of the management,
availability of information, open internal communication, improvement culture and structure).
• Attendees learned a lot, but applying it in practice requires more experience. The PAM elements
were relatively new for attendees with engineering background.
• Not all elements of PAM were equally relevant in each company.
• Applying PAM in the company asks for a facilitator to keep the process going. Also a teacher is
needed to bring team members on the same level of knowledge.
• It was unrealistic to think that attendees would be able to do their homework in the short
periods between the workshops. Each company has its own dynamics.
Table 1: Four PAM workshops for SMEs

4. Company based PAM teaching Program. Figure 5 presents schematically a company based PAM
training program. The program starts with a cross-functional self-assessment which investigates
the strong and weak points in the innovation function of a company. The self-assessment is a
further development of the assessment presented by Knoblinger (2011). We performed the selfassessment in five companies. The complete self-assessment, in which up to 20 employees can
participate, takes only one day: 1.5 hours for filling in the self-assessment, including
introduction, and 1.5-2.0 hours for feedback and discussions. The assessment was highly
appreciated by the five companies. Major feedback from the companies is that the selfassessment clearly shows the weak issues in the organization of their product innovation and,
furthermore, indicates priorities to work on. Important aspect of the self-assessment is that it
creates a collective understanding in the company.
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The second step is meant for a broad multifunctional team in the organization and gives the
team a general impression on what PAM is. The idea is that the PAM framework has to be in the
minds of the managers in the company who are involved in product innovation. In this step, also
some critical success factors for applying PAM in the company are discussed. Managers should
agree with doing PAM and be willing to cope with the critical success factors.
The product selection and, subsequently, the forming of the product development team is the
third step. As mentioned in section 1 of this paper, several aspects may play a role in selecting a
product. This is discussed with the management team of the company. Next, it has to be
decided by the management who will be member of the product development team. It is
important to have a strong project manager, especially in case of complex innovation projects
which will have impact on various departments. Furthermore, a development team needs to be
multifunctional, reflecting the impact that product innovation will have on the various
departments of a company.
In the fourth step a first PAM-scan is done by the product development team to identify the
major values which have to be dealt with in the product development. This step is important,
since it determines the appropriate PAM techniques/methods. This step can also be seen as a
first, limited, exercise to apply PAM to the firms’ product.
Function analysis is an important step in all major techniques/methods (QFD, MFD and TRM).
Therefore, we see function analysis of the current product as a general step which always has to
be performed. We noted that function analysis is experienced by practitioners as being complex.
Therefore, in our teaching program, we will spend substantial time on function analysis. This is
done in the fifth step of the teaching methodology. It is also the start for more extensive
workshops.
These extensive workshops are organized on the methods (QFD, MFD, TRM) which fit best to
the values to be improved (step 4). We apply the concept of experimental learning (Kolb, 1984)
in these workshops. Here, activities are performed according the learning cycle of experiencing,
reflection, deepening the knowledge and planning of learning activities. This fits the wish of SME
managers of ‘learning by doing’. The project leader is responsible for organizing the sessions
and determines the pace of the workshops. The content of the workshops is the responsibility
of the PAM specialist. He/She has a good understanding of the PAM logic and the methods that
can be applied in a PAM trajectory. Although a workshop may start with one of the methods
(QFD, MFD, TRM), it will likely happen that other methods become more important (see e.g.
case 1 in section 4).
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Figure 4. Company based PAM teaching Program

6. Conclusion and outlook
This paper presents Product Architecture Mapping (PAM), a method for goal-oriented product
improvement. Four variables play a role en PAM: (1) customer value, (2) the functions of the product,
(3) components and processes, and (4) related products. Three methods are helpful in the analysis of
the relations between these variables: Quality Function Deployment, Modularity Function Deployment
and Technology Road Mapping. These methods view the current (and future) product architecture from
the perspective of the customer (QFD), the various departments of the company (MFD) and technology
and market developments (TRM). PAM is an integrated methodology and links the variables and the
supporting methods in a concise framework.
Also a teaching methodology is presented, for the classroom as well as for practitioners. PAM can be
taught in the class room in four workshops. Students learn best if they ‘play’ with a case. PAM for
practioners within SMEs askes for another approach. Some introductionary workshops are needed in
order to be able to start PAM ‘learning by doing’ workshops. These workshops are set up according the
experimental learning cycle of Kolb 1984). This enables adaptability of the teaching program according
the learning needs of the attendees.
According the feedback from students and managers, we think that the concept of PAM deserves an
important position in the education program of engineers and in the practice of innovative companies.
Currently, PAM is an element in the new engineering program at the HAN University of Applied
Sciences. We are also busy in four companies with a PAM trajectory. It is our experience that SME
companies appreciate our ‘learning-by-doing’ approach.
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PAM is useful to apply for the improvement of existing products. However, we think that the PAM
concept is also useful in services. Furthermore, in our opinion, also in new product development the
PAM concept is valuable. PAM can be applied after testing a first minimal viable product. In our opinion
PAM belongs to the Lean toolbox: it is helpful to reduce the waste encapsulated in the design of many
products.
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