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Abstract 
Increasingly, manufacturers become service providers rather than product providers. In this work, a framework based on 
industrial studies is suggested for developing product service system. The framework is represented by five life cycle 
phases where three actor categories views are represented. The framework is described using examples from different 
industries/businesses. The intention is that the framework can be used for both B2C and B2B type of relations. One 
significant characteristic is that the “traditional” sales phase is replaced by a sales occasion that occur within different 
life cycle phases depending on which business context/model is used. 
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1 INTRODUCTION 
One effect of introducing the notation of Product/Service Systems 
(PSS) solution is the change in responsibility and roles the various 
stakeholders have, and there is a need to facilitate this shift in 
working conditions. The aim in this paper is to present a framework 
that facilitates the common understanding of PSS development for 
both the providers and the users of these solutions.  
There is a direct link between products (what is used) and services 
(how it is used). Their development, however, is not always well 
coordinated. There are several aspects that make co-development 
of products and services difficult. One aspect is how products are 
developed and manufactured. The prevailing paradigm states that 
the product is developed based on a trade-off between function 
(including appearance etc.) and the cost of realization. Although life 
cycle cost is referred to as a mechanism to integrate products and 
services – user perspective is not explicitly included. A second 
aspect is how supply chains are integrated. A product is seen as a 
physical artefact where hardware, and software, is build from 
components and sub-systems to work together as a system. 
Products are seen as systems built of components, sub-systems or 
simply by material ordered from suppliers. This view works for 
hardware, but is less suitable for services due to its intangible 
nature. A third aspect is the relation between the manufacturer and 
the user and customer. Service literature emphasize that the 
discrete device is one of several elements in strategic relationships 
[1] hence putting the customer relationship before “requirements” 
that more relate to the product paradigm. This is because services 
are activities in collaboration with customers. Product development 
literature points out how the product is first settled and then 
services take form to complement that thing [2]. In engineering 
industry the word “aftermarket” is commonly used to describe the 
life of a product after it has been designed and developed, while 
also indicating that a service perspective comes in second place for 
engineering and manufacturing firms [3]. It can be argued that the 
value carrier for the customer is either the product or the service 
provided. Customers however tend to view their purchase from a 
more holistic perspective [4]. This difference in perception is one 

reason why in the last decade, the vision for manufacturing industry 
is to provide their customers with functional offers, meaning that 
what is sold is the function or the use of the product [5]. 
Manufacturers are becoming service providers, and as a first step 
the focus has been put on service provision solely, and not on the 
combination of services and products.  

In this paper we accept the integral view of a Product Service 
System and focus on the question of how an integral solution can 
be developed. The potential if the product, and its accompanying 
services, can be co-developed is significant.  
 
2 METHOD FOR DATA GENERATION 
The research builds on empirical data from, primarily, aerospace 
manufacturing companies, and secondly from manufacturing 
industry. The data has been generated by studying internal 
documents, deliverables in projects and from experiences in 
industrial projects. Data has also been generated by applying a 
participative action research approach [6]. The empirical data set 
has been analysed in reference to literature studies on 
product/service systems, and its likes.  
3 THEORETICAL FRAMEWORK 
The theoretical framework builds on three parts, namely some 
principles of product development, service development, and 
product/service systems.  

3.1 Product development 
Product Development is typically developed in a process, finding 
solutions to requirements that have been defined based on 
understanding customers/market needs. In general, a product 
development process composes of a number of sequences, going 
from early design phases to the launch of the discrete device [2]. 
Today, most models emphasize an integrated, parallel or 
concurrent approach – integrating functions within the organisation 
[7]. Also, the importance of iterations is stressed on in these 
models. Product development models are focused on integrated 
models to define and produce “a thing” and the customer relation 



comes in as “establishing requirements” and alike.  
Today, commonly, a product lifecycle perspective is important to 
take environmental design aspects into consideration. Thus, a 
circle-shaped form can symbolize, for example, that taking care of 
and/or reduce the waste is vital. In such models, the phases 
recycle, delivery of the product, its maintenance and its use are 
visualized as additional aspects to consider (see Figure 1). 

  
Figure 1. A product life-cycle. 
One firm’s capabilities and competences are not enough to take 
care of all lifecycle aspects of a product. For example, taking 
responsibilities for the products impact on environment, e.g., chose 
material and production methods with respect to their eco-
friendliness, can be done within the manufacturing company. And, 
for example, recycling is provided by another company. So, at the 
same time, the picture of several companies working together 
cross-company is starting to evolve in the models, hence the 
development of “spiral models” that are increasingly inspiring 
“traditional” product development models [9].  
3.2 Service development  
For service development, visualization of process models becomes 
problematic since services are partly produced by the customers 
and regarded as activities [1]. In this sense, services are partly 
intangible and unfold in relationships, i.e., people interacting with 
each other to achieve a goal. Due to this interaction the users are 
co-producers in services, thus also have an effect on the outcome. 
Therefore, the customer’s own processes are part of the service 
concept and affect the quality of the service. For example, if 
maintenance on a machine is planned together with the customer to 
not interrupt their production, the customer will probably be more 
content with the service. So, the goal of service development is to 
make up the conditions for the right customer outcome [10]. 

A service offer is built upon three main development components, 
namely, a service concept, a service process and a service system. 
The service concept describes the customer needs, and links these 
to how the service should fulfil them. Since partners and customers 
are co-producers in a service process, they are included to some 
extent in the model (see Figure 2).  

  
Figure 2. Service process, after Edvardsson [10]. 

Within the service company the internal services (middle of Figure 
2) shows that a service perspective is used throughout the whole 
process. The internal organizational functions should also be seen 
as a supplier-customer relationship. A service is always seen from a 
customer point of view [1], meaning that suppliers should take the 
perspective of their customer. In service literature [10,11] the 
customer is a central actor in service provision. 
A manufacturer, adopting the service paradigm must, first together 
with customer’s change their way of communicating needs, from 

specifications to communicating effect of its use. Also, the supplier 
or the manufacturer has to have a successful way to find the basic 
needs in these expressions. Second, the organization has to adapt 
a service perspective. This highlights that, for example, having a 
product structure might be a barrier. A product structure can prompt 
people to regard the company as a provider of those specific things. 
Third, the culture has to change into a service culture. A simple 
interpretation of this is that all connections and relationships should 
be seen from a customer point of view, no matter if they are internal 
or external. A culture can be described as the result of different 
actions over a long period of time, thus cannot be instilled over 
night nor fully managed [12]. For a firm focusing on producing 
excellent goods and provide additional services to complement 
those devices, the cultural change will be a really challenging issue. 
This is particularly true, if the development processes are firmly 
focusing on the commodity as the main carrier for customer value 
and services are, more or less, something developed haphazard.. 
The physical resources (middle row at right in Figure 3) are from a 
service perspective focusing on the equipment, premises, technical 
systems etc. [11]. From a service perspective this means that all 
actors’ resources are included in the production process, e.g., 
partners, suppliers, customers and so forth. 
3.3 Product/Service Systems 
A PSS business firm is enforced to understand services, use and 
performance in a more holistic way than in a classical product 
situation. As denoted in the PSS concept, the products and services 
have the companionship of ‘systems’. Already in 1968 Ludwig von 
Bertalanffy [13] stated that the concept systems had become 
popular in all fields of science and made its way into popular 
thinking, jargon and mass media. The word system can be used to 
label all sorts of systems, a software application can be a system, 
the roads and traffic signs are systems, and the laws and 
regulations in a society are yet another system. These different 
systems cannot build up the same system, therefore the interfaces 
between systems, that is how they are linked and how they have an 
effect on each other is an important issue for understanding wholes 
[14]. In a system view, treating products and services jointly, we get 
what is commonly called a Product/Service-System offering, and it 
can be described as a special case of servitization [15]. Fransson 
[5] has developed a model for how the service degree increases in 
engineering firms, calling such offerings “functional offers”. A 
functional offer starts from a traditional product perspective where 
the discrete device is supported by services (at bottom left in Figure 
4). In the next degree of functional offerings, the service part is 
extended with services that are not usually offered, e.g., customized 
offerings of expertise from production processes. Then, there are 
two middle degrees of offerings which put forward that the shift 
towards a service perspective change how the customer is 
invoiced, i.e., the engineering firm is paid on the basis of the 
performance of the device including some services, and at the next 
degree, all services are included. Here, the sharing of 
responsibilities to uphold the functionality of the device also comes 
into play. 

  
Figure 4. A progress model for functional offerings, after Fransson 
[5, p.128]. 



Obviously, taking on functional offerings including all services 
insists on collaboration beyond your company’s competences. 
These kinds of business models are suggested to incorporate an 
organizational structure of a virtual enterprise, i.e., where the 
collaboration takes place cross several company boundaries [16]. 
There are challenges to realize PSS and provide successful 
functional offerings, for example, to understand the voice of the 
customer more profoundly than merely obtaining the requirements 
[17] and, to implement an innovation approach there is both internal 
and external issues to tackle [18]. These examples illuminate that 
additional capabilities besides the classical engineering ones are 
part and parcel of developing products for a successful PSS 
offering. Yet, if the challenges can be handled the advantages 
abound. For instance, the collaboration in PSS development are 
expected to reduce some competition through making the business 
relationships more stable [19], also, PSS triggers changed use 
patterns that reduces the waste, i.e., provides for ecological 
sustainability [20,21]. 
Today, engineering firms state that they continuously on an every-
day basis deal with innovation due to developing products; however 
such innovation is focusing on, e.g., new features on a known end-
product, here called incremental innovation. As discussed above, 
classical product development seems delimited when it comes to 
manage and progress innovation in view of PSS. That is such 
innovation that ends in breakthrough products, here called radical 
innovation. A radical innovation situation has similarities with wicked 
problems [22], where several aspects are vague and not fully 
understood, e.g., What is going to be designed? What should it do? 
Who is going to use it? And, in what circumstances? [23]. To deal 
with these questions the design task needs to be addressed from 
different point of views, i.e., multiple perspectives 
For various development projects, distinct process models give the 
team guidance for how to begin and proceed, as well as pointers to 
what is needed to fulfil their missions. These processes, whatever 
they intend to finally produce, are vital. Also, there is a link between 
industry and applied research, to develop better products and to 
become better designers; the processes must be continually 
improved [24]. This motivates engineering design researchers to 
study them. Process models are not blueprints of reality; rather they 
are representations of the design world to deal with the relational 
complexity in the processes. In view of this, the models depend on 
how the team’s actors interpret and perceive them [25].  
4 INDUSTRIAL CONTEXT 
Increasingly manufacturers integrate services close to their product 
offer and this requires the involvement of customers and actual 
users of the intended service. The drivers to combine products and 
services are several, four of these listed in Table 1, where the 
consequence from a manufacturers point of view is highlighted.   

 
Table 1. Drivers towards PSS. 

Another industrial context that is of importance to define as we 
continue is the similarity and difference between Business to 
Business (B2B) and Business to Consumer (B2C) markets. In the 
Business to Consumer situation, the role of the user (consumer) is 
apparent. The user pays for a service, as he/she enters a contract. 
A relevant example is mobile phones, where the user can choose 
between a large variety of service offers. He/she may choose to buy 
a phone, and pay per use. Alternatively, he can pay a larger fixed 
cost and lower cost per consumer phase. Under certain conditions 
he/she can get “free” calls for instance between members of a 
group or within the operators network. The variety in business 
models seems endless. The point made here is that in the B2C 
situation, user behaviour is evident and directly possible to relate to 
the product, and the product/service offer. Manufacturers of phones 
(enablers) may choose to focus on the product, or integrate the 
product with service functionality within the platform. In the B2B 
case there are several reasons why the relations between the 
user/customer and manufacturer differ from the B2C case. The 
actual end user is not always the same as the one who pays for the 
classical product. An example is that the passenger (user) that buys 
a ticket from a bus-company or an airline. He/she pays for the 
service. The transportation company (airline, bus company etc.) 
buys the bus, or aircraft from a manufacturer. In this case the B2C 
relation between Passenger and User relates to the service 
whereas the Bus company buys the product, or the combined 
product-service system from a manufacturer. These have a B2B 
relation. Also, in B2B relations the actual person, or group of 
persons involved in the negotiation about requirement on the 
product are specialists and seldom themselves users of the 
resulting product.  
For services – user involvement is decisive. There is most often 
several steps between the user and the manufacturer. If the 
manufacturer now increasingly offers services – who is then the 
user? If user behaviour is tightly coupled with value and service 
consumption the identification of user, and the involvement of 
users, need special consideration. In the B2C case the 
understanding and involvement of users is more evident, since the 
customer and the user are the same. Involving the customer is the 
same as involving the user. In the B2B case, involving the customer 
is quite relevant since the agreement of what has to be developed 
has to be agreed between the business partners. From a service 
perspective - the end user may use the service.  

Based on the observations and arguments presented, we argue 
that there exists an imbalance between the drivers to provide 
integrated product-service system solutions and the coordination of 
capabilities to develop such solutions. Primarily the way services 
and products are developed are not as integrated as needed. 
Four topics can be highlighted as critical for developing integrated 
product-service solutions. First – a clear link to the environment of 
consumption of the service, i.e. how and what users do, and how 
current user conditions area. Experience and skills in User 
operation is critical. Secondly, to design a solution, the forthcoming 
solution need to be possible to describe, model and understand. 
Modelling the service attributes is another area. Third, since 
products are developed in one way, and services typically in other 
ways, their integrated PSS development procedure is another key 
topic. A fourth topic is the understanding of PSS as such. A 
common understanding in-between the actors active in developing 
and providing integrated products and services is crucial.  
An assessment of basic capabilities, current best practices and 
future state of the art capabilities is summarized in Table 2. 
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Table 2. Basic, Best Practice, and Future capabilities. 
5 A FRAMEWORK FOR DEVELOPMENT OF PSS 
The main purpose of the framework is to enable a common tool for 
co-develop product service systems, facilitate communication and 
understanding of the concepts emerging.  
5.1 Framework roles 
First we focus three complementary roles useful when forming the 
framework for developing product service systems. We choose to 
use only three roles, the User, the Provider and the Enabler, see  
Figure 5. 

  
Figure 5. Framework roles 

The roles presented have all different views on the solution.  
The User is a consumer of the PSS. Example: Passenger in an 
aircraft, user of cell phone or a professional user such as an airline 
(service provider).  
The Provider is the organization responsible to offer the integrated 
PSS solution. The provider has direct relation to the user. 
The Enabler is a collective term for organizations providing 
technologies or services necessary for the provider to provide 
solutions.  

All actors within the PSS system should be possible to map onto 
one of these roles.  
5.2 The PSS solution 
The notation used for the relation between Need, Solution and the 
Solution components is seen in Figure 6.  

  
Figure 6. Relation between Need, Solution and Solution 
Components. 
The hierarchy states that the solution is a combination of Hardware, 
Software and Services.  

5.3 Life-cycle phase model 
Secondly, we introduce a simple, generic life cycle model that can 
be applied to products, services and its combination. 

 
Figure 7. A five-phase life-cycle model. 
The life cycle phases are generic in the sense that both typical 
product development processes and service development 
processes can be mapped onto the process. Each phase is 
described below.  
Need Phase: The need phase is where there a user has a need. 
The phase is also applicable where there is an idea of a solution to 
a need that few users are aware of. In the latter situation there is a 
marketing work to “Create” a need.   
Input to the need phase can be a decision of a strategic move for a 
company to offer new, or improved functionality in a market, or 
simply a solution that has some limitations or restraints that omit the 
user to perform as desired.  
Output from the need phase is an identified need, opportunity or 
idea, that is defined to the extent that a solution can be sought after.  
Solution Seeking: The solution seeking phase is characterized by 
search for existing solutions, alternative solutions, sub-solutions etc. 
that may be possible to use. This phase is equivalent to Pre-
development, Conceptual development or technology development 
in traditional product development processes.  
Input to the Solution seeking phase is the identified need, 
opportunity of idea, generated in the Need Phase. 
Output from the Solution phase is the conceptual solution. The 
solution mix is identified, where a part of the solution may require 
physical products and software, other parts of the solution may be 
suitable to be met by a service.  
Solution Development: The solution development phase is the 
coordinated development of PSS components. The solution 
development phases may include a “traditional” product 
development process for developing the physical part of the 
solution. Co-ordination with service development is needed. The 
important aspect is that the service is developed in parallel with the 
product, allowing enabling technologies/solutions necessary for the 
intended service can be supported by features in the product. 
Input to the Solution Development phase is solutions identified in 
the Solution Seeking phase.  
Output from the Solution Development phase are solutions that 
offered to customers.  

Solution Realization: This is the most intriguing phase. Solution 
realization in traditional hardware terms is the manufacturing and 
delivery of the product. The realization of services is the actual use 
event, i.e. a repair activity, a training activity or the bus driver, 
driving the bus.  
Input to the Solution Realization phase is the defined Product-
Service offer.  
Output from the Solution Realization phase is the actual provision of 
the product-service system. Notably, the deliverable of a physical 
product to be used in a product-service system is a partial delivery 
of the offer. The consumption of a training activity (example) is a 
part of the realization phase.   
Solution Support: The solution support phase represent the 
change in state of a product-service offer. New technologies such 
as upgrades of existing, or offer of new, software is a part of the 
Solution support phase.  

Topic facet Basic Capability Current best in class 
capability 

Future state of the art 
capability 

Experience from 
Use/Operate

Feedback, Continous 
improvement, Lessons 
Learnt

Continous update of best 
practice 
/Instruction/Processes

Methods/Tools that 
include service 
restraints/experiences into 
design methods/tools

Modeling Service 
Attributes

Business Modeling,Cost 
modeling, ABC

Account for operation 
conditions for design 
(MTBF etc). LCC based 
design

Possible to “Design” 
Service attributes

Integrated PSS 
development

“Concurrent Engineering” 
– domain and life cycle 
roles involved early on

Customer/user 
involvement in start/spec 
and Evaluation of 
solutions – Open 
Innovation oriented work

Enterprise development 
that includes the all roles 
user, provider and 
enablers

Understanding of PSS Sell products together with 
services

Design products so these 
can be used for services

New competence mix 
required. 
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Input to the Solution Support phase is that there exists a provision 
of a product-service system. 
Output from the Solution Support phase is a changed state of the 
product-service system. 
5.4 Combined framework model 
Following one of the principles behind the Zachman Framework [26] 
for architecting information systems, the views of each role are 
introduced into each life cycle phase. The viewpoint of each role in 
relation to the evolvement of the PSS solution can be expressed.  

Notably, there is no explicit «market» phase or «sales» phase. Nor 
is there an aftermarket phase. This is a necessity since the «sales» 
occasion differ depending on what business, or what solution 
strategy is being developed. In the model, the sales occasion is 
represented as a marker – that is positioned in different phases, 
see Figure 8. 

  
Figure 8. The sales occasion is variable. 
 

6 DEMONSTRATION OF FRAMEWORK USAGE 
In this section we introduce the proposed framework by an 
example. The example used is an illustrative situation labelled a 
Product Availability optimization offer in the aerospace business.  
The case is described as follows: 
The professional user in this case is an airline, providing travel 
services to end end-users (passengers). The provider is a product-
service system provider in the aeronautical sector, which is 
providing an availability service together with its core product as an 
OEM. As we shall see the PSS provider enterprise actually forms 
as a part of the development process.  
In the case we make the assumption that the «always on time» 
strategy has been analysed initially by the airline which concluded, 
amongst others, that availability and turnaround time for clarifying 
the engine was one critical factor for success.  
Enablers are several such as the hardware enabler (gauges) and a 
service enabler (repair)  and a transport logistics provider.  
A walk through of the development using the framework follows as; 
Need Phase: Passengers value timeliness and reliability for the 
travel service. An airline has chosen to use «always on time» as the 
differentiator on the market. The work starts with framing the 
consequences and expressing needs. One of the identified needs is 
the timely availability of carriers, and a pre-defined way of dealing 
with unexpected incidents with inspections and unplanned 
maintenance. Limiting the example to availability of ready-to-use 
engines, the airline, together with the engine manufacturer and 
engine overhaul services identifies the need for a solution that 
covers several areas, including condition based maintenance, 
training of clarification personnel and repair methods. In addition, 
the solution must also include solutions to compensate for potential 
delay situations – yet ensuring schedules for passenger to be on 
time. The user value for the passenger is timeliness, and for the 

airline availability of equipment and a service to overcome 
unintended problems.   
Solution seeking phase 
The Solution seeking phase identifies that a mix of services and 
product features are needed. Several actors in the solution chain 
need to collaborate to find a solution. 
As a result from a workshop between representatives from the 
airline together with the aircraft and engine representatives, ideas 
are identified for how to provide solutions that can beet the 
challenge to ensure «always on time». A virtual company is seen as 
an option where several different actors collaborate to offer the 
product/service system solution.  

There are several solution strategies identified, amongst them 
• A travel logistics service, requiring more accurate engine 

condition data 
• A condition monitoring tool, capable of providing data to 

the logistics service 
• Data logging and analysis tools to feed the condition 

monitoring system 
• Data measuring and acquisition, with more accurate data 

provision 
• Engine control features, enabling « safe operation » 

modes despite some, non-flight worthiness critical, 
incidents 

• A number of less engine coupled services ensuring 
timeliness for travellers requiring the involvement of ATM 
(Air Traffic Management) actors etc.  

All together the entire solution require the joint effort of a number of 
actors, 
In the Solution realization phase an enterprise is formed including 
the actors who share risk and revenue of providing the service to 
the airline.  
Development of software, service and hardware is co-ordinated 
within the enterprise. The engine is equipped with dedicated 
integrated sensors, enabling real-time diagnostics required for the 
high performance condition monitoring system. In turn the condition 
monitoring system enables the desired combination of condition 
based maintenance with the logistic planning service that need to 
be available in real time. These solutions are co-developed and 
aligned with then needs of the service solutions.  
The engine manufacturer has knowledge about the engine and its 
certified flight safety capabilities. This knowledge is combined with 
the actual condition to – in real time -  analyse the most common 
incident conditions and make engine control system regulation 
solutions as time constrained solutions. The result is that the engine 
state can be instantly and correctly analysed, and included in 
dynamic planning for the airline. Simultaneously the airline and the 
transport logistic services take advantage of the extended condition 
monitoring system that together increase availability of the engine 
service, despite disturbances. Also the flight logistics service 
provision has developed agreements with other parties to 
complement the more technical achievements in the solution, such 
as a software company who develops and supports the tool for 
airline personnel.  

Finally, in the solution support phase, there is a contractually 
agreed solutions improvement program where adjustments and 
improvements to all constituent PSS components are introduced. 
The providing enterprise may include new partners to meet updated 
needs. Out of Scope improvements are offered as new 
functionalities, or up-graded functionalities, whereas incremental 
solutions, of win-win- type are introduced continuously.  
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7 DISCUSSION 
It can be argued that this scenario is already happening in real life. 
All services and technologies in the story may exist, but the 
integrated perspective is rarely seen. Why? 
At first, the manufacturer in the scenario had to use solutions mainly 
indented to be used for internal purposes. The algorithms needed to 
offer the advanced condition monitoring service to a customer, was 
based on internal know how. The externalization of such 
capabilities require another dimension – the packaging and 
provision of such algorithms in a commercially used end user IT 
system. Internally, it was used within the engineering organization 
and never intended for commercial use. In the case – a liaison with 
a professional IT vendor was a must.  
Secondly, the scenario might have been the result of an “open 
innovation” effort, i.e. the solution was not apparent within a single 
organization. Despite the power of open innovation, the full 
penetration is not yet seen in established organizations.  
Third, there is the problem of timing. All parties in the scenario must 
be ready, technically, mentally and business wise to address risk 
and revenue aspects.  
Finally, what is essentially addressed here, is that there is a need 
for a communication and development tool, that enables service 
development and product/technology development to co-happen; 
the proposed framework.  

It is argued that the framework enables the necessary dialogue 
between the partners co-acting to offer a combined product-and 
service solution, where the actual organization to realize the 
solution does not necessarily pre-exist. 
For further work the suggested framework will be further defined 
and validated with case studies from different industries. The 
framework can also be used as a reference model to associate 
specific tools, such as enterprise modelling and value modelling 
and simulation tools. 
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