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 Abstract - This paper presents a preliminary product-
service system (PSS) classification framework, which 
challenges the existing schemes that have not distinguished 
between service and intangible product. Two recently 
completed cases in the health information and 
communications technology (ICT) sector have revealed new 
dimensions for PSS classification from the perspective of 
internal stakeholders, that is those within the company who 
are directly involved in the new PSS development. These 
new dimensions are volume, value, and quality. Volume is 
the relative number of product / service elements in the PSS. 
Value is the relative product / service contribution to the 
worth of the PSS. Quality is the features, knowledge, skills 
and attitudes that affect the successful usage of the PSS. 

The findings also suggested that a PSS configuration 
might remain constant when the product and service 
proportions change. The results from these two cases have 
provided important directions for further work in PSS 
classification. 

Keywords – Product, Service, PSS, NPD, NSD, 
Stakeholder, ICT, Healthcare 
 
 

I.  INTRODUCTION 
 
 Healthcare providers in Western Europe have been 
experiencing huge pressure to contain healthcare costs 
while having to provide for the high standard and longer 
healthcare requirements of an aging population. Hospitals 
see the need to invest in new medical equipment and 
efficient healthcare services [1]. In this context, this 
research project explores what factors govern the 
engagement of stakeholders in the early stage of new 
product-service system (PSS) development for a better 
perceived outcome in the healthcare industry.  

One important aspect of this research project is to 
understand the range of PSS. Here, PSS is defined as a 
commercial offering consisting of a collection of elements 
of products and/or services that fulfill a customer’s needs 
[2 - 4]. This paper focuses on discussing how PSS may be 
characterized. A proposed PSS classification framework 
was tested in two case studies. The findings have revealed 
interesting perspectives of internal stakeholders. In this 
paper, people working in the company that develops the 
new product-service system are internal stakeholders, and 
those outside the company are external stakeholders. 

After a brief explanation of the research methodology 
in section II, a review of literature in product & service, 
PSS & servitization, and stakeholders’ engagement in 
new product / service development (NPD/NSD) is given 
in section III. Section IV presents the proposed PSS 

classification framework, while Section V presents the 
findings and discusses the implications. Section VI 
summarizes the limitations and the future work planned. 

 
II.  METHODOLOGY 

 
 This research employs a multiple-case research 
approach. A case, the unit of analysis, is defined as a 
development project for a new PSS or a new service 
augmenting an existing product. From the literature 
review a conceptual framework was drafted and revised 
following 25 pilot interviews involving four cases, ten 
internal and three external stakeholder groups. Following 
the revised conceptual framework, potential variables to 
be examined were identified. Upon analysis, case 
selection criteria and a semi-structured interview protocol 
were refined. Four iterations of cases are planned. The 
two cases discussed in this paper are part of the first 
iteration.  
 

III.  LITERATURE REVIEW 
 
A.  Product & service 
 

The preferred definition of product and the four 
commonly quoted characteristics of service that claim to 
differentiate services from goods, namely intangibility, 
heterogeneity, inseparability and perishability [5], could 
be traced back to Adam Smith and Jean-Baptiste Say in 
the 18th century, Nassau Senior in the 19th century and 
Joan Robinson in the 20th century [6 - 8].  

The perspective that a tangible object is a product or 
otherwise a service, has been adopted by many 
researchers throughout the last five decades [2, 3, 9 - 12]. 
However, using “tangibility” as the demarcation can be 
confusing, as there are objects that are goods but 
intangible, such as the digital recording of a musical 
performance [6]. 

Economists emphasize that a good “exists 
independently of its owner and preserves its identity 
through time” [6]. In contrast, service production requires 
both producer and consumer to be present at the same 
time and location [6]. Service is an act that is performed 
and brings about changes to the condition or state of 
people and objects [2, 13 - 17]. 

A number of product classification schemes, such as 
durable / nondurable, industrialized / commoditized, and 
differentiated / customized can be found in the marketing 
community [18, 19]. Service classification is more 
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complex. Discrete categories such as owned / rented, 
reversible / irreversible, as well as dimensions such as 
degree of customer contact, complexity, and labor 
intensity have been proposed in the 1960s to 2000s to 
classify service [20]. 

 
B.  PSS & servitization 
 

PSS, a concept from Northern Europe is closely 
related to the US term “servitisation” [21]. Both terms 
could be interpreted as belonging to the same 
phenomenon [21]. The strategic move of manufacturers to 
provide customer-focused offerings comprising products 
and services is called servitization [10].  

Before the term PSS was commonly used, as early as 
1972, Levitt proposed the concept of “a bundle of goods 
and services” [19] and “augmented products” [22]. The 
concept of a product-service ratio was first proposed in 
the 1970s [2], and that the product-service ratio alters 
with the changes in technology, society and people’s 
needs was proposed later in the 1990s [3].  

The three traditional classifications of PSS, namely 
product-oriented PSS, use-oriented PSS and result-
oriented PSS, were first proposed by Hockerts and 
Weaver in 2002 [23]. Two additional forms were later 
added: integration-oriented and service-oriented PSS [23]. 
Table I compares three PSS classifications proposed [3, 4, 
23]. Drawing from the reviewed literature, it appears that 
there is confusion between intangible (digital) product and 
service behind the definition of result-oriented PSS and 
the change of system. 
 
C.  Stakeholders’ engagement in NPD/NSD 
 

In this research, Freeman’s stakeholder definition 
[24] is adopted: A stakeholder is defined as any group or 
individual who can affect or is affected by the new PSS. 
This definition is more encompassing than other 
proposals, such as Donaldson and Preston’s that limits 
stakeholders to the legitimate claimants of a company 
[25]. Therefore, Freeman’s definition best fits the purpose 
of this research.  

Of the reviewed literature of stakeholders’ 
engagement in NPD/NSD, two frameworks are 
particularly relevant: Lagrosen’s [26] and Gummesson’s 
[7]. Lagrosen has proposed different timing and duration 
of customers’ involvement in NPD with respect to the 
depth of the relationship between the manufacturer and 
the customer. Gummesson’s [7] model helps service 
designers better understand customers’ needs by 
considering customers’ service encounter experience. 

 In terms of the outcome of involving stakeholders in 
NPD/NSD, there is a lack of studies of stakeholder groups 
other than customers [27]. Some studies have shown that 
customer involvement has led to NPD/NSD success [28, 
29]. Other studies have revealed improvement only in 
internal operational measurements but not market 
performance [30]. There are also other studies that 
showed customer involvement has no impact at all [30].  

In conclusion, there is no consensus among the 
reviewed studies on the impact of stakeholders’ 
engagement in NPD/NSD [27]. 

 
IV.  A PROPOSED PSS CLASSFICATION  

 
The review of literature has identified that the earlier, 

and rather outdated, references to product as a tangible 
object, may have clouded the understanding of the 
characteristics of PSS. Therefore, a new PSS 
classification is proposed for testing in case studies. The 
framework (Fig. 1) is a continuum from all-product 
content to all-service content. Along this continuum, how 
the product and service configurations might change were 
considered. Four PSS configuration diagrams of a product 
content of 100%, 75%, 25%, and 0% were proposed. This 
framework focuses on the characteristics of the elements 
within the PSS and challenges some of the existing 
classification schemes [3, 23]. 

It is important to note that this proposed framework is 
developed based on a clarified definition of product and 
service. Products display the characteristics of 
independent existence and can be stocked without 
changing their identity [6]. A service is the application of

TABLE I 
A COMPARISON OF PSS CLASSIFICATIONS 

 

Goedkoop, van Halen, te Riele, 
Rommens [3] 

Neely [23] Mont [4] Examples in literature 

Product-Service (Ps) – services are 
connected to products 
  

Product-oriented Point of sales services Personal assistance in shops 
  Maintenance services Installation service 

    Revalorization services Service to take recycle products 
  Some form of Integration-

oriented 
  Asset utilization advisory service 

Service-product (Sp) – service 
provider hands products to customer 

Result-oriented Result-oriented Credit card (replaces cash) 

Service-product (Sp) – service 
provider adds product as a production 
aid 

Some form of Use-oriented Use-oriented ATM 

Product-Service (PS) – products and 
services are developed in combination 

Service-oriented Products Services Combinations Intelligent vehicle health 
management 

Change of system – a new system that 
substitutes a whole system 

Result-oriented Result-oriented; Products 
Services Substitutions 

Electronic money 

  Other forms of Use-oriented   Lease of equipment 
  Integration-oriented   Service provided by manufacturer 

that is unrelated to the product 
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Product-oriented PSS 
Use-oriented PSS 
Integrated-oriented PSS  
Service–oriented PSS  

Result-oriented PSS 
  

Result-oriented PSS 
  

Integrated-oriented PSS  
Service-oriented PSS  

Contrast with Neely’s [20] 

Contrast with Goedkoop, van Halen, te Riele, Rommens [3]  
Ps PS Sp 

Answering machine leasing 
Training to use answering 
machine 

Voicemail service Secretary service for taking 
telephone calls  Voicemail service and time 

management adv iso ry 
service 

Example need to fulfil: 
“I want to make sure that if someone calls me and I am not available, I still know what the caller calls me for.” 

  

System 

P 

  

System 

S 

P 

  

System 

P 

S 

  

S 

System 

100% product 100% service 

Product / Service content 

Customer pays for the right of 
use and bears the risk of 
product unavailability 

Customer pays for the right to 
use and the availability of the 
product  

Customer pays for the 
provider ’s knowledge & 
skills, which may or may not 
be provided via a product 

Customer pays for the 
provider’s knowledge & skills 
and for the right of use of 
products  
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Fig. 1.  The PSS classification framework (pre-case-study’s proposal) 
 

specialized competences to bring about changes to 
people or things, where the existence of service cannot 
be independent from the interactions between the 
producer and the consumer [2, 15, 16, 32]. These 
definitions of product and service have led to the 
classification of, for example, a voicemail “service” as 
an intangible product instead of a result-oriented PSS as 
in the classification scheme of Neely [23]. 
 

V.  FINDINGS AND DISCUSSIONS 
 

The two cases investigated are two new PSS 
developed for UK NHS hospitals. Both new PSS were 
developed by a small multinational company that has 
been developing health information and 
communications technology (ICT) products and 
consulting services for healthcare organizations in 
Europe and Australasia. Table II provides more details 
about the cases and the informants. 

 

The proposed PSS classification framework (Fig. 1) 
was shown to the informants during the semi-structured 
interviews. The informants were asked to select the 
configuration that best represents the new PSS in their 
case. Afterwards, the informants were asked to 
comment on the use of product / service ratio as a 
method to classify PSS. 
 
A.  Configurations of PSS 

 
In both cases, the informants have selected the 

second diagram from the left in Fig. 1 as the 
configuration that best represents the PSS. In Case A, 
Informant 1 described the PSS as service wrapping 
around the product. He said service is the configuration 
and the implementation of the product. There is no 
service that sits alongside and does not relate to the 
product, as suggested in the third diagram from the left 
in Fig 1. Informant 2 described the PSS as product 
surrounded by a set of services, and suggested 
overlapping the product and service shapes to represent 
the interdependency between the two (Fig 2.). 

For Case B, both informants described the PSS as 
having service around the product. The service elements 
are product-related such as the configuration and 
implementation of the product, rather than broader 
services such as re-engineering or change management. 

Apart from the position of the shapes representing 
the product element and the service element, the sizes 
of the shapes were also debated during the interviews. 
The informants perceived that the size of the shapes 
represents different aspects of the PSS. These aspects 
are described in subsection B below. 

TABLE II 
DETAILS OF THE TWO CASES 

 

Case Description of the case Roles of informants 

Case A – new PSS triggered by a UK NHS Hospital’s tendering process 
Status: Customer acceptance 

(launch) in May 2012 
Informant 1a: Technical 
– product development  
Informant 2: 
Technical – product 
development and 
service development  
 

System: Part of the nursing 
operations in a hospital 

PSS Type: Service wraps around 
product 

Case B – new PSS developed for and piloted with a UK NHS Hospital 
Status: Market launch in 2010 Informant 1a: Technical – 

product development 
Informant 4: 
Commercial  & 
Management – product & 
service development 

System: Part of a network of systems 
that provides acute patient 
care in a health environment 

PSS Type: Service wraps around 
product 

a Informant 1 was interviewed for both Case A and Case B 
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Fig. 2.  PSS configurations (Case A & Case B) 

 
B.  Dimensions of PSS 
 

The volume, value, and quality dimensions have 
emerged from the interviews to describe the product / 
service content of a PSS. 

The volume dimension came out when the 
informants deliberate over which configuration diagram 
best represent the PSS. The perceived relative volume 
of product and service in a PSS is proportional to the 
number of product and service elements identified. The 
value and quality dimensions emerged from the 
comments of Informant 4. He said, “...the product circle 
much bigger, and have the services slimmer.	
  The value 
or the mix is dominated by product, not service... That 
doesn't mean important, nor how many... That services 
ring has to be very high quality to allow the larger 
product piece to be successful.” The quality dimension 
was further explained to include skills, experience, and 
attitudes, which impacts on how successfully the PSS 
are adopted by users in the environment where the PSS 
operates. 

While Informant 1 and 2 regarded the sizes of the 
product and service shape represent the relative volume, 
Informant 4 perceived sizes as a representation of the 
relative value and quality.  
 
C.  Changes in configurations of the PSS 
 

The original proposal put forward by the researcher 
(Fig. 1) has suggested the configurations of PSS 
changes with the ratio of product and service content. 
However, the findings have suggested the change of 
product / service content is independent of the change 
of PSS configurations. This means that each type of 
PSS may change along the scale of product / service 
content, without changing the basic configuration that 

represents the product and service characteristics in the 
PSS.  

This realization comes from Case A, where both 
informants expressed their views of how the PSS 
configuration may change in a subsequent sale. The 
changes in configurations described are shown in Fig. 2. 
The views of the two informants were different, with 
Informant 1 seeing a fatter service ring and Informant 2 
seeing a thinner service ring in a subsequent sale. From 
how the informants described the changes, it seems that 
Informant 1 viewed the software backend development 
(non-configuration) as a product element, while 
Informant 2 viewed the software backend development 
as a service element. Nonetheless, both informants have 
indicated that a PSS configuration may change over 
time. As a result, a modified framework for the PSS 
type that has service wrapping around product 
(“service-around-product”) is proposed (Fig. 3).  
 

VI.  LIMITATIONS AND FUTURE WORK 
 

Only two case studies were completed at the time 
of writing this paper. Although new dimensions of PSS 
have emerged and modifications to the proposed PSS 
classification framework are revealed for testing in the 
future iterations of case study, these findings are far 
from conclusive.  

In both cases, the PSS discussed can be described 
as “service-around-product”, and the product element is 
an intangible product (software). Both PSS were first 
developed for a hospital in the UK NHS. Moreover, the 
manufacturer is a small multinational firm. 
Furthermore, only internal stakeholders of the two cases 
were interviewed. The findings might be limited to this 
type of PSS, manufacturer, and customers. The 
dimensions and configurations proposals may only be 
relevant to the viewpoint of internal stakeholders. 

In addition to PSS classification, there are three 
other areas that were explored during the interviews but 
only limited cross-case analysis could be performed and 
therefore not reported in this paper. These areas are the 
emerging classifications of stakeholders, the dimensions 
and degrees of “newness” of a new development, and 
how the types of PSS and degree of “newness” relate to 
stakeholders’ engagement in the development process. 

Further case studies are to be conducted with 
different equipment / software manufacturers and 
different types of PSS, in order to further explore PSS 
dimensions, as well as other aspects mentioned above. 
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Fig. 3.  Continuum of product / service content for the PSS type “service around product” (post-case-study’s proposal) 
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