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Abstract. Modularity is a well-known concept that has been widely applied in
both product and service design, respectively, for efficiently creating and offering
variety to serve heterogeneous customer demand. However, the application of
modularity in the design of a product-service system in which products and ser-
vices are integrated is less addressed in previous research, despite servitization
being a differentiating factor and promising strategy in many manufacturing
companies. Thus, the purpose of this paper is to review state-of-the-art research
on the development of modular product-service systems. The literature review
assesses development methods for modular product-service systems proposed in
previous research and categorizes these in regard to the development steps pro-
posed, the research method applied, focus of the product-service systems, and the
industry in which the research is conducted. Among others, the literature review
concludes that research tends to focus on modular service development in the
product-service system and the proposed methodologies for modular product-
service system development mainly consists of four generic steps. Based on the
findings of the literature review, areas of interest for future research are proposed.
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1 Introduction

In today’s fiercely competitive global market, customers are increasingly expecting of-
ferings customized to their individual needs and preferences [1]. Manufacturing com-
panies are therefore subject to requirements of serving highly heterogeneous demand
as well as differentiating product offerings from competitors to stay competitive. As a
result, many manufacturing companies have transitioned from solely producing and
providing physical products towards implementing servitization strategies, where ser-
vices are added to products in order to increase revenue, the value provided to custom-
ers and the customers’ dependency towards the company [2, 3]. However, with the in-
creased tendency towards customization, servitizing companies must develop further
to accommodate the diverse and personalized needs of the customers in an efficient



way. Consequently, customizing the product-service system (PSS) to accommodate
these needs is pertinent. Though, in the attempt to fulfill the individualized needs of
customers, this often results in increased costs [1], which is undesirable. One method
to tackle the paradox of customization and low costs is through modularization of the
PSS [4, 5] in which the modular PSS is composed of standard modules, that are com-
bined to meet the individualized needs of the customers [6]. Literature on modularity
prescribes that companies can obtain benefits such as enhanced variety, higher flexibil-
ity, cost reductions, reduction of system complexity and improvement in product de-
velopment time through modularity [7, 8]. Modularity has previously been applied in
software development [9], product development [8—10], production system develop-
ment [8, 9, 11-13], organization and supply chain development [8], and service devel-
opment [8, 9, 14]. Though, much research is directed towards either product modularity
or service modularity, whereas less research exists in relation to modularity in a PSS
environment [15] i.e. a modular architecture which covers both products and services
in a PSS. According to Ulrich and Eppinger [10], a property of a modular architecture
is that the interactions between modules are well-defined as opposed to an integral ar-
chitecture. Therefore, since PSSs consist of integrated products and services, the devel-
opment of a modular PSS should consider the mutual influencing factors among prod-
ucts and services in a PSS [16] for which reason existing research on developing prod-
uct and service modularity, respectively, cannot be applied as they do not consider the
interaction between products and services in PSSs. Thus, this paper seeks to investigate
the scarce state-of-the-art literature in this field of research.

The paper is structured as follows: Section 2 presents the applied literature search
methodology, Section 3 reveals the findings of the literature review, Section 4 discusses
the findings of the literature review and research gaps are emphasized. Finally, Section
5 concludes on the findings of the research paper and proposes viable future research
directions.

2 Methodology

The objective of this paper is to review existing research on development of PSS mod-
ularity. Therefore, a literature search protocol was developed to identify previous re-
search contributions relevant for the literature review. The search protocol is illustrated
in Fig. 1.

To uncover relevant literature for the review, a systematic literature search has been
conducted. In the first phase of the literature search, four block search strings were
searched through five scientific databases delimited to the time span from 2008 until
present. If possible, the search was restricted to concerning abstract. Only peer-re-
viewed as well as English-language articles were selected for further assessment. The
search engine results were excluded in two steps based on a qualitative screening of the
following criteria: 1) modularity in a PSS or servitization context should be the central
theme, and 2) development of a modular PSS should be in focus. In the first step of the
exclusion process, the papers were reviewed and excluded based on title and abstract.
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Fig. 1. Literature search protocol

In the second step, the papers, which passed the initial screening, were evaluated based
on a full text screening. The excluded papers primarily addressed service modularity in
service business and non-modular development of PSSs. The selected papers were af-
terwards subjected to a snowball approach both backward and forward in which the
references in the articles identified in the first phase (backward) and references to these
articles (forward) were screened. Firstly, the articles were assessed based on title and
abstract. If the articles passed this screening, the full text was screened for relevance.

3 Literature Review

The literature search protocol resulted in 10 articles applicable for this paper, which
were analyzed according to four parameters. Given that PSS is highly relevant in in-
dustry, the objective with the first two parameters is to clarify whether modularity of
the PSS is equally relevant for all types of industries. Furthermore, it is desired to in-
vestigate to what extent state-of-the-art is linked to relevance in industry and thereby
to what extent contributions from contextual understanding has been included in the
development phase of the research. Therefore, the first parameter (Research’s relation
to industry) assesses the integration between research and industry in the applied re-
search method, whereas the second parameter (Product/industry) assesses which prod-
uct(s) or industry the research has been A) developed towards in general and B) vali-
dated on. To understand how modular PSSs are developed, steps in the proposed mod-
ular PSS development methodologies in the reviewed literature are identified. The third
parameter (Steps in proposed modular PSS development methodology) therefore sum-
marizes the main steps of the methods proposed for PSS modularity. This analysis is
supported by an analysis of tools related to the proposed steps. Due to limited space,
the results of this analysis have not been included in this paper. However, the list of
tools related to the proposed methods for all reviewed articles can be obtained by in-
quiry to the authors. To identify the scope in the PSS of the proposed PSS development
methodology and thereby identify whether the proposed development methodology
considers the integration between product and services in the PSS, the focus in the PSS
of the proposed method is assessed in the fourth parameter (Focus in PSS). The results



are recapitulated in Table 1. The findings of the analyses are discussed in the next sec-

tion.
Table 1. Results of the literature review
Ref. Research’s Product/industry Steps in proposed modular PSS development Focus in
relation to A) Full paper, methodology PSS
industry B) Case study
[6] Validated in A) None, B) Power 1. Service module partitioning "top-down", 2. PSS (product
case study transformer Physical module partitioning "top-down", 3. Ser- and services)
vice module partitioning "bottom-up", 4. Establish
the modular platform of PSS
[17]  Validated in A) Product with many 1. Value demands of customers, 2. Service modu- Service in
case study parts and advanced larity, 3. Service configuration PSS
technologies, B) Air-
material services
[18]  Validated in A) None, B) Compres- 1. Service components identification, 2. Correla- Service in
case study sor rotor tion analysis for service components, 3. Service PSS
module partition
[19]  Validated in A) Complex machines, 1. Analysis of market and customer requirements, Service in
case study B) Machining manu- 2. Concept development, 3. Establish optimal busi- PSS
facturer ness model, 4. Service module design, 5. Delivery
and implement service
[16]  Validated in A) None, B) Civil air- 1. Decompose functions of PSS into functional PSS (product
case study craft manufacturer modules, 2. Simultaneous development of product and service)
modularization and service modularization based
on functional modules
[20]  Validated in A) None, B) Power 1. Collect service needs, 2. Determine service de- Service in
case study transformer mand category, 3. Find solutions for each service PSS
need and build rough structure, 4. Configure and
plan principal solution, 5. Service solution evalua-
tion
[21]  Validated in A) None, B) Engineer- 1. Determine PSS family functions, 2. Modularize PSS (product
case study ing machine manufac- PSS, 3. Assign and integrate modules and services)
turer
[4] Industrial re- A) None, B) Elevator 1. PSS requirements identification and analysis, 2. Service in
search manufacturer Technical attributes and conflicts solving, 3. PSS PSS
modularization, 4. PSS configuration and concept
selection
[22]  Validated in A) None, B) Elevator 1. Describe customers' needs and wants, 2. Deter- Service in
case study manufacturer mine level of granularity, 3. Gather service com- PSS
ponents, 4. Assign interactions, 5. Create service
modules
[23]  Validated in A) CNC, B) Economi- 1. Physical module division, 2. Service module di- PSS (product
case study cal turning center vision, 3. Integration of modular PSS, 4. Configu- and service)

ration modeling of PSS

In the reviewed literature, services are defined based on their relations and dependen-
cies to products [4, 6, 16—19, 23]. This distinction has implied, that some authors use
terms like product-service [17], product-extension service [18] and industrial service
[19] when referring to services in a product-service system, whereas other authors have
incorporated product and service into one, common term, e.g. integrated service prod-
uct [6] or integrated service-oriented product [23]. In the remaining of this paper, all



these definitions will be subject to the term service. When referring to PSS, a reference
is made to those systems consisting of one product and one or more services.

4 Discussion

4.1 Development Methodology, Tools, and Focus in Product-Service System

The majority of the research concentrates on service modularity in PSS, which might
be a result of researchers adapting service modularity research from a service business
context to a PSS context instead of letting the interaction between products and services
being the primary subject. Besides, since service modularity is a newer field of research
as opposed to product modularity [15], this may also explain why researchers have
focused their attention on service modularity in PSS and not modularization of both
products and services. Moreover, since product modularity is more widespread, re-
searchers may also think of product modularity as a step, which many companies have
already gone through and that service modularity is considered the next step after prod-
uct modularity and thereby see product and service modularity as two separate, yet
consecutive development phases, just like the development of a PSS in which the prod-
ucts are designed first, followed by the design of services related to the products. The
increased focus on services in PSS is also reflected in that the proposed methods in
most of the analyzed articles mainly consist of four generic steps which are all related
to service modularity in the PSS instead of both service and product modularity in the
PSS. The generic steps reflect the development methodology of modular products as
proposed by Ericsson and Erixon [24]. The four generic steps can be described as fol-
lows. First, customer requirements are identified to ensure that the customer’s needs
are met [20]. In the second step, customer requirements are translated into service spec-
ifications which can be understood and used in the design phase [4] of the service mod-
ularization, which is the third step. At last, the module structure is defined in a config-
uration model supporting the service configuration, which composes the fourth step.

A few articles [18, 23] analyze the company’s existing services and use these as
input for modularization, and thereby assume that existing services fulfill customers’
needs. According to Salvador et al. [25], one of three fundamental capabilities for mass
customization is to identify the attributes of which customer needs diverge, and it might
therefore be questioned whether one would achieve good results with the use of existing
services as input, since it might be difficult to identify the attributes where customers’
needs diverge. Though, the generic method reflects the three fundamental capabilities
of mass customization as proposed by Salvador et al. [25], where solution space devel-
opment is reflected in the first two steps. Robust process design is considered through
the third step, and choice navigation is handled in the last. This is not surprising, since
the three capabilities determine a company’s ability to mass customize its offerings [25]
and therefore are essential for the development of a modular PSS. However, only few
articles [4, 17, 20] account for all four steps and most articles therefore do not consider
all three capabilities in the proposed development methods. Further research may there-
fore focus on methods in which all four steps are considered.



Some articles recommend tools for those steps which are included in the proposed
development methods. This is not unexpected since the research field is situated be-
tween research on service modularity in service business and research on product mod-
ularity. A minority of the research [6, 23], which takes both product and service mod-
ularity into consideration combines the separate product and service modules into one
common module, which reflects the integration existing between products and services
in a PSS. However, the reusability of modules by applying this method is questioned,
since the opportunity to reuse modules seems to disappear which entails that a new
module design phase must be initiated whenever new products or services are to be
developed instead of reusing existing modules, which is deemed to be one of the main
benefits of modularity [7, 24, 25]. As future research area, the field of integration be-
tween product and service modularity in PSS therefore seems promising.

As seen in Table 1, most reviewed research solely focuses on one service in the PSS.
In addition to this, none of the analyzed research contributions considers services across
products in PSSs. Applying such narrow scope in the development of modules, de-
creases the reusability of modules in other cases, since the modules have been devel-
oped for one specific case. Furthermore, as research tends to focus on a single service,
too much complexity might have been omitted from the development process. For in-
stance, the production process of a service is easy to define when only one service is
taken into consideration in the modularization process since the production process of
the service is defined in the development of the modules, whereas the production pro-
cess of a service which is combined by few, standard modules from a larger pool of
modules are probably not possible to predefine as it will depend on the main goal of
the customer’s need to be satisfied. Broadening the scope of services in future research
might therefore contribute with valuable insight in the literature.

4.2  Research’s Relation to Industry, and Product/Industry Focus

A tendency exists in the literature to research related to complex products. Case studies
and specifications of research have been aimed at companies producing and selling
products which are considered complex in their structure such as machines, elevators,
and power transformers. Thus, since services are related to products in this field of
research, research on less complex product structures may benefit the research field.

The majority of the concepts proposed in literature are developed from a theoretical
point of view and afterwards validated in a case study, which means that contributions
from contextual understanding in the development phase of the research is missing.
Therefore, future research might benefit from applying an industrial research strategy
to contribute with knowledge of not only modular PSS development, but also on how
these can be effectively developed in different industrial contexts.

5 Conclusions

Servitizing companies must adapt to the market’s increasing expectations of custom-
ized and personalized solutions. A method to accommodate these requirements is



through modularization of the company’s PSS. Therefore, the aim of this research was
to review existing research on developing a modular PSS. The proposed methods in
reviewed research mainly consist of four generic steps which are: 1) Identify customer
requirements, 2) translate customer requirements into service specifications, 3) con-
struct services modules, and 4) setup configuration model. Though, only limited re-
search proposes development methods in which all four steps are considered. Thus,
future research should contribute with methods, which consider all four steps in a struc-
tured way including supportive tools for each step. Furthermore, a lack of research on
integration between product and service modularity in a PSS context has been identified
which therefore form basis for further research. Focus in existing research has been
aimed at modularizing one service in a PSS and further research in PSS modularity may
therefore benefit from broadening the scope and considering multiple products and ser-
vices. So far, research has had a tendency towards being related to complex products
and composed from a theoretical point of view. Therefore, future research may benefit
from being conducted on less complex products and from an industrial point of view.
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