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Abstract

Purpose — The theory of modular systems proves useful in its application to services. The benefits of
service modularity include cost-effective differentiation to better meet customer needs, requirements, and
expectations; effective management of complex service systems; resilience to disruption; and the like. However,
when implementing service modularization, there is a lack of clear understanding of what should be expected as
overall benefits. To address this inconsistency, this paper aims to explore the nature of context and propose a
direction for a management decision support framework that ensures rationality in service modularisation decision
making.

Design/methodology/approach — The paper is a part of an ongoing research. It uses a conceptual
approach and focuses on exploring existing service management research and modular systems theory.

Findings — The paper presents insights for a decision support framework consisting of four interrelated
and complementary domains. It also identifies problem areas related to the lack of methodological options for
management decision support and offers guidelines for addressing these problems.

Research limitations/implications — This work is exploratory in nature and is intended to provide a
possible starting point for further theoretical refinement and empirical validation.

Practical implications — This paper helps the management of service organisations to better understand
the implications of service modularisation. It also suggests considering the use of a decision support framework
to speed up the planning process and expect a more beneficial outcome.

Originality/value — The article contributes to the field of service modularity by providing insights into
decision support for service modularisation, which has not been addressed in previous research.

Keywords Modular systems theory, Service modularity, Service modularisation planning, Management
decision support.

Paper type Conceptual paper

Introduction

In the pursuit to seek solutions on how to achieve service excellence in a way that increases customer
satisfaction cost-effectively and gain competitive advantage, the service organisations consider the
service modularisation approach. The potential benefits of a modular system — the variety of options,
complexity management, lower system operating costs, and similar — drives the application of modular
design to services.

Application of modular design principles allows creating a modularity in a system. It embodies
a hierarchy between system blocks or modules that are relatively independent and have a functional
purpose within the system but are loosely coupled to act in a coordinated manner as a whole (Baldwin
& Clark, 2000). If required, modules can be easily separated and combined anew, creating the desired
outcome variant without increasing costs.

Though being different in nature from goods, services can be viewed systemically, and modular
design principles can be applied as well. Modular design for services manifests at various levels (Bask,
Lipponen, Rajahonka, & Tinnilg, 2011; Lekkegaard, Mortensen, & McAloone, 2016; Pekkarinen &
Ulkuniemi, 2008; Tuunanen, Bask, & Merisalo-Rantanen, 2012; Voss & Hsuan, 2009) — product,
process, organisation. By applying modular design at the service-offering (product) level, the service
acquires the modularity property. This property translates as the standardisation of service-offering
elements and service delivery processes and the forethought of their flexible interconnections for
increasing the possibilities of customisation during service delivery at economical costs (Skackauskiené
& Vesterté, 2019).



However, despite the growing body of research in service modularity, practical applications are
relatively rare (de Mattos, Fettermann, & Cauchick-Miguel, 2019). Going deeper and analysing the
empirical cases presented, one can observe that there is a tendency to streamline service sub-processes
through their standardisation, however, not achieving service flexibility or, in other words, it is not
possible to customize services flexibly in the occurrence of such need. If focusing solely on streamlining
processes, a provider runs the risk of not hearing customer voice that determines service satisfaction.
Conversely, focusing solely on a customer, who cannot pinpoint what (s)he needs exactly, may
unreasonably increase costs in response to service delivery efficiency. Thus, modularity — the
breakdown of the system into independent modules that can be flexibly reconfigured as needed and the
creation of the necessary variability without cost increase — is not likely achieved in most of the attempts
to transform the service system.

The possible reason for this issue lies in management decisions not considering the totality of
the service modularization premises. For a modular service design to be executed suitably, it is
necessary to formulate the conditions for the service designers properly. These conditions can be
formulated when the service modularisation objectives correspond to the service provider’s
organisational objectives, the expected results are clearly stated, the managers understand what to look
for when evaluating the presented service modularisation alternatives, etc. In other words, there is a
need for managerial decision-making framework, which would ensure that the service modularisation
initiative balances these opposites — service customisation and standardisation — and allows to achieve
the overall modularity benefit — increased service competitiveness for profitability and growth.

Management decision support domains in service modularisation

The term decision support is used in various contexts related to decision-making processes (Bohanec,
2003). Although intuitive, its content is constantly evolving due to rapid changes in technology, but the
essence remains the same: decision support is aimed at decision makers (humans, not machines with
artificial intelligence) to improve and rationalise their decision making. According to Teng and
Ramamurthy (1993), decision support can exhibit itself by supporting the decision process, influencing
the decision flow, and supporting the content of the problem to be solved by proposing tools for
modelling and evaluation. The methods and tools needed for decision support are used from different
interdisciplinary fields: Operations Research, Decision Analysis, Decision Support Systems
Engineering, Computerized Collaboration (Bohanec, 2003; Hillier & Lieberman, 2015; Howard &
Abbas, 2016; Kaklauskas & Zavadskas, 2010). It should be noted that regardless of the object of
decision support (process or content), semi-structured and unstructured decision making is a particularly
information-intensive and multi-stage process, in which decision support manifests itself through
various actions with information (identification, collection, processing and structuring of necessary
information, also clear presentation, effective communication and the like).

To understand the type of support required for service modularisation management decisions,
it is appropriate to discuss the essential elements of decision making. The phases of the rational decision
making model distinguish the following main elements: a decision maker, a problem to be solved,
constraints, solution evaluation criteria, solution alternatives, solution selection, and outcome (Borges,
Marques, & Castro, 2020).

Management decisions related to service modularisation should typically involve a group of
people, since modern organisations often entrust groups rather than individuals with important decisions
(redesigning a service system involves such decisions). The problem they address stems from the
question of what is expected from service modularisation. When a group pursues for answers, there is
a growing notion of what is being sought, what is the nature of the problems, and how it should be
addressed, and etc. According to Griinig and Kiihn (2005), decision makers may have many conflicting
objectives and be unable to clearly define them. Therefore, it is possible to identify the first domain of
decision support — assistance in structuring objectives related to service modularisation (Figure 1, Item
1), which would allow to diagnose the current problematic situation of service delivery and describe
the desired state in the future. Then, from the structure of the set objectives, the decision criteria should
be formulated, which would allow to evaluate the possible alternatives of service modularisation from
the management point of view.

There are several constraints in developing alternative solutions in the context of service
modularisation. Restrictions such as available material resources, human capital, mastered



technologies, existing processes, etc. influence the solution development. Since service design is a field
that also requires expert knowledge, there may also be specific constraints on the development of
alternatives that take into account the specifics of services and the expected service prospects in the
market. However, in service modularisation planning, it is not the technical aspects that are most
important to management decision makers. Managers are primarily interested in determining the
potential value or benefits of the service modularisation solution. This requires appropriate support
(Figure 1, Item 2) that provides clear, objectively structured decision criteria for evaluating alternatives.
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Figure 1. Identification of management decision support domains in service modularisation, created by authors

By modularising services, service providers expect the best outcome that is closest to the set objectives.
However, the future is always not entirely clear, and decision support is needed to predict the impact of
service modularity on performance (Figure 1, Item 3) and reduce uncertainty about the future.

Every decision is also influenced by external and internal environmental factors that may be
important for future outcomes (Grinig & Kihn, 2005). These factors affect the implementation of
service modularisation and create conditions for the occurrence of different situations in the future that
evolve over time into possible sequences or collisions, such as various scenarios. Therefore, to improve
the quality of management decisions, alternative solutions should also be considered in relation to
different scenarios and the associated risks should be assessed (Figure 1, Item 4).

The four identified domains of management decision support relate to the problem content.
However, it should be recalled that the decision-making process in service modularisation involves a
group of people who may come from different levels of management. In such a case, as Windheim
(2020) points out, the problem of coordinating decision-making between different stakeholders
becomes particularly acute and requires support as a process. Carrascosa (2018) highlights another
problem of group decision-making, namely reaching a common best agreement (consensus) between
group members with different opinions, interests, and perceptions. To this end, different models of
consensus building and methods to promote cooperation in decision making are used. Windheim (2020)



also proposes to improve the group decision-making process by actively integrating various
visualisation techniques into it that enable group members to competently interpret information about
modularisation and make better quality decisions. Based on sources that study group decision-making
(Carrascosa, 2018; Teng & Ramamurthy, 1993; Windheim, 2020), it can be argued that the smooth
running of the group decision-making process is closely related to the information systems of a service
organisation. Since the development of such systems for group decision support is not the focus of this
study, these aspects will not be further analysed from a methodological perspective. However, this is
an important subject that should not be underestimated in the practical implementation of service
modularisation.

Furthermore, we will explore the methodological options for identified decision support
domains for service modularisation objectives and evaluation of modularisation alternatives with the
aim of identifying the existing gaps.

Support in structuring service modularisation objectives

The support in structuring service modularisation objectives requires a clear translation of the service
modularity ascendants into organisational objectives. According to Ska¢kauskiené and Vesterté (2020),
service modularisation present both service customisation and standardisation qualities if embodied
suitably.

Customisation actions during service delivery produce customisation quality. A provider
considers the possibility of these actions in advance when designing services on modular principles.
Service designers, considering customer participation in service delivery process, decouple services
into modules in such a way as to create variants of service offering and delivery that are meaningful to
customers and provide specific benefits. They also achieve service standardisation during service design
by refining service offering, reducing its vagueness, designing delivery processes that correspond to the
service offering elements and standardising the interfaces connecting them. Properly adapted modular
design for services must increase customisation quality and standardisation quality, both of them
constituting overall service quality. Engineering decisions made during the service design phase must
ensure this.

According to Heskett, Jones, Loveman, Sasser, and Schlesinger (2008), there is an indirect
relationship between service quality and service profitability. They introduce the service-profit chain
model which describes the series of related factors. Customer loyalty is one of the main drivers of
service profitability. The most crucial factor of customer loyalty is customer satisfaction, which is
determined by customer value or in other words, customer perceived quality of service (customisation
quality). Customer value is created by satisfied, loyal, and productive employees. Smooth internal
processes of the organization, effective technologies, compelling internal communication and similar
ensure internal quality (standardisation quality) that defines employee satisfaction. Thus, by launching
service modularisation initiative, a provider seeks to improve service quality through customisation and
standardisation activities (Figure 2).
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Figure 2. Interconnection of service modularization premises, source Skackauskiené and Vesterté (2020)




During service design, the engineering decisions should pursue to consolidate the effects of service
customisation and standardisation qualities so that customer satisfaction would improve simultaneously
generating higher revenues, and productivity would increase or remain unchanged. The provider needs
to discover a balance between customisation that improves customer satisfaction and demand, and
standardisation that helps streamline processes, avoid errors, and reduce costs, and follow that service
profitability increases, or at least remains unchanged. If these conditions are met, service modularisation
can be considered justified.

Having service modularity antecedents translated into organisational objectives leads to better
further decisions. Ska¢kauskiené and Vesterté (2021) proposes the possible form for this which uses
the Balanced Scorecard methodology steps by preparing the Strategic Linkage Model and selecting the
appropriate performance indicators for measuring results. The authors state that the existing
methodological potential for forming a set of indicators reflecting the achievement of organisational
goals related to service modularisation is sufficient.

Support in evaluating service modularisation alternative

As claimed earlier, managers are primarily interested in determining the potential value or benefits of
the service modularisation solution. During service design phase, service engineers may come up with
alternative solutions for modularisation. Evaluating the potential value or benefits requires decision
support, as has been stated.

Scriven (2007) describes evaluation as the process of determining the strengths, value, and
significance of an object of evaluation. During evaluation, the value attributed to the object is formalised
quantitatively and/or qualitatively. Foglieni, Villari, and Maffei (2018) states that in structuring the
evaluation of alternatives as a component of decision support, it is important to distinguish: 1) the
purpose of the evaluation; 2) objects of the evaluation; 3) evaluation criteria; and 4) methods of
obtaining (calculating) the values of the evaluation criteria.

The purpose of the evaluation is reflected in the answer to the question of what the evaluation
is intended to achieve. In view of service modularisation solution, evaluation is performed to decide: in
one case, to implement service modularisation or not, and in another case, when several alternatives to
service modularisation are proposed, to select the best one.

As mentioned earlier, the main prerequisite for applying the principles of modular design to
services is to find a balance between customisation and standardisation intending to create service
variety that meets the needs, requirements and expectations of customers and is rational in terms of the
provider's activities. Such formulation of the aim of service modularisation provides possible objects
of evaluation. In evaluating the proposed alternatives, it is necessary to find out to what extent the
proposed alternative meets the expectations and needs of customers and to what extent it is rational in
terms of cost for the service provider. In other words, both the customer's (user's) and the service
provider's parameters must be included in the evaluation. This view is supported by Dorbecker, Bohm,
and Bohmann (2015), who were one of the first to address the problem of evaluating the benefits of
service modularisation during decision making. By selecting different contexts (networks, goods,
software, services) and using a systematic literature review, the authors identified, classified, and
compared criteria that can be used to evaluate the modular structure of the product and the benefits of
modularity. They also noted that in the context of services, the evaluation of modularity is not
developed. However, they suggest that the evaluation criteria should be cost-oriented and endorse the
desired level of customization.

In situations where the proposed alternative solutions are similar in terms of meeting customer
needs and expectations (customisation) and cost rationale (standardisation), it is appropriate to
introduce a third set of evaluation parameters to ensure certainty in decision making. These should
regard the characteristics of a modular system — structural features, complexity and estimated costs and
risks of its implementation.

The scientific literature on the problems of managing the complexity of socio-economic
systems (Blecker & Abdelkafi, 2006; Ethiraj & Levinthal, 2004; Ng & Andreu, 2012; Simon, 1962)
raises issues of variety management. The literature on the methodological aspects of product and
production variety management (Medini, Moujahid, Boucher, & Bernard, 2018; Windheim, 2020)
proposes to study variety by distinguishing between the concepts of external and internal variety.
External variety refers to the variety of product offerings perceived by customers, i.e., product variety



refers to the number of options available to meet different customer needs. Increasing external variety
requires greater product-market fit while increasing the value of the service organisation itself. In other
words, increasing external variety is desirable. Internal variety is created to represent and sustain
external variety and includes diversity of processes, components, resources, etc. Internal variety usually
increases the complexity and cost of the overall system, so it should be avoided or attempted to be
minimized. Service variety, which results from the application of the modularity principles to service
design, can be considered as the equivalent of external variety. It presupposes the customisation of the
service. While the variety of a service as a product (external variety) increases, the variety within the
organisation (internal variety) increases with the number of supporting delivery processes and
components used in service delivery. In the wake of service modularisation, the goal must be to exploit
opportunities to reduce internal variety through the features of modular design — compatibility of
modules, commonality of modules, reuse of internal components, standardisation of interfaces, etc. In
other words, perform standardisation activities. Following this logic, it can be argued that the evaluation
of the properties of modularity of the product structure goes hand in hand with the evaluation of the
properties of product standardisation, which, as mentioned above, are also evaluated by the criteria of
cost-effectiveness.

After defining the evaluation objects — external variety and internal variety — and their components,
and based on the principles of multi-criteria decision analysis, the criteria groups of the evaluated
solution alternative are structured hierarchically (Figure 2).

Solution
(Alternative)

il !

Potential internal Potential external
variety variety
Modular structure Cost-effectiveness Customer criteria
criteria criteria

Figure 3. Hierarchical structuring of solution evaluation objects

Further, we will discuss the possible options for choosing appropriate criteria for modular
structure, cost-effectiveness and customer sets en route to evaluate service modularisation solutions and
make decisions.

Discussion

From an engineering viewpoint, the modularity of the product structure is understood as a feature — the
ability to create considerable product variants by changing the components in the final product.
According to Stake (2001), this characteristic can be evaluated by component sharing or commonality
in the product structure. The concept of commonality is quite widely researched in academic literature
(Collier, 1981; Stake, 2001; Thevenot & Simpson, 2008; Windheim, 2020). It is considered as one of
the main criteria reflecting the modularity of the product structure.

It should be noted that in the case of a complex product or a very diverse assortment, the criteria
proposed in the literature are difficult to calculate. Therefore, Salvador (2007) proposes to describe the
modularity of the product structure by 2 characteristics — component combinability and component
separability. According to him, the structure of the product can have some degree of sharing of
components, but in order to be considered modular, it is necessary that the components can be separated
and connected (combined). The proposals of other authors (Fixson, 2005; Fixson & Park, 2008;
Pimmler & Eppinger, 1994) provide various criteria related to the interfaces of the modular structure
(coupling intensity, reversibility of interfaces, standardisation of interfaces).

It should be acclaimed that the criteria proposed by the above authors are more relevant for
engineering decisions during product design, when the goal is to develop an optimal solution in terms
of modular structure. For management decisions during service modularisation, such criteria are not



quite appropriate, as they address a different type of problem. Management decisions aim at finding a
balance between standardisation and customisation in the pursuit of organisational goals.

In the literature (Erixon, 1998; Pugh, 1991; Windheim, 2020) that formulates questions about
product modularisation, a different approach to evaluating modularity can be identified. It is suggested
that rather than focusing on the structural features of product modularity, the focus should be on the
potential benefits arising from the modular structure, such as reduced complexity, faster product
assembly, increased ability to create product variants, cost savings, faster time to market, etc.

The criteria discussed above for accessing the modular structure are presented in the context of
goods. Some of them can be adapted to services if a specific methodology for service modularisation is
chosen (Poeppelbuss & Lubarski, 2018). Many of the currently known service modularisation
methodologies were originally developed for the modularisation of goods and applied to services, so
adapting the criteria describing modularity to services is potentially possible.

With the exception of Voss and Hsuan (2009) proposal for assessing service modularity in
terms of unique and standard service nodes, there are currently no other proposals in the literature that
exclusively assess service modularity. This is probably because any criteria for describing modularity
require, in particular, a very clear and sufficiently detailed structuring of the content of the service
offering. This is in many cases a laborious activity of analysis, concretization and documentation of the
service concept and service delivery processes. If there is no clear structuring of the service offering,
other methods of assessing service modularity must be sought.

Since the service provider's performance after service modularisation must meet the set
financial goals, it is necessary to determine the future costs of providing the service and the costs of
implementing the solution before implementing service modularisation. For this purpose, the methods
for determining the potential costs are selected that are appropriate for the cost accounting methods
used by the service organisation. In the context of management decisions to modularise services, not
only are monetary cost estimates needed, but also aggregate and relative criteria that allow decision
makers to compare alternative solutions. Such criteria need to describe the potential economic benefits
of the proposed services, relate to expected revenues, profits, time to market, market segment suitability,
and provider willingness to provide the services, etc.

It is important to emphasise that in addition to the cost of providing the future modularised
service and the cost of implementing the solution (budget of the service modularization project), it is
worthwhile to include aggregate and relative criteria to evaluate the effectiveness of the solution in
terms of the expected profitability of the service. The use of such additional criteria allows for a more
prudent comparison of multiple solutions. The choice of specific aggregate and relative criteria to assess
the reasonableness of costs is related to the service modularization methodology used.

By increasing the diversity of service offerings, the service provider can expect that the service
offered will better meet the needs of the customer. However, the variety of service offerings must be
carefully evaluated and selected to meet market demand and generate a sufficient level of revenue for
the service provider. Too much variety in service offerings can have a negative impact on the service
provider by increasing unit costs and operational complexity in service delivery. It is important to
emphasise that the criteria for meeting customer needs and expectations must be known in advance,
i.e., before service development begins, so that engineers can properly integrate them into solutions.
When evaluating the fulfilment of customer needs, requirements, and expectations, it is important to
determine the extent to which these requirements are successfully implemented in the solution.

It should be clear that the specific criteria for meeting customer needs are determined by the
specifics of the service itself. Furthermore, these criteria are constantly evolving due to ever-changing
customer needs, and service providers must constantly monitor changes in the environment.
Nevertheless, it should not be difficult for a provider who has a good knowledge of the specifics of the
services offered to distinguish criteria or requirements to meet customer needs. The methods presented
in the literature (Holtta-Otto & Otto, 2006; Maritan, 2015; Robertson & Ulrich, 1998) propose a
combination of qualitative and multi-criteria methods to aggregate these criteria, obtain numerical
estimates, and evaluate how the designed solutions meet customers' needs, requirements, and
expectations.



Conclusion

The study identified four main domains of management decision support for service modularisation: 1)
support in structuring service modularisation objectives; 2) support in evaluating service modularisation
alternatives; 3) support in forecasting the impact of service modularisation on performance; 4) support
in assessing the risks of implementing service modularisation. The first two domains were detailed in
the paper.

It was found that the biggest problem is to find the appropriate methodological potential for
management decision support related to the evaluation criteria of the modular service structure. It can
be argued that there are not many criteria that are suitable for use in service modularisation. Criteria
that describe a modular structure through its inherent structural characteristics are difficult to calculate
for services because they require a very rigid structuring of service offering, which is difficult to achieve
for services. Moreover, these criteria are more meaningful for engineering decisions aimed at
optimising system performance, but not for management decisions during service modularisation where
the goal is to increase service quality without increasing costs and thus creating revenue growth.

Proposals to evaluate a modular structure indirectly through its benefits are closer to service
modularisation, which focuses on achieving the appropriate benefits (increased customer satisfaction,
increased revenue, increased productivity). When deciding to apply a certain methodology of service
modularisation, it is possible to include in the set of criteria describing the modular structure the
proposed criteria evaluating the complexity of the system, the time of assembly of modules, the
flexibility of variants. In the absence of a clear and detailed structuring of the service offering, indirect
evaluation of service modularity should be considered.
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