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Abstract
The emergence of data-driven services in the Internet of Things provides manufacturers of technical products the opportunity to
become providers of services, which use data as primary input. The development of such smart services, however, is character-
ized by high complexity and uncertainty. To identify service ideas which are worth to pursue further, the potential financial
impact is an important criterion. While the importance of a business case is acknowledged in service engineering, there is
currently no concrete method that is integrated with the early design phases of smart services. Therefore, we propose a tool-
based method for the design-integrated financial assessment of smart services. We use a design science research approach to
develop a meta-model, which is implemented in a web-based tool. The experimental evaluation shows that the proposed tool
provides benefits, especially in structuring the task for project teams. Therefore, it appears to be beneficial to provide interdis-
ciplinary teams a tool-based support for the design and evaluation of smart services.
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Introduction

Motivation

The ongoing proliferation of connected devices and assets
drives the emergence of the Internet of Things (IoT), which
is the enabler for a variety of innovative applications. Recent
forecasts estimate the market size of IoT solutions to grow to
267 billion USD in 2020, of which 50% is to be created for
applications in industries like discrete manufacturing, trans-
portation and logistics, and utilities (Columbus 2017).
Autonomous data acquisition through sensors as well as
the remote control of devices through actuators using the
Internet is the basis of so-called smart services
(Allmendinger and Lombreglia 2005; Georgakopoulos and

Jayaraman 2016). The concept refers to physical products,
which are augmented with globally usable digital functions,
in addition to their local physical functions (Fleisch et al.
2015). The provision of such services is based on the re-
cording of sensors and operational data, its transmission via
digital networks, as well as its evaluation and the delivery of
the analysis results, e.g. via smartphone apps. For example,
networked bicycles warn of chain wear and call assistance in
case of accidents (Shaw 2014). Industrial products such as
compressors, ventilation systems, and elevators are also be-
ing upgraded with digital services for remote control, mon-
itoring, usage-based billing and other services (Herterich et
al. 2015). As the type of value exchange is shifted from
selling products to providing services, smart services allow
for a completely new relationship between manufacturers,
operators, and users of physical goods and thus enable
new business models (Velamuri et al. 2013; Zolnowski and
Böhmann 2013).

How to turn these opportunities into useful applications
and economic benefit has become an important topic in vari-
ous research streams in the recent years (Wuenderlich et al.
2015). One research stream is business models in the Internet
of Things (Velamuri et al. 2013; Fleisch et al. 2015), another is
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the creation of IoT-based product-service systems. As
Herterich et al. (2016) show, digitized products can enable
service innovation for industrial products. The process of
Bcreating value by adding services to products^ (Baines et
al. 2009) is called Bservitization^. It provides opportunities
for manufacturers to establish new customer relationships,
increase loyalty, differentiate from competitors (Neely 2008;
Fischer et al. 2012) and create new data-driven business
models (Wiesner et al. 2013; Zolnowski et al. 2016). From a
marketing perspective, a smart service contains both service
elements and physical products. They can be therefore con-
sidered as product-service systems (PSS). PSS are well suited
as a unit of analysis as they are Bspecial case of servitization^
(Baines et al. 2007) and even enable result-oriented services as
a business model (Tukker 2004; Adrodegari et al. 2015). In
its most advanced form, products are offered as outcome-
based contracts, i.e. the customer pays for the actual per-
formance of a product rather than the product itself
(Wuenderlich et al. 2015; Visnjic et al. 2016). All these
efforts contribute to the overall goal of higher customer-
orientation, which improves the competitiveness of ser-
vice providers (Brady and Cronin 2001).

While the potential of digital services in the IoT appears to
be obvious, there is only fragmented knowledge on how to
systematically develop them (Böhmann et al. 2014;
Wuenderlich et al. 2015). Designing service systems for con-
nected products is challenging as it requires the right config-
uration of people, technology, organization and information to
create value for both the provider as well as the consumer of a
service (Maglio and Spohrer 2013). Due to the complexity of
PSS, it is reasonable to support this process with IT-tools for
collaboration and modeling, which is however still in its na-
scent stage (Pezzotta et al. 2015). One approach, called
Computer Aided Service Design (CASD) is proposed by
Laurischkat (2013). The CASD method supports the design
of both manual as well as automated service elements in PSS.
It focuses particularly on the knowledge management and
service information reuse in early conception phases. A com-
prehensive approach for the engineering of Binformatics-
based services^ is proposed by Lim et al. (2015).
Essentially, they support the design of services for vehicles,
heavy equipment, and machinery by identifying needs
through analysis of data, which comes from the respective
products as well as other data sources. Additionally, they pres-
ent a conceptual model of the informatics-based service value
creation process (Lim et al. 2015). Marilungo et al. (2016)
propose an integrated toolset for the ideation and design phase
of PSS to support open-innovation processes. These allow
integrating the customer, who is a key stakeholder in the de-
sign process (Isaksson et al. 2011).

This paper aims to contribute to the body of knowledge in
service system engineering by focusing on the tool-based fi-
nancial evaluation of smart services in the early stages of

conception. The development of these services is an interdis-
ciplinary task, which sets the context of an application for the
envisaged tool.

Research goal

The development of smart services, like every service devel-
opment, is a creative process that is often carried out in inter-
disciplinary teams and is characterized by high complexity
(Barrett et al. 2015). Particularly in the early stages of such
processes, often many ideas are created. However, only a lim-
ited number of them can be pursued further to allocate re-
sources effectively. This is also highlighted within the BIoT
Business Model Builder^, a toolset jointly developed by
University St. Gallen and Bosch: BBesides developing a qual-
itative business model, it is essential to predict quantitative
forecasts (i.e., a business case) to back investment decisions^
(Bilgeri et al. 2015). Thus the financial case has to be a pos-
sible break-off criterion of the development process (Alam
and Perry 2002). The evaluation of product-service systems
(PSS) is called for inmany PSS engineeringmethods but lacks
concrete methods that are integrated with the design of the
services (Lin and Hsieh 2011).

In today’s businesses, a large number of business decisions
including financial evaluations are performed using spread-
sheets like Microsoft Excel (Grossman et al. 2007). For ex-
ample, a study shows that in agile projects, spreadsheets were
the second-most used tool behind wall and paper (Azizyan et
al. 2011). Spreadsheets are also used in the design of sustain-
able PSS (Omann 2003), for assessing IoT business models
(Bilgeri et al. 2015), and the early stage evaluation of medical
innovations (Craven et al. 2013). However, spreadsheets have
been found to contain various types of errors, which impede
their usage for business decisions (Caulkins et al. 2007; Panko
and Aurigemma 2010; Reschenhofer and Matthes 2015).

Spreadsheets work well if the drivers of revenue and cost
are known and well-structured for the investment object at
hand. However, in early design phases of smart services, the
structure of a service system is elaborated and restructured
frequently, e.g. in interdisciplinary workshops (Dewit et al.
2014). To provide the financial impact of design decisions in
the early stages of service conception, the structure of a
spreadsheet would have to be adapted whenever elements
are added, modified and removed or new information on
prices, offers, cost, and quantities become available. This type
of evolution of spreadsheets is an erroneous task, as the man-
ageability of spreadsheets has found to be limited
(Reschenhofer and Matthes 2015). Consequently, if spread-
sheets are used, the financial evaluation will not take place
before the service concept is relatively stable. Furthermore,
the users must develop a spreadsheet model that contains all
financially relevant information and formulae on their own.
Afterwards, all informationmust bemanually transferred from
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the service concept into a spreadsheet. To mitigate these prob-
lems, our research goal is to explore the potential of tool-based
support for the design-integrated and continuous financial
evaluation in the early phase of smart services for connected
products. More specifically, we aim to:

& Develop a flexible data structure that captures the main
drivers for profitability in a smart service

& Provide a tool, which enables fast and iterative modeling
of smart services elements and their attributes

& Enable immediate update of profitability on every model
change to illustrate financial impact and support decision
making in the conception phase

From these goals, we have derived two research questions
to design and evaluate such a tool:

& RQ1: How can the profitability of a smart service be
assessed at an early stage of service design?

& RQ2: What is the benefit of employing a tool for profit-
ability assessment in the engineering process?

To provide such a tool, the structure of service, which
emerges in the conception phase, must be linked with a finan-
cial case structure. In this paper, we argue that meta-models
for the service and the financial case can be developed and
instantiated in a web-based tool prototype, to fulfill the re-
search goals stated above.

Research methodology

We use the Design Science Research Process as proposed by
Peffers et al. (2007) based on the design science approach by
Hevner et al. (2004). In the first step, we analyze the problem
domain based on a literature review, which includes identifi-
cation of key concepts and terms. The structure of smart ser-
vices, as well as the design process, are extracted from litera-
ture and analyzed to identify the causes of the difficulties in
the assessment of smart services. These are used to derive
requirements for a tool-based approach that addresses these
challenges. The second step comprises the artifact design,
which focuses on the development of meta-models for both
the service and the financial case. In a first evaluation step,
the meta-models are instantiated using real-world cases.
Furthermore, a web-based tool prototype is developed to
make them accessible for interactive manipulation. The
third step is a lab experiment, which aims to reconstruct
a service conception and evaluation context. It is eval-
uated through a survey.

The remainder of this paper is structured according to the
outlined method, which is depicted in Fig. 1, followed by a
discussion and conclusion.

Problem analysis

Smart services

To understand smart services as the artifact to be designed, we
reviewed the literature to identify main characteristics of smart
services as an input for the requirements analysis.
Allmendinger and Lombreglia (2005) characterize smart
services as being pre-emptive in their behavior, creating the
Bvalue of removing unpleasant surprises^, and relying on ma-
chine intelligence provided by information technology. As
outlined by Porter and Heppelmann (2014), such services re-
quire computing, sensors, and communication capabilities
embedded into products. With these in place, data can be
exchanged with the manufacturer to integrate the product as
an external factor and create services for its customer (Kees et
al. 2015). Smart services are therefore service systems, which
enable value co-creation between service provider and bene-
ficiary through the joint performance of service activities
(Edvardsson et al. 2011).

Products with these capabilities are termed smart things
(Püschel et al. 2016), smart objects (Kortuem et al. 2010) or
intelligent products (Leitão et al. 2015). As intelligent prod-
ucts require communication to a central server, as well as
various processes and potentially further external internet ser-
vices, they can become part of a cyber-physical system (CPS)
(Barbosa et al. 2016). From a technological point of view,
smart services qualify therefore as CPS, which Binvolve a
multitude of parallel and interlinked sensors, computers, and
machines, which collect and interpret data to decide on this
basis and control real-world physical processes^ (Marilungo
et al. 2017). With the ongoing proliferation of IT components
in physical products, the potential of cyber-physical systems
and smart things as an enabler of PSS has been recognized and
conceptually substantiated (Mikusz 2014; Herterich et al.
2015; Medina-Borja 2015; Marilungo et al. 2017). The emer-
gence of digital service systems in the IoT is accompanied
by the analysis of their impact on business models
(Fleisch et al. 2015; Laudien and Daxböck 2016) and
innovation (Herterich et al. 2016). Finally, the concept
of smart service systems emerged within service science,
which highlights the adaptability of systems, e.g. with the
help of big data (Maglio and Lim 2016).

Other concepts similar to smart services for connected
products are Product Extension Services and Cyber-Physical
Features (Scholze et al. 2016) or Extended Products (Thoben
et al. 2003). As these terms are less established, we use Bsmart
services^ for our research and define them as data-driven ser-
vices for technical products, which are provided as product-
services systems based on cyber-physical systems. More spe-
cifically, a smart service is typically provided using the fol-
lowing approach: A networked device provides information
about its state, which is detected, for example, by means of
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sensors. On some devices, also actuators (control operations)
must be considered (Porter and Heppelmann 2014).
Communication between the device and the central server or
cloud service is done over the Internet using machine-to-
machine communication (Wortmann and Flüchter 2015).
Users interact with smart services through various clients such
as mobile apps or web applications.

From these aspects found in literature, the following five
characteristics (SC1..SC5) of smart services were identified:

& Data transmission [SC1]: To transfer data from products
to a central server, e.g. in the cloud, connectivity is needed
(Weinberger et al. 2016). Depending on the transmission
technology, usage-based cost is incurred for data transmis-
sion between product and manufacturer, e.g. for mobile
network usage (Luong et al. 2016).

& External Services [SC2]: Data is used for operational and
analytical functions in the cloud, such as Bdetermine cur-
rent position^ or Blist of most frequent operating
conditions^. Functions may also require external Internet
services, such as weather information, which are provided
with different pricing models (Laatikainen et al. 2013).

& Services as a combination of functions [SC3]: Smart ser-
vices are a combination of functions provided as an offer
for a specific target group (Kim et al. 2015). The function-
ality of the services and their prices must be aligned with
the needs of the target group (Peruzzini et al. 2015).

& Value Co-Creation [SC4]: Customers have to integrate
their resources in the service system, to have it perform
its function for the creation of the desired outcome
(Edvardsson et al. 2011).

& Various types of costs and pricing models [SC5]: To op-
erate a smart service system, costs with different payment
intervals must be considered, which are settled in different
ways. For cloud services, for example, there are one-time
and running costs, which can additionally be dependent on
the number of users or devices (Laatikainen et al. 2013).

The complexity of smart services drives the challenges
associated with their conception in the design phase, as
discussed in the next section.

Engineering of smart services and digital business
models

Engineering methods for services are an important topic with-
in service science. Currently, the engineering of service sys-
tems still lacks suitable models, methods and design knowl-
edge to exploit the opportunities provided by such systems
(Böhmann et al. 2014). Within the realm of PSS, a number
of design methodologies have been developed (see Cavalieri
and Pezzotta 2012; Vasantha et al. 2012 for an overview).
Scherer et al. (2016) propose a stage-gate-based process for
complex systems and a BPSS Canvas^ for simpler cases.
Other variants of PSS engineering methods include the focus
on PSS for consumer products with integrated intelligent data
units and other IoT-technology (Yang et al. 2009; Carpanen et
al. 2016), applying the design science methodology for PSS
development (Niemöller et al. 2014), or improve the develop-
ment of PSS by adopting ideas from the design of functional
products, which put higher emphasis on IT-components (Sas
and Lindström 2014).

As PSS are understood as integrated offers, their design is
also intended to be integrated (cf. Marques et al. 2013).
However, in this research, we focus on existing products and
their servitization through additional services rather than the
integrated development of product and services. To support
this transformation, Pieroni et al. (2016) propose a methodol-
ogy called BPSS Transition Framework^, which is depicted in
Fig. 2. As the business dimensions in the lower part of the
figure show, financial criteria (cost and revenue) are to be
defined in the first part of the overall process, called Front
End of Innovation (FEI). Hence, the economic viability is to
be decided at the end of the FEI stage and could be used to
determine, whether the project should proceed into the
Development phase or not.

In summary, the following four characteristics (PC1..PC4)
of the design process for smart services were identified from
literature:

& Interdisciplinarity and information asymmetries [PC1]. To
design successful smart services, the customer requirements,
technical possibilities, and financial requirements have to be
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aligned (Maglio and Spohrer 2013). Manufacturers face a
variety of decisions, which are related to technology and
influence the value of the service for both the customer and
the provider at the same time. Contributions and require-
ments from various stakeholders such as marketing, devel-
opment, IT, sales, purchasing, controlling and the customer
are relevant for this (Wallin 2013). As Kim and Bae (2012)
point out, there are different stakeholders with conflicting
goals involved in the process of PSS design. Therefore, an
asymmetry of information between the parties exists, which
leads to high coordination costs.

& Creativity and interaction [PC2]. In the early stages of the
concept, the service ideas are developed iteratively with
different participants. There is a high degree of creativity
and interaction, whereby findings do not arise in a predict-
able order (Dewit et al. 2014). Ideas and interim results
should be recorded promptly, and their impact be assessed.

& Complexity and interdependencies [PC3].Smart services are
complex systems, as they consist of many elements, which
influence each other (Wiesner and Thoben 2017). For exam-
ple, a more detailed data analysis may require more frequent
data queries from the devices. This, in turn, leads to higher
data volumes, higher transmission costs and higher energy
consumption in the communication module. If the necessary
data rate is higher than the planned capacity, it may even be

necessary to switch to amore powerful transmission technol-
ogy, which results in more expensive communication mod-
ules with different physical dimensions. These interdepen-
dencies are not always obvious to all parties involved, which
might lead to misjudgments and increased planning efforts.

& Uncertainty in the estimation of key parameters [PC4].
Design decisions for services are often based on uncertain
information (Klein et al. 2004), e.g. customer requirements,
market development and willingness to pay. For the business
model, quantitative parameters such as prices, price models,
and customer numbers must also be defined. While there is
preparatory work on the selection of pricing models for in-
ternet services (Stiller et al. 2003), the concrete price must be
determined considering own costs, customer needs, compet-
itive environment and profitability targets. Especially regard-
ing the pricing for new services, however, providers often
have little experience (Baines et al. 2007). In addition, there
is uncertainty about the customer growth rate, their usage
behavior, and the behavior of the networked devices in use.

Early stage evaluation of services

The financial evaluation is typically performed at a stage,
where existing service ideas are elaborated into service
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concepts. For example, in the BFeasibility Analysis^ phase of
the technical service design process proposed by Aurich et al.
(2006) the assessment of cost and benefits is performed. In the
strategy-based service engineering approach proposed by
Ehrenhofer and Kreuzer (2012), a Bfinancial reflection^ activ-
ity is part of the BService Design I^ phase. While many PSS
engineering methods call for a Bbusiness analysis^ to deter-
mine the financial impact, there is a lack of concrete methods
how this can be achieved (Lin and Hsieh 2011). As a compar-
ison by Marques et al. (2016) show, there are only a few
concrete activities related to financial analysis in PSS engi-
neering methods.

However, some evaluation approaches were developed for
specific situations and purposes. Established methods like
cost-benefit analysis, total cost of ownership (TCO) or
lifecycle costing (LCC) have only recently been linked to
PSS engineering (Kambanou and Lindahl 2016). Becker et
al. (2009) proposed a method for the calculation of economic
effects for customer-specific configurations (value bundles) of
PSS. Other evaluation approaches of PSS focus on the cus-
tomer value, rather than the financial impact (Sakao and
Lindahl 2012). An approach for using of KPIs to evaluate
PSS designs in a feedback loop during the design process
was proposed by Mourtzis et al. (2015). However, they do
not cover financial criteria as part of their evaluation. A
comprehensive list of 94 evaluation criteria for PSS from
existing literature and their categorization is provided by
Kim et al. (2016).

In summary, it can be observed that there is considerable
previous work on concepts, engineering and evaluation
methods for PSS, of which smart services are a special form.
While the importance of a financial case is stated by several
authors, no concrete approach for the integrated financial as-
sessment of smart service concepts could be found in the
extant literature. Furthermore, with the exception of the ap-
proach proposed by Mourtzis et al. (2015), no contribution
could be found, which explicitly integrates evaluation results
into the design process through a feedback loop.

Requirements

Through argumentation and reasoning, the requirements for a
design-integrated evaluation tool were derived from the char-
acteristics of smart services, the design process, and the re-
search goals (Johannesson and Perjons 2014). The list of re-
quirements is summarized in Table 1.

The references to the above-mentioned characteristics SC1
to SC5 and PC1 to PC4 indicate which of them were used to
derive the requirements R1 to R7, for which the reasoning is
as follows:

& R1: As identified in SC1, data transmission is required for
IoT devices. It must therefore be considered as part of the

model. The cost for transmission is typically incurred
in a usage-dependent manner and might also contain
monthly subscription fees (SC5). The demand for
data transmission is caused by the invocation of
functions to provide the desired service, which is
an example of interdependencies (PC3).

& R2: The bundling of functions to provide services enable
modular system architectures as well as reuse of function-
ality into different target-group specific offers (SC3).
Identifying these relations is a creative process in the early
conceptual phase (PC2).

& R3: Both external services (SC2) and data transmission
(SC1) incur costs for providing the required functionality,
while revenue is driven by customer demand for offers
(SC3). These demands need to be provided in a simple
and easily modifiable way.

& R4: Pricing models for external services (SC3), data trans-
mission (SC1) and offered services (SC2) may contain
multiple components (SC5), which need to be part of the
modeling approach.

& R5: Early stage evaluation is challenging due to incomplete
information about the metrics and values required (PC1).
While these are added and refined iteratively, the evaluation
result should continuously be updated to reflect the current
level of detail provided (PC4). This helps to see interdepen-
dencies between the parameters (PC3) and allows deciding
on which cost might be borne by customers (SC4).

& R6: As early stage elaboration of service ideas into
service concepts is an interactive process (PC2), the
creativity, agility and iterative design need to be
supported by the tool.

& R7: The issue of diversity of backgrounds among the
members of the design team (PC1), possibly also includ-
ing the customer (SC4), needs to be addressed by models
that are easily comprehensible.

Meta-model design

The core of the proposed approach is the creation and iterative
refinement of a service model, which is annotated with param-
eters to instantly calculate the financial impact on every model
update. This requires a meta-model which links the main ele-
ments of the service with its financial impact. For the devel-
opment of the meta-model, the top-down analysis method was
used (Grässle et al. 2005). It contains the steps 1 to 3. Step 4 is
performed to verify whether the created meta-model can rep-
resent typical smart service cases.

1. Identify and model classes for key concepts, e.g. cus-
tomers, devices, offers, functions, revenue, cost as UML
classes
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2. Identify and model associations and cardinalities between
classes to describe the relations between them

3. Identify and model attributes, e.g. prices, quantities, and
cost in the respective UML classes

4. Test of the model using real-world cases of smart services
for connected products

5. Repeat steps 1–4 until no further changes were required

As a meta-model provides the language with which a mod-
eler can afterwards express a concrete case in a model in-
stance, it needs to fulfill all characteristics defined by
Stachowiak (1973): a model is a mapping, a reduction, and
is pragmatic, i.e. serves a dedicated purpose. Therefore, a key
challenge for a meta-model design are the same as with every
other model: granularity vs. comprehensibility. A fine-grained
model can express many aspects of a service and thus cover a
wide range of possible scenarios. Given the fact, that our
model is to be used for rough assessment in very early stages
of conception, a high level of detail might neither be available
nor needed. Therefore, we deliberately kept the meta-model
simple and the number of modeling elements at a minimum.
This also serves the purpose of better comprehension for di-
verse groups of people that take part in a service design
project.

Smart service meta-model

Modeling digital services has been proposed in different
forms, e.g. by Yoo et al. (2010), Weinberger et al. (2016)
and Porter and Heppelmann (2014). They all share the concept
of dividing the service into different layers, with (digital) ser-
vices as the top layer, connectivity, and data processing as the
middle layer, and physical products with sensors, actuators
etc. as the bottom layer - see Püschel et al. (2016) for a com-
parison. The service model proposed in the present paper uses
the integrated consideration of business, functional and tech-
nical aspects as well as the layers as guiding ideas.

The service model (Fig. 3) describes the available model
elements and their relationships. The basic elements (white)
relate to each other using links (light gray) that provide attri-
butes for quantification of the relationship. The desired easy

understandability (requirement R7) is to be achieved by a
minimum number of elements and relationships. Since our
research is exploratory, only the elements necessary for finan-
cial assessment (requirements R3 and R4) are included.

& Offers are targeted at groups of customers (Customer
Segment) and have a price, which is defined using the
PriceModel. The link between them is described using a
set of bookings, which includes the attributes year and the
number (count).

& The provision of an Offer requires Functions that repre-
sent software components with processing logic. Each
function can be used by multiple offers. This results in
an M:N relationship between services and functions (re-
quirement R2), which is realized through a use of a func-
t i o n u s a g e l i n k ( F _Us ag e ) . T h e a t t r i b u t e
invocationsPerMonth expresses the frequency of function
calls per month by a service (requirement R3).

& Functions may be using data and operations provided by
devices or external services, such as weather information,
traffic information or SMS delivery. This dependency is
modeled in the relationship ES_Usage, where the percent-
age of function invocations leading to an external service
call can be specified in the attribute usageRatio. The idea
behind this is that not each call to a function requires
external services, e. g. in 5% of the cases, an alarm mes-
sage is sent out using SMS. To capture the cost of external
services (requirement R4) information on the price can be
stated; using the PriceModel explained below.

& Data and operations provided by a device are modeled as
data points, which have a requestSize and responseSize to
describe the transferred data in bytes during retrieval.
Functions and data points are connected via D_Usage,
which contains the proportion of calls (usageRatio) that
cause request/response communication. Additionally,
push communica t ion is expressed us ing the
updatesPerDay attribute of a data point (requirement R1).

To represent various pricing schemes for services to offer
and to consume (requirement R4), we propose the meta-model

Table 1 List of derived
requirements Characteristics Requirement

SC1, PC3, SC5 R1. Data volumes for data transmission, e.g. for cell networks, must be calculated.

SC3, PC2 R2. Model elements need to be flexibly assigned, e.g. functions to services.

SC1, SC2, SC3 R3. Demands, quantities and usage intensity must be expressible in a simple manner.

SC1, SC2, SC3, SC5 R4. Various types of costs as well as pricing and billing models must be supported.

PC1, PC3, PC4, SC4 R5. Early assessment of the service must be possible, even with incomplete information.

PC2 R6. The addition and modification of elements, properties, relationships, quantities,
prices, and costs must be possible in any order.

PC1, SC4 R7. Models must be comprehensible for experts from different disciplines.
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for pricing models depicted in Fig. 4a. It allows speci-
fying an optional base fee, which is independent of the
actual usage of the service, e.g. a subscription fee. The
payment interval is expressed through the Interval enu-
meration. Additionally, one or more price levels can be
defined by creating the required number of UnitPrice
objects. The applicability of the price can be specified
using the optional minQty and maxQty attributes, e.g. a
price for a certain amount of transactions, bookings or
data transmission volume. An example instantiation is a
weather service with a monthly fee of 9.95 €, where the
price per transaction drops from 0.10 € for 1 to 20 calls
per month to 0.05 € if the service is invoked more than
100 times per month (Fig. 4b).

Financial case meta-model

A financial case is an instrument to investigate the prof-
itability by providing decision makers a structured view
on the returns for an investment. Common decision

criteria and methods are net present value (NPV), return
on investment (ROI) or internal rate of return (IRR). Each
of them requires a payment series, which consists of the
difference between incoming and outgoing payments for a
certain period, e.g. a year. The challenge we address in
our research is to integrate the creation of this payment
series in the design process of a smart service. For that,
the cost of building and operating the service system as
well as the revenue created through offering services to
customers must be considered.

To assess the profitability, we propose a model which de-
picts the structure of payments for each planning year. It con-
tains the ServiceVariableCost, which can be derived automat-
ically from the service model and will be stored in the attri-
butes extServCost and dataTransCost respectively (Fig. 5).
Furthermore, it allows to specify additional costs manually,
e.g. for the development and operation of the service system
(ManualCostItem). They are specified through a price, which
is expressed through the PriceModel structure introduced
above (requirement A4).
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Calculation of financial case

To derive the financial case from the annotated service
model, a service model and a financial case model
must be instantiated. Therefore, a set of related objects
of the classes defined in the meta-models for the pro-
ject at hand is created. For the calculation, the follow-
ing functions are defined for accessing the instantiated
objects:

& fUse(x, y).. F_Usage for Function x and Offer y
& eUse(x, y).. ES_Usage for Function x and External

Service y
& dUse(x, y).. D_Usage for Function x and DataPoint y
& DP(x, y).. DataPoint x for Device y
& ES(x).. External Service x in list of all external services
& DE(x).. Device x in list of all devices
& BK(x,y,z).. Booking for CustomerGroup y and Offer z in

year x

Additionally, a helper function getPrice(qty) is defined for
Offer,ManualCostItem, ExternalService, andDevice. It deter-
mines the price for a given quantity qty. at the reference object
as defined by the PriceModel.

The external service cost consists of transactional cost
and recurring cost for all required external services. As
transactional cost are dependent on the actual usage of
services, the number of invocations per external service
is stored in the invocs() list. It is determined by iterating
over all functions f and the number of invocations caused
by the services stored in the invocationPerMonth attribute
of each F_Usage instance. For each invocation, a certain
percentage specified by usageRatio leads to an external
service call, which is charged with a transaction fee de-
termined through the getPrice() function. Finally, the re-
curring cost of all required external services e are added.
The factor intvl is used to convert payments during the
year to yearly value; e.g. intvl will be 12 for monthly
payments and 4 for quarterly payments.

invocs ES kð Þð Þ ¼ ∑
f

i¼1
eUse i; kð Þ:usageRatio* ∑

o

j¼1
fUse i; jð Þ:invocationsPerMonth*12

extServCost ¼ ∑
e

k¼0
invocs ES kð Þð Þ*ES kð Þ:getPrice invocs kð Þð Þ þ ES kð Þ:price:baseFee*intvl

For the calculation of data transmission cost, push
and pull communication mechanisms are considered
separately. For the calculation of data volume in pull
mode, the requestSize and responseSize (in byte) must
be considered for every data point that is requested by a
function using F_Usage and D_Usage. The data volume
is then converted into megabyte and stored in the
pullVol() list, which keeps the required data volume

for every device. For push communication, the
updatesPerDay attribute of all data points p is evaluated
and multiplied with the responseSize of each data point.
The result is stored in the pushVol() list for each device.
As described above, the push communication is inde-
pendent of individual requests and takes place separate-
ly from pull communication, if a value for the
updatesPerDay attribute is provided. To determine the
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total transmission cost dC, the combined volume of
push and pull communication is multiplied with the

price for the transmission of each device specified in a
price model, which is retrieved using getPrice().

pushVol DE jð Þð Þ ¼ 365* ∑
p

i¼1
DP i; jð Þ:updatesPerDay*DP i; jð Þ:responseSizeð Þ=1048576

pullVol DE jð Þð Þ ¼ ∑
p

i¼1
DP i; jð Þ:requestSizeþ DP i; jð Þ:responseSizeð Þð Þ=1048576*

∑
f

k¼1
dUse k;DP i; jð Þð Þ:usageRatio* ∑

o

m¼1
fUse k;mð Þ:invocationsPerMonth*12

dC ¼ ∑
d

i¼1

�
pushVolume DE ið Þð Þ þ pullVol DE ið Þð Þ*DE ið Þ:getPrice pushVol DE ið Þð Þ þ pullVol DE ið Þð Þð Þ

All other cost calculations are related to manual cost
items. They are simply calculated by multiplying quantity
and the price defined for this quantity with consideration
of the payment interval through the appropriate intvl fac-
tor to convert into yearly cost, e. g factor 4 for quarterly
occurring cost. While cost is modeled without relation to

a specific planning year, revenues can vary through the
count attribute of the Booking class. Therefore, for the
calculation of revenues, all bookings for all customer
groups g, their assigned offers o in planning year i need
to be considered and multiplied by the price for the re-
spective offer.

rev ið Þ ¼ ∑
g

j¼0
∑
o

k¼0
BK i; j; kð Þ:count*intvl*Offer jð Þ:getPrice BK i; j; kð Þ:count*intvlð Þ

The results of these calculations are stored in the attributes
revenue and cost of a PlanningYear object. A set of
PlanningYear objects within a Project is the payment se-
ries. For the sake of simplification, it is assumed that all
revenues and cost are cash-effective in the respective pe-
riod. Afterwards, established methods for capital
budgeting like NPV or IRR can be applied to the payment
series to determine the economic viability of the current
service model (Pieroni et al. 2016).

Application of the meta-model in a tool
prototype

To facilitate easy collaboration within an interdisciplinary
team as well as to allow storing results between multiple
workshops, the implementation of the tool as a web-based
application was devised. For the frontend, the JavaScript
framework AngularJS was used, which communicates via
REST APIs with backend services developed in C#. These,
in turn, use a Microsoft SQL Server database to store the
models as described in the previous sections. Based on the
models created through user interaction in the Editor View, a

calculation component creates the financial case model and
displays the result (BFC Result^) instantly in the Editor
View after every modification (Fig. 6).

The tool allows the creation of projects and the configura-
tion of their planning period. For each project, there is an
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overview page, from which the user can navigate to model
editing, project configuration, and reporting. On the right-
hand side, the model editing view provides navigation
icons for customer groups, offers, functions, external
services, and devices (requirement R6). Elements of
the respective type can be added or deleted. On the
right-hand side, there are input options for attributes of
elements and manipulation of links (Fig. 7).

The application of the tool in a practical setting is depicted
in Fig. 8. It allows the service structure to be built up in par-
allel with quantities, prices and usage behavior. Themodel can
be iteratively manipulated and expanded as often as required.
Each change leads to a recalculation of the financial case,
which can be incorporated into the design process (Fig. 4).
At the same time, it serves as a documentation of the devel-
opment status over various workshop sessions and thus avoids
the loss of important contributions. The tool prototype can
also be used within a co-innovation process to include cus-
tomers as important stakeholders as proposed byMarilungo et

al. (2016). The revision is continued until the project team can
decide on the continuation or rejection of the service idea.

Evaluation

Model evaluation

To evaluate models in general, the criteria completeness, fidel-
ity with real-world phenomena, internal consistency, level of
detail, and robustness are proposed by March and Smith
(1995). Fidelity with the real-world phenomena refers to the
external consistency, which was evaluated through the test of
the model with real-world cases in the design phase. The level
of detail and completeness are more difficult to evaluate as
both the spectrum of potential cases as well as the information
demand for the individual model users can be very different.
An indirect evaluation of these two criteria is performed
through the application of the model in the tool prototype as
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described below. Internal consistency and robustness of the
meta-model were not evaluated. As this research aims to ex-
plore the overall approach of integrating financial evaluation
in the design process, we argue that internal consistency and
robustness should be considered for future research when the
approach is more mature.

The specific evaluation of the meta-model is performed
regarding the requirements in Table 1. Here, it can be stated
that the requirements R1, R2, R3, and R4 are fulfilled to a
large extent, as they relate to the structure of the model and
were addressed in the design process. In terms of transferabil-
ity, there will always be a debate on whether such meta-
models provide too much or too little detail. Further evalua-
tions steps are required to get a better understanding of the
potential improvement on scope, expressiveness, and compre-
hensibility of the meta-models, especially for interdisciplinary
teams.

Design of an experiment for the tool evaluation

The tool prototype is an instantiation of the meta-model, for
which potential evaluation criteria are effectiveness, efficiency,
and impact on the environment and the artifact’s users
(Sonnenberg and Vom Brocke 2012). We follow the notion
of Prat et al. (2014), according to whichmodels are considered
as abstract artifacts that can be indirectly evaluated through
their instantiations. Therefore, we indirectly evaluate the pro-
posedmeta-model through the evaluation of the tool prototype
based on it.

An experiment is used out to evaluate the tool, in which
multiple teams carry out the design and evaluation of smart
services. The aim of the experiment is to identify effects of the
tool by comparing teams with and without the support of the
tool prototype in a setting, where service ideas need to collab-
oratively be evolved into service concepts.

The participants were 30 information systems students of a
German Cooperative State University in their final year of
study. Due to their dual study model, which integrates aca-
demic studies with on-the-job training, they have a much
higher level of practical experience compared to Btypical^
students. As preparation, all of them received a two-hour in-
troduction to the topic BInternet of Things and Smart
Services^. The basic structure of smart services and the basics
of financial evaluation were explained without presenting the
tool in detail.

This was followed by a brainstorming of 30min to generate
ideas for smart services, from which a total of four ideas were
selected for the experiment. We deliberately chose not to use
predefined service ideas or scenarios for two reasons: First, in
a creative workshop setting, it is common that many ideas are
generated from which only a small fraction is chosen for fur-
ther elaboration. Second, the brainstorming utilizes existing
knowledge of the participants, which directs the generation

of ideas to domains, they are more familiar with than with
externally prepared service ideas.

Afterwards, they were randomly divided into eight teams
with three to four members. Due to the randomization of the
assignment between experimental and control group, a pretest
is dispensable (Wilde 2008). Therefore, the BPosttest-only
control group design^ (Recker 2013) was chosen. Each ser-
vice idea was assigned to a team of the experimental group
(EG) with access to the tool prototype and a team of the con-
trol group (CG) without access to the tool prototype.
Participants of the CG were however allowed to use other
software. All teams in the control group decided to use spread-
sheet software, inmost casesMSExcel. It should be noted that
there was no spreadsheet model provided. This was decided
for two reasons: First, to evaluate the benefit of the proposed
meta-model. Second, in a real-world situation, the spreadsheet
model for financial evaluation would not be available upfront
but would have to be developed by the team.

The design task given to the participants was: B(a)
Elaborate and describe the assigned scenario in detail with
its target customer groups, offers, functions, and data. (b)
Assess the profitability based on cost and revenue with a plan-
ning horizon of three years.^ Part (a) of the task specifically
refers to the structure of smart services. Part (b) of the task is a
general profitability question, which can be placed in a similar
way for every project proposal or investment object. However,
as the profitability is asked for at an early stage of service
development, i.e. conceptual elaboration, it creates a setting
which is specific to our research question.

Each team had up to 75 min to complete the task.
Immediately afterwards, the participants were asked to com-
plete a survey to assess their experience with the task and the
utility of the tool support. The overall design of the experi-
ment is shown in Fig. 9.

For the assessment, a set of criteria was established in a
questionnaire, which relates back to the research goals as well
as the requirements stated above. It allowed participants to rate
their experience with the design task. Table 2 shows how the
statements in the questionnaire relate to the evaluation criteria
of instantiations.

All statements could be rated on a Likert scale from 5
(strongly agree), 4 (agree), 3 (neutral), 2 (disagree) to 1
(strongly disagree). As participants in the CG were unable to
rate the criterion TOOL_USEFUL, an additional option 0 („I
did not use the toolB) was added to this particular statement.

Results of the tool evaluation

All 30 participants completed the survey. For all variables,
the median was determined for the EG and CG. Since the
Likert scale can also be interpreted as interval-scale, the ar-
ithmetic mean and the standard deviation is also given for
better differentiation of the results (Table 3).
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Discussion

First, it should be noted that EG participants have considered
the use of the tool to be very helpful. Furthermore, support for
structuring the task was positively assessed. This can be
interpreted as an indication for the basic comprehensibility
(requirement R7) of the developed service model, at least for
participants with an information systems background.

All other variables have nearly identical ratings in both
groups. The reason for this could be that the utility of the tool
increases with larger groups, longer processing time or when
using it in a series of multiple workshops. Furthermore, it
would have to be examined in future runs of the experiment
whether an improvement in the results is achievedwith a more
precise introduction into the functioning of the tool. We delib-
erately kept the introduction of using the tool rather short, as
we assumed that in practice people would not spend much
time on training. Related to this is the usability of the tool
prototype. The prototype is only a mean to make the meta-
model usable in practice. While we tried to comply with
established standards of web-based applications regarding
layout, navigation and interaction, we did not have usability
as an explicit design goal. It, therefore, can be assumed that
improving the usability would increase the tool’s utility with-
out changing the meta-model in any way.

Regarding the tool-support of the design process, we can
state that R6 was also fulfilled as the sequence for manipula-
tion of model elements is not restricted in any way. As the
complexity of the meta-model was kept deliberately low and

the evaluation indicated a benefit for structuring the task, we
can assume the R7 to be fulfilled as well.

The measurement of the variable IMPACT is particularly
relevant regarding the fulfillment of requirement R5. As the
evaluation showed no difference between EG and CG, further
research is needed to investigate whether this requirement can
be fulfilled. One strategy could be to observe the individual
modeling steps in both EG and CG and compare at which
points in time intermediate results were achieved.

While our results indicate that the general approach of
integrating evaluation in the design processes is helpful to
better manage complexity, we acknowledge the limita-
tions or our research: First, the experiment is conducted
with students. While they have a very good state of
knowledge and some practical experience due to the dual
study model, it is likely that results will be different for
professionals with more experience in designing complex
IT-based services. Second, the length of the conceptual
work in the experiment was relatively short and conduct-
ed in a single session. Real-world service engineering
projects are very likely to be conducted in multiple ses-
sions over a longer period, even with changes in the team
structure. Third, the training with the tool might have
been too little. More complex cases or repeated usage in
the real-world would justify a more intensive training to
familiarize users with the concept and functionality in
more detail.

Finally, we have not evaluated the internal consistency and
robustness of the meta-model. As stated above, we see these

Table 2 Questionnaire statements and their relation to evaluation criteria

Statement Variable Effectiveness Efficiency Impact on
Environment and
Artifact’s Users

It was easy for me to find a structure for the design task. STRUCTURE X

It was easy to make decisions about the service design. DECISION X

The impact of our decisions on the profit of the service was easy to estimate. IMPACT X

I felt that everyone in the team had the same view on the current state of work. PROGRESS X X

I am satisfied with the result of our work. RESULT X X

Using the tool has helped me with the design task. TOOL_USEFUL X X
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evaluations as part of future research, once the overall ap-
proach of design integrated financial evaluation is more ma-
ture and the meta-models are stable.

Conclusions

In this article, we have presented an approach for tool-based
support of the financial analysis of smart services, which is
integrated into the design process. As we have discussed, most
PSS engineering methods are particularly concerned with the
design process and lack of explicit support for IT artifacts as
part of the PSS. Furthermore, while there are design-
integrated methods for evaluation of PSS (Mourtzis et
al. 2015), they do not cover financial impact. Existing
approaches for tools are typically too complex for an early
stage evaluation of service ideas (Becker et al. 2009;
Laurischkat 2013).

We addressed these deficits by providing a meta-model as
the basis for a tool to allow immediate calculation of evalua-
tion results based on the proposed meta-model. The objectives
were to enable financial evaluation in early design stages and
to help interdisciplinary project teams to collaborate in the
design and evaluation process. Our solution is suitable for
interactive use in workshops as it allows instant feedback in
an iterative design process. Based on the characteristics of
smart services as complex systems and their engineering
process, we derived seven requirements. After designing
meta-models for both the service and the financial case,
we implemented a tool prototype based on these models.
From our experimental evaluation, we can derive the fol-
lowing findings:

1. Using the tool prototype is not obstructive: None of the
participants in the experimental group showed a lower
ranking of utility criteria than the control group. This in-
dicates that using the tool was not hindering the design
process within the experiment.

2. Tool-support is perceived as helpful: Participants of the
experimental group showed a strong option towards the
general benefit of using the tool (median of 4 on a 1 to 5

scale). This implies that the participants explicitly saw not
only a benefit of having a tool in general but perceived
this particular tool prototype as helpful for the task at
hand. This indicates that the general approach of tool-
based design was accepted and appreciated within the
group of participants.

3. Structuring of the task is a major benefit: The results of
the experiment indicate that a tool with the underlying
meta-model is helpful to describe a smart service. This
indirectly provides an evaluation of the suitability of the
model for the given task.

The theoretical contributions of this paper to the body of
knowledge in model-based service engineering are as follows:
First, we introduced the concept of design-integrated financial
evaluation for smart services, which addresses the identified
research gap of missing concrete methods for financial evalu-
ation in PSS engineering. Secondly, we developed a data
structure (meta-model), which enables the early stage model-
ing of smart services, and its link to a financial case model.
This link is established through a calculation model provided
as a set of formulae. The meta-model can only be understood
as a first proposal on how to integrate design and financial
evaluation. Especially the flexibility of the meta-model re-
garding different business models is currently rather low. A
more comprehensive test with smart services in different in-
dustries and with varying level of complexity will offer in-
sights into shortcomings of the current meta-model.

Regarding practical contributions, there is an indication
that our approach can help to improve the design process of
smart services through tools. For that, empirical evidence on
the utility of the design-integrated evaluation of smart services
was collected, which indicates that the proposed approach is
beneficial. Additionally, we showed the technical feasibility of
implementing a working tool from our concept. Both the
meta-model and the presented architecture can serve as a foun-
dation for the development of similar tools for similar pur-
poses. While tool-support for complex tasks such as smart
service design and evaluation appears to be rather obvious,
creating actual benefits from it depends on many factors such
as qualification of users, complexity of the problem, and

Table 3 Results of the evaluation
(N = 30) EG (with Tool Prototype) CG (with spreadsheet)

Variable Median Mean Std. dev. Median Mean Std. dev.

STRUCTURE 4.0 3.88 0.885 3.0 3.21 1.051

DECISION 3.5 3.50 0.894 3.5 3.57 1.016

IMPACT 3.0 2.69 1.014 3.0 2.79 1.051

PROGRESS 4.0 3.79 0.998 4.0 3.94 0.975

RESULT 3.0 3.38 1.204 3.0 3.21 1.251

TOOL_USEFUL 4.0 4.21 0.696 –
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usability of the tool. Most of them were not explicitly inves-
tigated in this study but will be relevant in practice.

Empirically, we could find comparatively small improve-
ments caused by the tool in the design process. Future research
should focus on the elaboration of conditions under which
such a tool use becomes more effective. This refers to the
BEval4 activity ,̂ as proposed by Sonnenberg and Vom
Brocke (2012), which aims to evaluate applicability and use-
fulness of artifacts in practice, e.g. through field experiments,
case studies, and expert interviews.

Future research topics are usability improvements and a
graphical notation for the model. Extension to the modeling
capabilities of the meta-model should also be considered. For
example, the meta-model does not provide any means to ex-
press the sequencing of function to model processes. It should
be investigated, whether this is an important addition to get a
more detailed analysis of cost or whether the added complex-
ity counters intuitive use.

In general, the technical and organizational integration of a
smart service modeling and evaluation tool as part of the over-
all service engineering process is still an open question. For
that, further research needs to be conducted to better under-
stand the acceptance of tool-based business modeling and
evaluation schemes. Furthermore, the reuse of created service
models in other tools for more advanced design stages of
digital product-service systems (McKay and Kundu 2014)
needs to be address to enable integrated tool-chains.
Research regarding these topics will be highly beneficial to
both research and practice, as the economic relevance of smart
services will continue to increase.
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