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3 CONCEPTUAL FRAMEWORK FOR CPS FROM THE S-D LOGIC PERSPECTIVE
3.1 Framework and its Empirical Illustration

Service systems combine and integrate value created in different design contexts. Glushko (2010)
derives seven design contexts in which each successive scenario builds on the previous ones to define
a progressively more complex service system. His work on design contexts of service systems is the
starting point for the framework presented in figure 1 and hereinafter.

Figure 1. Conceptual Framework f@PS from the S-D Logic Perspective

The framework considers CPS as the most complex service system design, co-creating location-based
and context-aware value propositions (context 7. “Location-based and Context-aware Service”;
Glushko 2010). It coincides with S-D logic’s understanding of value—value can only be created con-
textually, i.e. through consistent alignment and adjustment of the service provision to a given custom-
er’s context of use (value-in-context). Location is the most obvious context attribute, but not the only
one—also identity, status or activity, and time characterize a situation. This open-ended definition of
context information is bounded only by the variety and capabilities of the sensors by which context
information can be acquired from the environment, and by the willingness of people to allow service
providers to use information about their context (Glushko 2010).

As to CPS, the context of use is determined by the physical process that embeds the CPS at the time of
consideration. The illustrative example “BMW (i) Connected Drive” understands the vehicle including
occupants as a CPS. Besides the intelligent sensors and the interaction channels that will be described
later, the “(i) Connected Drive”-software and hardware including the SIM-card integrated in the vehi-
cle belong to the essential CPS components. The physical process at the time of consideration could be
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for example moving from A to B, being involved in an accident and others. The context sensitive val-
ue propositions that are ultimately always received by the human as part of the CPS must be aligned to
this usage context in order to generate added value, in other words to support the value-adding pro-
cesses of the customer.

In the empirical example various context information is transferred with the help of intelligent sensors.
For example, next to GPS data that is the basis context information for each value proposition, “Tele-
Services” (see www.bmw.com for detailed information on this and the following services) is provided
with a remote access to vehicle state related sensor data (e.g. check-control-messages). The current car
battery level is crucial context information for the inter-modal “i-Connected Drive Navigation Ser-
vices”. Based on sensor data regarding airbag triggering the “Intelligent Emergency Call” can auto-
matically execute an emergency call while other sensor data allow a remote analysis of accident type
and severity, e.g. if an overturn happened. The direct exchange of sensor data of driving assistance
systems (radar, ultra sound etc.) with other traffic participants will probably increase with the progress
in (semi-) autonomous driving.

For further differentiation an essential property of context-aware services is considered—these are
multi-channel services while the interaction channels are interlinked (Glushko 2010). The channels
through which, in terms of S-D logic, value propositions are received are according to the framework
presented here on the one hand "intelligent actuators", "software interface" and "goods as a vehicle",
and on the other hand "user interface" and "person-to-person". While in the latter two the human being
part of the CPS directly receives the value proposition, in the first three interaction channels the value
proposition is first “refined” via the (other) physical and intangible CPS components. In this way, the

offerer and the (direct) receiver of a value proposition can be a system or a person.

"Intelligent actuators" enable electronic service providers as resource integrators to remotely intervene
in the control system of the CPS’ physical component parts, e.g. to remotely control a valve. "Software
interface” enable electronic service providers as resource integrators to communicate and remotely
intervene in the software system as intangible component of the CPS, e.g. to remotely update the
firmware. "Goods as a vehicle" enable local service providers as resource integrators to provide on-site
“person-to-physical CPS component parts services”, e.g. to install spare parts. Physical goods, as they
for example appear in course of spare part installation, are understood as distribution mechanisms for
service provision within the meaning of S-D logic. “User interface” enables electronic service provid-
ers as resource integrators to provide service via remote interaction with the human being part of the
CPS, e.g. through customer self-service. ‘“Person-to-person” enables local service providers to offer
on-site services directly received by the human being part of the CPS, e.g. medical assistance in case
of an accident.

The framework assumes that value-in-context can only be generated by complex service systems that
are assembled from different service contexts. In other words, value-in-use can only be generated by
novel and ad-hoc composed value propositions of local service providers, electronic service providers,
as well as other CPS—all transmitted by the above mentioned interaction channels. Here, non-human-
intensive combinations (CPS as semi-autonomous systems) are preferred based on the service design
principle "information replaces interaction" (Glushko 2010).

In the empirical example the five defined interaction channels are used across all components and
services. The navigation system device is the central user interface for all (sub) services related to
locational context information. Although the interaction with the “Concierge Service” is mainly im-
plemented via the built-in speakerphone, locational information, routing etc. are transmitted directly
through the navigation system device. The telephone unit permanently installed in the vehicle serves
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all tech-enhanced person-to-person services (kind of electronic services) such as “Concierge Service”,
“Intelligent Emergency Call” and “TeleServices” as an interaction channel. The software interface
allows in “TeleServices” a remote repair of certain malfunctions. “i-Services for the Navigation” cal-
culates if the destination can be reached based on several key factors such as battery level, driving
style, current traffic conditions and topographical information. In case a change in the environment
occurs (e.g. traffic jam), the service switches to the more efficient “ECO PRO+” driving mode via the
software interface. Intelligent vehicular actuators are a quite functional safety-related interaction chan-
nel, which is currently used only for accessing interior cooling or heating, car horn as well as car doors
(via a remote app or by an employee of BMW’s call center). Assuming several legal obstacles are
solved, services related to (semi-)autonomous driving and car-to-car communication can be ex-
pected—all provided through intelligent vehicular actuators (e.g. controlled, cooperative emergency
maneuvers). “Intelligent Emergency Call” and “TeleServices” can end up in a classic roadside assis-
tance via the interaction channel “Goods as a vehicle” (replacement of car parts etc.); within the scope
of the “Intelligent Emergency Call” rescuers potentially perform the first medical assistance for the
driver or the passengers—obviously a person-to-person service.

S-D logic assumes that co-creation of value is a cooperative and interactive process. It considers all
actors involved therein as resource integrators—they offer their resources for collaborative value crea-
tion as value propositions and form together a value co-creation network. A single company cannot
separately and independently generate value. Lusch et al. (2010) define the value co-creation network
as “spontaneously sensing and responding spatial and temporal structure of largely loosely coupled
value proposing social and economic actors interacting through institutions and technology, to: co-
produce service offerings, exchange service offerings, and co-create value."

The framework presented here assumes that CPS’ ability to (temporarily) form Systems of Systems
(SoS) and to act as globally interconnected, cooperative systems, requires such a value co-creation
network. In the formation of SoS the scenario may require ad-hoc cooperation with electronic service
providers, on-site (local) service providers as well as with other, additional CPS. In analogy with S-D
logic’s understanding of customer as a co-creator of added value, CPS themselves, including the hu-
man being part of the CPS, are also seen as resource integrators and thereby value co-creation network
members. One may think here of fully or semi-autonomous, cooperative column driving by vehicular
CPS.

The CPS value co-creation network in the empirical example consists of several resource integrators:
all electronic (sub) services including tech-enhanced person-to-person (sub) services are provided by
the focal company itself, i.e. BMW, or by several externally contracted service providers. The latter
also provide location based information (sub) services. The framework considers besides BMW’s
roadside assistance and its local service partners also local public transportation companies as resource
integrators within BMW’s co-creation network, since they are integrated into the intermodal routing of
“i-Services for Navigation”. The “Intelligent Emergency Call” turns even local emergency medical
services into resource integrators of the CPS value co-creation network.

The “Real Time Traffic Information” takes among others also data from movement profiles of other
“Connected Drive”-enabled BMW vehicles. In this way, a SoS of many vehicular CPS is created and
all of them function as resource integrators by supplying the necessary sensor data. There can be a
reasonable expectation that further progress in the field of (semi-)autonomous driving and vehicle-to-
vehicle/environment communication will enable novel vehicular SoS scenarios. Such SoS will be
probably able to run controlled, cooperative emergency maneuvers etc.
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Context-awareness and cooperation, especially both combined and if taking place ad-hoc, are infor-
mation-intensive value creation activities. The possibilities for this are influenced by information sys-
tems and information-based mechanisms (B6hmann et al. 2014). Here, a central role is assigned to the
CPS platform, typically considered as a construct comprising hardware, software and communication
systems in order to ensure basic functionality for implementation, operation and evolution of CPS on
the technical system level. This includes, for example, standardized interoperability services and quali-
ty of service mechanisms.

Following S-D logic, the focus on the CPS platform is less on the technical system layer. Besides
technology, the CPS platform is a conglomerate of operant resources, such as knowledge, interaction
capabilities, organizational processes, relationship to co-creators, collaborative competences etc. From
the perspective of S-D logic, added value can only result from the application of these operant re-
sources. In this view, companies need to develop relevant capabilities that enable partners and custom-
ers to engage in co-creation activities—i.e. to help them to integrate their resources into the value co-
creation process. In other words, companies are required to establish adequate channels for the ex-
change of operant resources, transcending inter-organizational boundaries (Clauf3 et al. 2014; Lusch
and Vargo 2014). Furthermore, they need to be capable of coordinating interactions and resulting ser-
vice flows among value network members. Karpen et al. (2012) refer to several interaction capabilities
in this regard; Payne et al. (2008) to encounter processes—the processes and practices of interaction
and exchange that take place within co-creation network relationships and which need to be managed
in order to develop successful co-creation opportunities.

Britsch et al. (2012, 2013) discuss an approach, namely anything Relationship Management (xRM),
that could potentially expand a CPS platform (as typically considered) by the just mentioned S-D logic
thought. xXRM is a strategic management approach that integrates and aligns all levels of relationships.
Everything is included in the relationship structures—material assets (e.g., fleet), intangible assets
(e.g., contracts), and any stakeholder (e.g., customers or other co-creators). Using xRM, real and virtu-
al entities can be linked dynamically and context-sensitive (Britsch et al. 2012). The connection to
CPS is obvious—as Britsch et al. (2013) state, xRM could provide the management layer for collabo-
rative networks and CPS (Britsch et al. 2013). The practical implementation of xXRM is based on ICT.
Usually an xRM solution is realized as a xXRM platform (Britsch et al. 2012) that could be a CPS plat-
form component on the technical system layer.

Since the CPS platform is attributed to the back-end area, the document analysis within the empirical
example provided very limited insights. As far as can be seen, substantial amount of information ex-
change and service orchestration is performed, or at least assisted, by customer service or call center
staff—i.e. not autonomously performed by information systems and information-based mechanisms.
This argues again for the potential of xRM being an element of the CPS platform.

3.2 Exemplary Implications for CPS research

Rigorousness requires evaluation of the conceptual framework against the defined goals—i.e. to show,
in what way it enables analyses of CPS service architectures, and on this basis facilitates further em-
pirical and design-oriented research on CPS service architecture innovations, business model innova-
tions etc. Since S-D logic is mainly criticized because of its less concrete implications, an integration
of S-D logic thinking and of the business model concept is seen as highly eligible (ClauB et al. 2014).
The evaluation draws on this research stream and highlights gained insights into the CPS service ar-
chitecture according to two of the seven Service Business Model Canvas’ (SBMC) dimensions—value
proposition and channels. The value proposition dimension offers an overview about the value that is
proposed to each actor—i.e. the value proposition for customers, partners and the company itself is
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represented; the dimension channels describe the interaction points between the actors (Zolnowski and
Bohmann 2014). The presented conceptual framework leads to the following exemplary implications
in respect of these two SBMC dimensions.

The framework considers CPS as the most complex service system design, co-creating location-based
and context-aware value propositions through interlinked interaction channels. This understanding can
be the starting point for further studies on the anatomy of CPS value propositions, e.g. in order to im-
prove the understanding on how providers conduct service innovation by means of combining re-
sources into value propositions (Skélén et. al. 2014) in the field of CPS. Innovation in terms of S-D
logic is perceived as a process wherein co-creators together seek out ways that enable them to success-
fully collaborate in resource integration and fostering of value creation. The novelty of an innovation
seen from S-D logic lens is not limited to be technological—it can also refer to a product being used in
new ways, as in a different context, place and time (Mele et al. 2014).

The five proposed channels can serve as building blocks and facilitate the generation of novel value
propositions—together with the finding that generating value-in-context may require integrable re-
sources coming from a variety of sources—ad-hoc cooperation with electronic service providers, on-
site local service providers as well as with other, additional CPS. It is through the often simultaneous
integration of resources in many possible explicit and implicit combinations that value is co-created
(Lusch and Vargo 2014). Discontinuous innovation often includes reconfiguring the value constella-
tion and study how operant resources from multiple sources can form innovative value constellations
(Michel et al. 2008).

In addition, the interaction channels can be the starting point for further research on collaborative and
contextualized value creation in the field of CPS. Payne et al. (2008) differentiate three exchange prac-
tices or encounter types that facilitate value co-creation: 1) Communication encounters that are primar-
ily carried out in order to connect with customers, promote and enact dialogue, and ensure an ongoing
exchange of operant resources. 2) Usage encounters referring to a service that supports customer us-
age. 3) Service encounters which comprise customer interactions with customer service personnel or
service applications. Ordanini and Parasuraman (2011) see three drivers relevant for service innova-
tion: collaborative competences, dynamic capability of customer orientation and knowledge interfaces.
They also introduce the concept of knowledge interfaces. These knowledge transfer mechanisms fa-
cilitate the transference of knowledge within and among organizations and ensure knowledge gather-
ing and absorption as well as knowledge integration and diffusion (Ordanini and Parasuraman 2011).
Bringing together the derived interaction channels and both broached research results can, for exam-
ple, reveal in which ways actors in CPS-value constellations can collaborate synergistically to create
networks of operant resources.

4 IMPLICATIONS FOR S-D LOGIC
4.1 Service Systems as Resource Integrators

S-D logic generally uses an actor-to-actor notation. All economic and social actors—e.g. business
firms, nonprofit and government organizations, individuals, and households—have a common pur-
pose: value co-creation through resource integration and service-for-service exchange (Lusch and
Vargo 2014). This view of the normalized actor points towards the dynamic and systemic nature of
social and economic exchange and helps to make the collaborative, systemic nature of value creation
and its implications more salient (Wieland et al. 2012). In this sense, S-D logic’s foundational premise
nine (FP 9) states that all social and economic actors are resource integrators.

12



The 2015 Naples Forum on Service

Vargo et al. (2008) also see the service system as a useful abstraction for understanding value and
value co-creation in the way of S-D logic. They even reflected upon the service system as an alterna-
tively appropriate term with regard to FP 9: “For present purposes, we have identified the parties in-
volved in exchange relationships as ‘economic and social actors’. However, we are not forever com-
mitted to that term. Alternatively, ‘service systems’ [..] might be a good, S-D friendly term, but we
suspect it is not yet sufficiently familiar to marketing scholars and practitioners. Therefore, the revised
FP 9 is “All social and economic actors are resource integrators’.” (Vargo and Lusch 2008).

The presented conceptual framework speaks for seizing this idea. All actors in the framework are re-
source integrators. In analogy with S-D logic’s understanding of the customer as a co-creator of added
value, CPS themselves, including the human being part of the CPS, are also seen as resource integra-
tors. For example, the service “Real Time Traffic Information” (RTTI) takes among others also data
from movement profiles of other “Connected Drive”-enabled BMW vehicles. In this way, all of them
function as resource integrators by supplying the necessary sensor data. The service system proved to
be a useful abstraction in order to cover all divergent parties involved in such a value co-creation—
social and economic actors, as well as beyond as in the case of CPS.

S-D logic and service science understand a service system as a dynamic value co-creation configura-
tion of resources, including people, organizations, shared information, and technology, all connected
internally and externally to other service systems by value propositions (Maglio et al. 2009). An atom-
ic service system uses no other service systems as resources. Atomic service systems and other re-
sources can be combined to form composite service systems. Based on these abstractions, the present-
ed framework understands CPS as service systems (see figure 1 in section 3): The sole CPS, under-
stood as an atomic (cyber-physical) service system, receives and (possibly) accepts value propositions
through the five defined interaction channels. Several atomic (cyber-physical) service systems and
other resource integrators from the (CPS) value co-creation network can be combined to form a com-
posite (cyber-physical) service system; just as in the abovementioned example of RTTI, where several
atomic (cyber-physical) service systems and electronic services, e.g. provider of locational context
information, temporarily build a dynamic value co-creation configuration.

S-D logic’s basic abstraction of the service system provides a powerful perspective for understanding
and analyzing service architectures of CPS. The presented conceptual framework indicates that the
service system abstraction is indeed a proper abstraction to understand and characterize actors or re-
source integrators involved in value co-creation, especially when considering IT-enabled service-
provisioning networks such as those in the field of CPS.

4.2  Bridging S-D Logic and Management Research on Technological Platforms

The presented conceptual framework assumes that value-in-use can only be generated by (ad-hoc)
composed value propositions of a value co-creation network—all transmitted by the introduced inter-
action channels. In this regard, the CPS platform plays a central role and uncovers the indirect ex-
change of operant resources. The framework considers the CPS platform itself as an operant resource
as well—more precisely, as a conglomerate of operant resources, such as capabilities that enable part-
ners and customers to engage in co-creation activities, adequate channels for exchange of operant re-
sources, organizational processes of interaction and collaboration, relationship to co-creators, collabo-
rative competences etc. Following S-D logic, the focus on the CPS platform is less on the technical
system layer (standardized interoperability services, quality of service mechanisms etc.).

The above-mentioned conceptualization of the CPS platform—briefly described through the lens of S-
D logic—corresponds well to Gawer’s industry platform conceptualization (Gawer 2014) from the
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field of management research on technological platforms. Gawer (2014) defines industry platforms as
products, services, or technologies developed by one or more firms that serve as a foundation upon
which a larger number of firms, organized as a business ecosystem, can build further complementary
products, technologies, or services. Industry platforms operate within the broad organizational setting
of the ecosystem, whereby coordination is ensured by ecosystem governance. In this regard, platforms
are distinct in that they are associated with network effects. There are increasing incentives for more
providers of complementary products and users to adopt a platform and join the ecosystem as more
users and complementors join. Network effects can be very powerful, especially when they are direct
or same-side—between the platform and the user of the complementary innovation, or between plat-
form and the complementors (Gawer 2014; Gawer and Cusumano 2014).

Besides complementors, the second constitutive agent of an industry platform is the platform leader.
He plays a central, orchestrating role and drives industrywide innovation for an evolving system of
separately developed complementary components. Industry platforms have opened technological inter-
faces with slight variations within the spectrum of how open these interfaces are. Potential innovators
of complementary products can utilize information on the platform’s technological interfaces that are
disclosed by the platform leader to build compatible complements. Industry platforms therefore extend
the pool of accessible innovating agents—loosely organized in an innovation ecosystem—and their
innovative capabilities to a potentially unlimited extent. An interesting specificity of industry plat-
forms is that the platform leader does not need to know ex-ante who or where innovators might be.
Potential innovators of complementary products self-identify to the platform’s innovation ecosystem
(Gawer 2014; Gawer and Cusumano 2014).

The industry platform conceptualization is part of Gawer’s integrative framework that intends to
bridge two differing theoretical perspectives on technological platforms. The economics perspective
sees platforms as double-sided markets, whereas the engineering design perspective understands plat-
forms as technological architectures. While the economic perspective informs the understanding of
platform competition, the engineering design perspective informs the view of platform innovation. The
framework classifies technological platforms within three increasingly broader organizational settings:
within firms, across supply-chains, and within ecosystems. Gawer assigns a corresponding type of
platform to each of the three organizational settings: internal platform (within firms), supply chain
platform (across supply-chains), and the abovementioned industry platform (within ecosystems). The
platform types differ in their level of analysis, its constitutive agents and technological architecture,
the nature of its interfaces, its innovative capabilities, and its coordination mechanisms.

Bridging insights from the field of management research on technological platforms with the perspec-
tive of S-D logic can advance S-D logic’s efforts to clarify the conceptual interplay between the ser-
vice ecosystem abstraction, the value co-creation network, indirect service exchange, and value. Sev-
eral valuable contributions to this topic, especially the below-mentioned ones, provide potential links
to platform conceptualizations within business or innovation ecosystems. This broad organizational
setting and level of analysis corresponds well with S-D logic’s service ecosystem abstraction as a rela-
tively self-contained, self-adjusting system of resource-integrating actors connected by shared institu-
tional logics and mutual value creation through service exchange (Lusch and Vargo 2014).

Relying upon the foundational premises of S-D logic, Lusch et al. (2007) derive propositions that shall
inform marketers on how to compete through service. As to FP 9, “all social and economic actors are
resource integrators”, they make a proposition closely related to platform aspects: S-D logic points
towards collaboration and coordination as essential approaches to innovation and competition. Both
represent means for integrating (operant) resources. At one end of a coordination-integration continu-
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um, transactional markets exist where the inherent marketplace mechanisms become the key coordina-
tion mechanism and integrator. At the other end are relational markets, i.e. long-term relationships that
are highly collaborative. S-D logic embraces relational and collaborative markets. In this context,
Lusch et al. (2007) raise the question who should the prime integrator be under a collaborative model
of coordination. They see the value network member that is the prime integrator in a stronger competi-
tive position. The rationale of this proposition is that the ability to effectively combine micro-
specialized competences into complex services provides knowledge for increased competitive ad-
vantage. Considering this rationale, the roles of the prime integrator and the platform leader appear
fairly similar.

Vargo et al. (2008) describe the interplay between co-creation of value-in-use and value-in-exchange
as follows: Although S-D logic focuses on value derived and determined through use or context, value
determined by exchange remains an important component in the co-creation of value—it inherently
requires participation of more than one actor, and it is through integration and application of resources
made available through exchange that value is created. Value-in-use can theoretically exist without
value-in-exchange, but when the need to access resources from other actors arises, so does the need for
value-in-exchange. To sum up, Vargo et al. (2008) state that “the process of co-creating value is driven
by value-in-use, but mediated and monitored by value-in-exchange“—one can also say: mediated and
monitored by a platform construct.

Chandler and Vargo (2011) explore the role of context in service provision and, more broadly, in mar-
ket co-creation. They propose a conceptualization of context based on the following levels: micro-
context, meso-context, macro-context, and the layer of meta-context above each of the first three lev-
els. Micro-context frames exchange among individual actors as dyads. The important process of ex-
change at this level is direct service exchange. Context at the meso-level frames exchange as it occurs
among dyads, i.e. actors that are not necessary directly connected in order to co-create value. The im-
portant process of exchange at this level is indirect service exchange. Macro-context frames exchange
as it occurs among triads. The important process of exchange at this level is complex service, i.e., mul-
tiple simultaneous direct and indirect service exchanges in the context of a complex network. Context
at the meta-level frames exchange as it occurs among complex networks as service ecosystems. The
meta-level covers all other levels of service exchange and shall make salient how these levels evolve
over time. A platform based conceptualization can sharpen the understanding of complex contexts of
service provision like indirect service exchange or multiple simultaneous direct and indirect service
exchanges in complex networks.

4.3  The Concepts of Indirect Value-In-Context and Option Value-In-Context

According to S-D logic’s FP 7, enterprises cannot deliver value independently, but only offer value
propositions which, after being accepted by customers, enable the mutual co-creation of value. Until
the point of value realization, i.e. through use within customers’ context, the offering is only potential-
ly valuable. In this sense, the customer is always a co-creator of value (FP 6). Value is not created
until the customer integrates and applies the offered resources for value creation with other resources
that exist in his context (Vargo and Lusch 2008).

Lusch et al. (2007) call attention to the fact that there are two components of collaboration between
actors involved in value creation. The most encompassing of both these components is the abovemen-
tioned co-creation of value, closely tied to value-in-use and value-in-context. The second component
involves the customer’s (and any other actor’s) participation in the creation of the core offering itself,
e.g. through shared inventiveness, co-design, or shared production. Therefore, more appropriately than
value-co-creation, it is referred to as co-production.
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The presented conceptual framework assumes that value-in-context can only be generated by complex
service systems that are assembled from different service contexts. Ad-hoc composed and context
aware value propositions of local service providers, electronic service providers, as well as other
CPS—all transmitted by the introduced interaction channels—generate value-in-context, when being
accepted by the beneficiary. The context of use is determined by the physical process that embeds the
CPS at the time of consideration. It so far corresponds to S-D logic’s understanding of value and value
creation. However, drawing on the empirical illustration, a closer look into the anatomy of value and
platform-mediated value co-creation in the framework reveals two issues that do not go hand in hand
with S-D logic.

The value proposition of BMW’s “Real Time Traffic Information” (RTTI) is to keep the driver “up-
dated on the traffic situation as it develops ... The system also calculates what delays are to be ex-
pected and recommends detours. This keeps [the driver] precisely informed of the traffic situation on
the planned route and potential alternative routes at all times. As a result [the driver] can react to tail-
backs and road closures in good time and avoid them” (www.bmw.com). In order to be as precise as
possible, the system takes among others also data from movement profiles of other “Connected
Drive”-enabled BMW vehicles in real time. In this way, a System of Systems of many vehicular CPS
is created and all of them function as resource integrators by supplying the necessary sensor data. In
other words, by driving from A to B, customers simultaneously co-create value-in-context for them-
selves, as well as co-produce the core offering for others by enabling precise information—i.e. they
increase potential value-in-context of other customers.

The described constellation is caused by network effects that are generally associated with platform
mediated value co-creation, and in the case of RTTI take effect as follows. The more users adopt the
platform and co-produce the RTTI by simply using it, the more valuable the platform becomes to the
platform leader and its users because of an increased value-in-context of RTTI to all customers using
it. “Indirect value-in-context” might be a proper term for this effect or part of the overall value-in-
context.

Hein et al. (2006) propose a similar anatomy of value (-in-use/-in-context) related to the valuation of
ecosystem services. They use the following definition of an ecosystem: “the individuals, species and
populations in a spatially defined area, the interactions among them, and those between the organisms
and the abiotic environment” (Hein et al. 2006). Ecosystem services, e.g. recreation and nature conser-
vation, are goods or services provided by the ecosystem to society. The authors define and discuss four
value types that stakeholders can attribute to ecosystem services—among others so called indirect use
values that “stem from the indirect utilization of ecosystems, in particular through the positive exter-
nalities that ecosystems provide.* Positive externalities occur when the consumption or production of
a good causes a benefit to a third party, which is nothing else than (positive) network effects.

Besides indirect use values, Hein et al. (2006) further introduce so called option values: “Because
people are unsure about their future demand for a service, they are willing to pay to keep open the
option of using a resource in the future” (Hein et al. 2006). Following this, at least parts of a value
proposition can indeed be more than just potentially valuable until its realization. So the option of
taking alternative routes at all times is valuable to the customer in the sense of value-in-context. Alter-
native routes increase the value-in-context of RTTI, no matter whether or not actually used by the
customer.

Such options enable the overall value proposition of “i-Services for the Navigation”—“to make elec-
tric driving easier and more convenient” (www.bmw.com). The driver may be certain that, in any case,
there will be a fast and convenient way to reach the destination. If the range assistant detects that either
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the charge level of the battery, driving style, topography, or current traffic conditions will prevent the
driver from reaching the destination, it recommends alternative routes that consume less power, shows
charging stations on the way to the destination, or even offers intermodal routing solutions including
local public transportation. In this example too, the mere value propositions from of all these value co-
creation network members—providers of charging stations, local public transportation companies
etc.—increase or even enable the value-in-context of “i-Services for the Navigation”, no matter
whether or not actually used by the customer. One can also say that their value propositions are com-
plementary to that of i-Services for the Navigation”. “Option value-in-context” might be a proper term
for this effect or part of the overall value-in-context.

According to Hein et al. (2006), the total use value equals the sum of the abovementioned indirect use
and option values, as well as so called direct use value—value that arises from direct utilization of
ecosystems services—and so called none-use value, which is not relevant at this point. On the analo-
gous assumption that parts of the overall value-in-context are exclusive and may be added, the pre-
sented framework indicates that (the overall) value-in-context consists of “indirect value-in-context”,
“option value-in-context”, and “direct value-in-context”. This anatomy of value-in-context can resolve
the two initially raised issues.

S CONCLUSION

In the first part, the present paper shows an alternative view of CPS in the form of a conceptual
framework informed by S-D logic. It is a first exploratory attempt to apply S-D logic to CPS and to
consider CPS as service systems. Thus, at this point, it is not a fully developed understanding of CPS
as service systems and a fully developed conceptual framework to analyze CPS service architectures.
Nevertheless, S-D logic proved to be useful when there is a need to have a complete understanding of
the whole value-creating system.

In the second part, the paper focuses on how this conceptual framework contributes to the advance-
ment of S-D logic itself. Findings from application of S-D logic to the field of CPS are passed back to
the general orientation of S-D logic and result in three main implications: First, the service system
abstraction is indeed a proper abstraction to understand and characterize actors or resource integrators
involved in value co-creation, especially when considering IT-enabled service-provisioning networks
such as those in the field of CPS. Second, bridging insights from the field of management research on
technological platforms with the perspective of S-D logic can advance S-D logic’s efforts to clarify the
conceptual interplay between the service ecosystem abstraction, the value co-creation network, indi-
rect service exchange, and value. Third, a close look into the anatomy of value and platform-mediated
value co-creation in the framework reveals that (the overall) value-in-context consists of “indirect
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value-in-context”, “option value-in-context”, and “direct value-in-context”.

The presented implications are limited by its exploratory, inductive and conceptual nature. Further
research is needed in order to gain further elaboration, scrutiny, and competing views.
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