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Abstract. Modern day enterprises need to be continuously “on the move” to deal
with the many challenges and opportunities that confront them. The resulting
changes can take shape as top-down and premeditated efforts, but are more likely
to also take the form of numerous small changes that emerge bottom-up in a
seemingly spontaneous fashion. Additionally, fixed organizational structures are
being replaced by more dynamic networked enterprises, also blurring borderlines
between existing enterprises within the same value web/chain.
We argue that the change processes of modern day enterprises are a key business process, next to the regular business processes involved in the operational
activities. We therefore suggest to refer to the change processes as second order
business processes, as they essentially change the regular (first order) business
processes and their supportive structures. Second order business processes need
the supported of information systems that capture, manipulate and disseminate
information concerning different structural aspects (e.g. from value propositions,
via business processes and supporting applications, to the underlying IT infrastructures) of a networked enterprise and its environment. We refer to such information systems as second order information systems.
In this position paper, we specifically zoom in on the need for interoperation
of such second order information systems within networked enterprises that are
“on the move”. This is what we will refer to as second-order interoperation.

1 Introduction
To deal with the many challenges and opportunities that confront them, modern day enterprises need to be continuously “on the move”. Socio-economic challenges, such as
the financial crisis, mergers, acquisitions, innovations, novel technologies, new business
models, servitisation of the economy, reduced protectionism, increased global competition, etc., provide key drivers for change. These challenges are fuelled even more by
advances in (information) technology. The resulting changes can materialise in different forms. They might, for example, take shape as top-down and premeditated efforts,
!
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but might also occur as numerous small changes that emerge bottom-up in a seemingly
spontaneous fashion.
Operating in such environment requires flexibility and cooperation between enterprises, sharing their core competencies in order to exploit the market opportunities. Exchanges are needed for both operational control, solving interoperation problems and to
a larger extent for the decision making process during the establishment of cooperation,
including opportunity exploration, planning and implementation. These developments
have also prompted enterprises to re-structure themselves in terms of more flexible
network structures [11, 15, 9]. Traditional fixed organizational structures are being replaced by more dynamic networked enterprises [8, 26], also blurring the borderlines
between existing enterprises within the same value chain/web.
In our view, change processes should be regarded as a key business process in an
enterprise, next to the regular business processes involving in the operational activities. More specifically, we suggest to consider the change processes as a second order
business processes. This will be elaborated upon in Section 2, which is based on earlier
work as reported in [19, 18].
Furthermore, in fast moving networked enterprises, it is important for senior management, as well as the workers in the enterprise and other participants in the value
web in and around the enterprise, to have insight in the workings of the enterprise as
a whole. This insight might be needed to e.g. coordinate change, manage compliance,
manage risks, assess performance, etc. As a result, information concerning different
structural aspects (e.g. from value propositions, via business processes and supporting
applications, to the underlying IT infrastructures) of the different elements of the networked enterprise and its environment is needed. We refer to such information systems
as second order information systems.
In the case of a networked enterprise, the second order information systems are likely
to run across multiple nodes in the associated network of organizations. This leads
to a major challenge for the interoperation between these second order systems. It is
acknowledged that one of the major issues in global collaboration and cooperation is
the development of interoperability between enterprises. Hence, interoperability has
become a key factor to success of enterprises and thus requires considerable attention.
In this position paper, we specifically zoom in on the need for interoperation of the
second order information systems within dynamic networked enterprises. This is what
we will refer to as second order interoperation. We will elaborate on the concept of
second order interoperation in Section 3, while Section 4 will connect it more explicitly
into the need to steer the motion of enterprises.

2 Enterprises in Motion
In line with [6], we consider an enterprise to primarily be a social system, in particular a social system with a purpose. The social individuals, i.e. humans, making up the
enterprise will typically use different technological artefacts to (better) achieve their
purpose. As a result, enterprises are generally regarded as being socio-technical systems. In using the term enterprise we will therefore also refer to the used technological
artefacts.
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As a result of the socio-economical and technical challenges, enterprises need to
change continuously. Different kinds of, and views on, change in enterprise exist. Some
examples include:
– Enterprise transformation [21, 12], concerned with pre-meditated and fundamental
changes to an enterprise’s relationships with one or more key constituencies, e.g.,
customers, employees, suppliers, and investors.
– Business innovation [7], dealing with continuous innovation of the business, its
products and/or services.
– Continuous process improvement and other forms of business process reengineering [5, 20].
These different flavours of change in enterprises are generalized as “enterprises in
motion”, where the word motion refers to “an act, process, or instance of changing
place” [16].
It is important to note that enterprises do not just change by means of pre-meditated
change programs. We even go as far as to argue that small changes actually make up
the bulk of an enterprise’s motion. As such, these seemingly small changes should be
taken into due consideration as well. For example, it is quite common that business
processes are not executed as designed. People working in an enterprise are likely to
make changes to the design of business processes just ‘to make it work’. Either to make
it work for the individual worker, or because the designers did not realize all the variety
and complexity one has to deal with in the day to day operations of the enterprise. One
might even argue that business processes only work, because people will make them
work, even if they are not designed well enough.
Given the needs of modern day enterprises to be constantly in motion to meet ever
changing challenges, we argue that the continuous motion of an enterprise is actually
one of its primary business processes, next to the ‘normal’ operational business processes. As such, the business process for continuous motion deserves careful design
and management. They are 2nd order business processes, and as such, will require the
support of 2nd order information systems.

3 The Need for Second Order Interoperation
We now turn to the need of enterprise interoperability, and do so more specifically in
the context of steering the motion of a networked enterprise.
3.1 Enterprise Interoperability
Interoperability is defined as the “ability of two or more systems or components to exchange information and to use the information that has been exchanged” [14]. Having
this ability, allows enterprises, organizations and more generally systems to interoperate. In line with this definition, interoperability begins with a theoretical idea of the
following structures having symmetry: software components, hardware components,
the interaction between software and hardware components, and the communication
between systems exchanging information. Being interoperable means that the system is
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able to avoid/solve interoperability problems and interoperate with its partner. According to [4, 25], there are three kinds of interoperability problems:
– Conceptual problems are mainly concerned with the syntactic and semantic incompatibilities of information to be exchanged or to be used during an interoperation.
– Technological problems refer to the use of computer or ICT (Information and Communication Technologies) to communicate and exchange information (i.e. language,
architecture & platforms, infrastructure, . . . ). These problems concern the standards
to use, store, exchange, processes or computerized data.
– Organizational problems relate to the definition of responsibilities and authorities
so that interoperability can take place under good and well-established conditions.
In order to quickly overcome these interoperability problems and thus support enterprises to better interoperate with their partners, clients, providers, etc. Enterprise Interoperability (EI) requires continuous assessment and improvement.
3.2 Second-Order Interoperation
Preparing, maintaining and improving interoperability should be considered as a business process that should be designed (to prepare interoperability), assessed (e.g. using maturity models), improved (i.e. by reaching higher levels of interoperability) and
maintained.
In line with the terminology used for aspect systems in an enterprise in motion [19],
the running-producing system can be regarded as a first order interoperation. This requires the running system, to have the ‘ability to interoperate’ before interoperating, we
refer to as 1st order interoperability. On the other hand, the motion-steering system can
be regarded as a second order interoperation that needs also second order interoperability. These are illustrated in Figure 1. First order interoperation is an operational process
within organizations (1st order business process). Motioning interoperation, by solving
problems or improving it is a 2nd order business process that should be steered and
supported. Consequently, enterprise interoperation focuses on those properties of an
enterprise that are necessary and sufficient to meet its essential requirements for interoperability. This includes, in principle, all aspects of Figure 3, in particular the running,
motioning, producing, and steering aspect systems.
3.3 Steering Areas of Interoperability
The establishment or diagnosis of enterprise interoperability leads to identify the different operational levels that are concerned. Four areas of interoperability, called Enterprise Interoperability (EI) concerns, have been defined, namely business, process,
service and data [4].
– Interoperability of data aims to make work together different data models with different query languages to share information coming from heterogeneous systems.
– Interoperability of services aims at making it possible for various services or applications (designed and implemented independently) to work together by solving the
syntactic and semantic differences.
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Fig. 1. Second order Interoperability and Interoperation

– Interoperability of processes aims to make various processes work together. In the
interworked enterprise, the aim will be to connect internal processes of two companies to create a common process.
– Interoperability of business aims to work in a harmonized way to share and develop
business between companies despite the difference of methods, decision making,
culture of the enterprises or, the commercial making.
Given the needs to be constantly in motion to meet ever changing challenges, we argue
that the continuous motion of each one of these interoperability concerns is actually one
of its primary business processes, next to the normal operational business processes. As
such, each business process for continuous motion deserves careful design and management.
3.4 Levels of Steering
Given the fact that an enterprise architecture forms a bridge between strategy and design [17], it follows that the motion-steering system actually involves (at least) three
levels of steering. These are illustrated in Figure 2 [19]. At the top level we find the
steering of strategically relevant issues. This concerns the definition and evolution of
the enterprise’s strategy. Depending on the goals and concerns that are involved in the
strategic thinking level, the border between the strategic level and the architectural level
would need to be adjusted. Needless to say, that this border cannot be fixed a priori. It
will depend on the situations and concerns as they evolve.
At the next level, we find the architectural level. There the same applies. Depending
on the essential requirements that follow from the strategic level, as well as the goals
and concerns of the stakeholders, the border between the architectural level and design
level can be adjusted. Again, this border cannot be fixed a priori as well. For example,
a shifting societal focus towards e.g. the carbon footprint of the production of services
and goods, may all of a suden trigger the architectural need to study the carbon impact
of the enterprise’s business processes. This would entail the need to, at an architectural
level, now consider and design business processes at a finer level of detail then before.
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Fig. 2. Steering-Levels, taken from [19]

The last level of the steering system involves the design level. This design level is
filled in by e.g. system development projects and/or decisions by self-steering teams on
how they plan/organize their work.
The left hand side of Figure 2 shows the input, i.e. the abstraction (typically in terms
of models) of the sensing activities, to the thinking activities. To stress the fact that this
should not just involve the current state, but rather a historical perspective and current
trends of the entire enterprise, we refer to this input as the current & past affairs1 . The
dotted arrows on the left side of Figure 2 illustrate that the lower levels can take the the
higher levels of information as (contextual) input.
The right hand side of Figure 2, represents the results of the thinking activities. In
other words, the intentions/plans for action. The dotted arrows illustrated the fact that
the lower levels need to be compliant to the higher levels. As such, the (higher level)
intentions are also a part of the input for the at the lower level. This is signified by the
fat arrow running across the top of the diagram.
3.5 2nd Order Interoperability and Systemic Properties
Systems theory is a way to view the world [10]. It can be used as a paradigm to understand interoperability: interoperating systems, systems interoperation and interoperability problems as well as solutions. This is particularly relevant since interoperability
is about relations between systems. This section proposes that 2nd order interoperability can also benefit from a systemic approach. Several characteristics of a system can
influence its ability to interoperate. Based on [27], the main ones are the following:
– The openness of a system refers to the relationship between the system and its environment. Open systems affect and are affected by their environment [10]. The
opposite of an open system is a closed system that does not have any interaction
1

http://en.wikipedia.org/wiki/Current_affairs_(news_format)
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with its environment. As a result of being closed, such a system cannot be interoperable.
– The stability of a system should be considered. An unstable system will be prone
to create interoperability problems due to its changing nature.
– The adaptability of a system is an important factor. A system that can react to
changes and adapt its structure or behaviour accordingly while keeping its original
objective has a greater interoperability potential.
– The reversibility is one of the properties that interoperable system should have:
even if the implementation of the interoperability between two systems leads to
their adaptation or modification, these systems have to be able to come back to
their initial state when interoperation ends (both from the point of view of structure
and behaviour).

4 Steering the Motion of Enterprises
Given the potential impact which the challenges may have on an enterprise, and that
as a consequence enterprise are continuously in motion, we argue that there is a need
to steer this motion. It needs to be ensured that the motion is in line with the overal
purpose and strategy of the enterprise, while also staying within the bounds of e.g.
external regulations.
4.1 Steering
Based on the view that enterprises are continiously in motion and given the need to
steer this motion, a distinction between four aspects systems is needed : the running
aspect system, the motioning aspect system, the producing aspect system and the steering aspect system. The production aspect is concerned with the actual performance of
activities of e.g. the motioning system (i.e. making changes) or the running system (e.g.
producing products or delivering services). The steering aspect is concerned with the
overall steering of the activities of the production system, such as ensuring their mutual
alignment, efficiency and contribution to the overall goals (e.g. the purpose of the enterprise), as well as compliance to external regulations. According to the dictionary [16],
to steer specifically means:
1. to control the direction in which something (such as a ship, car, or airplane) moves;
2. to be moved or guided in a particular direction or along a particular course.
We consider this to be applicable to the motion of an enterprise as well. Depending on
the enterprise, its purposes, context, and concerns, the steering system can use different
styles of steering. For example, a restrictive top-down style of control approach, or a
more laissez-faire based care-taking/stewarding approach. It may also apply different
rhythms towards steering the activities in the producing system. For example, a regular
planning-based approach or a more evolutionary/agile approach.
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4.2 The Sense-Think-Act Paradigm
The role of the steering system can be illustrated more specifically in terms of the control paradigm from management science. From a theoretical point of view, the control
paradigm is based on the more general notions of cybernetics [2] and feedback systems [3]. The field of robotics has developed a variation of the control paradigm in the
form of the Sense-Think-Act paradigm [22]. In terms of the requirements on a controlling system, we would have the following correspondence:
1. Sense: (1) the current & anticipated coordinative goals and constraints, (2) the state
& motion of the object’s environment, (3) the state & motion of the object itself
and (4) the impact of earlier coordinative interventions.
2. Think: (1) perform a SWOT analysis of the motion of the object and its environment, in relation to the coordinative goals and constraints, as well as earlier intervention actions, and (2) formulate (when needed/desired) an intervention plan to
influence the object and/or its environment.
3. Act: perform an intervention plan.
We argue that sensing, thinking and acting are actually more specific aspect systems
of the steering system. For enterprises in motion, this leads to the situation as shown
in Figure 3. The sensing aspect system observes the environment, the performing of
motioning system, as well as the running system as a whole. It acts by influencing the
performance part of the motioning system.

motions
Environment

Enterprise

Act

Think

Sense

Motioning
system
Running
system

Producing
system

Steering
system

Fig. 3. Sense, Think and Act aspect systems added

4.3 Second Order Information Systems
The motion-steering system can be regarded as a second order information system [13].
As such, it is actually to be regarded an information system in the broad sense, as it
involves both human and computerised actors. Needless to say, that IT can play an
important role in this information system [18].
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In this vein, techniques such as process mining [1], software cartography [24, 23]
and enterprise cartography [24] are examples of IT based techniques that can support
the sensing activities of the motion-steering system. Similarly, IT based techniques can
be used to support the thinking and acting activities.

5 Conclusion
Operating in a dynamic environment requires flexibility and cooperation between enterprises. This needs the ability to be continuously “on the move” and the need to steer
this motion. In this postion paper, we have focused on interoperation and defined second order interoperation/interoperability. We argued that the motion-steering system of
an enterprise is essentially a second order information system, yielding several future
challenges for the field of information systems [18]. We defined the change/motioning
interoperation processes as second order interoperation, as it essentially changes the
regular (first order) interoperation and its supportive structures. Based on this, we also
identified different levels of steering enterprises in motion, positioning architectural
steering (and thinking) in between strategic level steering and design level steering.
Finally, we suggested the key ingredients of enterprise architecture as being: an engagement framework, a motivation framework, a design framework, a communication
framework, and a process framework.
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