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ABSTRACT
This article presents a key design principle behind an innovative artefact
created for the course MG4C3 “Information Technology and Service
Innovation” at the LSE. The author identifies the socio-technical mechanisms
of establishing shared control between digital and human agents in cyberphysical systems during the process of system design. To illustrate the
responsibilities and capabilities across interface, information and task agents,
“Emergency,” an innovative in-vehicle emergency response solution for the
upcoming era of fully autonomous vehicles is studied as the example of an
intelligent “personal assistant” system. The case of “Emergency” instantiates
agents’ activity allocation and control through a series of concepts: 1) a
distributed multi-agent system with different types of autonomous interface
agents to reach a common goal - responding to passengers’ emergency
requests, 2) an organizational informational services theory that distinguishes
the roles of information agents and task agents, and 3) a human-in-the-loop
model in preparing digital augmentation of the emergency service operations
in an interactive system. The design analysis demonstrates that the interplay
between human and digital agents will be determined not by machines but by
the choices made by individuals, organizations and societies.

Links to the Prototype and Introduction to the Connected Car App “Emergency”:
- Link to Prototype: https://xd.adobe.com/view/77b55230-5d65-4023-ade5-44da7f96d9db/
- Link to Video: https://www.youtube.com/watch?v=XH9CLVZp_wY&feature=youtu.be

Introduction and Context
Futurist Arthur C. Clarke’s adage that “any
sufficiently advanced technology is indistinguishable
from magic” seems especially true to people who are
unfamiliar with recent technological innovations.
People all around the world today find cyberphysical systems and digitization of everyday things
are quickly penetrating all aspects of their lives.
At the rate of exponential growth, various kinds of
automation continue to liberate humans’ bodies and
brains from all sorts of tasks (Brynjolfsson & McAfee,
2014). With the help of intelligent digital agents, we
can make many decisions more efficiently within
shorter amount of time. On the contrary, humans
also find themselves exposed to many short-term and
long-term risks. More and more workers worry about
losing their jobs to robots, while thinkers ponder
the paradox of automation which reflects humans’
diminishing skills due to over-reliance on automation
(Carr, 2014; Harford, 2016).
Regarding the role of autonomous agents, academics
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repeatedly emphasize that these computational
systems need essential functions to perceive complex
dynamic environment, interpret perceptions, and
autonomously act upon the environment in order
to realize a set of goals for which they are designed
(Maes, 1995; Russell & Norvig, 1995; Hayes-Roth,
1995). Despite the accelerated progress in artificial
intelligence, using technology agents doesn’t imply
giving up all human control. In the case of a fully
autonomous vehicle, the passenger can determine
the destination and give up some control to the car,
because he/she can neglect which exact route is taken
to reach each destination. As car manufacturers
launch more AI features, new cars are able to make
decisions and take actions without drivers’ inputs.
Rather than studying humans’ control of technologies
or technologies’ replacement of humans, this study
recognizes the distributed collaboration process
between the two.
This article presents a key design principle behind
an innovative artefact created for the course MG4C3
“Information Technology and Service Innovation”
at the LSE. The design product “Emergency” is
an innovative emergency response solution in the
upcoming era of fully autonomous self-driving cars.
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Shared control is an especially important aspect in the
“Emergency” system design. This system presents
an innovative emergency response solution for the
upcoming era of self-driving vehicles. Building
the sense of trust and control is a key challenge in
designing user-agent collaboration. Users should be
able to turn over control without feeling out of control.
In the context of the system integrator “Emergency,”
passengers, central emergency responders and local
emergency units are the users of this service. In
each stage of the human-machine interface design,
developers must clarify who is in control and prevent
unintended control from taking place in case of
urgent situation (Torngren et al., 2014).

and Scott, sociomateriality moves away from how
technologies influence humans to examining how
materiality is intrinsic to everyday activities and
relations (2008).

The Sociomateriality Literature

One stream of sociomateriality focuses on the
deterministic relationship between social and material
agents. According to Wooldridge and Jennings’s
study on the theory and practice of intelligent
agents, abstraction tools like information systems
are intentional systems embedded in belief, desires,
and rational acumen (1995). Information attitudes
such as belief and knowledge are coupled with proattitudes such as desire, obligation, and commitment
etc to make up these intentional systems in modern
working environment. Within this context, the most
general way in which the term “agent” is used to
reflect computer systems with the properties with
autonomy, social ability, reactivity, and proactiveness
(Wooldridge & Jennings, 1995). A stronger notion of
“agent” is conceptualized by giving agents humanlike attributes such as mentalistic and emotional
agents (Bates et al., 1992; Shoham, 1993). From a
more conventional point of view, scholars tend to
separate material agencies from the social agencies
in theorization. Leonardi (2012) mentioned that
social and material are within different realm. Social
agency is coordinated human intentionality, while
material agency are the ways in which a matter’s act is
provoked or instructed by humans; therefore, social
agency and material agency are different in nature
with respect to intention, they impact, mutually
shape, or mediate each other and become imbricated
in social practice.

The complicated connected world is built of
fragmented systems made of specialized domains
of skills and collaboration. To unveil the hidden
intentions and actions behind the complexity, the
concept of agency is explored in this paper. Roberts
and Grabowski (1996) posits technology as including
three aspects: mechanical systems (i.e. hardware);
human systems (skills and human energy); and
knowledge systems (abstract meanings and
concepts). Through studying the foreground patterns
within the constitution of organization practices,
a sociomateriality lens is valuable in contributing
to the management knowledge in the connected
world. This paper focuses on the very idea of humanmachine interaction in a distributed collaboration
environment.

Another stream of sociomaterial conceptualized
entities are mutually dependent ensembles in
organizational realities, constantly facing embedded
and emergent interconnections. This processual
logic sees interactions and outcomes as mutually
dependent, integrative, and co-evolving over
time (Orlikowski and Scott, 2008). Zammuto et al
(2007) advocate using the notion of affordances
to examine the dynamic and often unpredictable
interplay of IT and organizations. The third stream
of sociomateriality takes this view even further
to dissolve the boundaries between humans and
technology. Agency is an ongoing reconfiguration of
the world, so it is important to think of social material
world as inseparable and constitutively entangled
(Barad, 2003).

The popular debate over the design and arrangement
of the interactions between human and machine
agency has received attentions from multiple
fields. Jones summarizes the conceptualization of
sociomateriality by highlight the key characteristic of
the concept: materiality, inseparability, relationality,
performativity, and practice (2014). A strong view of
sociomateriality supports the view of organization
in a perpetual state of becoming, whereas a weak
perspective of sociomateriality focuses on the relative
stability and similarity of practices enacted within a
particular setting, some of the properties of which
may be considered to be relatively enduring and
independent (Jones, 2014). According to Orlikowski

From the stronger perspective of sociomateriality,
different disciplines explore the relationships among
entities. Andrew Pickering, the philosopher and
historian of science, proposed “the mangle of practice”
theory by arguing that “material and human agencies
are mutually and emergently productive of one
another” (1995). His intricate study of a physicist’s
experiment showcases that in no agency or discipline
is actually in full control within any situation: human
practitioners are continually adapting and adjusting
their actions in order to accommodate the emerging
material resistance (Pickering, 1996). In her theory
of agential realism, Karen Barad, a feminist theorist

Analyzing the responsibilities and capabilities across
interface, information and task agents in “Emergency,”
this essay elaborates on the establishment of shared
control between digital and human agents in cyberphysical systems (CPSs). It applies the concepts of
a distributed, multi-agent system, organizational
informational services theory and human-in-the-loop
CPS to many shared control features. The main body
discusses the key design decisions of “Emergency” in
the light of intelligent computing systems literature.
The final section gives the essay limitations and a
short conclusion. Peer-reviewed journals such as
MIS Quarterly, Journal of Information Technology,
Artificial Intelligence, as well as other governmental
and academic publications were searched using terms
such as “agent-based software,” “intelligent system
design” and “CPS principles.”
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Figure 1: Example Multi-Agent Interface Structure (Kolp, et al., 2006)
who inspired many scholars in computer science
and information system, argues that agency is “the
enactment of iterative changes to particular practices
through the dynamics of intra-activity” (2003). In fact,
the world we are in today is indeed an agential intraactivity in its own becoming. From this perspective,
we can understand the world as an activity filled with
reconfigurations, relationship, and entanglement;
and matter as a stabilizing and destabilizing process
of interactive intra-activity (Barad, 2003). Entities,
human beings, and things exists only in relations:
they are performed and continuously brought into
being through relations (Cecez-Kecmanovic et al.,
2014). The following three sections apply specific
sociomaterial frameworks in the system design of the
connect car application “Emergency” to recognize
the relationships between entities in the world of
autonomous cars.
Distributed Multi-agent System
Recent advances in vehicle connectivity catalyzed
new services that span across multiple industry
domains. Essentially, “Emergency” builds a system
of systems (SoSs) that constructs multiple evolving
large-scale systems and coordination among
vehicle infotainment systems, emergency response
systems and wireless communication infrastructures
(Jennings, 2000; Torngren et al., 2014). In order to
manage a wide range of objectives such as automating
priority travel and delivering emergency response
services, system designers have to break down legacy
technical and organizational barriers and build new
barriers to lay down the control mechanisms among
the subsystems.
“Emergency” is a distributed multi-agent system
with different types of autonomous problem-solving
agents to reach a common goal - responding to
passengers’ emergency requests (Kolp et al., 2006).
Depending on the unit of analysis, these autonomous
agents can be categorized into three groups: 1)
interface agents that represent human interests, 2)
task agents that resolve problems, and 3) information
agents that link to data sources (Sycara et al., 1996).
12

This section analyzes the relationships between the
partner organizations by extending organizational
theories to the design of interface agents. The agents
in the system include both machines and humans that
coordinate their actions in order to perform better
than their isolated states (Pendharkar, 2007). This
digital artifact exhibits the attributes of a large and
spatially distributed system with complex dynamics
such as distributed management, partial autonomy in
the subsystems and dynamic system reconfiguration
along its implementation roadmap (Thomson et al.,
2015). To make the “Emergency” service possible,
the system needs to define the shared responsibilities
and control among the key organizational partners:
automakers, central emergency response centers
and local emergency units like A&E departments.
These partners can leverage the distributed digital
re-combinability nature of autonomous cars through
Vehicle to Everything (V2X) connectivities.
The philosophy of service oriented architecture
is incorporated in “Emergency” to deal with the
subsystems’ complexity and flexibility. This essay
adopted Kolp et al. multi-agent modelling framework
to better understand the control mechanism among
the partners (2006). The strategic alliance format
of joint venture can be used as a metaphor to link
specific facets of the involving partner organizations.
Figure 1 lays out an example of multi-agent structure
for joint venture systems (Kolp, et al., 2006), and
showcases the following collaboration requirements:
1. The joint manager actor (“Emergency”) has a public
interface role to represent the interests of external
stakeholders (passengers), and define the design
strategy for its private interface that represents the
interests of operational partners.
2. The joint manager actor (“Emergency”) has a
private interface role to coordinate tasks among
operational partners;
3. Partners depend on each other for providing and
receiving information and resources.
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Figure 2: “Emergency” Multi-Agent Interface Structure
Figure 2 lays out the actual multi-agent structure
designed for “Emergency.”
Just like a joint venture, partners continuously
contribute to the system through V2X networks
and emergency response networks. Although
“Emergency” directly handles passenger requests
and represents general public’s interests, partners are
obligated to provide service innovations, technology
upgrades, data management and service delivery
tasks. Automakers are mainly responsible for
developing and implementing the vehicle to vehicle
(V2V) communication standards and technologies
in order to accomplish priority autonomous travel.
Central emergency response centers develop the next
generation of 999 so they may receive multimedia
messages and offer direct in-vehicle responses. Local
emergency units set up their request receival terminals
and take care of passengers at arrival. “Emergency”
development team integrates all the subsystems and
communication networks. All the organizations are
given the flexibility to update and adjust their network
and databases; and they also share the responsibility
to push the universal software adoption.
As the implementation timeline continues to carry
on, an increasing amount of assigned tasks will
be automated by cognitive-intelligence agents.
Participating organizations will need to take their
learnings and adopt an agile strategy to meet the
general public’s changing needs and incorporate the
technological advancements like 5G. “Emergency”
might expand its service offering based on the
maturity of technologies, but it will continue to
control its external interface strategy and maintain
the alignment of its partnership alliance.
Organizational Information Services
The previous section addresses the integration

of interface agents; this section elaborates on the
interactions between task agents and information
agents. The interactive ICT view of computational
artifact is appropriate for conceptualizing the
information control process in “Emergency.” At a
more granular level, this part covers the aspect of
information sharing among digital agents within
an individual context rather than an organizational
context. Through transmitting and receiving data,
the system enables a set of dispersed autonomous
agents to coordinate and respond to passengers’
needs collectively. Unlike the existing technologies of
emergency response, this artifact quickly creates new
data linkages and seamlessly integrates information
gathering with decision support and problem solving.
Applying Mathiassen and Sorensen’s theory of
organizational information services, we can further
describe the interaction between human/digital task
agents and informational services (2008). The system
dynamically handles uncertainty and equivocality
throughout different stages of service delivery.
According to Pattie Maes, humans need to be able
to delegate tasks to personal assistance because of
limited attention span (1997). The following analysis
(table 1) incorporates the automation level of each
task into Mathiassen and Sorensen’s framework
in order to reflect the capability and suitability of
autonomous agents. Information agents offer data to
human/digital task agents’ information requests.
The proposition for determining each automation
level depends on the information that can be obtained
by the system. Because the initial emergency request
can be highly equivocal and highly uncertain, the
passenger has the control to work with intelligent
agents or human agents. While there are still certain
tasks in which humans are superior to machines,
such as conceptual decision making, perception and
intuitive control, machines can already take on many
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Table 1: Information Services and Automation in “Emergency”
explicit knowledge tasks and some tacit knowledge
tasks (Carr, 2015; Shirner et al., 2013). A high degree of
uncertainty is always embedded in most 999 related
requests. In case of prank calls, humans in the system
are capable of dealing with ambiguous, incomplete
and wrong data (Muller, 2016). The system cannot
predict the type of incident (either legitimate or
illegitimate requests), but it has a mean to identify
the issue reported with advanced natural language
processing capability. Task 1 and task 6 show the
service and technology support in these two different
levels of automation. The option for contacting a
human agent is a crucial feature of the system, as it
encourages fearful passengers, who feel unfamiliar
with technologies, to overcome their situation. The
service type of both tasks are collaborative, because
they involve complex user needs and long-lasting
trust. If the “Emergency” system can offer the right
amount of support during the early stage of service
delivery, it can help users to trust and understand the
later stage of service delivery.
Tasks like case identification, destination selection,
and passenger acceptance process information with
relatively lower level of uncertainty and equivocality;
therefore, can be carried out by autonomous
intelligent agents. Humans can easily understand
these services, since the tasks are short encounters
implemented with straightforward and standardized
approaches. The autonomous vehicle is responsible
for the task of distributing urgent travel information
to approaching vehicles. It transmits standardized
travel data to approaching cars’ communication
boxes to inform other cars/passengers and gain
priority travel. The entire encounter process occurs
within a short time span to ensure road safety.
14

Finally, 999 center staff work with official vehicle
responders by leveraging available intelligent
information agents to appropriately allocate service
resources. Due to multiple back and forth negotiation
between the agents, this task is flexible yet complex
to complete. Mathiassen and Sorensen’s theory
offers a comprehensive approach in untangling the
responsibilities and control between the information
and task agents.
Modelling Human-in-the-Loop within CPSs
Humans are in the center of this CPS, despite the usage
of autonomous cars and intelligent software agents.
Although CPSs like “Emergency” collect and process
a lot of information about the physical environment,
they do not complete tasks independently. The
service does not completely free up passengers’
self-care role in an emergency situation, nor does it
displace the legacy 999 system. Therefore, to ensure
user acceptance and adoption across a wide range of
organizations, “Emergency” cannot treat passengers
and emergency service partners like mindless
minions. An interactive interface is required to adapt
to the respective human’s needs. Previous researches
suggested various design frameworks to model future
human-in-the-loop cyber-physical systems. Within
the scope of shared control, Shirner et al. emphasizes
that decision algorithms must divide governance
between human and machine, so the human can make
conceptual and top-level decisions and the machine
can automate local realization (2013). Zhong et al.
proposes a cyber-physical-social system to include
human beings inside a system, and emphasizes the
supplementary role of machine in aiding human
observation, decisions and actions (2011). Hence, it is
important to investigate how shared control methods
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can be leveraged to effectively delegate tasks in direct
support of humans.
This artifact realizes the augmentation of the emergency
service operations through distributed cognition cognitive processes happening outside of human
brains (Norman, 1994; Hollan, 2000). To ensure users’
trust in this adaptive environment, system designers
should reveal parts of the “black box.” As a universal
public service, “Emergency” needs to make fair
decisions and augment service providers’ cognition in
each request. From a human-centered perspective, the
human perception of fairness can be generated from
fairly communicated decisional processes (Toniges
et al., 20116). The human user modeling framework
developed by Toniges et al. is therefore chosen to
be implemented in “Emergency” user interface and
system design to ensure fair decisions. “Emergency”
prototype exhibits all five requirements listed by the
researchers. Firstly, all the interface voice and written
phrases communicate in a polite and respectful way.
Secondly, key decision stages provide reasons for
their output actions to promote transparency. Because
many decisions are made within seconds so not all data
can be displayed to humans, the system is capable of
aggregating various reasons and presenting the most
valuable information during the key stages. Thirdly,
every page of the passenger interface has a “return” or
“cancel” button for the user to raise objections to the
decision when they disagree. Toniges et al. mindfully
raised the point that a balance between system
efficiency and user wellbeing in this context (2016).
Fourthly, by working with legacy 999 organizations,
the system help users to understand that the response
procedures are applied consistently across people
and time. The public image of 999 is generally
considered as bias free. Lastly, the system considers
its respective user’s comparison with other users.
“Emergency” actively includes persons with physical
and mental disabilities by offering alternative ways of
communication, such as voice recognition, type box
and a human call receiver. Following all criteria, the
communication design decisions can bring positive
impact on the shared control of this cyber-physical
system.
Limitations
This paper primarily focuses on designing the humanmachine coordination. With accumulated knowledge
of cyber-physical system from academia, there is
still a wide range of open questions related to ethical
and legal concerns regarding intelligent systems:
How and in what way are regulations affected by
autonomous agents? Who are the data controllers?
There are also questions relating to possible changes
in organizations caused by the application of these
systems: are supervisors still needed if digital agents
are able to manage workflow and process? What
kind of system modification decisions can be made
by managers? Finally, physical interaction between
the human and the machine remains a key research
question in studying CPSs.

Many academic sources used in this paper come from
the field of Computer Science, Artificial Intelligence
and Robotics. The Information System field needs
to engage in more debates relating to topics about
human and digital agent interactions, the complexity
of CPSs or the organization of distributed agents.
Conclusion
Autonomous vehicle’s greatest promise is that it will
buy humans the most precious resource - time. In fact,
as shown in the discussion, intelligent systems seem
to increase their dependency on human actions due
to growing connections and autonomy in dynamic
coordination. Through the understanding of interface,
task and information agents, this paper concludes
that services carried out by intelligent agents reshape
the roles, skills and attitudes of the people who also
participate in the service delivery. The design of shared
control between human and digital agents will be
determined not by machines but by the choices made
by individuals, organizations and societies. If our
choices introduce more inequity and less prosperity,
humans will sooner or later resist the use of intelligent
systems. After all, the study of digital agents in
information systems has to extend to interdisciplinary
research with a human-centered perspective.
References
Barad, K. 2003. Posthumanist performativity: Toward an
understanding of how matter comes to matter. Signs, 28(3), 801–
831.
Bates, J., Bryan Loyall, A., & Scott Beilly, W., 1992. Integrating
reactivity, goals, and emotion in a broad agent. Technical Report
CMU-CS-92-142, School of Computer Science, Carnegie-Mellon
University, Pittsburgh, PA.
Bernstein, A. & Raman, A. 2015. The Great Decoupling: An
Interview with Erik Brynjolfsson and Andrew McAfee.
Carr, N. 2014. The Glass Cage, Vintage Digital.
Carr, N. 2015. Why Robots Will Always Need Us.
Cecez-Kecmanovic, D., Galliers, D., Henfridsson, O., Newell,
S., And Vidgen, R. 2014. The Sociomateriality Of Information
Systems: Current Status, Future Directions. Mis Quarterly. 38(3).
809-830.
Harford, T. 2016. Crash: how computers are setting us up for
disaster | Tim Harford.
Hayes-Roth, B. 1995. An architecture for adaptive intelligent
systems. Artificial Intelligence, 72, 329-365.
Hayes-Roth, F. 2008. Artificial Intelligence: What Works and What
Doesn’t? AI Magazine, 18.
Hollan, J., Hutchins, E. & Kirsh, D. 2000. Distributed cognition:
toward a new foundation for human-computer interaction
research. ACM Transactions on Computer-Human Interaction
(TOCHI), 7, 174-196.
Jennings, N. R. 2000. On agent- based software engineering.
Artificial Intelligence, 117, 277-296.
Jones, Matthew R.. 2014. A Matter of Life and Death: Exploring
Conceptualizations of Sociomateriality in the Context of Critical
Care. MIS Quarterly, 38, 895-925.

Y. Li / iSCHANNEL 12(1): 10-16

15

iS

CHANNEL
Kolp, M., Giorgini, P. & Mylopoulos, J. 2006. Multi-Agent
Architectures as Organizational Structures | SpringerLink.
Autonomous Agents and Multi-Agent Systems, 13, 3-25.

Zhong, L., Dong-Sheng, Y., Ding, W., Wei-Ming, Z. & Wenji, M.
2011. Cyber- Physical- Social Systems for Command and Control.
Intelligent Systems, IEEE, 26, 92-96.

Leonardi, P. M. 2012. Materiality, Sociomateriality, and SocioTechnical Systems: What Do These Terms Mean? How Are They
Different?. Materiality and Organizing: Social Inter- action in a
Technological World. Oxford, UK: Oxford University Press. 25-48.
Maes, P. 1995. Artificial life meets entertainment: lifelike
autonomous agents. Communications of the ACM, 38, 108-114.
Maes, P. 1997. Pattie Maes On Sofware Agents: Humanizing The
Global Computer. Internet Computing, IEEE, 1, 10-19.
Mathiassen, L. & Carsten, S. 2008. Towards a theory of
organizational information services. Journal of Information
Technology, 23, 313.
Müller, R., Narciss, S. & Urbas, L. 2017. Chapter 10 - Interfacing
Cyber-Physical Production Systems With Human Decision Makers
A2 - Song, Houbing. In: RAWAT, D. B., JESCHKE, S. & BRECHER,
C. (eds.) Cyber-Physical Systems. Boston: Academic Press.
Norman, D. A. & Zhang, J. 1994. Representations in Distributed
Cognitive Tasks. Cognitive Science, 18, 87-122.
Orlikowski, W. J., And Scott, S. V. 2008. Sociomateriality:
challenging the separation of technology, work and organization.
The Academy of Management Annals, 2 (1).n 433-474.
Pendharkar, P. 2007. The theory and experiments of designing
cooperative intelligent systems. 43, 1014–1030.
Pickering, A. 1995. The mangle of practice, time, agency and
science. Chicago, IL: University of Chicago Press.
Roberts, K., & Grabowski, M. 1996. Organizations, technology
and structuring. Handbook of organization studies. London: Sage
Publications. 409–423.
Russell, S. J. 2010. Artificial intelligence: a modern approach,
Boston, [Mass.] ; London, Boston, Mass. ; London : Pearson.
Schirner, G., Erdogmus, D., Chowdhury, K. & Padir, T. 2013.
The Future of Human-in-the- Loop Cyber- Physical Systems.
Computer, 46, 36-45.
Shoham, Y. 1993. Agent-oriented
Intelligence. 60(1). 51-92.

Programming.

Artificial

Sycara, K., Decker, K., Pannu, A. S., Williamson, M. & Zeng, D.
1996. Distributed Intelligent Agents. IEEE Expert, December 1996.
Thompson, H. 2014. State-of-the-Art and Future Challenges in
Cyber-Physical Systems of Systems. CPSoS coordination and
support action. European Union’s Seventh Framework Programme
for research, technological development and demonstration.
Torngren, M., Bensalem, S., Victoria Cengarle, M., Mcdermid,
J., Passerone, R. & Sangiovanni-Vincentelli, A. 2014. CPS:
Significance, Challenges and Opportunities. Cyber-Physical
European Roadmap & Strategy. European Union’s Seventh
Framework Programme.
Töniges, T., Ötting, S. K., Wrede, B., Maier, G. W. & Sagerer, G. 2017.
Chapter 26 - An Emerging Decision Authority: Adaptive CyberPhysical System Design for Fair Human-Machine Interaction
and Decision Processes A2 - Song, Houbing. In: RAWAT, D. B.,
JESCHKE, S. & BRECHER, C. (eds.) Cyber-Physical Systems.
Boston: Academic Press.
Wooldridge, M., & Jennings, N. R. 1995. Intelligent Agents: Theory
and Practice. Knowledge Engineering Review, 2, 10.
Zammuto R.f., Griffith, T.l., Majchrzak, A., Dougherty D.j., &
Faraj, S. (2007). Information technology and the changing fabric of
organization. Organization Science, 18(5), 749–762

16

Y. Li / iSCHANNEL 12(1): 10-16

