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Abstract. Sociotechnical systems are large technical systems compris-
ing many stakeholders (e.g.: Supply chains, Transportation networks,
Energy distribution systems etc.). Decision making in such systems is
complex, as the stakeholders are inter-dependent and the large size of the
systems leads to insufficient Shared Situational Awareness (SSA), which
is important for participatory decision making. The aim of this paper
is to develop a framework to understand the goals and requirements for
designing processes to create SSA in such systems. The framework is
based on the Capability Maturity Model (CMM) and systems thinking
perspective. The framework is initially validated by experts and will be
further validated with experiments with stakeholders in several workshop
settings.
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1 Introduction

1.1 Sociotechnical systems and relevance of SSA

Sociotechnical systems involve both complex physical-technical systems and net-
works of interdependent stakeholders. These systems consist of technology that
drives the system, and stakeholders that design, maintain, operationalize, and
implement that system [4]. However, during a problem situation, as the number
of stakeholders increases, the conflicts of interests become greater, making de-
cision making complex and challenging. Eventually, it may become impossible
for any one actor to understand the situation in its entirety [4], which can be
defined as lack of a ’common operational picture’ or lack of shared situational
awareness. For example, according to research conducted by IBM among various
supply chain network managers, more than 70% expressed concern about lack
of visibility, transparency and awareness in the network due to organizational
silos, lack of information sharing, coordination issues, local optimization against
global view etc. [13]. The aim of this paper is to design a theoretical framework to
gain insight into the objectives and requirements for SSA in sociotechnical sys-
tems. Thereby, understand the processes towards better participatory decision
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making in such systems. The relevance and importance of SSA for such systems
is introduced in Section 1, followed by a brief theoretical background of SSA.
Subsequently, the research gap in the study of SSA is highlighted. After which,
a theoretical SSA framework is presented along with the research methodology.
This paper concludes with the presentation of the future work, in lieu of the
nature of this paper which is Work-In-Progress.

2 Shared Situational Awareness background

Shared Situational Awareness is described as ”shared awareness/understanding
of a particular situation” or ”common operational picture” or common relevant
picture distributed rapidly about a problem situation [18]. The concept of sit-
uational awareness (SA) was developed after the World War II to improve the
judgment and decision making abilities of fighter pilots. Individual situational
awareness is defined as ”the perception of the elements in the environment within
a volume of time and space, the comprehension of their meaning, and the pro-
jection of their status in the near future” [10]. The success of the applications
of SA led to its adoption by other areas such as energy distribution, nuclear
power plant operational maintenance, process control, maritime, tele-operations
etc and is a key topic in human factors literature [23]. As today’s organizations
are largely comprised of teams, the research focus in the human factors com-
munity is shifting from individual SA to SSA. However, there is no one-for-all
definition and theory that explains SSA.

2.1 The theoretical gap: SSA in sociotechnical systems

Existing individual, team and shared SA models, whilst each containing use-
ful elements, may prove impractical when applied to the description and as-
sessment of SA in non-hierarchical environments [23]. The research on SSA so
far has not dealt enough with the multi-stakeholder networks or organizations.
Most of the current application domains of shared SA have a structural hierar-
chy of decision-making and their operations are conducted in a command and
control environment. But there has not been much focus on shared situational
awareness in multi-stakeholder networks such as global supply chain networks,
intermodal transportation networks etc. These are sociotechnical systems where
the stakeholders though are autonomous, are inter-dependent and have to be
participative in nature. Therefore, the following sections describe the design of
a framework that aims at closing the identified research gap in the study of SSA
in sociotechnical systems.

3 Research Methodology

The SSA framework for sociotechnical systems is designed based on deductive
theory construction using an iterative design process [2]. Firstly, a comprehen-
sive inventory of literature was gathered to study the topic of interest- SSA in
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sociotechnical systems. In the second step, the knowledge gaps in the topic were
analyzed. Based on the identified gaps, a framework was derived with a novel
perspective on SSA, using the systems thinking perspective. The framework was
presented to 2 professors at TU Delft and 2 professors at OU, Heerlen for expert
opinion. With the feedback received and further literature survey, it was im-
proved in the second iteration. Further improvements will be based on feedback
from expert sessions, as well as testing with user groups. The following chapter
describes the SSA framework in detail.

4 The SSA theoretical framework for socio-technical
systems

Sociotechnical systems are frequently affected by wicked problems [22]. Solving
wicked problems requires the joint decision making of all the stakeholders.The
joint decision making in the system requires an 'overview’ of the problem, effects
of each others’ actions, and planning for the future. In other words, there needs
to be SSA among the stakeholders. As the sociotecnical systems become large
and complex, the actors lose an overview about the problem as well as the
actions and decision of others to handle it jointly [5]. Therefore, it is crucial to
understand the concept of SSA in sociotechnical systems where the actors are
autonomous yet interrelated and wield varying degrees of power. When a problem
occurs in the present sociotechnical systems, ad-hoc decisions are being made
by actors without mutual consultation and shared awareness about each others
plans, leading to conflicts, opportunistic behavior and under-utilization in the
system. To address these issues, a framework for SSA was created, analogous to a
framework in literature named as Capability Maturity Model (CMM) [12], which
has 5 evolutionary process steps towards system organization and capability
utilization. The aim of CMM is to control, measure and improve processes in
large organizations and systems where the base situation is chaotic. Therefore,
the CMM framework was chosen as an inspiration to design the process levels
for SSA framework

The five CMM steps are as follows

71. Initial - until the process is under statistical control, no orderly progress
in process improvement is possible. 2. Repeatable - a stable process with a re-
peatable level of statistical control is achieved by initiating rigorous project
management of commitments, cost, schedule, and change. 3. Defined - definition
of the process is necessary to assure consistent implementation and to provide a
basis for better understanding of the process. 4. Managed - following the defined
process, it is possible to initiate process measurements. 5.Optimized - with a
measured process, the foundation is in place for continuing improvement and
optimization of the process "[12].

Against the 5 levels of CMMs, only 3 levels have been chosen for SSA frame-
work as level 1 and 2 of the CMM are merged into level 1 of the SSA framework,as
the initial level has no interesting properties from an SSA perspective. The level
4 and 5 are merged as the objectives of SSA framework are closer to collabo-

49



A Theoretical Framework for Shared Situational Awareness in Sociotechnical Systems

ration and participation rather than optimization. Therefore the three maturity
levels of the SSA framework are as follows.

1 Perception: The ability to perceive one$ (individual, group or system) sur-
roundings, circumstances and function in the system

2 Prescription: The ability to modify existing plans , if a problem affects the
system, to remain as close as possible to the existing plans

3 Participation: The ability to participate in joint corrective actions, and adapt
while a problem occurs in the system

As described in theoretical gap, SSA has not been studied in sociotechnical
systems. The existing theories and models of SSA have not yet dealt with local-
ized problems in the system that have a wide impact across the entire system.
Therefore, a system thinking viewpoint has been adopted to define the SSA
framework in addition to the individual and group levels, which have already
been introduced in literature. The core aspects of systems thinking is gaining
a bigger picture and making decisions while taking the perspectives of other
stakeholders in the system into consideration [7]. Systems thinking approach is
very useful to understand SSA in sociotechnical systems, as it offers approaches
to understand the interrelationships, different objectives, and power relations
among the stakeholders in a system [20].

The framework is intended to describe the purpose of SSA in sociotechni-
cal systems. SSA is goal oriented and the requirements for reaching the gals
at individual and group levels have been discussed in a command and control
environment [11]. Following a similar pattern, this paper introduces goals, and
the requirements for sociotechnical systems that have multiple stakeholders at
individual, group and system levels along the three SSA maturity levels. The
framework also focuses on learning, whether associated with individuals, groups
or organizations, comprise of a set of processes that improve performance [17]. As
our main objective is to study SSA in sociotechnical systems towards improving
participatory decision making, learning and reflection are essential constituents
of the processes towards such an improvement. The following chapters describe
them in detail.

4.1 Objectives

The objectives for the various system decomposition levels of the framework at
the all three SSA maturity levels are defined with support from literature in
Figure 1.

4.2 Requirements

Requirements are the necessary conditions to achieve objectives stated in the
above subsection. Each of the requirements for individual, team/group and sys-
tem level for the three maturity levels of SSA are described in Figure 2.
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Fig. 1. Objectives of SSA for sociotechnical systems
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Fig. 2. Requirements for SSA in sociotechnical systems

5 Conclusion and future work

SSA has rarely been studied in multi-stakeholder systems. A framework has been
designed to define the processes, requirements and examples of methodologies to
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be employed to understand SSA in these networks, towards reducing the theo-
retical gaps found in SSA literature. The model has been primarily validated by
expert opinion, and the ARTEL workshop will be a platform for further feed-
back. As for the future work, experiments will be designed with the stakeholders
of multi-stakeholder networks based on the SSA framework, to gain an insight
about the impact of SSA in theory and practice. The experiments are scheduled
to be serious games, which will be validated for design, content and rigor with
both scientific and professional experts in game design. The effectiveness of the
experiments will be discussed in extensive workshop sessions after the game play
with the participants in the form of group interviews and feedback sessions. With
the gathered results from the experiments, the framework will be improvised in
several iterations and is intended to be a basis of a measurement tool for assess-
ment of SSA in sociotechnical systems, as well to aid in the design of serious
games for SSA training in these systems. The final objective of the research is to
deduce SSA theory in sociotechnical systems describing the cognitive processes
of stakeholders, factors influencing SSA, to create an insight into how SSA comes
to be in sociotechnical systems.
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