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Abstract

Many eorts rom multiple academic and industrial disciplines have studied the notion o
context. The systems engineering and human systems integration felds, however, lack a general-
ized defnition and characterization o context, in particular the operational context o complex
sociotechnical systems. This paper reviews context defnitions and builds a generalized def-
nition o the operational context o complex sociotechnical systems. The objective is then to
identiy and extract context properties which are oten implicit in the literature and do not
necessarily appear in the defnitions. However, eliciting them is helpul or understanding what
context is made o, how it relates to complex sociotechnical systems comprising human and non-
human agents, and how an early understanding o the operational context can prove valuable
to designing effcient and robust systems. Our analysis is ollowed by an example o how our
defnition and derived properties apply to the case study o the design o a remote and virtual
air traffc control center.

Operational Context, Complex Sociotechnical Systems, Human Systems Integration, Remote
and Virtual Towers

1 Introduction
Human Systems Integration (HSI)51 is an interdisciplinary approach to Systems Engineering (SE)
that does not ocus solely on technology but strives to integrate with it both human and organi-
zational aspects as early as possible during a system o interest liecycle13. A proper HSI eort
may improve system perormance and minimize design and production costs. This is because HSI
methods and tools try to tackle the act that a complex sociotechnical system may exhibit emergent
properties at operation time that were not anticipated at design time, leading to expensive redesigns
o the entire system or part o it.

Emergent properties arise because there are intricate relationships between the humans and
machines that constitute complex systems. The term complexity reers here to the complexity o
systems as dened in the Systems Engineering Body o Knowledge (SEBoK)62: ”complexity is a
measure o how diffcult it is to understand how a system will behave or to predict the consequences
o changing it”. In addition, the INCOSE Complexity Primer64 directly relates the complexity o
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systems with the need to ”maximize description o emergent properties in scenarios and mission
denition”. It also states that ”emergence will not be observed until the system is considered as
a whole”. In particular, the nature and the evolution o the relationships between the elements
o a system are challenging to predict beore the system is immersed into its operational context.
Designing a complex system in an HSI way should thereore include a context elicitation phase
during which contextual inormation o the system o interest is derived, even though this system
has yet to be ully integrated or even produced. However, context is not a properly dened concept,
as the literature gives multiple denitions depending on the research or industrial domain. The wide
variety o use cases in which context has been studied has also led to an inconsistent view o context
properties, how context infuences overall system behavior, and what context is made o in the rst
place6.

The goal o this paper is twoold. The rst objective is to provide a generalized denition o the
operational context derived rom the broad spectrum o denitions ound in the literature, which
is yet applicable to our HSI-related issue o designing complex sociotechnical systems. The second
objective is to aggregate the dierent properties that characterize context rom the same literature.
We apply these identied properties to a case study o the design o a remote and virtual Air Traffc
Control (ATC) center, which aim is to regulate air traffc o a distant aireld without the need or
a control tower in situ.

The remainder o this paper is structured as ollows. Section 2 describes our selection process
o the literature contributions and discusses their inclusion into our analysis. Section 3 explores
the literature rom dierent research domains and builds a generalized denition o the operational
context. Section 4 describes each property o context we identied and justies its relevance or an
HSI approach to the design o complex sociotechnical systems. Section 5 illustrates the application
o the denition and properties to our remote and virtual center case study. Section 6 concludes the
paper.

2 Selection o the review sources
Context is a topic covered by various domains. Simply searching academic databases or papers
containing the word ”context” yields too many results to be exploitable. Many are also irrelevant
to our study since ”context” is oten used as a transitional word, like ”in the context o”. Thereore,
we queried six databases and prompted them to output all papers o any type rom all years that
contained the word ”context” in the publication title, abstract and keywords (Table 1). We kept only
papers related to the Industrial and Multidisciplinary Engineering elds and papers whose metadata
and body mention at least once the terms ”systems engineering”, ”human systems integration”,
”human-computer interaction” or ”human actors”. Based on the title and abstract, we kept only
papers whose context is the primary topic o interest. Papers that were too specialized (e.g. ”surgery
context” or ”shing context”) were excluded. Ater the removal o duplicates, 37 papers were let.
Sixteen o these papers give their own denition o context. The others either give no denition or
use one rom another paper rom our corpus.
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Table 1: Number o SE context-related papers obtained ater each database query

Database # output
papers

# relevant
papers

IEEE Xplore 431 8
Web o Science 224 3
Scopus 247 19
ScienceDirect 118 3
Systems Engineering Journal (Wiley) 41 3
INCOSE Papers & Presentations Library 19 1
Total 1080 37

We ound that most o the 37 papers obtained analyze context rom a specialized and technocen-
tric viewpoint, but very ew study the notion o context rom a high-level and holistic approach to
SE and HSI. The dominant specialized engineering domains in this corpus include Cyber-Physical
Systems, Articial Intelligence, Inormation Systems, Design Processes, Computer Science and Ubiq-
uitous Computing.

Thereore, we started rom this corpus and extended it to include other papers rom other
disciplines. In particular, the study o context has roots in the Linguistics and Cognitive Engineering
domains. The series o International and Interdisciplinary Conerences on Modeling and Using
Context (CONTEXT)† has provided us with a valuable source o high-level discussions on context
and how it relates to Social Sciences, Human Activity Analysis and Engineering. We identied 44
sources that we added to our initial corpus o 37 papers and ended up with a total o 81 exploitable
sources, 44 giving an explicit denition o context. Table 2 gives an overview o the disciplines
covered by our corpus, as well as the number o denitions provided per discipline. Appendix A lists
the 44 denitions we obtained.

3 Towards a defnition o the operational context o complex
sociotechnical systems

3.1 Brie overview o context literature
Multiple approaches have been taken when it comes to context research. Bazire’s earlier comparative
study o context denitions ound in the literature6 demonstrates a lack o a consensual denition,
primarily because the notion o context transcends multiple research and industrial areas. Some stud-
ies gave an attempt to provide a ormal denition o context. McCarthy47, or instance, constructs
a theory o contexts that revolves around symbolic propositional sentences such as ist(c, p), meaning
that proposition p holds in context c (e.g. ist(”og around airport”, ”controller’s visibility is reduced”)).
Subsequent works built upon McCarthy’s work to ormalize context as rst-class objects, especially
in Articial Intelligence (AI), as Akman did in the eld o Natural Language Processing (NLP)3.
Another signicant amount o research regarding context denition and representation is sotware-
centric as it comes mainly rom context-aware computing39. Strang66 and Koc40 provide surveys
and comparisons o common context modelling techniques or distributed systems, namely key-value
models, markup scheme models, graphical models, object-oriented models, logic based models and on-
tology based models. Other related areas interested in context include ambient intelligent systems41,

†https://link.springer.com/conference/context
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Table 2: Selected sources statistics per domain

Research domain # papers # defnitions
Context-Aware Computing 8 4
Computer Science 7 5
Design Processes 6 3
Systems Engineering 7 1
Complex Systems 5 4
Cognitive Sciences 5 4
Business Processes 5 1
Articial Intelligence 4 1
Requirements Engineering 4 2
Ubiquitous Computing 4 2
Systems o Systems 4 2
Human-Computer Interaction 3 2
Cyber-Physical Systems 3 3
Social Sciences 2 1
Inormation Systems 2 0
Intelligent Systems 2 2
Miscellaneous 10 7
Total 81 44

human-computer interaction2, and cyber-physical systems16,21. Almost all o these works take a
distributed system architecture point o view and treat context as a set that comprises objects, sit-
uations or inormation which somehow interact with and infuence the system. The system is aware
o its context by the means o multiple sensors which continuously gather and process data rom the
system’s environment.

Some research contributions are concerned with the study o context with respect to human
activity and behavior. Two examples o interrelated context representations commonly ound in
the literature are Contextual Graphs (CxGs) and Contextual-Based Reasoning (CxBR). Brézillon15

introduces CxGs as a ormalism or representing reasoning in context. With the CxG paradigm,
context is dened as the sum o three types o knowledge: external knowledge, contextual knowledge
and proceduralized context. External knowledge comprises all the inormation that is irrelevant to
the execution o a task perormed by an agent. Conversely, contextual knowledge includes all the
contextual elements whose instantiation (i.e. values) matter and may infuence task execution.
Proceduralized context is the subset o contextual knowledge extracted and processed by an agent
perorming some task at a given time. These three elements are not static: they evolve through time
and depend on the current ocus, meaning that they dier according to the task currently processed
by one or several agents.

A complementary paradigm or CxG context engineering (and not necessarily a competing one
according to the comparative study done by Lorins44) is embodied by CxBR, as presented by
Stensrud65. CxBR models are one example o object-oriented models that aim to make context
agents modular and adaptable to the task being realized. CxBR models are particularly tailored to
tactical situations in which some agents must make real-time decisions. In CxBR, an agent perorms
a mission to achieve a set o goals, bounded by some constraints and partitioned by several contexts.
CxBR emphasizes that only a raction o context is relevant to an agent perorming a task at a time.
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This relevant raction is called the active context. Environmental conditions and agent stimuli can
change the active context at any time. The conditions or transitioning rom one context to another
are encapsulated into context-transition logic and sentinel rules. Gonzalez30 illustrates practical
applications o CxBR implementations and emphasizes that CxBR is strongly tied to yet another
context reasoning approach rom Turner called Context-Mediated Behavior (CMB)67, which in turn
has roots in Case-Based Reasoning36,70.

SE and HSI-related resources oten reer to context: the NASA Human Systems Integration
Handbook51 talks about the operational context or mission context. The INCOSE SE Handbook69

treats context as a synonym or operating environment that includes an operational environment,
a threat environment and a resource environment, as well as collaborating and competing systems.
However, thorough context studies rom these elds are sparse and seldom conclusive. The SEBoK
reerences Flood’s denition26 stating that context ”describes the system relationships and envi-
ronment, resolved around a selected system-o-interest”. Context is then described as a ”diagram
dening the highest level view o a system in its environment”. It is what the system o interest
interacts with through its external interaces. ISO/IEC/IEEE 29148:201134 states that those inter-
actions can be described by operational scenarios (”a scenario is a step-by-step description o how
the proposed system should operate and interact with its users and its external interaces under a
given set o circumstances.”). However, the problem is that modeling context at the highest level
only is insuffcient. The next section will introduce our approach, which consists in modeling context
at several hierarchical levels o the system. Especially, we want to model the change o contextual
element values as operational scenarios describing the system behavior progress. In other words, we
want to model changes happening within the context, whereas the literature only model changes
happening within the system itsel.

3.2 Operational context defnition
As Mena7 points out, ”dening and studying context depends closely on the domain, and application
nature”. The objective o this section is to synthesize the many context denitions ound in the
literature and build an HSI-related generalized denition o the operational context o a system.
Most context denitions o our corpus are related to the context o some system or product. However,
they are oten too specic to the use case in which they are being discussed and thus can hardly be
generalized to all systems, particularly complex sociotechnical systems. Some other works address
context rom a higher‐level conceptual viewpoint, trying to dene it in general. However, these
works, in turn, oten produce too broad denitions to be applicable to any particular case study.
In this respect, Dey’s contribution is one o the most cited ones23. Dey denes context as ”any
inormation that can be used to characterize the situation o an entity. An entity is a person, place,
or object that is considered relevant to the interaction between a user and an application, including
the user and applications themselves”. Winograd71 adds that something is in context ”because o its
operational relevance at a given time, not because o its inherent properties”.

We synthesized the 44 context denitions rom our corpus in order to build a generalized context
denition o the operational context o complex sociotechnical systems. The list o the 44 denitions
used are listed in appendix A. We extracted the meaningul words or groups o words ound in
each denition and aggregated them according to how strongly they are related. For each lexicon
ound, we also counted how many times it appeared in the denitions. We then assigned a name to
each resulting group o lexicons based on the most requently used term in the group. We clustered
the groups that were related and adapted the most-requently used terms to use a terminology that
ts the SE and HSI terminology. These third-level terms are what we eventually used in our built
denition. Table 3 presents the results o this process.
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Table 3: Terminology built rom context denitions in the literature. Each number in parentheses
indicates how many occurrences o the word or group o words have been ound in our corpus o
denitions.

Our termi-
nology

Most-
requently
used termi-
nology

Literature terminology

relevant
contextual
elements

environment environment(8), not explicit(3), physical environment(2), ex-
ternal(2), surrounding(1), encircling(1), nearby(1), social envi-
ronment(1), psychological environment(1), outside(1), place(1),
emergent(1), where(1)

elements elements(7), inormation(5), time(4), location(2), knowledge(1),
space(1), lighting(1), noise level(1), network connectivity(1),
communication costs(1), communication bandwidth(1), social sit-
uation(1)

relevant relevant(9), o interest(3), subset(2), domain(1), part o the
world(1)

agent
user user(5), person(2), who(2), actor(2), human(2), agent(2), indi-

vidual(2), role(1)

entity entity(7), system(7), object(5), product(3), thing(3), some-
thing(2), application(2), computer(2), resources(2), equip-
ment(1), hardware(1), sotware(1), artiact(1), what(1), struc-
tures(1), materials(1)

ocus ocus ocus(3), specic(3), subject(2), [object] o interest(1), object be-
ing processed(1), particular(1), given(1), concept(1), current(1)

unction
behavior behavior(6), task(3), activity(3), operation(3), process(1), execu-

tion(1), action(1), computation(1)

goal goal(3), purpose(1), scope(1), service(1), completion(1), mis-
sion(1), problem(1)

infuence infuence infuence(3), constraint(3), be depended upon(2), aect(1),
threat(1), enable(1), implications(1), sensitivity(1), induction(1),
adaptation(1), changing(1)

help explain help explain help explain(1), solve(1), characterize(1), learn(1), under-
stand(1), classiy(1), perceive(1), predict(1), recognize(1), inter-
pret(1), describe(1), reason(1), iner(1), sense(1), meaning(1)

situation situation situation(9), circumstance(5), state(3), underpinnings(2), phys-
ical state(1), conceptual state(1), characteristics(1), back-
ground(1), setting(1)

event conditions conditions(4), actors(2), patterns(2), event(1), happening(1),
stimuli(1), causes(1)
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Building upon this classication, we establish and use the ollowing denitions:

- Context is a historical sequence o situations, triggered by events, that infuence and help
explain the behavior o a ocus.

- A ocus is a couple (structure, function), where a structure is orm o a system, and a unction
is dened by a role and resources to achieve some goal.

- A situation is the set o all surrounding contextual element values that are relevant to the
ocused system’s goal at a given time.

- A contextual element is a variable that can hold any pre-dened value.

- An event is what triggers the transition rom one situation to another by altering contextual
elements values.

These denitions are graphically illustrated in Figure 1. The gure claries how context, situa-
tions, events, ocus and contextual elements interrelate.

Figure 1: A generalized operational context representation

What immediately stems rom these denitions is that context is inherently related, to but
dierent rom a situation and an event. Furthermore, context can only be specied relative to
some ocus object. The ocus is a system perorming a unction in the sense o the HSI literature,
meaning that a unction has a role and a set o enabling resources10. Dening context as a sequence
o situations also emphasizes its dynamic nature and the importance o looking at past contextual
element values to understand the behavior o a system at a given time. Section 4 will urther detail
all these context properties.

7



4 Context characterization
The sources rom our corpus oten discuss context in their respective application domains but with-
out providing an explicit denition or characterization o it. The properties o context ought to be
elicited mainly rom the engineering literature in order to start building a ramework o complex
sociotechnical system design where context can be understood even beore system deployment. Fol-
lowing the same process as our semantic analysis or constructing a generalized context denition,
we aggregated the implicit and explicit properties o system context emerging rom the literature.
We obtained six main context properties, listed in Table 4, that we dene and explain in this sec-
tion. We justiy or each property its relevance to HSI. However, beore we analyze each property
individually, we rst review the denition o a system according to the HSI literature.

Table 4: Overview o context properties

Context property Symbology Short description

Specic Context is always relative to
some ocus, dened as a cou-
ple (structure; unction).

Curated Only a ew contextual ele-
ments have a real relevance to
the system and its behavior.

Holistic The whole system’s context is
more than the individual con-
texts o its subsystems.

Transient Context is not static and
denitive, but changes
through time.

Entangled Context aects the system’s
resources, and the system’s
behavior aects context.

Persistent A contextual element’s ormer
value can still have a relevance
to the current situation.

4.1 The HSI’s view o a system
A system in HSI is dened as an entity equipped with cognitive capabilities11. A system is strongly
related to the notion o agent in the AI literature, and the two terms are oten used interchangeably48.
A system in the sense o HSI is a System o Systems (SoS) as long as it is composed by at least two
dierent entities. More precisely, a system (or agent) has a structure and one or several unctions11.
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A structure can be a human, a machine or a component o either (e.g. an eye is a structure associated
with the cognitive unction ”seeing”). Hitchins denes a unction rom a SE viewpoint as ”an action,
a task, or an activity perormed to achieve a desired outcome. The HSI literature completes this
denition and states that a unction has a role, a context o validity, and resources, which can be
systems themselves, hence recursively dening a system as a SoS. Thereore, in this paper, we will
always adopt a multi-agent, SoS viewpoint when it comes to studying systems and their behavior.

It should be noted that ollowing this denition o a system, human and organizational stake-
holders are not entities that interace with the system in the traditional SE sense. Instead, they are
subsystems themselves, each with their own set o subsystems comprising their own structures and
unctions. These subsystems are not necessarily independent rom one another, as the relationships
between systems, subsystems and environments is porous45. The consequence o this is that in HSI,
we oten don’t make a distinction between a system, an agent, a SoS or an integrated system. Figure
2 gives a representation o a SoS in the sense o HSI.

Figure 2: A system is recursively dened as having a structure and unctions, each unction having
resources which are systems. Hence a system is a system o systems. A ocus within this hierarchy
o systems is a couple (structure, function)
. Every possible ocus is associated with a context.
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In the remainder o this section, we will detail each o the six properties and clariy their relevance
to the problem o designing complex sociotechnical systems.

4.2 Context is specifc
Brézillon14 characterizes context as ”the dressing o a ocus” to denote that changing one or more
contextual element values (what he calls ”the dressing”) may aect the behavior o some actor (what
he calls ”the ocus”). ”Focus” here reers to whatever is aected by changes in the context. Since
we base ourselves on the HSI denition o a system (Subsection 4.1), we dene the ocus as a couple
(structure, unction). Thereore, the context o a given ocus comprises the contextual elements that
can change the behavior o this ocus (i.e. o the structure when it perorms its unction). Hence
contextual elements are to be dened at each level o the system, or each structure and one o its
assigned unctions. Speciying a structure alone is insuffcient inormation to determine the context.
For instance, the relevant contextual inormation or a ground controller (the system) trying to
log into the ATC database (the unction) vastly diers rom that or the same controller giving a
departure clearance to a pilot. Thereore, the context is specic to a structure’s unction.

We saw in Subsection 4.1 that a system is recursively dened as a structure with unctions being
themselves systems. A ocus is the specication o one system within the overall SoS hierarchy along
with one o its assigned unctions. The system perorms an activity to achieve the role o one o
its unctions. The relevant contextual inormation o the ocus is any inormation that infuences
and helps explain this activity. Conversely, the activity o the ocused system may impact their
surrounding contextual elements. Section 5 will illustrate through an example how context and
systems’ activities interrelate.

4.3 Context is curated
Dey23 uses the word ”relevant” in his denition to denote that he is only interested in situations that
matter to a given application and its users. Similarly, we treat context as a partition o real-world
knowledge into multiple pieces o inormation, called contextual elements, rom which only a slight
amount is relevant to explain and infuence the state and behavior o a system. We call this set o
relevant contextual elements a situation. A situation is a curated view o the contextual inormation
which is relevant to a ocus at a given moment in time. In any event, tracking all possible contextual
elements and their values at a given time would be an unachievable task. As Giunchiglia29 puts it,
”reasoning is usually perormed on a subset o the global knowledge base; we never consider all we
know but only a very small subset o it”. Benerecetti8 talks about partiality o the representation o
the world.

Other authors also use the word ”relevance” in their context denitions. Henricksen31 denes
the context o a task as ”the set o circumstances surrounding it that are potentially o relevance
to its completion”. Zimmermann72 states that ”the activity predominantly determines the relevancy
o context elements in specic situations”. A common trait o these denitions is that context is
relevant only with respect to a task or an activity. Tasks and activities in HSI are two interrelated but
distinct concepts. A task in HSI is what is prescribed to be done by a system, whereas an activity is
what is eectively done by the system in operation11. Nevertheless, this close relationship between
context and tasks or activities may be linked to recent HSI endeavors that sought to understand
the behavior o a system procedurally rather than declaratively9. In other words, one ought to
rst investigate the use o a system rather than its architecture i one wants to understand what
contextual inormation may or may not be relevant. Scenario-Based Design (SBD) techniques57 are
considered to be interesting to explore in order to support this approach.
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4.4 Context is holistic
The HSI’s recursive denition o a system induces us to adopt a multi-agent, multi-scale SoS view-
point as we already discussed in Subsection 4.1. We could study the context o any unction o any
system within the SoS architecture tree, thus identiying numerous ocuses o interest. O course, two
dierent ocuses can share relevant contextual elements in their respective situations at a given time.
Wissen68 states that two actors can share the same context elements, which are grouped in what
he calls shared internal context and shared external context. For instance, the choice o a particular
Standard Instrument Arrival (STAR) strategy or an approaching aircrat will aect the behavior
o all the controllers assigned to this particular fight. In other words, the Ground Controller and
the Tower Controller, which are two distinct subsystems o the ”Control Tower” system, share in
their respective contexts the ”Arrival Strategy” contextual element. Similarly, since both controllers
are subsystems o the ”Control Tower” system, the ”Arrival Strategy” contextual element is also
part o the context o the unction ”Guide aircrats upon arrival” rom the ”Control Tower” system.
Consequently, the context or a system and one o its associated unction dened at a certain level o
the SoS hierarchy is partially dened by the contexts o the subsystems o that system. The context
o the higher-level system is then a context composed o the contexts o the subsystems. Similarly
to the notions o SoS and unction o unctions, context at a particular system level may then be
viewed as a context o contexts.

However, such a recursive context model should be treated with caution, as the context o a ocus
cannot entirely be dened as the sum o its subcontexts. Indeed, Shah63 introduces the emergence
o system contexts and argues that the context o a system is ”neither the union nor the intersection
o its constituents”. This is because some contextual elements can prove relevant to a high-level
context although were not within the subsystems’ nested contexts. Conversely, the relevance o
nested contextual elements can ade away when the corresponding ocus is no longer considered
in isolation. As an example, consider an isolated remote ATC center whose meteorological data is
entirely captured locally. The accuracy o the instruments rom the local weather station is a relevant
contextual element to this center’s context. I, however, the local center gets inoperable, then the
remote center needs to connect to the national weather orecast services. In this case, the accuracy
o the instruments rom the local weather station is no longer critical or the center to be operable,
since the weather data is now streamed directly rom the national orecast acilities. Thereore, the
corresponding contextual element value (i.e. the accuracy o the instruments) is no longer relevant
to the context o the newly-created system which comprises the remote center and the national
station. On the other hand, the quality o data link transmissions rom the national services to the
remote center is a new emerging contextual element that is relevant to this system. Hence, context
is holistic in the sense that the context can dier based on how subsystems inherit properties and
contexts rom higher-level systems and unctions, and how context emerges as technologies, humans
and organizations are being integrated.

4.5 Context is transient
SE oten synonymizes context with environment, which contains anything external to the system o
interest. Context is thus dened once by static block or use case diagrams that only encapsulate
the relationships between these external entities and the system. However, our denition suggests
that context is dynamic and must be reevaluated in permanence at operation time. Wissen68 backs
up this idea and states that actors (i.e. systems) constantly reevaluate their context with respect
to their set o appropriate behaviors. The same author reers to context variations as changes,
transormations, shits or switches according to whether the changing context is internal or external
to the actor’s interpretation o their environment, as well as the signicance o the variation. Actors
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can also infuence other actors’ contexts through negotiation processes triggered by social-cultural
constraints. In our denition, we encapsulate this notion o context variation as an event that alters
the value o one or more contextual elements, hence triggering the transition rom one situation to
another. Context is always moving.

Brézillon’s CxG ormalism that we mentioned in Subsection 3.1 strongly relies upon the obser-
vation that human activity changes according to the values o contextual elements. CxG help model
the realization o some task in terms o a series o diagnoses and actions. Actions, in particular,
introduce changes in the situation or knowledge about the situation. The CxG approach seems
compelling to our HSI problem. Indeed, one key point o the theory is that there is a dierence
between task models and practice models14. Task models describe the theoretical tasks that need
to be executed by agents to achieve a specic set o objectives. However, what the agents actually
perorm (the practice model) may dier rom the task model. This discrepancy directly aligns with
the distinction made in the HSI literature between a prescribed task and an eective activity. HSI
advocates or perorming Human-in-the-loop Simulation (HITLS)58 on virtual environments to wit-
ness how human activity may dier rom what the system designers initially anticipated. We add
that what drives human activity to such unanticipated and emerging behavior is the lack o oresight
at design time on the operational context surrounding the system and its subsystems.

4.6 Context is entangled
Context is entangled with the system it reers to as context has long-term and short-term impacts
on how the system behaves, and the system’s behavior impacts context. Zimmermann72 points out
that ”human entities change their goals very requently depending on quickly appearing conditions
or decisions”. In our denition, we link these conditions to events that transition context rom one
situation to another. An event can be external (the condition or the occurrence o the event comes
rom outside the boundary o the system, e.g. weather changes the visibility o the track) or internal
(the event is a consequence o a decision made by a system, e.g. a controller makes the crash barrier
on the track rise).

Being in a dierent situation means that some contextual elements have shited their values. A
contextual element value is changed due to an internal or external event. Shiting a contextual ele-
ment’s may put constraints68 or develop opportunities on the system’s resources (e.g. disconnecting
a local remote center rom the national weather orecast services is a constraint on the resources
available to the center). Thereore, context is strongly related to ”what resources are nearby”, as
stated by Schilit60. Gal27 urther establishes a relationship between tasks, goals and resources.

As such, shiting the values o contextual elements directly aects the system’s available resources.
When a resource becomes unavailable because o the evolution o context, the unction it serves can
either no longer be ensured or must be adjusted to cope with the new situation, depending on the
severity scale o the event and its resulting situation. Nwiabu53 classies situations as either normal,
warning or danger according to their eects on the goal attainment status o the users o a context-
aware system. We will use the more general terms nominal, o-nominal and emergency to qualiy
a situation and the human activity that results rom it.

4.7 Context is persistent
Nwiabu’s work about situation awareness in context-aware case-based decision support53 asserts
that building an understanding o the current situation o a system implies that ”the system must
keep a nite history o the time-space inormation on the state o the environment o the entities”. We
enlarge this claim by stating that the past values o any contextual element may have an incidence on
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the understanding o the current situation. We thereby emphasize the dierence between a situation,
a context and, to some extent, an event: our denition characterizes a situation as a set o values
aected to a cluster o contextual elements at a given time, whereas context is a persistent entity
which may have a long-term impact on the system. Giunchiglia29 claims that ”a situation is the
complete state o the universe at an instant o time”. However, Giunchiglia then treats context as
the subset o this state which is used during a given reasoning process rom an individual.

Our approach is slightly dierent, as we only keep in our denition o a situation the elements o
the state that actually matter to our ocus. We then encapsulate the sequence o situations through
time within what we call context. The advantage o this view is that previous situations (i.e. previous
states) are recorded and can be considered during reasoning and decision-making processes carried
out by a system. Furthermore, it is in line with the principles o Case-Based Reasoning (CBR)
systems in which a problematic situation is solved by utilizing the specic knowledge rom previous
situations (known as cases)1. Finally, we treat an event as a singularity in time that triggers the
transition rom one situation to another, as with to the notion o context-transition logic in the
CxBR paradigm30.

5 Case study: modeling context or air traffc operations
In an ATC tower environment, our intuition is that context revolves around a certain amount o
inormation, including environmental conditions (e.g. weather and visibility), nominal, o-nominal
and emergency events leading to accordingly dierent types o short and long-term situations (e.g.
an aircrat is about to enter the responsibility area o the approach controllers, an obstacle is on
the runway, or air traffc is higher than usual), and internal state knowledge (e.g. state o the track
usion servers). Many related contextual elements should be identied during system acquisition.
Context infuences operations (e.g. ILS‡ landing should be mandatory when the airspace is too
oggy), and operations infuence context (e.g. the pilot receives a touch-and-go instruction rom
a controller, thereby extending their fight duration or another couple o minutes). Furthermore,
knowledge o most contextual elements can prove entirely irrelevant or specic tasks but turns out
necessary or others (e.g. time o day certainly has an impact on track lighting conguration but
does not infuence user logging to the authentication server). The relevancy o contextual elements
really depends on the choice o ocus.

Should we consider a remote ATC environment, context is an even more complex matter to deal
with, as the operational context o the relocated controllers is no longer the same as the aireld
environmental context. The human and machine agents located in the vicinity o the remote center
should construct a robust situation awareness25 o the distant aireld conguation (Figures 3a and
3b). Since HSI eort should consider the needs o every human stakeholder and not only end-users,
we might also think about the training process and how we should design the training center or
a new ATC system. Such a center would yet exhibit a new context environment (Figure 3c) with
dierent constraints and opportunities.

An HSI approach to the modeling o ATC operations would involve the elicitation o AS-IS and
TO-BE scenarios constructed in close collaboration with the Subject Matter Expertss (SMEs). We
already established in Section 4 that modiying the context aects the availability o the system’s
resources, and altering the resources may have a consequence on the easibility o the underlying
unctions, thereby breaking the whole resource hierarchy. Thereore, comprehending context shits
and their impact on the system’s operation is crucial to understanding the overall system’s behavior.
Thereore, our scenario elicitation stage should be ollowed by a scenario contextualization stage that

‡ILS: Instrument Landing System
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(a) Local tower context (b) Remote center context (c) Training center context

Figure 3: Dierent ATC paradigms yield dierent context congurations

enriches the scenarios’ inormation to capture the sensitivity o human activities to their operational
context.

Figure 4 gives an example o a simple ATC system decomposed as a resource tree o systems with
their structures and unctions. The ATC tower is the highest-level system o systems whose primary
unction is to regulate air and ground traffc. To be carried out, this unction needs resources which
are the subsystems o the tower, namely the approach room and the glass cab on top. The cab itsel
is a system with a unction (regulate traffc within a 20 km radius). This unction has two resources:
the ground controller (GC), who supervises the control between the tower and the track, and the
tower controller (TC), who controls what happens on the track. To this end, the TC requires the
cognitive resource o having direct visibility over the track. It should be noted that the urther we
go down the tree, the more granular and specic the resources are. The leaves eventually amount to
essential physical and cognitive unctions10. When we construct these resource trees along with the
scenarios in collaboration with the experts, we should also attach to each resource in the hierarchy
a sensitivity level to the values o contextual elements. For instance, i the weather contextual
element is set to ”heavy og”, the ”Visualize” resource needed by the TC to carry out their ”Control
track” unction will become unavailable. As such, the TC can no longer appropriately perorm
their duty, and we should collaborate urther with the SMEs to rene the underlying scenarios and
accommodate them to this new constraint. Moreover, since context is persistent, we should always
have in mind that a resource may be impacted by the previous values o a contextual element (e.g.
a rainy weather an hour ago will aect the landing and departure procedures or as long as the track
is wet). Thus, a resource’s availability should always be checked against a log o past contextual
element values.

6 Conclusion
The design o complex sociotechnical systems can no longer rely solely on technological considerations
but ought to regard the human and organizational dimensions o the system during operation12.
The present work is a step towards this end and builds an early understanding o the operational
context o these systems in support o the design o such systems. We synthesized many discussions
on context rom dierent literature domains and constructed rom them a generalized HSI-oriented
denition o context. We complemented this denition by providing six immutable properties o
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Figure 4: A simple ATC SoS

the operational context o complex sociotechnical systems, namely that context is specic, curated,
holistic, transient, entangled and persistent.

We aim to develop this model urther and integrate it with previous works on HSI methodologies
and tools which harness SBD and HITLS techniques to capture as much contextual knowledge as
possible beore the system is manuactured and operationalized. Our eventual goal is to develop a
ull methodology and a supporting sotware tool or the acquisition o contextualized scenarios built
in close collaboration with SME. Contextualizing the expert AS-IS scenarios should highlight how
context aects the resources o the systems in the perormance o their duties. Knowledge o the
aected resources should help designers and SME appropriately reallocate unctions and create new
TO-BE scenarios that will depict the use o a uture system o interest.
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A Defnitions o context used

The 44 denitions o context used throughout this paper are listed below:

Context-Aware Computing
- Three important aspects o context are: where you are, who you are with, and what resources
are nearby. Context encompasses more than just the user’s location, because other things
o interest are also mobile and changing. Context includes lighting, noise level, network
connectivity, communication costs, communication bandwidth, and even the social situation;
e.g., whether you are with your manager or with a co-worker.60

- Elements or the description o this context inormation all into ve categories: individuality,
activity, location, time, and relations. The activity predominantly determines the relevancy o
context elements in specic situations, and the location and time primarily drive the creation
o relations between entities and enable the exchange o context inormation among entities.72

- The context is the inormation about the entities that are relevant to the system operation
and/or adaptation.33

- One or more entities that represent context elements that are considered relevant to the inter-
action between the user and the application.37

20



Computer Science
- Context can be considered to be everything that aects the computation except the explicit input
and output.42

- Something is context because o the way it is used in interpretation, not due to its inherent
properties. The inormation is context only i there is some action by the user and/or computer
whose interpretation is dependent on it, but otherwise is just part o the environment.71

- A context is dened as a network o situations. A situation network is interpreted as a
specication or a ederation o processes to observe humans and their actions.19

- Context is that which constrains something without intervening in it explicitly. Context is the
ocus o an actor.15

- A set o objects, within which each object has a set o names and possibly a reerence: the
reerence o the object is another context which ‘‘hides’’ detailed inormation about the object.4

Design Processes
- A set o relations between the elements o the triad {Artiact-Human-Environment}.28

- Something that encircles and gives a sense to another thing.43

- The context is described by the goal context, the relevant structures, the physical context, and
psychological context.38

Systems Engineering
- Context includes an operational environment, a threat environment and a resource environment,
as well as collaborating and competing systems.69

Complex Systems Engineering
- Context describes the system relationships and environment, resolved around a selected system-
o-interest. [It is a] diagram dening the highest level view o a system in its environment.26

- The abstraction o those elements o the circumstances in which a model is learned, that are not
used explicitly in the production o an inerence or prediction when the model is later applied,
that allows the recognition o new circumstances where the model can be useully applied.24

- Context at a high level o abstraction depends on a triplet < Domain, Entity, Problem >. In
other words, within a specic given domain, an entity has (or is subject to) a problem, requires
a context to solve it.7

- Context is the set o circumstances, actors, conditions, or patterns that enable or constrain
execution o the system.61
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Cognitive Sciences
- The subset o the complete state o an individual that is used or reasoning about a given goal.29

- All that may infuence a given process whom rst causes are known.22

- A set o situational elements in which the object being processed is included.32

- The context acts like a set o constraints that infuence the behavior o a system (a user or a
computer) embedded in a given task.6

Business Processes
- Context is the set o collaborating roles along with their state and behavior.5

Artifcial Intelligence
- A context represents a situation, based on environmental conditions and agent stimuli, which
induces a certain agent behavior specic to that mission.65

Requirements Engineering
- Context is the set o emergent situational characteristics that infuences or is infuenced by the
activity.55

- ”A set o spatial-temporal elements related to the person or product. In addition, these spatial
and/or temporal elements are called contextual elements”.52

Ubiquitous Computing
- The context o a task is the set o circumstances surrounding it that are potentially o relevance
to its completion.31

- Context serves two purposes. Initially it is used as a ocusing lens on the part o the world
that can be perceived. Here the context limits the parts o the knowledge that the system uses
to classiy the situation. The second use o context is in the context sensitivity layer, where
context is viewed as a lens that ocuses the part o the system’s knowledge that is to be used to
satisy the goal o the situation.41

Systems o Systems Engineering
- An operational context can be dened as the interrelated conditions which exempliy a system’s
state o being and which describe its purpose, scope, and meaning or services it may oer.56

- The external entities and conditions that need to be taken into account in order to understand
system behavior.63
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Human-Computer Interaction
- Context is any inormation that can be used to characterize the situation o an entity. An
entity is a person, place, or object that is considered relevant to the interaction between a user
and an application, including the user and applications themselves.23

- The context o an actor’s inormation behavior consists o elements such as environment, task,
actor-source relationship, time, etc. that are relevant to the behavior during the course o
interaction and vary based on magnitude, dynamism, patterns and combinations, and that
appear dierently to the actor than to others, who make an in-group/out-group dierentiation
o these elements depending on their individual and shared identities.2

Cyber-Physical Systems
- Context is the subset o physical and conceptual states o interest to a particular entity.54

- Context is what resides outside the system boundary and is o relevance or the system and its
development process.16

- Context comprises all objects that are o relevance to the system or its development. It is what
cannot be changed during development.21

Social Sciences
- That which environs the object o our interest and helps by its to explain it.59

Intelligent Systems
- A context is a class o situations that has implications or an agent’s behavior.67

- The ”context”, as reerred to through its name, is a representation o the situations where a
concept can be ound. It describes the external environment o the concept. A concept can be
used to express dierent ”things” and has then dierent characteristics based on its current
situation.18

Miscellaneous
- A general term used to reer to specic parts o an utterance (or text) near or adjacent to a
unit which is the ocus o attention.20

- Whom the product was designed or, what it will be used or and where it will be used.46

- Context [o use] includes users, tasks, equipment (hardware, sotware and materials) and
physical and social environments in which a product is used.35

- The activity context reers to the abricated environment that serves as the stage or human
activities. It is conormed by those actors that have a positive or negative infuence on the
user - environment adaptation process.17

- ”Context” is a synonym or “circumstance,” “situation,” and “background.” It reers to the
material, moral, or logical underpinnings o any subject.49
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- Material, moral, or logical underpinnings o any subject.50

- A time and setting in which an event happens. (Cambridge Dictionary)
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