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Abstract. The Goal Structuring Notation (GSN) is a popular graphical
notation for recording safety arguments. One of GSN’s key innovations
is a context element that links short phrases used in the argument to
detail available elsewhere. However, definitions of the context element
admit multiple interpretations and conflict with guidance for building
assured safety arguments. If readers do not share an understanding of
the meaning of context that makes context’s impact on the main safety
claim clear, confidence in safety might be misplaced. In this paper, we
analyse the definitions and usage of GSN context elements, identify con-
tradictions and vagueness, propose a more precise definition, and make
updated recommendations for assured safety argument structure.
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1 Introduction

Developers of some safety-critical systems develop a safety case that contains
both safety evidence and an argument linking that evidence to safety claims [1,2].
The Goal Structuring Notation (GSN) is a popular graphical notation for record-
ing these safety arguments [2,3,4]. One of GSN’s key innovations is a context
element for linking to contextual information (which is not necessarily about
the system’s operating context). However, definitions of context in GSN ad-
mit multiple interpretations. Moreover, a recent proposal for a clearer argument
structure, namely assured safety arguments, demonstrates an understanding of
context elements that is at odds with existing definitions [5]. If argument readers
and writers do not share an understanding of the meaning of context that makes
context’s impact on the truth of the safety claim clear, confidence in the safety
claim might be misplaced with disastrous consequences. This paper makes four
contributions toward a clearer understanding of context in GSN arguments:

– A review of the definitions and uses of context elements in GSN
– Identification of contradictions and vagueness in existing notions of context
– A precise definition in terms of normative models of inductive argument
– Recommendations for applying the proposed definition, including new guid-

ance for structuring assured safety arguments
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In Sect. 2, we analyse the definitions of GSN context elements given in author-
itative sources and show that these admit multiple interpretations. In Sect. 3, we
examine GSN context elements as used in assured safety arguments. In Sect. 4,
we show that these definitions are inherently contradictory and explore the con-
sequences of that contradiction. In Sect. 5, we propose and defend a definition
of context in GSN given in terms of normative models of inductive argument.
Finally, we discuss related work in Sect. 6 and conclude in Sect. 7.

2 Context in the Goal Structuring Notation

In some domains, developers of critical systems construct an assurance case.
When the critical property is safety, assurance cases are known specifically as
safety cases. A safety case is a ‘structured argument, supported by a body of
evidence, that provides a compelling, comprehensible and valid case that a sys-
tem is safe for a given application in a given environment’ [1, Sect. 9.1]. The
argument explains how the evidence relates to safety objectives [2, Sect. 1.2.1].

GSN is one of two popular graphical notations for recording assurance argu-
ments [3,4]. Figure 1 presents an example that the GSN Community Standard
gives to illustrate the notation [3]. Goal element G1 presents the argument’s
main claim. Arrows with filled heads indicate that G1 is SupportedBy goals G2
and G3: the control system is deemed acceptably safe because all identified haz-
ards have been eliminated or sufficiently mitigated and the software has been
developed to an appropriate safety integrity level. Strategy S1 explains how goals
G4–G6 support goal G2. Solution Sn1 provides evidence supporting the claim in
G4. Context elements C1 and C2 are asserted at goal G1 using the open-ended
InContextOf arrow. This paper considers the function of such context elements.

Consider three potential interpretations of the meaning of asserting C2 at
G1: (1) the arguer asserts that the system as operated matches the referenced
definition, (2) the arguer is identifying the system the argument is about, and
(3) the arguer is identifying a document that the reader can refer to for details
about the system. These alternatives have different impacts on the argument’s
soundness: (1) presents a claim that must be checked because false premises
undermine conclusions; (2) is clarification that cannot be said to be true or false;
and (3) has indeterminate impact because a reader could look up anything. We
now turn to normative sources for help choosing the correct interpretation.

2.1 Kelly’s Arguing Safety

One of the first specifications of GSN appeared in Kelly’s DPhil Thesis [2]. Kelly
introduces context elements into GSN ‘in order to be able to represent the con-
text in which a safety argument is stated and, thus, how the argument relates to,
and depends upon, information from other viewpoints’ [2, Sect. 3.3]. Context ele-
ments have ‘two possible forms: as a reference to contextual information [and] as
a statement of contextual information’. Providing context elements ‘allows ref-
erence to where [the concepts used in a goal] are fully defined’ [2, Sect. 3.5.2].
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Sn1  
Formal 

Verification

Sn2  
Fault Tree 
Analysis

G1  Control System is 
acceptably safe to operate

C1  Operating Role 
and Context

C2  Control 
System Definition

G2  All 
identified 
hazards have 
been eliminated 
or sufficiently 
mitigated

C3  
Toler-
ability 
targets
(Ref Z)

C4  
Hazards 
identified 
from FHA 

(Ref Y)

G3  Software in 
the Control 
System has been 
developed to SIL 
appropriate to 
hazards involved

C5  SIL 
Guidelines 

and 
Processes

. . .

S1  Argument over 
each identified hazard

A1  All
hazards have been 

identified
A

G4  Hazard H1 has 
been eliminated

G5  Probability of Hazard H2 
occurring < 1×10-6 per year

G6  Probability of Hazard H3 
occurring < 1×10-3 per year

Fig. 1. Extract from ‘An Example Goal Structure’ (Fig. 6 from [3])

But the thesis does clearly describe how context affects the meaning and sound-
ness of arguments. Kelly introduces Toulmin’s normative model of informal,
inductive argument [6] as background [2, Sect. 2.6.3], but does not describe the
function of context elements in terms of any normative argument model. Instead,
he gives the examples depicted in Fig. 2 [2, Sect. 3.3 (emphasis mine)]:

The claim that all applicable hazards have been complied with [sic] is set
in the context of whatever is determined as an applicable standard. C1
. . . refers to the set of standards identified as applicable (e.g. pointing to
the document or file location / section where applicability is discussed
and defined). The second example shows an argument . . . (S1) . . . over
. . . all hazards. . . . S1 is only truly defined when the basis over which
it is stated is made clear. C2 refers to where the identified hazards are
discussed and defined within the supporting safety case documentation.
The [third] example . . . shows context being used to communicate the
basis on which a piece of evidence (solution) is being put forward. . . . C3
makes clear that the fault tree evidence referred to by Sn1 depends upon
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G1  System is compliant with 
all applicable safety standards

S1  Argument over 
all identified hazards

So1 Fault 
Tree for 

Hazard H1

G2  The software elements 
of the system are fault free

C1  Identified Applicable 
Safety Standards

C2  Hazards identified by 
Functional Hazard Analysis

C3  Basic Component Failure 
Modes identified in FMEA

C4  A fault is a deviation from operation 
defined by the specification

Fig. 2. Combination of ‘Example Uses of GSN Context’ (Fig. 26 from [2]) and ‘Example
Use of Context Statement’ (Fig. 27 from [2])

the failure rates provided by the more primitive FMEA (Failure Modes
and Effects Analysis) evidence. . . . [The fourth example illustrates] an
‘immediate’ contextual statement used to clarify the basis of [a] goal
. . . . C4 is phrased as a statement that helps define . . . the basis of G2.
Without C4, . . . a reader of G2 may adopt an alternative meaning.

We will return to what might be meant by ‘define the basis’ in Sect. 2.3.
In GSN, context asserted at a goal is inherited by all goal, strategy, and

solution elements supporting that goal. Considering the example of an ‘argument
over all identified hazards’ strategy expressed in the context of a hazard log,
Kelly writes that ‘all the goals and solutions underneath are also expressed in
the context of the hazard log’ [2, Sect. 4.4.3.2].

2.2 The GSN Community Standard

More than a decade after GSN’s introduction, a consortium of GSN users wrote
the GSN Community Standard to ‘provide a comprehensive, authoritative def-
inition of the Goal Structuring Notation’ [3]. The standard introduces context
elements by noting that ‘when documenting a GSN goal or strategy it can also
be important to capture the context in which the claim or reasoning step should
be interpreted. This is done in GSN by documenting context’. Like Arguing
Safety, the standard explains that a context element may contain ‘a reference to
contextual information or a statement’ [3, Fig. 7]. Part 1 (which defines GSN)
offers no normative model of how context affects the meaning and validity of
arguments [3]. However, Part 2 clarifies what context isn’t [3]:

– ‘In GSN, context elements should not be used to refer to information which
is intended to support the validity of a claim. Such information . . . should
be represented using a GSN solution element’ [3, Sect. 2.6.2.1].

– ‘Context elements are sometimes used where a GSN assumption or justifi-
cation may be more appropriate’ [3, Sect. 2.6.2.3].
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G3  System has a failure 
rate of < 1×10-6 per anum

C4  System 
Fault Tree

C5  System has no 
common mode failures

Fig. 3. Combination of ‘Incorrect Use of Context (as a Solution)’ (Fig. 52 from [3])
and ‘Incorrect Use of Context (as an Assumption)’ (Fig. 53 from [3])

Figure 3 depicts the example with which the standard illustrates these points.
‘Context C4 is incorrectly associated with Goal G3 as evidence [supporting] the
failure rate claim . . . . The correct way to represent this relationship is to asso-
ciate the System Fault Tree with Goal G3 as a GSN solution. . . . [Context C5]
would be more appropriately rendered as an assumption’ [3, Secs. 2.6.2.2–3].

Like Arguing Safety, the standard states that context is inherited: ‘contextual
information associated with a claim made in a particular goal is understood
to be in scope for all sub-goals of that goal’ [3, Sect. 2.3.3.4]. Discussion with
Kelly suggests a fourth possible meaning of context: what is inherited is the
understanding created by asserting contextual information at a claim, not the
contextual information itself [7]. Returning to C2 in Fig. 1, that interpretation
would be that it is the clarification of ‘Control System’ created by asserting C2
at G1, not the control system definition itself, that is inherited by G2, G3, etc.

Unlike Arguing Safety, the GSN Community Standard explicitly addresses
conflicting context: ‘nothing in the supporting argument for the goal to which
the context is applied should contradict or undermine the relationship between
the goal and the context’ [3, Sect. 1.3.7, emphasis removed].

2.3 Interpreting GSN’s Definition of Context

Arguing Safety and the GSN Community Standard are the two most authorita-
tive definitions of GSN. Given what they say about context elements, we return
to the assertion of C2 as context for G1 in example argument given in Fig. 1
and discussed in Sect. 2. Interpretation (1) of this context assertion as a claim
that the system as operated matches the referenced definition cannot be cor-
rect because it contradicts the prohibition on context introducing information
on which the validity of a claim depends [3, Sect. 2.6.2.1]. Interpretation (2)
of the context assertion as identifying the system the argument is about seems
plausible because it allows reference to where the concepts in G1 are defined [2,
Sect. 2.6.3]. But interpretation (3) of context C2 also seems plausible. Kelly’s
use of the phrase ‘define the basis of’ [2, Sect. 3.3] and the standard’s use of
the phrase ‘capture the context in which the claim . . . should be interpreted’ [3,
Sect. 2] seem to suggest that the reader should keep the entire contents of the
control system definition in mind when interpreting G1 and the entirety of the
argument supporting it. Those contents cannot be used as a premise, but might
presumably clarify the meaning of any part of the argument.

Some examples in Arguing Safety seem to be very clearly intended to be read
using interpretation (2). For example, a context element in one example reads,
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‘“Sufficient” = platform meets target failure rate of 1× 10−6 per flight hour’ [2,
Fig. 44]. Context C1 in Fig. 1 seems to be more consistent with interpretation
(3): there is no mention of the system’s operational role or operating context in
goal G1. Other examples don’t seem to clearly fit either of those interpretations.
For example, context C3 in Fig. 2 seems to be better explained as documenting
the provenance of an evidence item than as explaining the meaning of the text in
solution So1 or offering information that would help interpret the evidence. One
might regard C3 as explaining what is meant by ‘fault tree’, but simply knowing
the failure modes would not help to interpret the strength and meaning of that
evidence. It is knowing the provenance of the fault tree – which would not be
documented in the referenced FMEA results – that would aid this interpretation.

3 Assured Safety Arguments

Hawkins et al. have proposed assured safety arguments as a means of more
clearly communicating both (1) how evidence supports system safety claims
and (2) why that argument establishes sufficient confidence in the main safety
claim [5]. An assured safety argument contains two distinct sub-arguments:

1. ‘A safety argument that documents the arguments and evidence used to
establish direct claims of system safety’

2. ‘A confidence argument that justifies the sufficiency of confidence in this
safety argument’ [5, emphasis mine]

Later discussion [7] resulted in adding a conformance argument to document
how developers interpreted and conformed with relevant standards [8].

3.1 Structure of an Assured Safety Argument

Assured safety arguments simplify and clarify the safety rationale by relocating
information that does not explain how evidence supports the safety claim. Infor-
mation that increases confidence – by, for example, testifying to the quality or
relevance of the evidence – is presented in a separate confidence argument. As-
surance Claim Points (ACPs) link inferences, evidence assertions, and context
assertions in the safety argument to relevant parts of the confidence argument.

Figure 4 reproduces an example used to illustrate ACPs. The square deco-
rations ACP.A4, ACP.A1, and ACP.A3 identify the assertion of context elements
DIP.A4, DIP.A1, and DIP.A3, respectively, at goal DIP.G1. ACP.S1 identifies the
inference of DIP.G1 from premises DIP.G2–DIP.G6 using the argument strategy
DIP.S1. ACP.A2 identifies the assertion of context DIP.A2 at that inference step.
(The diamond decorations on goals GIP.G2–GIP.G6 are from GSN’s pattern ex-
tension and indicate that these goals require support that is not shown here [3].)

Each ACP is a pointer to a separate portion of the confidence argument.
Figure 5 reproduces an example Hawkins et al. give to illustrate assurance argu-
ments [5, Fig. 17]. Goals CC1.3 and CC2.3 are associated with ACP.A1; together,
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ACP.S1ACP.A1

ACP.A4
ACP.A3

ACP.A2

DIP.G1  Insulin 
pump is adequately 
safe for routine use

DIP.G2  Risk 
of hypogly-
caemia 
adequately 
mitigated

DIP.G3  Risk 
of hypergly-
caemia 
adequately 
mitigated

DIP.S1  Argument 
over credible hazards

DIP.A2  List 
of credible 

hazards

DIP.A3  Details 
of diabetic 

patient types & 
usage 

environments

DIP.A4  Definition of 
adequately safety & 

routine use

DIP.A1  Pump design 
documentation

DIP.G4  Risk 
of electric 
shock 
adequately 
mitigated

DIP.G5  Risk 
of infection 
adequately 
mitigated

DIP.G6  Risk of 
allergic reaction 
to materials 
adequately 
mitigated

Fig. 4. ‘High-level safety argument for an insulin pump’ (Fig. 16 from [5])

the arguments supporting them show why we can have confidence in the asser-
tion of ‘pump design documentation’ as context for the claim that the ‘insulin
pump is adequately safe for routine use’. (Presumably, given other patterns in
the paper, ACP.A1 is attached to a different goal not shown in the original figure.
That goal would read ‘sufficient confidence exists in the assertion of DIP.A1 as
context at goal DIP.G1’ and be supported by CC1.3 and CC2.3.)

3.2 Confidence Argument Structure

Figure 6 reproduces Hawkins et al.’s illustration of a confidence argument’s top-
level structure. The argument claims that confidence in the safety argument’s
main safety claim is justified because each of the safety argument’s components
(inferences, solutions, and context) is fit for the purpose it serves. Instantiations
of confidence patterns of the kind shown in Fig. 5 demonstrate that fitness.

There are several ways to describe confidence in assurance claims, each with its
own benefits and drawbacks [9]. Hawkins et al.’s confidence argument patterns
use a form of Baconian probability [9,10,11]. That is, they enumerate plausible
defeaters of the argument – things that might directly rebut a claim or undermine
the reasoning supporting it – and describe why those defeaters are thought to
be implausible and/or the residual likelihood of them acceptable. (Some small
degree of doubt is inevitable: even a machine checked, deductive proof might be
wrong if the proof checker is faulty or was used improperly.)

3.3 Context as Used in Assured Safety Arguments

Hawkins et al. describe the meaning of a context element linked to a goal as an
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CC1.3  Residual assurance deficits in the trustworthiness 
of the pump design document are acceptable

SC1.3  Argument over identified 
residual assurance deficits

CC1.3.1  The residual assurance deficit 
relating to the integrity of the commercial 
word processing tool used is acceptable

CC1.3.2  The residual assurance deficit 
relating to the use of the correct version 
of the design document [is] acceptable

CC1.3.1.1  No field reports of 
deficiencies in word processing 
tool have been reported

CC1.3.1.2  Testing and analysis of the 
pump elsewhere in the argument limits 
sensitivity to this assurance deficit

CC2.3  Residual assurance deficits for the appropriateness of 
the use of pump design document at ACP.A1 are acceptable

SC2.3  Argument over identified 
residual assurance deficits

CC2.3.1.1  Patient group is generally 
considered responsible and there 
are no reports of patient tampering

CC2.3.1  The residual assurance deficit relating to unforeseen 
alterations made to pump by patient during use is acceptable

CC2.3.1.2  Consistency and reasonableness 
checks within the pump system would 
reveal tampering with high probability

Fig. 5. ‘Part of the confidence argument for ACP.A1’ (Fig. 17 from [5])

assert[ion] that the context is appropriate for the elements to which it
applies. For example, consider a context reference to a list of failure
modes for a particular piece of equipment. The introduction of this con-
text element when arguing about the safety of that piece of equipment
implicitly asserts that the list of failure modes referred to is appropriate
to the application and operating context in question.

The appropriateness of context must be considered throughout the part of the
argument that inherits the context: ‘the assurance of the strategy depends upon
the confidence that the context . . . stated is appropriate for that strategy and its



Towards a Clearer Understanding of Context and Its Role 147

G2  There is sufficient 
confidence that all asserted 
inferences are true

G1  Sufficient confidence 
demonstrated in safety argument

C1  Subject
safety argument

S1  Argument over all argument assertions

G3  There is sufficient 
confidence that all 
asserted solutions are true

G4  There is [sufficient] 
confidence that all 
asserted context is true

Fig. 6. ‘Representing an overall confidence argument’ (Fig. 15 from [5])

subgoals’ [5]. But considering the appropriateness of context alone is insufficient:
‘in addition to the appropriateness of the context, it is also necessary to provide
an argument as to the trustworthiness of the context in question’.

Hawkins et al. do not provide a testable definitions of what it means for
context to be ‘appropriate’ and ‘trustworthy’, although in the latter case they say
that ‘the concept of trustworthiness relates to freedom from flaw’ [5]. However,
they do provide examples. Referring to a generic argument over all hazards, they
write that for a hazard list to be appropriate context ‘there must be confidence
that the hazard list is appropriate with respect to the system, application, and
context’. In the case of the example shown in Fig. 4, they give the confidence
argument fragment depicted in Fig. 5. They also write of the meaning of ACP.A2
that ‘there is sufficient confidence that the list of credible hazards is complete
and correct. Inadequate definition of a hazard or omission might invalidate the
safety claim’. The context must be ‘true’, as goal G4 in Fig. 6 puts it.

The assertion of a context element in an assured safety argument seems to be
mostly clearly defined as the making of two claims:

1. Acceptable instantiation. The identified thing is the kind of thing implied by
the ordinary meaning of the term used to represent it.

2. Fitness for role. The identified thing has all of the properties that the entire
applicable portion of argument needs it to have.

These claims then serve as implicit premises throughout the inheritance area. In
Toulmin’s terms [6], to assert a context element in an assured safety argument
is to assert that acceptable instantiation and fitness for role are warrants that
can be implicitly used in any of the affected reasoning steps.

To illustrate this definition of context, consider the example in Fig. 4. A haz-
ard list must be the hazard list created for the system in question because the
ordinary meaning of the words ‘all credible hazards’ is that they are hazards
of the system in question. The hazard list must also be ‘complete and correct’
because inference DIP.S1 would be invalid if supporting goals DIP.G2–DIP.G6 did
not accurately portray all relevant hazards. The hazard list can be assumed to
have these properties throughout the argument supporting goals DIP.G2–DIP.G6.
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Acceptable instantiation and fitness for role are not simply properties that
must be true as prerequisites for judging whether an argument is sufficiently
compelling. There are such properties, for example argument clarity and compre-
hensibility. But the example argument depends upon these as premises. DIP.G1
in Fig. 4 lacks a sub-goal or justification claiming that the list of hazards identi-
fied by DIP.A2 is complete and correct. Such support is used in similar reasoning
steps in plain safety arguments, including in Hawkins’ High Level Software Safety
Argument Pattern [12]. The absence of such support here can only mean that the
assertion of DIP.A2 is meant to demonstrate that there are no credible hazards
that are not covered by one of the goals DIP.G2–DIP.G6.

4 The Problem of Conflicting Definitions of Context

Section 2.3 discussed how context is (somewhat vaguely) defined in authoritative
guides to GSN. Section 3.3 showed that context elements in assured safety argu-
ments function as claims of acceptable instantiation and fitness for role. These
definitions are mutually exclusive. Clarification and identification of reference
material cannot introduce new claims. Introduction of claims contradicts the
prohibition on using context elements ‘to refer to information which is intended
to support the validity of a claim’ [3, Sect. 2.6.2.1].

It is vital that all readers of an argument understand the same meaning of its
context elements. If they do not, confidence in safety claims might be misplaced.
For example, consider multiple reviewers collaborating to review of a large argu-
ment in parts [13]. Suppose that reviewer A examines the assertion of a hazard
list document identifier as context and interprets it as explaining the term ‘haz-
ard list’. Suppose that reviewer B reviews a supporting portion of argument and
interprets the context assertion as claims of acceptable instantiation and fitness
for role. Because A sees no need to check either property and B assumes that
they have been checked, neither will check it. The system might be put into
service despite not addressing a significant hazard.

Returning to the example in Fig. 1, suppose that reviewer C interprets this
‘basis’ of goal G1 as simply scoping the situations to which the argument applies.
Suppose that stakeholderD reads in the referenced documentation a claim about
what the operating context is. D might assume that review had confirmed that
it was acceptable to assume that the system would be used in this way while C
might not see the need to check that assumption.

5 Proposed Treatment of Context and Confidence

Given the harm that misinterpretation of context might bring, GSN users should
adopt a single, normative definition. This section gives and justifies our proposal.

A useful definition of GSN context elements must satisfy two requirements:

1. Means to perform the functions that people have been using GSN context ele-
ments to perform must be preserved. If the definition precludes using context
elements to meet a need that GSN users have used them to meet, we must
also propose an alternative means of meeting that need.
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2. The effect of context elements on confidence in the argument’s main claim
must be well defined. Understanding this effect is a precondition for defining
an effective argument review process and, ultimately, for using an argument
to make certification or acceptance decisions.

5.1 Our Proposal: GSN Context Elements as Explications

We propose defining context elements as explicating terms used in the argument.

Form. Context element text must be of the form ‘X : Y ’ where X is a phrase and
Y is its explication. Y should identify relevant documentation where appropriate.

Scope. The explication applies to (i) the element e at which the context c
is asserted, (ii) any goal, strategy, or solution in the same argument module
that directly or indirectly supports e through IsSupportedBy relationships, and
(iii) any justification, assertion, or confidence element in the same module as-
serted as context to an element to which c applies as per rules (i) and (ii).

Effect. Arguments should be understood as if explicated terms were replaced by
their explications.

Uniqueness. Arguers may not assert two explications for the same term that
apply to the same element.

Non-circularity. Arguers may not assert explications such that any term is di-
rectly or indirectly explicated in terms of itself.

Presentation. Explicated terms appearing in GSN elements should be visually
distinguished from non-explicated text. For example, explicated terms might be
presented in a different font, in italics, in a different colour, underlined, or some
combination of these. Hyperlinks should be used where practicable.

Loaded language. Arguers should not use context to phrase arguments in terms
whose plain-language meaning might cause misunderstanding of the argument.

5.2 An Illustrative Example

To illustrate the proposal given in Sect. 5.1, consider the example given in Fig. 4.
Figure 7 presents a version of that argument revised to reflect our definition of
context. Context elements C1–C3 now clearly explicate terms used in goal G1.
C1 clarifies which insulin pump we mean and that we mean it as delivered, not
just as designed. C2 refers to documentation giving the relevant definition of
‘adequately safe’. C3 clarifies what we mean by ‘routine use’, thus limiting the
scope of the argument to that use. For clarity, we introduce goal G2 to separate
(a) the inductive leap related to the relationship between safety and hazard
management from (b) the argument-by-cases over the set of identified hazards.
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ACP.I1

ACP
.X

. . .

G1  Insulin pump is 
adequately safe for 
routine use

S1  Argument over 
identified credible hazardsC6  Identified credible hazards: the 

hazards listed in the hazard log

C3  Routine use: use as per {user’s guide} to treat 
the conditions listed in {treatment guidelines}

C2  Adequately safe: satisfying the definition
of adequately safe given in {relevant standard(s) 

or guidance document(s)}

C1  Insulin pump: the device described in {pump 
design document} as shipped to wholesalers

C5  Hazard log: {hazard log}

G4  Risk of 
hypergly-
caemia 
adequately 
managed

G3  Risk of 
hypogly-
caemia 
adequately 
managed

G5  Risk of 
electric 
shock 
adequately 
managed

G7  Risk of 
allergic 
reaction to 
materials 
adequately 
managed

G6  Risk of 
infection 
adequately 
managed

G8  Hazard 
log contains 
all credible 
hazards

G2 All credible 
hazards are 
adequately managed

C4  Adequately managed: the risk associated 
with a hazard has been reduced ALARP as per 

{relevant guidance document}

Fig. 7. Revised version of argument given in Fig. 4. The text in braces stands for
details that identify the documents in question (e.g., document and version numbers).

New goal G8 is the claim of hazard log completeness that justifies strategy S1.
G8 could be replaced by a justification or an away goal asserted as justification
using the InContextOf relationship [12]. Those alternatives have the stylistic
benefit of distinguishing the claim about hazard log completeness from the claims
to have managed each hazard. However, those alternatives also have an area
effect that complicates both change management and argument review.

The scope rule dictates that explications of ‘insulin pump’, ‘adequately safe’,
and ‘routine use’ are applicable in all goals, strategy S1, and context elements
C4–C6. The uniqueness rule would preclude asserting a competing explication
of ‘adequately managed’ at goals G2–G8 or strategy S1. The loaded language
recommendation suggested the change from ‘credible hazards’ in the original to
‘identified credible hazards’ in S1.
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5.3 Assessing the Proposal: Performing All Context Functions

The examples in Arguing Safety [2], the GSN community standard [3], and
the assured safety argument paper [5], Hawkin’s software safety argument pat-
terns [12], and our own experience suggest at least six functions that arguers
might want context elements to perform: (1) to explain a term’s meaning, (2) to
link arguments to other documents, (3) to assert an implicit premise, (4) to iden-
tify background information, (5) to document the circumstances in which the
argument was made, and (6) to make GSN elements less verbose.

Explaining terms. Our proposed definition clearly serves this purpose.

Linking the argument to documents. Our definition facilitates linking to explain
terms more clearly. Solution elements link arguments to evidence. Linking with-
out a clear purpose is disallowed to prevent confusion. We would replace C3 in
Fig. 2 with an ACP on the solution linking to an argument that explains the
fault tree’s provenance and that provenance’s effect on confidence.

Asserting an implicit premise. GSN offers two ways to assert a premise through-
out an argument (i.e., as an implicit warrant in Toulmin’s model [6]): justification
elements and away goals asserted as context. In any case, this function might be
overused. Local scope simplifies change and review and we might only need the
goal G8 in Fig. 7 as a premise in this particular reasoning step.

Identifying background information. Background information can help to under-
stand and validate an argument (e.g., show that it is not oversimplified [14]). But
premises should be introduced using a goal, away goal, or justification element,
links to details can be made as described above, and it is not clear that ‘back-
ground information’ serves any other useful purpose. Categorising information
as either what-the-arguer-means (which can be accepted) or as evidence claims
(which must be checked) facilitates argument validation.

Documenting the argument writer’s circumstances. Documenting the circum-
stances under which an argument was made might aid interpretation. But much
of this (e.g., the colour of the author’s clothing) is irrelevant. Moreover, different
people might interpret the remainder differently. Restricting context elements to
explication forces arguers to identify which meanings are influenced by circum-
stance and (more importantly) what those meanings are meant to be.

Making GSN elements less verbose. A single artefact might serve multiple roles
in an argument. For example, a hazard log might serve as a list of hazards, infor-
mation about hazard severity, or an indication of project status [7]. Explication-
only context might not reduce verbosity as well as unrestricted context because
authors might have to reword element text to include the explicated term or as-
sert context multiple times to fill multiple roles. We consider this an acceptable
price for increased clarity.
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Table 1. How our definition of context solves other definition’s problems

Problem Solution

The effect on argument
confidence is unclear. See
Sect. 4.

The assurance argument should be judged as if
explicated terms had been replaced by their
explications. See Sect. 5.4.

A document asserted as the
basis for a goal (and possibly
all of its supporting reasoning,
depending on how inheritance
is interpreted) could be
understood by different people
as explaining different things.
See Sect. 2.

The context explicitly identifies the term being
explicated. The presentation recommendation
reminds readers that a term is explicated. See
Sect. 5.1.

Readers might interpret
different parts of a linked
document as the explanation
of a term. See Sect. 2.

Arguers understanding context as explication will
craft explications to resist misinterpretation.
Reviewers will help by pointing out vagueness.
Guidance created to clarify terms used in
requirements might help further, e.g. by eliminating
hedge words such as ‘usually’ or ‘generally’ [15].

Readers might or might not
interpret context assertion as a
claim that referenced material
is what its title suggests and is
fit for purpose. See Sect. 3.3
and Sect. 4.

Our definition precludes this interpretation. The
loaded language recommendation, the presentation
recommendation, and appropriate review reduce the
risk that the explicated term’s plain-language
meaning will colour understanding of the argument.
See Sect. 5.1.

5.4 Assessing the Proposal: The Effect on Confidence

The main virtue of the definition of context in Sect. 5.1 is a well-defined impact
on argument confidence: the argument should be assessed as if all explicated
terms had been replaced by their explications. In Toulmin’s terms, context as
we define it is simply a mechanism for replacing shorthand text used in data,
warrants, claims, reservations, and qualifications [6]. Table 1 shows how our pro-
posal addresses the confidence-related problems that other definitions have.

5.5 Impact on Assured Safety Arguments

The organisation of the confidence argument (depicted at the top level in Fig. 6)
must change: context as defined in Sect. 5.1 cannot be said to be ‘true’ or false.
There is no need to argue over context elements because we argue instead over the
elements and relationships whose meanings they clarify. The burden of demon-
strating hazard log completeness, carried at ACP.A2 in the original formulation
in Fig. 5, is carried by the evidence and inferences supporting goal G8 in Fig. 7.

But GSN also allows justification elements, assumption elements, and away
goals to be the object of InContextOf relationships. Goal G4 in Fig. 6 would cover
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those assertions if it read ‘there is sufficient confidence that all assumptions,
justifications, and away goals asserted as context are true’.

One might argue the need for an assurance claim point on the inference of goal
G2 from goals G3–G8 through strategy S1. The associated confidence argument
fragment would cite review evidence showing that goals G3–G7 cover all of the
credible hazards listed in the hazard log. It is obvious that such a review will
be performed. Since the inference admits no other assurance deficit, we see no
reason to burden the arguer with writing such a confidence argument fragment.

5.6 Further Recommendations: Update Review Processes

An explication cannot be either true or false, but a poor explication might admit
multiple interpretations, compromising the efficacy of argument review. Existing
argument review processes include steps aimed an ensuring clarity [3,13,16]. GSN
argument review processes should require reviewers to consider whether terms
used in the argument have multiple meanings in general use and in the relevant
technical domain(s). Terms with multiple meanings should be explicated, and
explications should rule out unintended meanings of the explicated terms.

6 Related Work

Arguing Safety [2] and the GSN Community Standard [3] define context in GSN.
Examples of context in the former clearly explicate terms. What is novel about
our proposed definition of context is that we limit context to this function, thus
making its impact on argument confidence clear.

Matsuno and Taguchi’s proposed formalisation of GSN patterns [17] defines
context elements as declarations of types and variables. The definition of context
proposed in Sect. 5.1 is for arguments that have not been formalised.

Because the other popular graphical argument notation, CAE, has no context
element, our proposed definition of context does not apply to it [4]. For similar
reasons, our proposal does not apply to plain text or tabular arguments. Any
informal argument might be vague, but other causes will apply in other notations.

7 Conclusion

In this paper, we reviewed how both Kelly’s thesis [2] (the original normative
definition of GSN) and the GSN community standard [3] define context elements.
Neither defines context in terms of normative models of argument and both
permit multiple interpretations. But both sources are clearly at odds with how
context elements are treated in assured safety arguments: the former say that
context elements cannot support the validity of claims, while the latter says that
they do. To resolve this contradiction and bring clarity to the meaning of GSN,
we proposed a more precise definition of the semantics of GSN context elements.
We illustrated this definition and its impact on the structure of assured safety
arguments by reworking a published example of an assured safety argument.
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Any proposed change to language semantics – whether for a natural language,
a programming language, or an argument notation – will fail if people choose not
to adopt it. A key factor in the adoption of this change is whether the proposal
addresses all of the functions for which arguers have been using GSN context
elements. We have examined examples for evidence of such functions and found
none, but very few published examples exist. The only practical way forward is
to make this proposal public so that arguers can judge for themselves.
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