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A B S T R A C T   

This work summarises the key points that can be drawn from the extensive body of literature associated with fire 
risk indexing methods. A comprehensive definition of fire risk indexing is provided and the sometimes opaque 
mechanics of indexing are described in detail. Issues arising from fire risk indexing methods are explored, and the 
variety of terminology associated with this method is clarified. It is also explored how the development and 
operation of indexing methods are entangled with issues of reliable expert elicitation and professional compe-
tence of the end user. It emerges that the greater the complexity of a method, the more the workings of the 
method become obfuscated. This creates an inherent tension between the simplicity of the method and its 
transparency to the users – an issue the developers of fire risk indices ought to address from an early point.   

1. Introduction 

Fire risk indexing (FRI) methods are heuristic models of fire safety. 
Heuristics are procedures that, in the absence of a formal underlying 
physical theory, provide a practical approach to solving problems [1], 
and are typically defined as efficient rules or procedures for converting 
complex problems into simpler ones [2]. Heuristic methods refer to 
problem solving that employs a practical method that is not guaranteed 
to be optimal or perfect, but is instead considered (by the method’s 
designers) sufficient for reaching an immediate goal. Heuristics are 
defined as “relatively simple rules of thumb which can be applied to 
complex decisions where not all information is known, that can result in 
a suitable response” [3]. Heuristic methods are therefore an attempt to 
facilitate the process of making the best decision about how to respond 
to a problem – while simultaneously acknowledging that the problem 
has not been perfectly solved [4]. An example of such a heuristic method 
is the Glasgow Coma Scale [5], which is widely used by medical pro-
fessionals for the evaluation of head injuries. It assigns points to three 
tests: eye, verbal, and motor responses. Based on the final score, in-
ferences can be made on the patient’s state of consciousness. 

In the context of fire safety in buildings, the objective of a heuristic 
method is typically to make decisions about the fire safety measures that 
should be included within a building – often with the aim of deploying 
limited resources to maximum effect. These fire safety evaluation sys-
tems have been referred to by various names such as risk ranking, index 
systems, scoring, point schemes, and numerical grading [6]. In building 
design there are many parameters that may affect the overall safety; 

different environments may pose different risks, and different fire safety 
precautions may be deployed to mitigate these. Fire safety in buildings is 
therefore a problem that requires multiple attributes to be evaluated. 

A risk index [6] is where a multi-attribute evaluation [7] is used to 
develop risk assessments and the results are aggregated into a single 
number. The process of creating a fire risk index must include a pro-
cedure of scoring the causal, and mitigating, fire safety attributes – with 
the result being a rapid and relatively simple fire safety evaluation [1]. 
The scoring process is typically undertaken by allocation of points to 
each attribute. The foundation of any fire risk index is therefore a points 
system. These have been applied to a variety of hazards and risk 
assessment projects to reduce fire safety costs [8], set priorities [9], 
compare design alternatives [10], and facilitate the use of technical 
information. A recent example is the use of a points system by the local 
authorities to address issues of building decay in Hong-Kong high-rises 
by prioritising which buildings are in need of fire safety improvements 
[11]. 

Indexing methods provide an approach that, during the development 
of a tool, can circumvent complex scientific principles of theoretical and 
empirical models, in order to aid decision making on the less than per-
fect circumstances found in real world applications [6]. It follows that 
once a points system is created, then it is (relatively) easy to use. For 
example, the Fire Safety Evaluation System (FSES) [8] allows an indi-
vidual to undertake a survey of health care facilities and whether they 
comply with the Life Safety Code (NFPA 101), now incorporated into 
NFPA 101A [12], by grading the various fire safety components and 
comparing them to a set benchmark. 

* Corresponding author. 
E-mail address: v.koutsomarkos@ed.ac.uk (V. Koutsomarkos).  

Contents lists available at ScienceDirect 

Fire Safety Journal 

journal homepage: http://www.elsevier.com/locate/firesaf 

https://doi.org/10.1016/j.firesaf.2020.103241 
Received 14 April 2020; Received in revised form 3 October 2020; Accepted 3 November 2020   

mailto:v.koutsomarkos@ed.ac.uk
www.sciencedirect.com/science/journal/03797112
https://http://www.elsevier.com/locate/firesaf
https://doi.org/10.1016/j.firesaf.2020.103241
https://doi.org/10.1016/j.firesaf.2020.103241
https://doi.org/10.1016/j.firesaf.2020.103241
http://crossmark.crossref.org/dialog/?doi=10.1016/j.firesaf.2020.103241&domain=pdf


Fire Safety Journal 119 (2021) 103241

2

However, an indexing method is rapid because much of the thought 
and judgement that would be required in a conventional engineering 
analysis has already been undertaken a-priori by the designer(s) of the 
method. Creating the points system therefore requires the method’s 
designer to assign values (and possibly a weighting) to a selection of fire 
safety attributes. This can be totally arbitrary, but given the proliferation 
of risk indices, a series of systematic approaches have been deployed in 
order to assign a weighting. In most of the cases, this has included a 
group of ‘experts’ in the field – and the group have defined the weighting 
based on the group’s collective professional judgement and experience. 
The attributes that the group are required to weigh can include policies, 
objectives, strategies, and the components that make a contribution 
[13]; these can represent both positive and negative fire safety features. 
By assigning grades on which a calculation is then performed, it is 
possible to arrive at a single value or index in order to obtain relative, yet 
comparative, levels of fire safety [5,14]. 

Fire risk indexing methods have most often been developed with the 
purpose of simplifying the risk assessment process for a specific type of 
building, with their major advantage probably being their simplicity 
[15]. Due to the relative rapidity with which an index can be generated, 
FRI methods are considered to be very cost-effective tools [5]. The use of 
such a method can help practitioners decide when a more detailed 
quantitative analysis may be necessary [16]. A standardised procedure 
may be of particular advantage where an organisation is intending to 
assess a large number of similar properties [9,17]. For example, a rating 
scheme was used for a systematic survey of 25 historic buildings in 
Portugal after a major conflagration of 18 buildings [18]. On a larger 
scale, risk indices have been repeatedly used for the monitoring of 
wildfire risk. This has been done with the integration of multiple vari-
ables (either dynamic or static) in a single system using remote sensing 
tools [19]. In the domain of building fires, rating forms were used for the 
assessment of Wildland Urban Interface (WUI) fire risk, such as “NFPA 
224 - Fire Protection and Prevention for Summer Homes in Forested 
Areas”, which was created in 1935 and now is incorporated in NFPA 
1144 [20]. Taking both into account, a combination of WUI fires and 
remote sensing techniques has been employed in an index in Norway 
[21]. 

To assist any assessment procedure, it is possible that the underlying 
calculations of a fire risk index can be programmed to produce a soft-
ware. If aspects of a building’s fire safety measures are linked to costs (e. 
g. cost per linear meter of fire resisting construction), then the software 
can be programmed to rapidly iterate alternative fire safety measures 
that achieve the same overall index, but by different means – this process 
can be used to minimise the cost for a predetermined safety level [22]. 

This paper presents a review of the underlying mechanics of existing 
indexing methodologies in an attempt to build on the knowledge base 
from previously developed indices. To ensure clarity within the review, 
issues around the inconsistent use of language within the literature 
studied are first explored; the terminology used is defined. The 
connection between the mechanics of a method and expert elicitation 
procedures is then explored, along with its implications. Finally, the 
topic of the competence of the end user is brought forward and discussed 
in the context of how anticipated user competence can affect the 
development of a method. 

The motivation for this work is to understand whether FRI can be 
used as a means to motivate stakeholders to exceed the regulatory 
minimum for the purposes of achieving more resilient assets. To explore 
if FRI can provide the supporting metrics, a review and relevant work by 
Watts [1,6,7] was used as a starting point for this study as this work led 
him to the formulation of specific criteria [15] that provided guidance of 
good practise for future developers. Building on Watts’ work, this paper 
aims to provide a review of the issues around FRI methodologies with 
the aim of providing original and necessary information for the devel-
opment of any future indexing tool. 

2. Use of language and difficulties regarding terminology 

In undertaking this review, it has been found that the terminology 
has fluctuated throughout the years. The authors have encountered 
different phrases in the literature to describe the same notion. Strongly 
linked with indexing are the words ‘rational’, ‘system’, and their de-
rivatives, which will be highlighted in bold when quoted in this section 
for added emphasis. The first mention is found in the Fire Grading of 
Building reports where it is worded that “any rational system of fire 
grading should provide a combination of active and passive defence in 
proper balance to meet the fire hazard in each case” [23]. This termi-
nology is also used by Watts in his PhD Thesis “A theoretical ration-
alization of a goal-oriented systems approach to building fire safety” 
[24]. Malhotra also called for “a more rational approach to fire safety” 
[25,26]. 

Copping [27] has referred to indexing as a ‘rationalised systematic 
approach’ to fire safety meaning “the use of qualitative descriptions of 
events, techniques and processes to which are attached numerical values 
assigned by a group of experts”, listed as one option of analytical ap-
proaches to fire risk assessment. Shields [28] attributes the first mention 
of this term to Marchant, while highlighting some confusion in the ter-
minology across the literature. Idris [29] however has simply referred to 
‘the Systematic Approach’, with the authors’ estimate on its origin 
being the phrasing of the criteria for fire risk ranking as “to elicit sub-
jective values systematically” [15]. 

Beard [30] was the first to introduce the concept of a systemic 
approach in fire safety by calling for a guiding structure (methodology) 
of a dynamic nature to support analyses. However, a systemic approach 
is not the same as a systematic approach as “the word ’systematic’ may 
be thought of as implying ’methodical’ or ’tidy’”; in this context, ’sys-
temic’ implies the capability to see the ’dynamic wholeness’ in a situ-
ation. This description was later used by Shields [31] who described a 
points scheme as a “product of a framework which constitutes a sys-
temic approach to fire safety evaluation”. Watts [32] has also used the 
term when he stated that “fire-risk indexing is a systemic approach to 
code equivalency”. Copping [27] has used the term ‘systemic’ as well 
stating that his work “promulgates a systemic approach to fire safety, 
in which a holistic philosophy is adopted”. 

This phenomenon has been observed in another publication for the 
terms ‘model’ and ‘scheme’ by Shields and Silcock [28], who made a 
review of the terminology which they considered “necessary since the 
current interest of the authors is in the development of a method of 
evaluating the provision of fire safety in buildings”. Similarly, the pre-
sent authors thought it useful to touch upon the same issue, since it was 
found that confusion remains around terminology relating to FRI. 

In undertaking this review, differences in terminology made it 
difficult to compare methods because the literature occasionally uses 
different words used to describe the same notion. Therefore, the 
following sections are used to determine and define the terms that will 
be used in this work, the same way it was done by some developers to 
present their works [7,33,34]. 

According to Watts [7], fire safety attributes “provide a means of 
evaluating goal achievements” and practically identify the ingredients 
of fire safety. Depending on the conceptualisation of the method’s 
structure, these attributes can be grouped according to appropriate hi-
erarchical levels or purpose groups, which are then named 
correspondingly. 

3. The core of indexing 

The practical necessity of trying to assess multifaceted fire risks in a 
variety of building types has led to the creation of several FRI methods 
with Watts [6] having referred to a generalised procedure in the ranking 
of fire safety as follows:  

1. Identify hierarchical levels of fire safety specification; 
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2. Specify items comprising each level;  
3. Construct and assign values to matrices of each sequential pair of 

levels;  
4. Combine (multiply) matrices to yield importance ranking of items;  
5. Verify the results. 

Based on this procedure, there are a number of fundamental concepts 
which must underpin any such scheme. These can be consolidated into 
three key decisions or judgements that the developer of any FRI must 
make in order to create their scheme and details about each are pre-
sented in the corresponding following subsections. The judgements are 
as follows:  

1. Attribute identification – a decision must be made about which fire 
safety attributes are going to be evaluated by the FRI;  

2. Attribute weighting – a decision must be made about the use of 
relative weights for each attribute or the group in which they belong, 
along with which weighting method is used;  

3. Index calculation – a decision must be made about the mathematical 
functions (or calculation style) used to calculate the final index based 
on the attributes chosen, and each attribute’s relative weighting 
produced. 

The development of a scheme in these three stages requires some 
form of communication between the developers and the group of people 
that is being advised upon, usually called ‘expert group’ or ‘expert 
panel’. There are different protocols and forms for that communication, 
and they can alter throughout the different phases of development. The 
most prevalent approach used is the Delphi method, and the expert 
group is referred to as a ‘Delphi panel’ [8,9,31,34]. These issues will be 
discussed in detail in section 4. Irrespective of the decision making 
process, the categories of decision that must be made are universal and 
are described in the following subsections. 

3.1. Attribute identification 

Three possible ways of choosing the attributes to be evaluated have 
been reported in the literature: 1) An arbitrary definition and choice of 
the attributes by the developers [35]; 2) the attributes are derived based 
on components from the corresponding prescriptive guidance [36]; and 
3) some combination of both of these – whereby an initial list of attri-
butes is populated based on rule based guidance, and this is subse-
quently refined by asking an expert group whether attributes should be 
included [9]. 

3.2. Attribute weighting 

Once the attributes have been identified, it is necessary to assign 
weightings to these. It can be possible that each attribute is given an 
equal weighting. However, it is also common for some attributes to be 
assigned a greater weighting (and thus more importance in the overall 
index). The arrangement of attributes and the assignment of weightings 
requires a structure known as a ‘hierarchy’. This originated in the work 
by Marchant [9], when the expert panel was asked to consider an ‘orbital 
hierarchy of levels of fire safety’. Soja [37] also presented the hierarchy 
in a tree form. The levels, in order of importance, were policy, objec-
tives, tactics, components, and sub-components and these are shown in 
Table 1. Together, Shields [31] characterized these hierarchies as a 
“finite ordered family of collections”. 

When the structure of the method is chosen to be a hierarchy, then 
the terminology of those different levels needs to be defined. 
Throughout this work, for reasons of consistency, the attributes will be 
termed based on the level they belong in accordance with Table 1. 

Within a hierarchy, there are four weighting methods used in fire 
safety engineering (FSE). Some have been presented by Donegan [38] 
and are summarised herein. The four methods are: Edinburgh 

Cross-Impact Analysis (the Edinburgh model); Hierarchical 
Cross-Impact Analysis (HCIA) Methodology; The Analytical Hierarchy 
Process (AHP); and Reliability Interval Method. 

Each of these weighting methods have some common concepts. In 
each case, to achieve a mathematical formulation of the hierarchy, each 
parameter is represented by a matrix, known as an effectiveness matrix. 

Based on the five-level hierarchy conceptualised already, the basic 
matrix types needed are the following: the ‘components-to-tactics’ ma-
trix (C/T); the ‘tactics-to-objectives matrix’ (T/O); and the ‘objectives- 
to-policy matrix’ (O/P). The matrix product C/T × T/O × O/P yields a 
‘components-to-policy’ vector that, when normalised, gives the desired 
prioritisation weights in percentage form. This is what Watts [6] con-
siders a ‘mathematical manipulation’ and includes the use of a weight-
ing method. To populate these matrices, judgements must be made by 
the expert panel in order to assign values of importance. This expert 
elicitation process requires the choice of a communication protocol, 
which must then be integrated into the method. 

These weights, or values of importance, are assigned on a scale. 
There are several different ways in which attributes can be scaled [38]. 
Those of interest here are as follows:  

• Ordinal Scale: The ordinal scale ranks each attribute or orders them;  
• Interval Scale: More mathematically tractable and of greater 

importance in quantitative assessments, the interval scale is a 
continuous scale between two points. Relative difference is main-
tained; that is, equal intervals of the scale have the same meaning;  

• Ratio Scale: The ratio scale is an interval scale with the absolute zero 
property; in other words, one end is fixed so that the values on it are 
absolute rather than relative. 

3.2.1. Example of hierarchical weighting 
To further elucidate this hierarchical approach [13], an example is 

illustrated with a conceptual hierarchical three-level tree as in Fig. 1. 
The numbers used to populate the matrices in this example are 

illustrative, arbitrary, and have been based on the ordinal scale. First, 
the tactics-to-objectives matrix is formulated by employing the expert 
group and asking them to answer the question (on an ordinal scale of 
0–5) “how important x-tactic is to y-objective?“. Its relative contribution 
is also calculated in another equivalent matrix – the one that will be used 
in the mathematical calculations – by dividing the attribute’s number of 
importance with the maximum number it could have been allocated. 
Rows represent the tactics, columns the objectives, so that (for example): 

T

/

O=

⎡

⎣
5 2
2 5
5 1

⎤

⎦ ≈

⎡

⎣
1.0 0.4
0.4 1.0
1.0 0.2

⎤

⎦

The same process is followed for the next level of the hierarchy, 
which is “How important x-objective is to y-policy?“. Rows represent the 
objectives, columns the policy, so that: 

O/P =

[
5
2

]

≈

[
1.0
0.4

]

and their product yields a tactics-to-policy 

vector: T/P =

⎡

⎣
29
20
27

⎤

⎦ ≈

⎡

⎣
1.16
0.80
1.08

⎤

⎦

Table 1 
Attribute terminology depending on the hierarchy levels (adapted from Soja 
[37] and Marchant [9]).  

Level Term | Variants 

1 Policy 
2 Objectives 
3 Tactics | Strategies 
4 Components | Parameters | Factors | Variables | Elements 
5 Sub-components | Sub-parameters | Sub-factors | Sub-variables | Sub-elements 
6 Survey items  
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This, when normalised, gives the desired prioritisation weights in 
percentage form. For example, the importance of Fire Control (Tactic 2) 
to Fire Safety (Policy) is: 

20
(29 + 20 + 27)

=
0.80

(1.16 + 0.80 + 1.08)
= 0.2632 = 26.32% 

Similarly, the percentage contribution of each tactic is calculated 
with Ignition Prevention at 38.16%, Fire Control at 26.32%, and Means 
of Egress at 35.53%. However, since the range of the original matrix 
grading is coarse, these are usually rounded to single figures to simplify 
the calculations and to represent a warranted number of significant 
figures [9]. 

This is the simplest approach for ranking attributes. In some cases, 
statistics, experimental results, or case studies have been provided by 
the developers to the panel members to be taken into account in the 
weighting process. This approach has been expanded with additional 
features that led to the formulation of individual methods with their own 
benefits and flaws, all of which will be presented herein. 

Once the method’s designers determine the relative weights, then the 
method is ready to be applied. The developers provide users with 
working sheets that contain only the lowest level attributes (i.e. the 
tactics). Users then assign a building specific grade to each attribute 
based on their own judgement if no further guidance is provided (e.g. if 
the ignition prevention measures are perceived to be excellent, then a 
score of 5 might be assigned). In the case study above, if all of the tactics 
receive the maximum grade of 5, then the assessment will yield a result 
of 500 points. This result can be normalised if the developers desire to 
present it in percentage form. The following table shows the process for 
the above example, if the user/assessor provides assessment grades for 
each tactic. The tactics’ grades are multiplied with the corresponding 
percentage contribution and the final assessment is as shown in Table 2. 
Based on this final score, inferences can be made about the fire safety 
provisions of the building being surveyed. 

This is the calculation procedure for the relative contribution 
matrices. However, there is another option to facilitate this calculation; 
this would be to calculate the percentage contribution matrices of the 
attributes (the value of the attribute divided by the sum of the column’s 
values), in every stage, and use that number in the calculation. This 
would eventually give slightly different results. In the Edinburgh model, 
the ‘expert’ panel decided to use the relative contribution matrix 
approach, but no explanation behind the thinking is provided in the 

original report. This is an example of a common issue with the lack of 
extensive and detailed documentation in the development of some 
indices [9]. 

The approach described above assumes that attributes are indepen-
dent. This might not be realistic, and Magnusson and Rantatalo [39] 
state that “listing them as independent implies [a] redundant protection 
system and the concept of ‘defend in depth’ which has been applied in 
other areas”. 

To account for the possibility of interactions between attributes in a 
hierarchical structure (e.g. that poor fire control measures may increase 
the importance of means of egress) various authors have sought and 
incorporated this concept into their methods using ‘parameter 
interaction’. 

3.2.2. Parameter interaction 
The Edinburgh Cross-Impact Analysis (1982) introduced a ‘param-

eter interaction matrix’ on the lower (component) level. This was added 
in the calculation process to incorporate the “degree to which the 
contribution of a component to fire safety is enhanced by the interaction 
of other components” [38]. The process has been presented by Stollard 
[40] and Soja [37]. 

Soja [37] phrased it as “with two or more components working 
together, their combined value is worth more than the sum of the in-
dividual contribution, so a method was sought to express this idea in 
numbers”. If 1000 points were to be gained by a system with no in-
teractions, then with attributes working together the points should 
eventually sum to a larger value to correspond with the conjugated 
impact. 

During the development of the Edinburgh Cross-Impact Analysis, 
five different mathematical approaches for this interaction were inves-
tigated and their impact on the produced values was analysed [9,37]. 
The reasoning behind the final choice of mathematical approach was 
based on the idea that the combined action of the attributes provided a 
20% increase in the total points, which “was considered to be correct in 
relation to the thinking that went into formulating the interaction array” 
and facilitated a good balance so that the interactions would not play a 
more important role than the one the components already had. 

To conceptually incorporate this method in the example above, a 3 ×
3 interaction matrix is required. This uses the same scale (i.e. 0 to 5), and 
is used to rate how one attribute affects another on the same level. That 
leads to the formulation of a tactics-to-tactics matrix (T/T). When its 
values are normalised, the matrix expresses the relative contribution in 
an Attribute Interaction Array (AIA). Then, the following formula is used 
to quantify the interaction of attribute i with attribute j (for a total of 3 
attributes): 

Vint(i)=

∑3
j=1

[
Vor(i)+Vor(j)

2

]

AIA(i, j)

3
+ Vor(i)

Fig. 1. A simple Fire Safety Hierarchy.  

Table 2 
Calculation process and final result for the hierarchical example.  

Tactic Assessment grade Percentage contribution Final Result 

Ignition Prevention 4 38% 152 
Fire Control 5 26% 130 
Means of Egress 2 36% 72   

Sum 354/500  
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Where:  

• Vint: the enhanced weighting after the interaction has been taken into 
account;  

• Vor: the original weighting of the attribute;  
• AIA: the attribute interaction array. 

The calculation of the interaction between the same attribute is 
omitted because it cannot enhance its own performance, so that AIA(i,j) 
= 0 for i = j. For reasons of brevity, no further calculations will be 
presented on the interaction. Nevertheless, implementing the formula 
for all the tactics breeds a new parameter interaction matrix, which sums 
to more than 100%. In order to maintain the functionality provided by a 
percentage scale, the interaction matrix is then normalised. 

Using this approach, the relative importance of the attributes now 
incorporates a more ‘realistic’ interaction between different attributes. It 
is, however, repeatedly highlighted in all the resources of the Edinburgh 
model [9,37,40] that these interactions parameters have been created 
on the assumption that each attribute achieved a perfect grade (i.e. five 
out of five). If this is not true (which is almost always the case), then the 
parameter interaction should be recalculated (where the Vor(i) and Vor(j) 
values are modified to reflect the survey grade) to correspond with the 
building-specific attribute grade. 

Reflecting on this approach to interactions, Soja stated that this 
approach was “reasonably valid, but does not give a totally true picture 
of the situation. Giving simple multiplying factors to each component 
implies that the value of a component is not linked with the scores of the 
other components and so the logic of saying that [the final score matrix] 
is determined by the scores of the interacting components is not carried 
through to this calculation”. 

A second, alternative approach was created whereby using a tabular 
method which operates on a 1000 point scale. When interactions are 
accounted for, they add even more points, to a maximum of approxi-
mately 1200 points. Building specific attribute grades affect the inter-
action points earned. 

There is also a third and final approach, which is the most ‘accurate’, 
but it necessitates the recalculation of the final attribute weights by 
modifying in the calculation procedure the original percentage contri-
bution values so that they correspond to the building-specific grades 
allocated. Then, the final score is calculated by multiplying the attribute 
grades with the new non-normalised weightings. For practical reasons, 
this method requires implementation within a computer algorithm. 

Soja suggested the use of the simplest approach for initial assess-
ments and, only if additional ‘accuracy’ is required, resorting to the 
other two options. In the final version of the Edinburgh model, the first 
method was employed. This could be because, as Soja stated, “the 
coarseness of the survey grading suggests that any intricate and detailed 
mathematical use of the survey grades would be inappropriate and 
would give only a misleading sense of accuracy” [37]. 

This approach to the interaction between attributes was further 
developed by Donegan et al. [41] and formalised to what is known as the 
Hierarchical Cross-Impact Analysis (HCIA) Methodology. This method 
addressed the interdependence of attributes in every level of the hier-
archy with the introduction of sequential perturbations in the matrix 
multiplications. When Shields [31] compared the two methods, he 
found that the spread of percentages in relative importance was com-
pressed with the introduction of sequential perturbations, meaning 
relative weighting values closer to the mean, creating the tendency for 
the components to have an equalised contribution. Additionally, rank 
reversal between some components was observed, but the percentage 
contributions remained similar when rounded, so overall no major im-
plications were introduced in the operation of the method. Nevertheless, 
this new approach is considered theoretically more formalised and 
comprehensive by Donegan [38]. 

3.2.3. Criticism and other interaction methods 
One limitation that was identified with the Edinburgh model and the 

HCIA is that the experts may not apply the same level of rigour to their 
assignment of rankings across each attribute. This is a serious drawback 
of the methods as there is no way to check the consistency of decision 
making across all the attributes that have been ranked. To address this 
shortcoming, Shields and Silcock [13] explored the utility of the 
Analytical Hierarchy Process (AHP) in FSE, a process created by Saaty 
[42], because it introduced a consistency check. The aim of the AHP is to 
introduce order and objectivity into the largely subjective process of 
attaching weights to a set of decision criteria [31]. The AHP relies on the 
pairwise comparisons of components to define their relative importance 
using an interval scale. Donegan [38] has described AHP by stating that 
“the procedure entails the comparison of all the pairs of individual at-
tributes at each level relative to each attribute in the superior level. The 
intrinsic complexity of the process prohibits a simple description”. It has 
been presented and explained extensively in other publications [13,14, 
31,38,41,42]. 

The mathematical background of the method is based on the solution 
of the characteristic equation of the effectiveness matrices to find the 
dominant eigenvalue, which then facilitates both the calculation of the 
parameter relative importance and of a consistency index, which is 
suggested to be lower than 10% for a valid assessment [14,41]. The 
method becomes unstable when more than 7 ± 2 parameters are ranked 
[6,7,39]. This was originally investigated by Saaty [43] because Miller’s 
[44] conjecture in psychological theory states that the number of seven 
parameters is the limit for the amount of information that an observer 
can give about an object from an absolute judgement. That spread 
emerged in various psychological experiments, but in fear of this being 
just a ‘pernicious coincidence’ Miller proposed to withhold judgement. 
However, Saaty and Ozdemir [43] investigated further, and (serendip-
itously) found that, due to the underlying mechanics of the method, 
meaningful conclusions on the results’ consistency cannot be drawn 
when the number of parameters exceeds seven. This is also supported by 
an observation from Shields and Silcock, who “experienced some 
considerable difficulty in carrying out consistent pairwise comparisons 
when more than five components were under consideration at any one 
time” [13]. They suggested that in order to use the AHP with more pa-
rameters, “components will have to be grouped into clusters according 
to their relative importance and pairwise comparisons performed on the 
clusters”. 

Most recently, the fourth distinct method was developed in 2005. 
After assessing previous experience in the development of point 
schemes, the option of using fuzzy aspects [45] from probability theory 
was explored, detaching the weighting process from the AHP and 
employing the Reliability Interval Method to calculate the relative 
importance of attributes by Lo et al. [46]. With such fuzzy assessment of 
weights (the ‘expert’ grades in a range of possible values, not a single 
number), a statistical analysis of the results is possible by calculating the 
parameters of reliability, centre variance, and interval variance. The 
benefit is that these three factors can facilitate a consistency check of the 
responses, but the methodology does not account for any interaction 
between the parameters. 

3.3. Index calculation 

The calculation of an index can occur once the weighting of each 
attribute (wi) has been determined by the method’s designer, and the 
score (xi) has been chosen by the user – where subscript i represents each 
individual attribute. For the building fire safety indexing, there are 
several methods of calculation. These were described by Sugahara [47], 
who categorised them into different styles as follows:  

1. Additive style. Component grades (xi) are multiplied by their weight 
(wi) and summed to produce a score. The calculation of the index in 
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the Edinburgh model (as per the example above) is of this nature. 
This is notated as 

∑
wi × xi;  

2. Multiplicative style. Component values are multiplied in order to 
reach a final score. Multiplying probabilities in event tree analyses 
falls in that category. Notated as 

∏
xwi

i ;  
3. Divisional style. Where a ratio of values calculates an index. The 

basic formula of the Gretener method operates in that fashion, to 
assess the efficacy of countermeasures against possible fire hazards. 
Notated as 

∏
xwi

i /
∏

xwj
j ;  

4. Vector style. Where the absolute impact of the grade is accounted for. 
However this method is of limited use in FSE, only found in Sugahara 

[47]. Notated as (
∑

(wi × xi)
2
)
1 /

2;  
5. Mixed style. Any combination between the basic four styles. 

Each of these styles have different implications for the indexing 
method. Watts [6] noted that “the implication of addition is that there is 
no interaction among the fire safety parameters” and that “multiplica-
tion implicitly suggests these factors are interdependent”. It then follows 
that the choice about how to treat attribute interactions is not limited to 
aspects of the weighting process, but is interdependent on the choice of 
the above styles too, so that eventually influences the shaping of the 
overall method structure as well. 

3.4. Discussion 

The previous subsections described the conceptual and mathematical 
structure for any indexing method – and each of the key methods that 
are used in the field of FSE. What emerges is, at its core, a simple 
concept. However, layers of complexity are overlaid onto this perceived 
simplicity. In each case the complexity is introduced in order to correct 
for a perceived failing that is inherent to the more simple method. For 
example, the idea that fire safety attributes are not independent is a 
simple concept to grasp, but the approach by which a method’s designer 
might choose to incorporate this can become unwieldy as they are scaled 
across many attributes. Furthermore, any attempt to address obvious 
problems with a simple model frequently introduce new, less self- 
evident problems of their own. For example, while a method’s de-
signers might be unanimous that two parameters should be considered 
to interact, the relative importance of this interaction (when compared 
to other parameters) may be the subject of disagreement. Thus, the 
addition of complexity has the tendency to create the appearance of 
‘solving’ problems where, in fact, it may simply bury a new set of issues 
so deeply within the workings of a method that it becomes difficult (even 
for a reviewer) to fully untangle these. On reviewing these methods, it 
emerges that the more complexity is added to the method, the more the 
successful application of this method become obfuscated. 

Similarly, it should be noted that all of these concepts are usually 
hidden from the user of the method. Indeed, as discussed, one of the 
major advantages of FRI is the simplicity of the method for the practi-
tioner. Thus, by design, it is seldom that the user is exposed to the un-
derlying mechanisms of the method they use, and even more rare that 
they understand their implications. 

The utility of any method is closely linked to the perception of the 
final index. Some may regard an indexing method as a well organised 
structuring of the risk assessment process; others may see the final index 
as a panacea that a building is ‘adequate’ when it achieves an acceptable 
score – if an acceptable score limit is set by the designers. There are 
inherent dangers in such views – a lesson to be learnt by the fate of the 
Edinburgh model, which was superseded because “the arbitrary inter-
action between factors could lead to an acceptable risk score and an 
inadequate fire strategy” [48]. 

Conversely, there are documented cases in the development of the 
NFPA’s Fire Safety Evaluation System where a design could be 
compliant with the prescriptive Life Safety Code, but fail to meet the 
minimum score of the rating schedule [8]. This is an inherent challenge 

with any method that presents a single pre-defined acceptability crite-
rion. According to a report that reviews risk assessment methods [49], 
“not all ranking methods include a basic level for a satisfactory protec-
tion, but give only a relative position as situation A is better/worse/e-
quivalent to situation B. This can be an advantage for the user [who] can 
define [their] own level of protection, but in practice, most inexperi-
enced users want that an expert system gives them a clue on ‘what is 
good enough’”. Similarly, Hultquist and Karlsson [50] have found that 
“it is quite possible [to] achieve a good index rating by giving some 
parameters a very bad rating and other parameters extremely good 
rating. In spite of the good index rating, the resulting building design 
may be totally unacceptable or absurd from a fire safety point of view”. 
This is linked with issues of ethics and competence of the method’s user, 
which will be partly explored in the following section. Still, it would be 
suitable to draw a corollary with the quote by Bullock and Monaghan, 
which states that “the ethical imperative on a competent professional 
fire engineer is to ensure that anything that he or she is submitting for 
said approval passes his or her own test of adequacy” [51]. 

The review presented in this section therefore shows that there is a 
tension inherent to the mechanistic operation and deployment of any 
FRI method. A simple method has many flaws and these can lead users to 
inadvertently produce a ‘good’ rating for a ‘bad’ building. Correcting 
these flaws requires complexity to be added to the method, and can 
prevent inexperienced users from inadvertently producing an ‘incorrect’ 
result. However, added complexity has two consequences – 1) that the 
workings of the method becomes so complicated that additional flaws 
are added that are difficult to understand and evaluate; 2) the elimi-
nation of the ‘incorrect’ result leads users to regard to method as a fire 
safety panacea – rather than a structured risk assessment. 

4. Expert elicitation in fire risk indexing 

It has been shown that every indexing method requires a series of 
judgements to be made – not just about the method design, but also 
about the weights that are allocated to specific attributes and (in-
teractions considered) how interactions between different attributes are 
quantified. The previous section focused on the mechanistic aspects of 
the method’s design, but circumvented the question of how data are 
generated by the method’s designers to determine the weighting. This 
section presents a review of expert elicitation methods in FRI in the 
context of the decision making process required in order to populate the 
various matrices described in the previous section. 

4.1. Delphi use in fire safety engineering 

The available literature suggests that experts are typically assembled 
in the form of a Delphi panel [6,31,34,38,52]. The Delphi technique is 
thoroughly presented by Linstone and Turroff [53], who define that 
“Delphi may be characterized as a method for structuring a group 
communication process so that the process is effective in allowing a 
group of individuals, as a whole, to deal with a complex problem”. 

The core structure of the (classical) Delphi method is a series of 
questionnaires that are designed by the experimenters, and are 
answered anonymously in numerical or literal format by a group of re-
sponders (usually considered ‘experts’). Between every round, 
controlled feedback is provided, usually in a result summary form so 
that the group members can comment on the responses or the sum-
marised results, with the aim of fostering convergence. That is why the 
responders have the option to alter their answers and the process is 
iterated until consensus – or a level of response stability – has been 
achieved [54]. 

The Delphi method was developed with the use of questionnaires to 
formalise a process that deals with subjective values and to assist 
decision-makers to structure, quantify, and evaluate a problem. 

The Delphi method was first employed in fire safety engineering by 
Nelson and Shibe [8] in the 1980s. Similarly, it was used by Marchant 
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for the development of the Edinburgh Model [9,40] and by Shields et al. 
[55] for the evaluation of dwellings. Later Stollard et al. [56] used it for 
the development of a points scheme to calculate running costs in hos-
pitals. A well-documented use of the method can be found in Karlsson 
and Larsson [34]. 

When reviewing the employment of the method in FSE, Shields [31] 
identified cases where anonymity was not ensured and face-to-face 
discussion between the ‘experts’ occurred. Shields noted that in FSE 
there had been many deviations from the classical approach, mostly due 
to the fact that “Delphi administrators participate as Delphi Group 
members, act as members of advisory and vetting committees and 
engage in face-to-face meetings”. He noted that “all such actions are in 
conflict with the precept of anonymity”, but that these deviations were 
“apparently acceptable [to the method’s designers] on the basis of 
procedural expediency”. In another publication, Shields et al. stated that 
“the ‘modified’ Delphi process maintained anonymity of response, i.e. 
‘secret ballot’ but introduced confrontation to expedite convergence” 
[52]. He finally judged that “the validity of the conclusions and output 
information of any studies obtained using variations of the Delphi pro-
cedures must therefore be called into question”. 

At the time of their review, Shields et al. [52] recognised some 
methodological issues to be addressed with the use of a Delphi Panel. 
Problems that had been encountered in FSE were associated with choice 
of experts, group attrition, anonymity, scale use, and the objective 
evaluation of consensus. Marchant [57] addressed some of these issues 
following the rationale that “it might be accepted generally that FSE is 
too complex for the opinion of one expert to be valid”, so multiple ex-
perts of different background are needed, yet that leads to different 
levels of confidence when answering the questionnaires. He noted that 
“if the experts’ common knowledge base is [the reason] for the ano-
nymity, then anonymity should not be preserved when a group of het-
erogeneous expertise is employed, in order to conduct meetings which 
would facilitate a ‘group education to achieve a degree of common 
understanding’”. 

Shields [31] expanded on this discussion and explored the use of 
‘conviction weightings’ in the matrix population process. That is, every 
panel member would also submit a grade from 0 to 5 that would signify 
their conviction – or certainty regarding their expertise – of their eval-
uations on each whole matrix. This could then facilitate the calculation 
of more ‘accurate’, weighted relative weightings that were a ‘truer’ 
representation of the members’ varying expertise. Tangential to this 
concept and a theoretical improvement is Cooke’s method, which has 
been used outside FRI, but still in a FSE context [58]. Following this 
method, the expert group members are ‘calibrated’ before the elicitation 
exercise by answering to questions to which the answers are known. 
Depending on the level of accuracy of their answers, their expertise - or 
predictive capability - is evaluated and used to weigh their answers. In 
regards to Delphi use outside FRI but in FSE, Harmathy [59] considered 
the Delphi method to be a complement to research and believed that the 
provision of fire safety is an ideal area for application of the method; he 
subsequently used the Delphi method for the generation of supple-
mentary data in the development of a tool to make decisions about how 
to ‘trade-off’ fire safety measures [60]. A comparison with other fire risk 
analysis methodologies found that systems developed with the Delphi 
approach were more comprehensible in addressing an analysis 
throughout the various stages of a building fire [47]. 

4.2. Selection of experts 

The general simplistic term is that “an expert is regarded as one 
practiced or skilful within the area of consideration” [52]. When form-
ing steering or ‘expert’ groups, such subjective definitions may easily 
lead to a selection bias, thus increasing the chances that a group of 
‘experts’ will be set up that is not representative of all ‘experts’ in the 
field of the problem involved [61]. This becomes even more compli-
cated, if one takes into account the fact that in the first Delphi exercise 

where ‘experts’ were consulted in a group “it was found that confidence 
in prediction does not necessarily show a correlation with success in 
prediction” [62], which could be interpreted as a foretelling of the 
Dunning-Krueger effect [63]. 

As a result, it was observed that developers of indexing schemes 
choose ‘experts’ with a pattern, even though expertise is not clearly 
defined. This pattern of selecting ‘experts’ was mentioned by Shields 
et al. [52] and originally presented by Rowe et al. [64] as:  

1. Persons who are involved in the general area of study and possess 
some minimum formal criteria, e.g. membership of a professional 
body;  

2. Persons who are known by the researcher;  
3. Persons who by reputation are informally known by the researcher;  
4. Persons who are readily available or can be pressed into service. 

Ironically, this observed pattern was used as a guide when selecting 
members of an expert panel by Idris [29] “for these studies, the group 
members involved were selected from the following:  

• Government officials,  
• Persons who are known to the researcher,  
• Persons who are readily available for service,  
• Professional associates.” 

The developers of various methods have over the years discussed the 
key issues associated with the choice of experts. Shields [31], perhaps 
suggesting some cynicism about the expertness of his expert panel, 
employed a “randomly selected group of final year honours students 
from the Faculty of Science and Technology in the University of Ulster 
[…] to make similar value judgements as the current Delphi group”. He 
evaluated the reproducibility of the result between the ‘experts’ and the 
students. The comparison of the results between the two groups showed 
minor deviations, so the conclusion was that the results could “tenta-
tively support the hypothesis that, given a collection of issues, bounded 
informational sources and well defined procedures, the expertness of 
group members is not an issue”. Shields suggested that group member-
ship may be determined on the basis of “an awareness of the various 
issues being considered rather than any particular expertise”. 

However, the literature is contradictory as there are two recorded 
cases (to the authors’ knowledge) where the opposite happened. One 
case was briefly reported by Lo [65] who compared the results of two 
‘expert’ groups of different backgrounds and found that “the background 
of the experts may affect the weightings. Another set of weightings was 
obtained from a panel of building services engineers […]. Accordingly, 
further studies on the selection of experts should be carried out”. Lo et al. 
have presented in detail the differences of the expert input in another 
publication [66]. Similarly, Ibrahim et al. [67] compared three different 
groups on how they perceived the importance of four attributes and the 
results differed significantly. 

Both cases highlight the need to evaluate the consistency of an expert 
group and robust procedures in place for the selection of ‘experts’ – 
though it remains undefined what these procedures should be. 

4.3. User expertise 

The design of any indexing method requires judgements and de-
cisions to be made by a group of ‘experts’, while also the user (i.e. the 
person undertaking the grading on a real building) plays a critical role in 
the final score generated by the method. The expertise of the user has 
therefore also been of concern to the developers of indices. 

Kinsey et al. [3] believe that if “a fire engineer is lacking in-depth 
technical expertise or experience about a given subject, they may rely 
on fire codes for guidance, potentially without a complete awareness of 
any underlying basis or assumptions for the guidance”. However, Stol-
lard [68] stated that for a reliable analysis to be conducted “it will be 
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necessary to know not only the contents of the legislation and guidance, 
but also the basis on which these documents were developed”. This is 
relevant to the statement that “Fire engineers need to understand what 
the codes are effectively saying in engineering terms and, equally to 
understand the flaws in the codes or those parts that are not based on 
scientific or engineering principles” [69]. It would be ideal if such 
knowledge could be fostered from the education level, as the phenom-
enon is touched upon in a proposal for a model curriculum in FSE where 
it is mentioned that “standards should never be introduced without an 
evaluation of the engineering and scientific background” [70]. These 
quotes are of relevance, because when Hultquist and Karlsson [50] were 
evaluating an indexing method against another more sophisticated one, 
they reported that “during the work it has also become clear that the 
method can be misused, if an engineer consciously wishes to misuse it”. 
While developing a ranking scheme, Purt [71] stated that “we aimed for 
simplicity, because not everyone working in fire protection has the time 
to do exercises in higher mathematics”. Nonetheless, when Law [72] was 
considering what constitutes a fire safety engineer, she brought up the 
point that a fire safety engineer “must understand how to measure and 
quantify fire phenomena and fire safety”. 

This discussion is of interest, because indexing methods tend to 
remove most of the responsibility for defining adequacy (or otherwise) 
from the user to the developer of the method [73]. This raises a question 
of liability with regard to the responsibility for the use of a method. Does 
liability rest with the user, the developer, or some combination of both? 
This question is significant, because even when using prescriptive 
guidance there is the “perception in the construction community that 
achieving fire safety is more about achieving ‘ticks in boxes’ rather than 
a clear motivation to ensure a coherent and balanced engineered design” 
[69]. 

One could argue that an indexing method is a (possible) heuristic 
solution to that lack of competence. Nevertheless, it is vital to 
acknowledge that “heuristics may not be appropriate if used outside of 
the intended set of scenarios, placing greater importance on the pattern 
matching capability of the individual and the quality of the information 
available” otherwise systematic errors can unintentionally be produced 
[3]. 

From the review of the existing methods [74], it was found that 
competence is removed from the individual in some cases, since virtu-
ally anyone could conduct an evaluation by assigning grades (correct or 
not) and come up with a score. It is therefore up to the developer to 
either carry responsibility for, or disclaim, the results of the method’s 
application. 

Most developers of indexing methods made the assumption that the 
evaluators will be capable and competent people, in the hope that they 
will use the indexing method as a tool to guide an assessment, and not as 
proof that a random (and possibly irrational) design passes a pre-
determined score. For example, the FSES for health care facilities [8] 
had four different parameter checks, because the developers accounted 
for the possibility of disguising a critical element’s absence when 
rewarding redundant systems. 

Similarly, in another, hierarchical model, Shields [31] formulated 
the concept of component basal norm scores, in order to identify com-
ponents that fall to an unacceptable minimum that cannot be compen-
sated by other better graded features, thus defining a more strict domain 
of equivalency which limited the freedom of the evaluator to misuse the 
method. 

In each case, there appears to be an inherent tension within the 
development of any method. Complexity is often added to methods in an 
attempt to prevent the misuse of the index. However, the introduction of 
such complexity risks enabling use of the method by those who may not 
fit the developer’s definition of a ‘competent’ person – thereby 
increasing the potential for any method to be misused or regarded as a 
fire safety ‘panacea’. 

4.4. Remarks on expertise 

Ramachandran and Charters [48] elaborated extensively on the 
merits and demerits of point schemes, focusing on demerits. They 
criticised the reliance on expert judgement, because, amongst other 
reasons, “there is room for argument and serious disagreement between 
people in the determination of points or ratings for different factors 
enhancing or reducing fire risk”. 

This, however, is the case for rule-based guidance as well since “it is 
recognised that much of the technical content of fire regulations has 
been introduced on the advice of committees or groups of experts. 
[Expert judgement] is the principle vehicle for the production of fire 
regulations, codes and standards, based on the consensus of committees” 
[31]. Similarly, Magnusson et al. [70] stated that for prescribed stan-
dards and regulations “in most cases, the methodology does not arise 
from scientific principles, but from a consensus process based on tech-
nical judgement and experience”. However, this common aspect with 
indexing has not been a cause for such criticism on prescriptive guidance 
in the literature. 

Quintiere [75], in the preface of his book “Fundamentals of Fire 
Phenomena” stated that “standards have been generally established by 
committees under public consensus, albeit with special interests, and 
their shortcomings are not understood by the general public at large” 
and that “those that have expertise in fire standards readily know that 
the standards have little, if any, technical bases”. However, Shields [31] 
argued that if regulations have so far been successful, when properly 
implemented, then the opinions of experts are vindicated and somehow 
valid. In this respect, it is perhaps worth heeding the strong warning 
provided by Spinardi et al. [76], namely that “the fact that major fire 
disasters are rare does not mean that buildings are inherently safe from 
fire; it may rather mean that latent weaknesses can lie dormant for many 
years until a particular chain of events occurs”. So no definitive answer 
can be formulated on the issue of expert judgement. 

5. Conclusions 

Researchers and practitioners have developed dozens of fire risk 
indexing schemes since the 1980s. These schemes have proved to be a 
potentially useful approach under certain circumstances. Although each 
index is different, there are common components that every method 
must have, and common decisions that the developer(s) of each method 
has to make. In summary, the fire safety attributes to be evaluated must 
be recognised and chosen, their relative weighting must be defined, and 
a final index calculation procedure has to be orchestrated. 

In reviewing the literature on this topic key tensions emerged about 
how, in order to tackle the perceived failings of simplified methods, 
additional layers of complexity are added that can address those failings. 
These layers increase the sophistication of the methods’ workings and it 
has been found that this increased sophistication makes it harder for 
developers (or users) to assess the efficacy of a method. Sophistication 
also distances the user from the mechanics of the method they employ, 
sometimes leading users to perceive a fire risk index as a panacea with 
an ‘infallible’ result. 

The competence of the users of fire risk indices is not adequately 
defined in the field, yet it has shown that this can have a significant 
impact on the employment and results of a method. The first impression 
is that FRI can allow people with limited knowledge to conduct evalu-
ations, however this raises troubling questions about who is responsible 
for the output of the method. Do the method’s designers retain some 
level of responsibility for how their methods are applied, or can they 
shift all responsibility on to the user? 

Finally, it has been found that during the design of a method there is 
a similar lack of definition about what an ‘expert’ is, how to select a 
group of ‘experts’, and how to guarantee objectivity in procedures of 
expert elicitation. 

It is concluded that at each stage of the design and implementation of 
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a fire risk index there are a series of decisions to be made by the 
method’s developers. It is unavoidable that these decisions will have an 
impact on the results of a method – and it seems impossible for the 
developer to remove themselves from the process in order to achieve a 
method that is ‘independent’ from its creating mind. Method developers 
must choose how they will select the attributes to be evaluated, and if 
those attributes should have a different relative importance. They must 
then decide how this relative importance will be quantified, and how 
they will treat any interaction between the attributes they chose. They 
must decide whether ‘experts’ are to be employed and decide how to 
select these experts. Who can be ‘pressed into service’? Finally, they 
must make a statement about the necessary competence of the people 
using the method. 

Through reviewing the implementation of existing methods, it is 
considered feasible that FRI can provide the metrics to build a method 
that assesses aspects of fire resilience in building design. The corre-
sponding attributes could be recognised, their relative weightings could 
be quantified if the developers find utility in them, and then a final score 
could be calculated. However, each of these decisions requires some 
level of compromise to be made: a complex method lacks transparency, 
can be perceived as a panacea, but can compensate for competency 
deficiency in the user; a simple method is transparent, can easily give an 
erroneous and non-repeatable result, but is less likely to be mistaken for 
an infallible multi-objective fire safety assessment method. If the 
method can be used by an unregulated user group, it is highly beneficial 
for it to remain simple. If there is some level of control (and trust) on the 
competence (and ethics) of the end user, additional layers of complexity 
to improve the accuracy could be a sensible step. In summary, though, it 
is impossible for the developers to cater for all scenarios and cases – thus 
the value to be found in a method’s transparency should not be under-
estimated. A relatively simple index can allow users to comprehend the 
mechanics of the method and thus recognise its shortcomings – and 
avoid using it as a panacea. If a method’s shortcomings are obvious to an 
engaged user then this serves to demonstrate that the individual has 
thought critically about the various fire safety attributes and their po-
tential interactions within a building. In making such a critique, a user 
would have exhibited a level of competence that might justify their use 
of a more complex (and accurate) method. Ironically, if a user does not 
recognise the shortcomings of a method then this is, perhaps, an indi-
cation that they are not competent to use it. Ultimately, it is up to the 
method’s developers to decide which aspects of a method they value 
most – and knowingly accept the compromise of this choice. 
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