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Abstract. Safety is a key strategic management concern for safety-critical
industries and management needs new, more efficient tools and methods for
more effective management routines. Effective methods are needed to identify
and manage risks in both aviation and other safety-critical industries in order to
improve safety. Analysing safety related records and learning from “touch and
go” situations is one possible way of preventing hazardous conditions from
occurring. The eventuality of an incident or an accident may markedly be
reduced if the risks connected to it are efficiently diagnosed. With the aid of this
outlook, flight safety has witnessed decades of successful improvement. This
paper introduces aviation safety data analysis as an important application area
for data mining. In this research text mining was utilised to study 1,240 flight
safety reports testing three different systems, applying clustering to find
similarities between reports, perhaps containing the indications of a lethal trend,
without any presumption of their existence. All the different systems produced
coherent results, proving that mining could extract information from
unstructured data, which might not be possible with conventional methods.
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1 Introduction

Organisational decision making, especially in safety-critical systems, such as nuclear
power and air traffic, is a complicated task. The top priority for the airline industry
has always been the improvement of air safety [1]. Worldwide aviation is growing
rapidly. Air traffic has generally been forecasted to grow 5 — 6% annually over the
next two decades [2], or even over the next 10 — 15 years, the global air travel will
probably double [3]. Consequently, the number of accidents will respectively increase
if nothing were done to improve it, which development would, clearly, be
unacceptable. This has been foreseen already at the shift of the millennium by the
European Commission [4] that expressed the need to explore new and efficient ways
in order to improve air safety.

The conventional safety tools and methods based on data collection have reached
their peak performance because of their inability to create new knowledge. For further
improvements new methods and tools, like data mining, are urgently needed [5]. The
need for automated means to process data is increasing rapidly, because the amount of
generated and stored unstructured data is increasing rapidly [6]. Usually, data
accumulates faster than it can be processed [7]. To extract knowledge from the vast
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amount of information and data that is now available, organisations search for the
methods to making smarter decisions in order to achieve better results, are
increasingly utilising the data assets as well as their advances in computational power
with software combined with specialised analysts [8].

2 Management in Safety-Related Context

Kettunen et al. [9] emphasise the managerial challenges in the safety-critical industries,
which are typically related to finding a balance between diverging demands and
expectations, like economy- and safety-related objects without forgetting the priorities-
setting and maintaining focus on these components. The key action is a continuous
balancing between taking risks and allocating resources for risk management.

The significant development in database and software technologies, i.e. the
warehousing of transaction data, has enabled the organisations to build a foundation
for knowledge discovery in databases [10]. The unknown lethal factors brought into
daylight could be eliminated; at least a significant part of them and a sufficient safety
level could be reached with reduced investment allocation. For air traffic, there is
theoretically no upper limit to allocate resources to safety in different forms, such as
investing into hi-tech equipment and control systems on a redundant scale, investing
in personnel training and developing directives and action rules to add safeguards.
The relation between safety and cost efficiency could be illustrated explicitly
comparing the costs between comprehensive maintenance programs and maintenance-
induced accidents, the benefits that outweigh the accident costs [11].The process for
allocating extra resources to special projects might become even more troublesome in
case there are interdependencies among the projects [12]. Managing risk and safety
has been problematic in air transport: very high levels of safety are too costly — high
levels of risk are unacceptable. Therefore, safety reports have been collected through
decades to investigate and assess risks and to define risk standards, which are
consistent with the value systems of the society [13, 14].

3 Flight Safety

Air traffic is full of incidents and deviations that do not contain any hazard as such, but
need to be investigated to find out potential lethal trends. These undesirable, but very
minor events are valuable investigation subjects for risk and safety specialists to build an
understanding about their causes and to detect unsafe trends. Investigation also reveals
whether countermeasures are warranted and how to reduce or eliminate potential
accidents [15].The appearance of similar recurring cases (a cluster) may indicate a
hazardous trend that should be analysed very carefully to find out whether a real danger
exists or not. The possibly existing lethal trends are trying to penetrate through the layers
of defences, barriers and safeguards (Figure 1) that, fortunately, usually stop them from
proceeding. Because serious incidents and even accidents do happen, it can be presumed
that after a certain amount of time they pass all the layers but the last one; then they will
pass the last layer as well, which leads to accidents. The latest studies on aviation suggest
that text mining can be utilised to detect these trends [16], i.e. the chains of events that
lead to accidents if intervention does not occur [17].
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Fig. 1. The Swiss Cheese model [17, 18]

Searching for similar documents (clustering) is an essential mining function, able
to reveal a recurring hazard that might lead to an accident. The clustering results have
preliminarily proved its better performance compared with more traditional statistical
methods [19]. These, often called “the nuggets of knowledge”, are hidden in vast
amounts of data and are practically undiscoverable with conventional techniques [20].
Using mining software, knowledge of data is combined by an analyst with advanced
machine learning technologies to discover the relationships. Watson [20] also found
that with conventional techniques it might take years to find meaningful relationships.

4 The Research Process

Finding trends from narrative data has required significant human involvement. Thus,
the analysis process and its possible results rely on the skill, memory and experience
of the safety officers [21]. Before data mining systems were developed, there were no
tools for analysing textual data with computers. Data mining provides a worthy
alternative in the selection of analysis methods in order to illustrate the safety
indicators and to reveal undesired trends.

Clustering explores the data set and determines the structure of natural groupings
without any preliminary assumptions. It is also directly applicable to Reason’s Swiss
Cheese model (see Figure 1). The literature in English gives several examples about
using clustering in mining flight safety reports. The basic idea of cluster analysis is
that all the texts within each cluster have a high similarity in content [22]. Using
clustering as method, the main focus is the discovering and identifying of weak
signals in the documentation.

The basis of all safety management is the systematic collection and analysis of
operational data to identify and quantify potential risks [23]. The research data
consisted of the narratives of 1,240 flight safety reports of deviation events from the
years 1994-1996 in Finnish, provided by the Finnish Civil Aviation Authority
(FCAA). The size of the narratives varied from a few words to a couple of sentences.
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A three-year period containing more than 1,000 reports was considered creating a
‘critical mass’ for producing relevant and reliable mining results. As the material was
more than 10 years old, it was guaranteed that the data was already statute-barred and
there were no open cases [24].

Three different systems seemed to be appropriate for benchmarking. The author
was aware of one prototype (GILTA), one commercial product (TEMIS) with a
Finnish module prototype, and one commercial system (PolyVista) with encouraging
results mining Spanish, which seemed worth testing in Finnish.

The structure of the research process is presented in Figure 2. The process contains
several steps or phases that must be gone through to form knowledge from raw data.
To be understandable the information must be presented with reports, graphs or in
other suitable forms once found. Both information and knowledge can be refined from
collected raw data using conventional tools, but in acquiring further value their limits
will be reached. This is clearly seen in the goal of the whole process through which
new knowledge can be synthesised from previously held knowledge.

FLIGHT SAFETY
DATA
DATA COLLECTION

TARGET DATA
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INTERPRETATION / S

EVALUATION

Fig. 2. The structure of the mining process

Mining is an iterative process although it makes no sense to increase the amount of
rounds too much. The need for tuning, especially the definition of stop words and
synonyms was discovered on the basis of the results of the first mining round. Some
pure mistakes, like some common stop words and synonyms forgotten from the list,
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were noticed. A more significant problem was the appearance of some frequently
used “common” words (like ‘plane’ with its synonyms ‘airplane’ and ‘aircraft’)
skewing the results. Their role in the data was carefully analysed [25], using a
quantitative data analysis application called NVivo to get a deeper analysis.

In case there is a need to change the definitions of the data again, like in this study
it appeared to be, the mining process proceeds from the interpretation/evaluation
phase back to pre-processing as showed in Figure 2. As there was an obvious need to
redefine the stop words and synonyms, the return was necessary. In the picture, a
smaller ‘loop’ also exists, illustrated with a dash line. This path will be used in case
there is no need to change the data itself, but for example when a big cluster ought to
be re-clustered in order to receive smaller amounts of data to interpret and evaluate.

With structured data, the explanation of a case usually tells the truth to a certain
extent, but completed with narrative data it can be close to 100%, at least
theoretically. Mining combined with other methods will give significant contributions
to the decision processes. Narrative text mining is demanding also because of the
multiplicity of languages spoken in the world. Especially languages with small user
groups, such as Finnish, have to wait for efficient tools being developed much longer
than the major languages. The search technologies are challenged by inflected forms
and compounds. In Finnish, for example, the words may have thousands of inflected
forms and in addition to that, they can be parts of compounds in almost countless
combinations [26]. For search technologies, English is an “easy” language.

The coherent clusters as the results of the second round were taken into more
detailed inspection. The progress as the change of distribution can be recognised
through the percentage of ‘sense making’' clusters. Further, the average weight of the
most important words of each cluster increased and the correspondent standard
deviation diminished significantly. All these changes indicate the movement towards
the aimed more homogenous clusters, thus more accurate information.

5 Results

Already the first round results looked promising. The smallest clusters began to
produce some directly applicable information indicating that the sizes of the clusters
play a significant role in the applicability of the results. This must, however, be scaled
with the amount of production data. No preliminary definitions or limitations were
made; the applied systems clustered the cases according to their basic determinations.
Although the results of all the three systems were coherent, GILTA can be said to
have produced the most accurate results clustering 1,240 flight safety reports into 100
clusters, their sizes varied between 58 and 1 report.

PolyVista processed the data determining the number of clusters first to be 6 and
then raising it up to 20 in a second step, setting the score 100 for the most content
describing word of the cluster and correspondent values to the others. When there
were 20 clusters, the smallest of them contained 10 reports and the biggest 232, and in

! Clusters, from which information can be seen clearly as such.
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that case, in eleven of them the scores of the three most important words were more
than 50. In the last cluster containing 10 reports, the scores of the 10 most important
words were 50 or more, which can be considered a good mining result.

Due to the Finnish module of TEMIS, no pre-processing was necessary. It created
26 clusters leaving out 8 reports as unclassified documents. The size of the clusters
varied from 108 to 21 reports. The system was allowed by the operator to create sub
clusters in case the size of the cluster exceeds 100 reports and therefore the first
cluster was divided into two sub clusters with 58 and 50 documents. After the
division, the biggest cluster included 78 reports.

In the target data, about 20 clusters could preliminarily be regarded as containing
potentially lethal trends, e.g. a door opening during a flight. Others, like flying into
Finnish airspace without air traffic control clearance and illegal smoking on board
during the flight as well as gliding-related events can be mentioned. During the
second data mining round, refining the definitions after the first one caused a fairly
small but remarkable increase in the accuracy of the results. Narratives with a single
word were excluded correctly from the clustering as an anomaly by the system.
Despite their disparity, the contents of the clusters seemed to be very relevant and
were used as material for a more accurate examination by human investigation to find
out the existence of the potential hazard in similar recurring events. An additional
detail is worth noting - all systems left out almost the same reports.

The testing process proved that data mining might be the only one for uncovering
hidden information, supporting the premise that if lethal trends on the whole exist, it
reveals important safety information from fast accumulating, vast amounts of data,
not accessible with other methods, to be used as an essential factor for strategic safety
management. Additionally, because it can find things or traits or tendencies we are
not aware of, too, it is an essential tool for being used not only in strategic
management but could also be used for allocating resources in safety management.

6 Discussion

Data mining does not give straight answers to the questions, but its role is purely a
decision support system although that often provides, indispensable supplementary
information for the decision making processes. Thus, the representation of the
discovered patterns and the assessing of their value requires that they be consolidated
with existing domain knowledge because their value or significance cannot be
captured using mining tools. This is why the process requires human participants with
vast experience of the subject.

To develop this study further, the other data fields left out in order to simplify the
research process, in addition to the narratives only used in this study, might be taken
into consideration in the data mining process — in order to gain more accurate results
by increasing the coverage of the process.

Despite the fact that data mining has been available as an applicable method
already since the 1960s, it is not as widely used as could be expected. Text mining
was enabled later than the mining of numerical data being, however, on hand a couple
of decades. There are, no doubt several explanations for this. One of the most
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significant of them, concerning especially text mining, is that these tools are mostly
language dependent, a fact which does not favour small language groups like Finnish
that also happens to be a substantially complicated language from this point of view,
notably requiring resources in order to develop functional tools. Another reason might
be that the mining tools have not been as simple to use as the tools the authorities and
other actors have been used to. In addition to this, successful data mining does not
happen as facilely as the use of, for instance, Excel spreadsheet tools and functions
but, as described more minutely before, requires a process including several steps or
phases.

Although the accident ratio has diminished since the beginning of the 1960s
steadily as well among general aviation as gliders and motor gliders, and there was
even a period between 1996 and 2006 without lethal accidents among gliding and
motor gliding, the situation is not satisfactory. The lethal accidents have returned to
the aviation field having survived ten years totally without and the number of the
accidents among ultralight aviation has increased remarkably. This for one's part is
the reason why the Finnish Transport Minister ordered in April a wide mapping about
the risks among leisure aviation to be made, to be completed at the end of September
2014. This unfavourable development evidently emphasises the significance of the
need for sophisticated safety analysis methods and their development.

As mentioned, this study was made with no presumption of the existence of
potential lethal trends. In case it is already known what will be looked for, business
intelligence (BI) methods could be applicable. Although these systems allow the
databases to be queried using numerous keywords to search for known cases of a
certain type or their combinations, the results received from them are simpler to
interpret compared with those of the mining tools. Additionally, business intelligence
can also well be combined with data mining. In case through mining process
something worth examining more minutely were found, this data could act as a query
basis for BI tools that could pick up more accurate information on the type of cases
found. When doing this way, thus applying BI tools in the second phase of the
process, additional hazardous factors might be discovered in the data, guiding the
safety specialist to those patterns that show where a potential accident could occur.
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