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Abstract 

Safety is the main concern of the aviation industry. All Air Navigation Service Providers must have a 
Safety Management System (SMS) which states how safety is handled, promoted and prioritized. By 
developing Key Performance indicators (KPIs), it is possible to quantify the effectiveness of a SMS, 
discover potential flaws and improvement measures. This thesis identifies principles behind the SMS, 
the development of KPIs and suggest potential KPIs for the Swedish air navigation service provider 
LFVs’ SMS.  

A literature study was performed and organisation specific documents were analysed to develop 
potential KPIs within the areas timely compliance with international obligations, competency and 
adoption and sharing of best practices based on an EASA questionnaire. This work presents a set of 27 
performance indicators and recommends 6 as potential KPIs for the three areas together. The KPIs are 
developed specifically for LFV but could be applicable for other organisations with similar SMS 
structure and processes. They should be analysed within the organisation and, potentially, have 
thresholds set before implementation. 
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1. Introduction 
This chapter presents the purpose, delimitations and method used for this study. It acts as the outline for 
the remaining content in this paper. 

1.1.  Purpose 
The purpose of this thesis is to identify principles behind aviation safety and Safety Management System 
(SMS) as well as develop Key Performance Indicators (KPIs) to measure the maturity and quality of the 
SMS of the Swedish Air Navigation Service Provider (ANSP) LFV. 

1.2.  Problem formulation 
This thesis will strive to answer the following questions pertaining a SMS within ANS: 

 How does a SMS work? 
 How are the effectiveness and result of a SMS measured? 
 How does LFV work with their SMS? 
 What principles govern the choice of Key Performance Indicators? 
 How are Key Performance Indicators able to be quantified? 

1.3.  Delimitations 
The field of Safety and SMS is vast. For the scope of this project, only the SMS of the ANSP LFV is 
considered and evaluated based on an EASA questionnaire. It would be beneficial to compare the 
procedures and methods of other ANSPs in order to get more depth, this is not done due to time 
constraints. 

The EASA questionnaire, described further in chapter 3.1. , consists of eleven study areas. In order to 
get a thorough study for the selected areas, it was decided that only three of these are to be considered. 
As such, the other eight areas are merely introduced and not studied further. 

Further, the study is limited to LFV. Surrounding ANSPs, National Supervisory Authority, 
subcontractors, military functions and airspace users are not considered. Similarly, only administrative 
and managerial functions are investigated. A SMS user perspective is considered, but the study does not 
approach the SMS from a user point of view. 

1.4.  Method 
The method used for this project is in two steps. Initially, a literature study was performed to give the 
authors the knowledge required to execute the LFV specific work in a good manner. This study strived 
to cover the topics expected to be used later. 

The literature study was also to provide the second step in the method, which was to identify a method 
for the development of KPIs for the use of an ANSP in their evaluation of a SMS. The result of this is 
described in Chapter 4. on page 17. 

The Linköping University library search tool, UniSearch, was used with the keywords found in Table 
1.1. The results were then subjectively selected in a three step process. First, the title was read and in 
found relevant, the abstract was read as part two. If an article passed both step one and two, the whole 
article was read. For most articles, this lead to further search amongst the references listed, again based 
on the three step process. 

A limited number of works were known to the authors and, therefore, not found using UniSearch. These 
were specifically searched for using google scholar and/or author or organisation website. 

In addition to this literature study, descriptions of company and organisations, that is provided as 
background for the reader, were collected from the company or organisation webpage. 
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Table 1.1 - Keywords used during Literature study 

Safety Management System 

Safety Management System Aviation 

Safety Management System Key Performance Indicators 

Key Performance Indicators Safety 

Safety Performance Indicators 

Safety Culture 

 

The second part of the method for the thesis was discussions and interviews. Discussions were held 
mostly between the authors around work progress, interpretation of literature and processes as well as 
the development of the KPIs. The discussions took place partly during work days at LFV head office 
but mostly via daily chat communications and phone calls.  

In the early stages of the project, discussions also included Safety manager Liselotte Oberger and 
Manager automation and human performance Billy Josefsson, the two of whom helped introducing the 
authors to the subject and choosing focus areas. These discussions were held at LFV head office.  

The interviews took place at LFV head office between the authors and employees with key positions 
related to different internal processes. The procedure was an introduction from both parties, after which 
the interviewee described the process and it was compared with how the authors had perceived it when 
reading documents.  

During the development of potential KPIs discussions were held between the authors. At early stage 
during work days at LFV head office, processes were discussed and potential measurable process steps 
were brainstormed and written on a whiteboard. After initial selection, further discussions and 
development were done throughout the project. 
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2. Background 
The background aims at giving the reader a base knowledge of the sectors that this thesis concerns. It is 
divided into three parts: Aviation, Safety and Safety Management System (SMS) followed by Key 
Performance Indicators (KPIs). The first of these, Aviation, takes a more descriptive stand, describing 
Air Navigation Service (ANS) and the main organisations influencing an ANS provider (ANSP). The 
Swedish ANSP LFV is also described. 

Following the chapter of Aviation is the chapter covering Safety and Safety Management System. This 
chapter should be read in the light of the Aviation chapter as it is safety and safety management system 
as applied to the aviation sector that is discussed. While several of the principles are applicable outside 
of the aviation sector, this is not guaranteed. 

The final background chapter covers the topic of KPIs. The goal of the chapter is to identify a method 
that will be used in the development of KPIs for the SMS of an ANSP. 

2.1.  Aviation 
The word aviation derives from the French word ”avier”, meaning flying, which in turn comes from the 
Latin “avis”, meaning bird. Several stakeholders participate in every flight and of great importance are 
the various safety systems that are in place. An accident involving an aircraft gets worldwide spread and 
greatly effects individuals, economy and technology. The aviation business is also a global one with 
numerous flights crossing national borders several times a day. With this in mind, much effort is put in 
to making the business standardised globally. 

Air Navigation Service 

The Swedish transport agency states that ANS are the 
various services with the common goals to ”secure and 
facilitate safe, regular and efficient air traffic 
operations” (Transportstyrelsen, 2015b). These services 
include communication, navigation and surveillance 
(CNS), meteorological services for air navigation 
(MET), air traffic management (ATM), aeronautical 
information services (AIS) and search and rescue (SAR) 
(Transportstyrelsen, 2015b). ANS is the cooperation 
between airlines, aerodromes and ANSP and is big part 
of the whole air traffic system (Schmitt and Gollnick, 
2015) Figure 2.1 gives an illustration of how the 
various services connect to each other. 

ATM is the concept of all systems and processes to 
safely guide aircraft through the sky and on the ground. Air traffic management consist of three different 
main activities, air traffic services (ATS), air traffic flow and capacity management (ATFCM) and 
airspace management (ASM) (Eurocontrol, 2015b). Schmitt and Gollnick (2015) defines ATM as ”the 
dynamic, integrated management of air traffic and air space, including air traffic services, air space 
management and air traffic flow management”. 

Whenever an aircraft leaves an airport and takes off into the sky towards its destination, it is subject to 
ATS. Air traffic control (ATC), keeps the aircraft separated from each other on the ground and in the air 
(Eurocontrol, 2015b). The objectives for air traffic control are to prevent collision between aircraft in 
the air, on the ground, between aircraft and obstacles and maintain an orderly flow of air traffic (ICAO, 
2007). ATC is the biggest part of ATS and the one thing most associated with ATM. In some parts of 
the airspace where there is less restriction, depending on amount and type of air traffic, advisory service 
(ADVS) and flight information service (FIS) help pilots avoid each other. Alerting services (ALRS) 
stand by to notify search and rescue organisations for any aircraft in need of aid (Eurocontrol, 2015b). 

Figure 2.1 - Air Navigation Service Tree, adopted from 
Transportstyrelsen (2015b), Eurocontrol (2015b) and 
ICAO (2011) 



4 

 

ATFCM is the function of optimizing air traffic flows through contested airspace. Depending on ATC 
capacity aircraft are allowed through, re-routed around or delayed before entering a specific piece of 
airspace. The goal is to allow aircraft safe and efficient flights. ATFCM operates on strategic, pre-tactical 
and tactical levels. Strategic ATFCM is the phase where the planning horizon spans from approximately 
one year in advance up to a week before the day of operation. The pre-tactical phase is from six days to 
the day before while the tactical phase is the immediate flow management on occurrences the same day. 
ATFCM provides airliners with day to day flow management service and tries to maximize airspace 
capacity by consolidating air traffic forecasts for the future, known events and different seasons of travel 
(Eurocontrol, 2015a). The tactical ATCFM is one of the most important parts, since no matter how well 
you plan and schedule the traffic, safety hazards like weather can suddenly cripple the system (Jaquard, 
1999).  

The definition for ASM by ICAO (2011) is ”The process by which airspace options are selected and 
applied to meet the needs of the airspace users”. The aim of ASM is to have an efficient and flexible use 
of all airspace, civil and military, based on actual need. The process however is a complex balance of 
the interests of different stakeholders, political rulers and national borders (ICAO, 2011). 

The first of all priorities for air traffic management is safety. Safety has for a long time relied on air 
traffic controllers doing their jobs. The continuous growth of demand in air traffic, the utilization of 
automated tools and the expectancy of efficient use of the airspace gives the safety aspect new challenges 
(Pusch, 2001). 

International Civil Aviation Organisation 

The International Civil Aviation Organisation (ICAO) is a specialized agency of the UN. It consists of 
191 member states and was established in 1944 to administrate and govern the convention on 
international civil aviation, also called the Chicago convention (ICAO, 2015). 

The Chicago convention was written for the purpose of a safe and orderly development of international 
air traffic between the member states. Through cooperation between the member states, international air 
traffic should be efficient, economical to conduct, and performed on an equal basis. The convention 
consists of articles that regulates the rights and obligations of each member state, rules for the application 
of international requirements, recommendations for technical and operational matters, regulations 
regarding customs- and passport issues as well as civil aviation political questions (Transportstyrelsen, 
2015c). 

ICAO works together with the member states and industry groups to ”reach consensus on international 
civil aviation Standards and Recommended Practices and policies in support of safe, efficient, secure, 
economically sustainable and environmentally responsible civil aviation sector” (ICAO, 2015). 

European Aviation Safety Agency 

European Aviation Safety Agency (EASA) is the authority for aviation safety of the European Union 
(EU). It was established in 2002 and consists of 32 member states. The primary objective of the agency 
is to ”promote the highest common standards of safety and environmental protection in civil aviation” 
(EASA, 2015). 

The tasks of the agency are among others to: develop common regulations for safety and environmental 
protection, to monitor the implementation of those regulations within the member states through 
inspections as well as to provide technical advice to the member states and the European Commission 
(EC). EASA also collects data, conducts analysis and research to improve safety in aviation (EASA, 
2015). 

EASA is closely connected to ICAO by supporting the member states in implementation of ICAO 
standards. ICAO and EASA share safety information by coordinated auditing activities in the member 
states, reducing the amount of work for the agency and ICAO as well as for the member state. EASA 
works together with its member states and the EC on common matters of international context (EASA, 
2015). 
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Swedish National Supervisory Authority 

The Swedish National Supervisory Authority (NSA) is The Swedish Transport Agency, or in Swedish, 
Transportstyrelsen. The agency is responsible for creating national regulations regarding rail, air, sea 
and road transport and to make sure that they are followed. The Civil Aviation and Maritime Department 
of Transportstyrelsen formulates regulations, certifies personnel and analyse accidents within civil 
aviation. They also review and grants permits as well as assessing civil aviation in regards to safety and 
security (Transportstyrelsen, 2015a). 

Transportstyrelsen is attending and participating in many different meetings, committees and work 
groups regarding international cooperation in civil and military aviation. The commitments that concern 
the area of this thesis are listed below (Transportstyrelsen, 2015d): 

• EASA Management Board  
• EASA Thematic Advisory Group as well as Rulemaking Advisory Group within Airports, 

Airworthiness, Air Traffic Management/Air Navigation Service and also Crew and Flight 
Operations.  

• EASA Committee  
• Eurocontrol Safety Regulatory Committee 

The Swedish Air Navigation Service Provider - LFV 

LFV is the biggest air navigation service provider (ANSP) in Sweden with approximately 1200 
employees. It is a public enterprise running air traffic services at 24 towers, both civil and military and 
2 area control centres. It was established in 1947 and started an air traffic controller education in 1974. 
LFV has been integrating civil and military air traffic services since 1978 which is unique within 
European airspace (LFV, 2015). 

NAVIAIR, the Danish ANSP, formed together with LFV a functional airspace block (FAB) in Europe 
and established a common corporate called Nordic Unified Air Traffic Control (NUAC). The goals of 
NUAC are to harmonize the airspace and ATM systems and be cost- and flight efficient (NUAC, 2015). 

LFV shall, by order of the Swedish ministry of enterprise and innovation, provide safe and efficient air 
traffic services to civil and military air traffic with low environmental impact (Näringsdepartementet, 
2010).  

Every year around 700.000 flights pass through Swedish airspace which LFV is responsible for twenty-
four hours a day, all year around. A rising demand in air traffic and for flight efficiency puts high 
pressure on LFV to provide safe air traffic services. LFV has got a highly developed way of working 
with safety and the safety culture within the organisation is high and equal on all different levels. LFV 
is constantly evaluating the safety work and the safety culture, striving for improvement in all areas 
(LFV, 2015). 
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2.2.  Safety and Safety Management Systems 
Defining what safety is could be the topic of a thesis and many discussions are currently held concerning 
the topic. This is due to a shift between what has become coined as “Safety I and Safety II” that appears 
to be underway. 

The traditional view is that safety is the absence of harm. Wretstrand et al. (2014) define that “Safety 
[means] avoiding fatalities and personal injuries”. Leveson (2014) speaks of the “design [of] a safe 
system, that is, eliminate or adequately control or mitigate all the hazards”. This is generally how Safety 
I is described. 

Safety II argues that this is not a good definition of safety. The view held by Safety II is, as Reiman and 
Pietikäinen (2012) states, that “Safety is more than the negation of risk” and “Safety is a dynamic non-
event and non-events cannot be characterized or counted”. 

It is the authors view that these two definitions of safety complement each other in a similar way that 
leading and lagging indicators, the difference between which are described in chapter 2.3.  on page 12, 
provide a holistic view. Safety I focuses on measuring outcome whereas Safety II takes a system 
approach. O'Connor et al. (2011) states that safety has improved and as such the outcome indicators are 
very low and might not, anymore, be a useful indicator of safety. Herrera et al. (2009) reiterates this 
point speaking of the “strong focus” that has been on “learning from rare accidents, [while] there is no 
tradition to analyse successes”. 

The definition of safety depends on where in the scale of safety the system exists. If there is an abundance 
of accident data, the safety should be focused on analysing and removing the apparent risk that these 
indicators prove. But as the number of negative occurrences is lowered, a shift must be made to the focus 
of Safety II. 

ICAO defines safety, within the context of aviation as “the state in which the possibility of harm to 
persons or of property damage is educed to, and maintained at or below, an acceptable level through a 
continuing process of hazard identification and safety risk management” (ICAO, 2013b). LFV defines 
safety as an “freedom of unacceptable risk” (LFV Internal Document, 2015b), which is very close to the 
definition used by Leveson (2014) above and the LFV definition will be used throughout this thesis. 

Safety Management System 

ICAO (2013a) defines a Safety Management System (SMS) as “a systematic approach to managing 
safety, including the necessary organisational structures, accountabilities, policies and procedures”. It is 
to “assure the safe operation of aircraft through the effective management of safety risk” (ICAO, 2013b). 
The implementation of a SMS is a requirement on all providers. ICAO provides a framework, for an 
SMS, in annex 19, consisting of four components (ICAO, 2013a, 2013b): 

1. Safety policy and objectives 
2. Safety risk management 
3. Safety assurance 
4. Safety promotion 

These four components are dealt with further in chapter 3.  

The SMS of LFV is consistent with this structure and framework. It has been applied into the four steps 
of Safety Management and Planning, Safety Achievement, Safety Assurance and Safety Promotion 
(LFV Internal Document, 2015b). These are directly from the regulation, EC 2096/2005 and later 
1035/2011, which is based on the ESARR 3 SMS framework having the following components: Safety 
policy and Planning, Safety Achievement, Safety Assurance and Safety Promotion (Skybrary, 2015). 

A vital part of and a tool for an effective SMS are KPIs, sometimes referred to as Safety Performance 
Indicators or SPIs rather than KPIs (Øien et al., 2011b; Reiman and Pietikäinen, 2012). 
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Safety culture 

Eurocontrol’s Skybrary article (Skybrary, 2015) on SMS points out that implementation of the formal 
framework of a SMS is not sufficient for it to be effective and even successful. Of vital importance are 
the humans operating the system and their individual and collective “attitudes, values, competencies and 
patterns of behaviour which are frequently referred to as elements of the safety culture” (Skybrary, 
2015). 

Safety culture is how safety matters within an organisation are prioritized, valued and perceived, not the 
actions stated to achieve safety. It represents what people believe about the importance of safety, the 
opportunities for talking about safety and the ability of reporting safety issues (Eurocontrol and FAA, 
2008). 

Safety culture within organisations can either be positive, neutral or negative. The concept of safety 
culture was first mentioned in the aftermath of the nuclear accident of Chernobyl. It was said that a 
negative safety culture was a major factor, causing the accident. Staff and managers violated regulations 
and the organisation made errors which was explained by the safety culture (Eurocontrol and FAA, 
2008). The staff and managers at Chernobyl never learned to be afraid of mishaps prior to the disaster. 
Information about accidents and incidents within nuclear power was not distributed but rather hidden at 
the time so no one could learn from each other’s mistakes (Reason, 1998). Since the accident, poor 
safety culture has been mentioned as a contributing factor to several other accidents (Eurocontrol and 
FAA, 2008). For example, in 2001, a passenger airliner collided with a small business jet on the runway 
at Milano Linate airport. The report states that weak safety culture and lack of safety management 
system, among other, were contributing factors (ANSV, 2004). 

A positive safety culture would consist of members on all levels in the organisation, discussing safety, 
being committed to safety and truly believing in the safety system of the organisation. There would be 
financial means to maintain and increase safety, the safety strategy would be clear for all members and 
anyone could report a safety issue without fearing repercussions but rather encouragement. Everyone 
would know what they were doing to contribute to safety (Eurocontrol and FAA, 2008). 

Safety culture influences all layers of the organisation from the staff to managers and directors and 
represents ”the way safety is done around here” (Eurocontrol and FAA, 2008). It is not what is being 
said in official documents of safety systems and procedures but rather the combination of what is said, 
what is believed and what is actually done to maintain and improve safety.  

The key elements of safety culture according to Reason (1998), as stated in Eurocontrol and FAA (2008), 
is (1) a reporting culture, (2) a just culture, (3) a flexible culture and (4) a learning culture adding up 
to an informed culture. The organisation should motivate employees to relay information about safety 
hazards and issues that they see (Eurocontrol and FAA, 2008). The employees should actively report 
near misses, participate in safety activities and submit safety surveys (Mearns et al., 2013). A just culture 
is about not accepting deliberate violations but encouraging reports of safety related mistakes and 
problems (Eurocontrol and FAA, 2008) and believing in the fairness of the system (Mearns et. al. 2013). 
The organisation should be flexible in the way that it adjusts quickly and smoothly to unexpected events 
and new requirements (Eurocontrol and FAA, 2008). When something safety related has happened, been 
revealed or observed, the organisation should be willing to adapt to prevent it from causing an accident 
(Eurocontrol and FAA, 2008). Since there are few accidents within air traffic, the learning part is 
important seeing that there are no extensive statistic showing safety related trends to act upon (Mearns 
et al., 2013).   

In an assessment of the safety culture for parts of a Swedish ATM organisation, Ek et al. (2006) 
investigate Reason’s four safety culture elements as mentioned above, together with five other aspects. 
The existence, need and the clarity of communication within the organisation between people and work 
groups in regards to the safety aspect of the job. The possibility to affect ones working methods, 
encouragement from others and cooperation and support within a group adds up to the working situation 
(Ek et al., 2006). 

Eurocontrol and FAA (2008) and Ek et al. (2006) describe attitudes towards safety, risk perception and 
safety related behaviours as further key components of safety culture. The attitudes towards safety of 
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both staff and management balancing safety against capacity and well-being. Risk perception for all 
organisation members which mean that the individuals have an understanding of risks associated with 
one’s work, an ability to handle risks and make the right decisions. Safety related behaviours for 
members characterizes by coherence to regulations and procedures, open discussions about safety and 
encouragement for increased safety. 

Mearns et al. (2013) states that within an organisation that works actively with safety culture, co-workers 
and managers inform employees about the consequences of safe and unsafe behaviours and the 
importance of safety. It is shown through explicit and implicit statements and actions regarding safety.  

While studying literature on this subject, the term safety climate also appears. The difference between 
safety culture and safety climate is that safety culture includes individual attitudes towards and beliefs 
in safety, risk perception, individual knowledge in safety and self-evaluation of safety behaviours while 
safety climate only involve compliance with rules and participation in safety activities as well as attitude 
towards safety on a group level (Mearns et al., 2013). 
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2.3.  Key Performance Indicators 
Key Performance Indicators (KPI) are used in a multitude of fields to measure change. While most agree 
to a general definition, specifics vary depending on to whom you speak and in which field they work. 
As such it is a necessity to define what is meant by indicators, performance indicators, key performance 
indicators, safety indicators and so forth, before use (Øien et al., 2011a). Below are a few definitions of 
indicators: 

 “An indicator is a measureable representation of an aspect of reality” (Øien et al., 2011a); 
 “An indicator can be considered any measure – quantitative or qualitative – that seeks to produce 

information on an issue of interest” (Reiman and Pietikäinen, 2012); 
 “Performance indicators are task-specific metrics intended to measure the quality of a work 

process, product or service” (Harvey et al., 2015). 

Similar definitions are found in most works. The definition used herein is the one used by Øien et al. 
above: 

“A measureable representation of an aspect of reality”. 

Any individual indicator tends to be of little value, but seen in the light of a group of indicators, each 
representing a different aspect, the importance rises for each one (Reiman and Pietikäinen, 2012). This 
grouping of KPIs results in the creating of areas, usually referred to as key performance areas (KPAs), 
one of which being safety. Harvey et al. (2015) state that these groups should not randomly be collected 
and grouped, but rather “be strategically curated to advance the long-term goals”. 

A distinction is often done between a performance indicator (PI) and a key performance indicator. A PI 
being, more or less, any measure, whereas KPIs is a selected few PIs that are of high value and selected 
as such by management. As Harvey et al. (2015) puts it: “Key performance indicators (KPIs) represent 
a distillation of all potential performance indicators to those that are most valuable”. 

Eurocontrol and EASA, contrary, uses KPI (or rather Safety KPI (SKPI)), as opposed to a PI (or rather 
Safety PI (SPI)), when a threshold has been set which must be reached. Both indicators are reported and 
followed up upon by EASA, and while the SPIs are monitored, they do not have thresholds set (Oberger, 
2015a). 

The purpose of an indicator 

The definition of indicators only reveals part of their purpose, i.e. to measure something. The full 
purpose goes beyond this simple definition. While there are disagreements on the specifics, in general 
the purpose is threefold: 

1. Monitor or collect information 
2. Identify and investigate potential issues 
3. Take action to mitigate these issues 

(Harvey et al., 2015; Leveson, 2014; Øien et al., 2011a; Reiman and Pietikäinen, 2012) 

This process, to monitor, identify and then act, is the essence of why KPI exist. As Leveson (2014) states 
“there must be a management process in place to act when the leading indicators show that action is 
necessary”. This process should be in place as the KPIs are selected, by high management, from all 
potential PIs. 

While KPIs and PIs are of great importance, care should be taken to not draw too detailed conclusions 
from them when it comes to the KPA of safety as PIs are only an aspect and a representation of reality 
(Herrera et al., 2009). Safety management is not about optimizing indicators (Reiman and Pietikäinen, 
2012). 
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Indicator attributes 

Since the realities which indicators attempt to describe vary, the indicators can be vastly different in 
appearance. However, all of them have a few attributes in common. The International Atomic Energy 
Agency (IAEA) has the following list in their Management of Operational Safety in Nuclear Power 
Plants (1999) summarized by Øien et al. (2011b): 

 Direct relation between indicator and safety. 
 Necessary data should be available or capable of being generated. 
 Able to be expressed in quantitative terms. 
 Unambiguous. 
 Significance should be understood. 
 Not susceptible to manipulation. 
 Manageable set. 
 Meaningful. 
 Able to be integrated into normal operational activities. 
 Able to be validated. 
 Able to be linked to the cause of a malfunction. 
 Accuracy of the data at each level to be capable of quality control and verification. 
 Local actions able to be taken on the basis of indicators. 

The extensive list above can be distilled down further, aligning it to the purpose and definition of an 
indicator, which Øien et al. (2011b) does. PIs are to be: 

 Simple to be understood; 
 Easily measureable; 
 The relation to the area (safety in this case) should be unquestionable; 
 Show change over time. 

The exact timeframe, in the fourth KPI attribute above, depends on the indicator, but it must be measured 
regularly and motivate timely action (Øien et al., 2011a). If the indicator is displaced in time, action will, 
most likely, not be taken since it is “too late” or “no longer relevant”. 

Paramenter (2007) gives the following list of seven KPI attributes: 

1. Nonfinancial measures 
2. Measured frequently 
3. Acted on by CEO and senior management team 
4. Understanding of the measure and the corrective action required by all staff 
5. Ties responsibility to the individual or team 
6. Significant impact 
7. Positive impact 

The three lists of attributes given above have been compared side to side in Table 2.1. Each column 
represents a source while the rows represent an attribute. The rows overlap where an attribute is 
considered to be covered by the attribute suggested by another source. The attributes given by Øien et 
al. (2011b) will be used for the evaluation of the KPIs. These were selected due to their few numbers 
while covering most aspects suggested by the other authors.  
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Table 2.1 - Comparison of KPI attributes 

IAEA (1999) Paramenter (2007) Øien et al. (2011b) 

Direct relation between 
indicator and safety 

 

Simple to be understood Unambiguous Understanding of the measure 
and the corrective action 
required by all staff 

Acted on by CEO and senior 
management team 

Ties responsibility to the 
individual or team 

Significance should be 
understood 

Local actions able to be taken 
on the basis of indicators 

 

Not susceptible to manipulation  

Able to be integrated into 
normal operational activities 

 

Easily measureable 

Necessary data should be 
available or capable of being 
generated 

 

Manageable set  

Able to be validated  

Able to be expressed in 
quantitative terms 

 

Accuracy of the data at each 
level to be capable of quality 
control and verification 

 

Meaningful 
Positive impact 

Significant impact 
Relation to area unquestionable 

Able to be linked to the cause 
of malfunction 

 

 Measured frequently 
Shows change over a specific 
timeframe 

 Nonfinancial measures  

 

  



12 

 

Leading and lagging indicators 

All indicators are given the attribute of being leading or lagging. Leading indicators are sometimes 
referred to as predictive, proactive, indirect, monitoring or activity indicators; lagging indicators are 
sometimes referred to as reactive, direct or outcome indicators (Herrera et al., 2009; Øien et al., 2011a; 
Øien et al., 2011b). 

While, as Reiman and Pietikäinen (2012) describe, the “distinction between leading and lagging safety 
performance indicators is not clear-cut”, the general idea is that a lagging indicator represent occurrences 
that are in the past or a hindsight perspective (O'Connor et al., 2011; Øien et al., 2011a; Øien et al., 
2011b; Reiman and Pietikäinen, 2012). Leading indicators actively monitor the system in order to detect 
a potential for an unsafe situation before it occurs (Leveson, 2014; O'Connor et al., 2011; Øien et al., 
2011a; Øien et al., 2011b). 

Øien et al. (2011a) illustrates this using Reason’s accident model where safety is described as layers of 
Swiss Cheese, each layer has holes in it and an incident occurs when a situation manages to penetrate a 
hole in every layer. Lagging indicators find the holes after an accident, while leading indicators identify 
the holes in the layers using regular monitoring of each layer. 

Traditionally in aviation, lagging indicators have received the main bulk of attention. After an accident, 
an investigation takes place that attempts to explain it “in terms of a chain of directly related events that 
cause the accident” (Leveson, 2014, italics in original). Indeed, analysing incidents and similar lagging 
indicators can be used as a monitor indicators revealing “something about the safety potential of the 
organisation” (Reiman and Pietikäinen, 2012). However, as O'Connor et al. (2011) point out: “As safety 
has improved and the frequency of mishaps has declined, mishap rates have ceased to be a useful metric 
of safety performance”. 

Reiman and Pietikäinen (2012) states that “safety can never be guaranteed by relying only on lagging 
indicators” (Italics added for emphasis). Rather, a combination of both leading and lagging indicators 
are required to obtain a more holistic view of the reality represented. Lagging indicators have a greater 
direct relevance to safety, but little, or even no, data might be available. Leading indicators tend to have 
more data available, but the relevance to safety is more indirect and could even, at times, be arguable 
(Øien et al., 2011a). 

Creation of Key Performance Indicators 

In order to create KPIs with good attributes a mapping of the current system must be performed (Harvey 
et al., 2015; Reiman and Pietikäinen, 2012). During this process PIs for each process step are identified 
and form the basis for the selection of KPIs. 

Harvey et al. (2015) gives the following seven steps for the creation of KPI for a process 

1. Choose service line to evaluate 
2. Define key stakeholders 
3. Organise assessment team 
4. Create process map for the service 
5. Identify potential KPIs for each step in the process map 
6. Test potential KPIs for feasibility and value 
7. Determine final KPIs and set targets/thresholds 

Paramenter (2007) presents a twelve step model, the essence of which is similar to the list given by 
Harvey et al. (2015). Paramenter does, however, put more focus on the pre-work and marketing of the 
KPIs to the employees. He also differentiates more between KPIs and PIs (Paramenter, 2007), and 
would, likely, consider the KPI process given by Harvey et al. to be focused on PI development rather 
than KPI. 
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3. Safety Management System Framework 
ICAO has provided a framework for a SMS in Annex 19 – Safety Management (ICAO, 2013a) and are 
more detailed in Doc 9859 - Safety Management Manual (ICAO, 2013b). This framework consists of 
four components, each having several elements. The ICAO framework is found in Table 3.1. 

The framework has been adopted and adjusted by EASA in the Acceptable Means of Compliance and 
Guidance Material for the implementation and measurement of Safety (Key) Performance Indicators 
(S(KP)Is) (EASA, 2014a). This publication also adds a fifth component, Safety Culture and two 
elements to it. ICAO element 2.1 has been removed from the EASA list. The EASA framework is 
presented in Table 3.1, EASA changes are marked by italics. 

Table 3.1 - SMS Framework adopted from EASA (2014a); ICAO (2013a, 2013b). EASA additions 
marked by italics 

1. Safety Policy and objectives 
1.1. Management commitment and responsibility 
1.2. Safety accountabilities – Safety responsibilities 
1.3. Appointment of key safety personnel 
1.4. Coordination of emergency response planning/contingency plan 
1.5. SMS documentation 
1.6. Management of related interfaces 

2. Safety risk management 
2.1. Hazard identification* 
2.2. Safety risk assessment and mitigation 

3. Safety assurance 
3.1. Safety performance monitoring and measurement 
3.2. The management of change 
3.3. Continuous improvement of the SMS 

4. Safety promotion 
4.1. Training and education 
4.2. Safety communication 

5. Safety Culture 
5.1. Establishment and promotion of safety culture 
5.2. Measurement and improvement of safety culture 

*Not included by EASA 

ICAO has published specific requirements for each element as found in Doc 9859 (ICAO, 2013b). 
EASA has done the same in Acceptable Means of Compliance and Guidance Material for the 
implementation and measurement of Safety (Key) Performance Indicators (S(KP)Is) (EASA, 2014a). 
This publication also includes one or more management objectives (MOs) for each element. 

3.1.  EASA Questionnaire 
The EASA publication Acceptable Means of Compliance and Guidance Material for the implementation 
and measurement of Safety (Key) Performance Indicators (S(KP)Is) (EASA, 2014a) is published with 
the purpose of measuring the effectiveness of ANSPs SMS. The objective is to give a standardized 
European methodology in order to verify SMS effectiveness. While this publication is not legislation, 
any organisation that does not wish to use it must inform EASA and prove that their method is of equal 
result as if the EASA methodology was used (EASA, 2014a). 

The questionnaire covers eleven study areas (SA) each having one to four questions, shown in Table 
3.2. These are separate from the components and elements mentioned earlier. For each question there 
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are five levels to measure the maturity of the SMS as shown in Table 3.3. The levels are governed by 
generic principles that apply to all SAs, partly shown in Table 3.3 and also specific levels for each SA 
question (EASA, 2014a). These are not presented in this report, with the exception of the three SAs that 
this report covers. All study areas maturity level and the generic principles are found in Appendix 1 to 
GM5 SKPI Verification of ANSP EoSM by NSA/competent authority (EASA, 2014b).  

Table 3.2 - EASA Questionnaire adopted from EASA (2014b)  

 Study Area  Question 

SA1 

Development of a 
positive and 
proactive safety 
culture 

SA1.1 A positive and pro-active, flexible, and informed safety 
culture (the shared beliefs, assumptions, and values 
regarding safety) that supports reporting and learning led 
by management. 

SA1.2 Regular measurement of safety culture and an 
improvement programme. 

SA1.3 A just and open climate for reporting and investigation of 
occurrences. 

SA2 
Organisational and 
individual safety 
responsibilities 

SA2.1 An approved, clearly documented, and recognised system 
for the management of safety. Management structure, 
responsibilities, accountabilities and authorities are 
clearly defined and documented. 

SA2.2 A clearly defined safety management function/safety 
manager that is independent of line management. 

SA2.3 An integrated safety planning process is adopted by the 
organisation with published and measureable safety goals 
and objectives for which the executive is accountable. 

SA2.4 Clear understanding and acceptance of safety 
management accountabilities and responsibilities by all 
relevant staff and contractors. 

Commitment to continuous improvement to safety. 

SA3 
Timely compliance 
with international 
obligations 

SA3.1 A formal SMS that meets all applicable safety 
requirements. 

SA3.2 An organisation that strives to go beyond compliance, 
takes into account the need to ensure, in a timely manner, 
that there are no inconsistencies with European or 
national requirements or international safety standards. 

SA4 
Safety standards and 
procedures 

SA4.1 Clearly defined and documented safety standards and 
procedures. 

SA4.2 Staff know about the safety and safety management 
requirements and standards, which are regularly 
reviewed, assessed and maintained. 

SA4.3 Emergency/Contingency response procedures and an 
emergency/contingency response plan that documents the 
orderly and efficient transition from normal to emergency 
operations and return to normal operations. 
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Table 3.2 - EASA Questionnaire adopted from EASA (2014b)  

 Study Area  Question 

SA5 Competency 
SA5.1 Staff, and contractors (where appropriate) are trained, 

competent in safety and safety management, and where 
required, licensed. 

SA6 Risk Management 
SA6.1 A continuing risk management process that identifies, 

assesses, classifies, and controls all identified safety risks 
within the organisation, including potential future risks. 

SA7 Safety Interfaces 

SA7.1 Effectively managed safety-related internal interfaces 
(e.g. quality management system, security and 
environment). 

SA7.2 The effective management of external interfaces with a 
safety impact (e.g. MIL, airspace users, airports). 

Formalised processes and procedures dealing with 
external agreements, services, and supplies (e.g. cross-
border Letters of Agreement). 

SA8 
Safety reporting, 
investigation and 
improvement 

SA8.1 A continuing organisation-wide process to report and 
investigate safety occurrences and risks. 

SA8.2 An organisation-wide means to record and disseminate 
lessons learnt. 

SA8.3 Appropriate safety information and knowledge is shared 
with Industry stakeholders. 

Information disclosure is compliant with agreed 
publication and confidentiality policies/agreements. 

SA9 
Safety performance 
reporting 

SA9.1 An established and active monitoring system that uses 
and tracks suitable safety indicators and associated targets 
(e.g. lagging and leading indicators). 

SA9.2 Methods to measure safety performance, which is 
compared within and between ANSPs. 

SA9.3 A general public knowledgeable of the ANSP’s 
performance through routine publication of achieved 
safety levels and trends. 

SA10 
Operational safety 
surveys and SMS 
audits 

SA10.1 Internal and independent (external) operational safety 
surveys and SMS audits. 

SA11 
Adoption and sharing 
best (good) practices 

SA11.1 A structured approach exists to promote safety, its 
standing within the organisation and lessons learnt 
through application of the SMS. 

SA11.2 A structured approach to gather information on 
operational safety and SMS best (good) practices from 
the industry. 

SA11.3 Sharing of safety and SMS-related best (good) practices 
with industry stakeholders. 
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Table 3.3 - SMS maturity levels and generic principle for SA, adopted from EASA 
(2014b) 

 Level Generic principle 

A Initiating The organisation is not measuring and monitoring safety 
performance. 

B Planning / Initial 
Implementation 

The organisation has a plan to capture information about safety 
performance. 

C Implementing The organisation is collecting safety reports under a controlled 
process, and is responding to safety issues identified as a result of 
individual incident investigations. 

D Managing & 
Measuring 

The organisation is measuring safety performance. It has identified 
its key safety risks and has developed plans for improvement. 

E Continuous 
Improvement 

The organisation is managing its key safety risk in conjunction with 
external stakeholders and can demonstrate improved safety 
performance. 
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4. Key Performance Indicator development 
Key Performance Indicators (KPIs) and related areas were discussed in section 2.3. on page 9. This 
chapter describes the specific method used to develop KPIs for the use of LFV. The seven steps 
described by Harvey et al. (2015) were used. These are presented below and their application in the 
methodology follows. 

1. Choose service line to evaluate 
2. Define key stakeholders 
3. Organise assessment team 
4. Create process map for the service 
5. Identify potential KPIs for each step in the process map 
6. Test potential KPIs for feasibility and value 
7. Determine final KPIs and set targets/thresholds 

(Harvey et al., 2015) 

Step 2 through 4 were, to great extent, performed simultaneously as were steps 5 and 6.  

Choose service line to evaluate 

As described in section 3.1. , the EASA questionnaire consists of eleven study areas, each having one to 
four questions. These questions are considered to match the service lines described by Harvey et al. 
(2015), and this development process was repeated for each separate question. 

The selection of which study areas to look into, and develop KPIs for, was made together with LFV 
represented by Liselotte Oberger, Safety Manager, and Billy Josefsson, Manager Automation & Human 
performance, during a meeting held 2-3 November 2015. During these days, all study areas were 
discussed in detail and each person came with input and requests for which areas were the most 
interesting. The three selected areas: 3, 5 and 11, were decided upon based on a combination of project 
scope, LFV interest, presumed availability of data and level of work previously, or currently, done by 
LFV.  

Define key stakeholders 

The processes connected to the study areas generally have individuals with a defined responsibility for 
the given process or a part thereof. No attempt to identify all stakeholders affected by the process was 
made. As an example, for study area 5, competency, no employees that participate in the competency 
process was interviewed. Rather, the administrative staff were identified and spoken to. 

Organise assessment team 

The assessment team consists of primarily the authors with assistance from Liselotte Oberger and Billy 
Josefsson. The KPIs will be assessed, by the authors, using the KPI attributes given by Øien et al. 
(2011b) discussed in chapter 2.3.  These are also provided below: 

 Simple to be understood 
 Easily measureable 
 Relation to area unquestionable 
 Shows change over a specific timeframe 

Create process map for the service 

Through the review of internal documents, processes for each question that were chosen were mapped 
and identified. The processes were then simplified and, sometimes, combined in order not to have an 
excessive number of processes per question. The identified processes were then controlled through 
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interviews with either a process owner, an administrator or similar person with insight in the process. 
The processes, and a description of each, are found in the questions chapter (chapters 5. , 0 and 0 

The internal documents used might be subject to confidentiality and are, as sources, not available for the 
general public. The documents can be requested by contacting LFV according to the contact information 
found on page iv. 

Identify potential KPIs for each step in the process map 

With the assistance of the process maps created earlier, potential KPIs were identified that would cover 
a single or several process steps. These were identified through discussions between the two authors of 
this thesis. 

Test potential KPIs for feasibility and value 

Simultaneously as the potential KPIs were identified, a brief feasibility discussion was performed. This 
discussion mainly took into account if the KPIs were meaningful, reliable and measureable. Some 
thoughts were also taken regarding the verifiability of the KPIs. 

A thought experiment was exercised where the following questions were asked in order to assist in this: 

 If the KPI was extremely low, what would that mean? 
 If the KPI was extremely high, what would that mean? 

After this initial identification and feasibility test, further discussions were made for each KPI identified. 
The potentially most valuable set of KPIs for LFV was also identified and lifted out as a recommendation 
for LFV: 

During this process, the purpose of indicators and their attributes, as described in chapter 2.3. should be 
considered. It should also be noted that as soon as measurement of an indicator is begun, the reality that 
indicator represents is altered. As an example, if the number of safety initiatives from employees are 
measured, employees will be more likely to suggest a safety initiative than they were before. 

Determine final KPIs and set target/thresholds 

This final step was not performed during the scope of this project due to this project being external to 
LFV. The internal management should, using the recommendations contained in this thesis, decide on 
final KPIs and alter then according to results found during usage. After a period of time, the KPIs should 
be analysed further during which process targets and thresholds for each KPI should be identified. 

While each individual KPI should be considered and have a threshold given, the set of KPIs as a whole 
should also be evaluated. Their number should not be exceedingly large, and they should cover as much 
of the target KPA as possible while fostering good behaviour. 
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5. SA3: Timely Compliance with International Obligations 
The study area Timely Compliance with International Obligations consists of two questions as quoted 
below: 

“A formal SMS that meets all applicable safety requirements” (EASA, 2014c). 

“An organisation that strives to go beyond compliance, takes into account the need to ensure, in 
a timely manner, that there are no inconsistencies with European or national requirements or 
international safety standards” (EASA, 2014c). 

The maturity levels and expected outcomes for each level are described in Table 5.1 and Table 5.2 
respectively. These questions are closely linked and one follows the other; It is hard to achieve a good 
score on the second question, going beyond compliance, without achieving a decent score on the first, 
being compliant. A comparison between the two tables reveals that SA3.1 concern mainly the SMS, 
which includes no inconsistencies with safety standards, while SA3.2 goes wider to European and 
national requirements and international safety standards, which are included in SA3.1, especially the 
higher maturity levels. 

While they are tightly coupled, there is a point to be made with them being separate. The ANSPs are 
encouraged to not only settle for compliance, but rather be trendsetters. Therefore, question 3.1 and 3.2 
are handled separately below, as they are in the questionnaire. 

5.1.  SA3.1 A formal SMS 
The question, which could be summarized as a formal SMS, is found, with the respective maturity levels 
and expected outcomes in Table 5.1 on page 24. The question formulation is quoted below: 

“A formal SMS that meets all applicable safety requirements” (EASA, 2014c). 

This question is to cover the MO Element 3.3: Continuous improvement of the SMS, which is phrased: 

“Establish a formal process to systematically identify safety improvements” (EASA, 2014a). 

In order to ensure compliance with legislation and regulation, LFV uses two main methods divided into 
several processes. The main methods can be summarised as active and passive coverage of legislative 
and regulative organisations and a self-audit process. The methods and processes are not unique nor 
limited to the SMS, however they are utilized for the SMS. 

Coverage of stakeholder organisation 

LFV actively and passively cover regulations and legislation and cross-references findings against own 
activities to ensure that the activities are following requirements and that LFV is doing all that they are 
supposed to. The passive coverage is done using software, that surveil updates to requirements and 
notifies the responsible person within LFV. While this coverage attempts to address all organisations 
that have legislative or regulatory input on LFV, it is unable to do so completely. Therefore, active 
coverage is also performed by responsible people where they visit the websites of the organisations in 
order to keep themselves up to date. In case of an update, this is manually added as an input into the 
system. 
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Consultation process 

A simplified map of the consultation process is found in Figure 5.1. This process is to follow up 
compliance with existing regulation over the entire regulatory spectrum, not only SMS. Input is received 
from three sources as shown in Figure 5.1. Industry Stakeholders, specifically EASA, Eurocontrol, 
ICAO and NSA, are regularly controlled via subscription and website (LFV Internal Document, 2014c). 
In addition to this, LFV uses the same process when consultation is required, either from an external 
source (received) or LFV requesting it (requested), among other things as a result of the audit process 
(LFV Internal Document, 2015b, 2015d). 

The input, regardless of source, is judged whether relevant or not for LFV. If not found relevant, the 
motivation should be written down and, in some cases, returned to the requester. Regardless of 
relevance, information concerning the consultation is to be put on LFV intranet. If the consultation is 
found relevant, a time plan for addressing the consultation is established. After this, adjusting or other 
action is taken and follow-up occurs. The follow-up can take the form of documentation, informing of 
decision and/or change and continued coverage (LFV Internal Document, 2015d). 

Audit process 

LFV utilizes two audit processes as described in LFV Internal Document (2013a, 2014b). The first being 
a specially initiated type of audit while the second describes a general audit. The internal processes and 
activities for both are similar. The rest of this section describes and refers to the general. The principles 
are applicable on both. 

A simplified map of the audit process is found in Figure 5.2. An audit can be initiated by a multitude of 
reasons: larger routine or procedure changes, indication of inconsistencies, authority request, 
management request or as a regular yearly audit. The purpose of the audits is to ensure activities are 
performed efficiently and according to regulation and set plans (LFV Internal Document, 2014b, 2015b). 
Each function within LFV is audited at least once every five years (Oberger, 2015b). 

After initiation the Auditor(s) inform the unit to be audited of when it will occur and what the scope of 
the audit is. Practical issues, such as potential hotel bookings, are also addressed during this phase (LFV 
Internal Document, 2012g). This if followed by preparation of the audit team including activities such 
as request for documents, controlling earlier audit records and preparing checklists for the audit (LFV 
Internal Document, 2012e). 

The performing of an audit starts with an opening meeting between the auditor(s) and responsible 
manager for the process being audited. This is followed by interviews with managers and employees. 
After the audit has been completed auditor(s) gather their impressions and decides what information is 

Figure 5.2 - LFV Audit process, adopted from LFV Internal Document (2014b) 

Figure 5.1 – Consultation Process, adopted from LFV Internal Document (2014c, 2015d) 
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to be given the responsible manager. A meeting with this manager then occurs (LFV Internal Document, 
2012f). 

Finally, any nonconformities and recommendations are summarised in a report which is then, after a 
review, disseminated to relevant individuals (LFV Internal Document, 2012d, 2014b). At this point, the 
audit process ends. 

Quality assurance process 

The quality assurance (QA) process is to ensure that nonconformities and improvement suggestions are 
reported and analysed (LFV Internal Document, 2012b). A simplified version of the QA process is found 
in Figure 5.3 and is described below. This simplification does not take into account urgent issues or each 
individual process step. 

Nonconformities can be reported by an employee or found during an audit. For each nonconformity an 
issue is created. The responsible manager is asked to provide information regarding the nonconformity 
including reason, number of occurrences, potential effect on safety and security. A decision is also to be 
made of how to correct the nonconformity. This corrective action(s) is approved and feedback is given 
to the reporter (LFV Internal Document, 2012b, 2012c). 

Once the corrective activities have been finished, the issue is finished. Depending on the nonconformity 
or improvement suggestion, a follow-up can be made to assure that the activity has had intended 
outcome. This is mainly dependent on severity of issue, but any issue could be followed-up upon. If the 
outcome is found wanting, the issue will be reopened and reprocessed (LFV Internal Document, 2012b, 
2012c). 

  

Figure 5.3 - LFV QA process, adopted from LFV Internal Document (2012b) 
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5.2.  SA3.1 Potential performance indicators 
PI1 through PI5 below are potential PIs for the measurement of a formal SMS. They are to help give an 
indication to whether the SMS follows all applicable regulation and legislation and to help in the process 
of “systematically identify safety improvements” (EASA, 2014a). 

PI1/PI2: Percentage of legislation cross-referenced correctly/Number of legislation 
not cross-referenced correctly 

Through the active and passive stakeholder organisation coverage legislation and regulation is identified. 
By entering these into the system used and cross-referencing them to activities that show compliance 
with the legislation and regulation and then identifying where the SMS is not compliant, fields where 
improvements are needed are identified. Counting the number of noncompliant instances, and 
comparing to the total number of instances, PI1 or PI2 can be calculated. 

The PIs should be easily measureable, relevant and clearly shows whether the SMS is in the least 
noncompliant. It also has the advantage that it can cover not only SMS legislation, but all legislative 
requirements that exist for LFV and is thus able to be aggregated upwards for the management. The 
specific KPA of safety is, however, of such vital importance that it should be reported separately from 
other KPA. 

The PIs change and are updated as soon as a requirement is put into the system, either through active or 
passive coverage. A resulting danger is that these processes will be encouraged to have a low input, 
since an input would result in a, although temporary, increase in noncompliance. This danger is mitigated 
by the coverage process is performed by other individuals than the ones ensuring compliance and by 
regular revisions, both through internal processes and by the NSA. 

PI1: 
A low value (< 1) could initially indicate that LFV has either not fully implemented the cross-reference 
system. Once this has been implemented, it could indicate that several new legislation or regulation 
instances has been added which LFV has not yet fully implemented. 

A high value (close to 1) could indicate that LFV is fully compliant with current legislation. 

PI2: 
A value of zero indicates that LFV is fully compliant or has not commenced the legislation process. 

A higher value (higher than 0) would indicate that more work must be done in order to be compliant 
with the current legislation. 

PI3: Time since audit of full SMS 

Each function within LFV is audited at least once every five years. A measurement of compliance is the 
time since the last audit. This measurement functions under the assumptions that the audit will find any 
noncompliance and the chance of noncompliance is the lowest after an audit and then increases as time 
goes by. 

The PI is, accepting the assumptions above, easily understood, easily measureable and changes over 
time. Its effect, and thresholds, are less clear. An audit every year, which does not find any 
noncompliance, is not necessarily better than an audit every fifth year, which does not find any 
noncompliance. As such, this PI should be used to ensure timely audits, but it should not be a KPI. 

The threshold should be placed such as to encourage audit after a reasonable time. What a reasonable 
time signifies varies. In times of frequent changes or significant, new regulation or legislation, the 
threshold should be decreased in order to ensure compliance. The high/low values given below are in 
comparison to the threshold. 

A low value indicates that the SMS system has recently been audited. 

A high value indicates that the SMS system has not been audited in a long time. This could indicate that 
compliance is lower than expected. 
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PI4/PI5: Percentage of legislation not audited/Number of legislation not audited 

In the timeframe between audits both legislation and regulation is renewed and added upon. Thus, a 
certain number of instances have not been audited, since it has been added after the last audit. By 
measuring the number of new instances in the timeframe since the last audit, an indication can be given 
to whether a new audit should be requested to ensure compliance. 

Measuring this PI, while simple in theory, might be more difficult in practice. Potentially, in the 
comment section for each instance, a note could be added as to when this instance was last audited. Or, 
if possible, each new legislation gets a timestamp that can be compared to the date when the audit was 
performed. The number of timestamps that are after the last audit would be the PI, or compared to the 
total number in order to get the percentage. 

The PI increases as new legislation is added into the system, as such it could potentially foster a 
behaviour of not processing the legislation, especially not close to an audit. However, any audit should 
find and be able to correct this. 

PI4: 
A low value (close to 0) indicates that LFV has recently been audited with few or no nonconformities 
found.  

A high value (close to 1) indicates that LFV requires an audit, the process has recently been implemented 
and thus not audited yet or that legislation has recently been altered or new legislation has gone in effect. 
This should lead to an audit being requested. 

This PI could be inversed showing the percentage of legislation audited. 

PI5: 
A value of zero indicates that LFV is fully compliant or has not commenced the legislation process. 

A higher value (higher than 0) would indicate that more work must be done in order to be compliant 
with the current legislation due to new or changed legislation, a long time since last audit or the process 
has recently been implemented and thus not yet audited. 

PI5 should not be inversed. This is due to it adding an extra calculation as the number of legislation 
audited tells you nothing without knowing the total number of legislation. If the total number of 
legislation is known easily, PI4 is more easily understood and very simple to calculate. 
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Table 5.1 - EASA Survey for SA3.1 Timely compliance with international obligations 
Level Description Outcomes which may be considered 
A Initiating There is no SMS in place. There may be deviations from safety 

requirements 
 

B Planning/Initial 
Implementation 

The SMS I partially implemented, but it is not yet effective; it does not 
yet meet the safety requirements. 

ANSP has a plan to implement a SMS and is 
working towards the goal through a prioritised 
program. 

C Implementing The essential parts of the SMS are implemented, and the organisation 
meets the safety requirements. 

A compliant SMS is implemented. 

D Managing & 
Measuring 

All of implementing plus: 
The SMS is fully implemented and effective. 
Operations are monitored regularly to identify deviations. 

The SMS is an effective management tool 
which is assisting in decision making at the 
very highest levels. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
The organisation is committed to going beyond compliance and operating 
at the highest international safety standard. 

The ANSP has recognised that there is benefit 
for its operations in having a mature SMS. 
There is a plan in place for reaching the 
highest international safety standards. 

(EASA, 2014b) 
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5.3.  SA3.2 Beyond compliance 
The question concerning going beyond compliance is found, with its maturity levels and expected 
outcomes in Table 5.2 on page 28. The exact question is described below: 

“An organisation that strives to go beyond compliance, takes into account the need to ensure, in 
a timely manner, that there are no inconsistencies with European or national requirements or 
international safety standards” (EASA, 2014c). 

This question is to cover the MO Element 3.3: Continuous improvement of the SMS, which is phrased: 

“Establish a formal process to systematically identify safety improvements” (EASA, 2014a). 

There is a process to monitor national and international regulations and requirements within LFV. The 
process is mapped in Figure 5.4. The purpose of the process is to make sure that LFV identifies, analyses 
and takes care of the requirements for LFV from legislation, regulations and other governances. If a new 
or changed regulation affect LFV, it is implemented as an internal regulation. This makes sure that all 
employees does not have to take part of external requirements but rely on that the process takes care of 
the relevant regulations in an efficient way and implements it in the internal documents (LFV Internal 
Document, 2015c). 

There are different functions within LFV which are assigned to monitor new regulations or existing 
regulations within different areas (LFV Internal Document, 2015c) e.g. different departments and 
employees within them (LFV Internal Document, 2015a) looking for new or changed requirements. The 
external requirements are analysed regarding the relevance for LFV. If an external requirement is not 
applicable, information about it is spread on the intranet. 

External requirements that applies to LFV is converted into internal requirements. New internal 
requirements are then handed over to the functions which are affected. Process owners, document 
owners or department managers. The internal requirements are implemented in processes, routines or 
other regulatory documents. A cross reference is made between external and internal requirements (LFV 
Internal Document, 2015c). 

LFV has got a system called Rättsnätet (Notisum, 2015) which enables subscriptions of updates and 
changes in national and European regulations. The system also allows for LFV to keep a cross 
referencing between external requirement and internal requirements/processes. All though it is not fully 
utilized by all departments it has got the potential of showing LFV their regulation compliance level 
which is essential. International regulations from ICAO are not included though (Jaanivald, 2015). 

  

Figure 5.4 - Requirement update process, adopted from LFV Internal Document (2015c) 
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5.4.  SA3.2 Potential Performance Indicators 
PI6 through PI9 below are potential PIs for the measurement of a formal SMS. They are to help give an 
indication to whether LFV goes “beyond compliance” and to ensure “that there are no inconsistencies 
with European or national requirements or international safety standards” (EASA, 2014a). 

PI6: Percentage of new/changed international and national regulations 
implemented before the effective date during the last x months 

The number of new and/or changed requirements within a time period should be traceable. It should be 
possible to obtain the time of publication, the time for the implementation in LFV and the effective date 
of the requirement. I comparison with the total number of new/changed requirements, the percentage of 
those implemented ahead of the effective date is a performance measure for LFV. This will give LFV 
an idea of how well the organisation handles and implements new and changed requirement before the 
effective date ensuring compliance with international and national requirements. The amount of changes 
can of course differ over time and the compliance before effective date can vary due to workload but it 
should be easy to measure via the system Rättsnätet (Notisum, 2015) and see changes over time. The 
relation to the study area is clear since one of the goals are that ”the organisation is compliant with new 
requirements ahead of the effective date” (EASA, 2014b) and the PI is simple to understand. 

A low value (lower than 1) could indicate that LFV need more resources or more manageable procedures 
to be able to implement regulations before the effective date.  

A high value (close to 1) could indicate that LFV has got the resources they need for the efficiency of 
the process and/or that the process is efficient to be able to implement regulations before the effective 
date.  

PI7: Time period from requirement implementation to effective date during the 
last x months 

The time period from requirement implementation to the effective date will show LFV how far ahead 
they are able to implement new/changed requirements before they have to. Due to the way regulation 
and legislation are implemented, it is not possible to start follow changed requirements before the 
effective date as long as the previous one is valid. As such, this indicator could either be used to show 
how long after the effective date LFV is. Or, better, how long time before LFV is ready for the 
implementation. Completely new and extended requirements however are possible to implement before 
the effective date. The measurement is an indicator of how well the processes included are adapted to 
the need. If the PI value is low, it may show that LFV is still beyond compliance but that the marginal 
is small and the processes inefficient and/or understaffed. If the PI value is high, the processes included 
may be efficient and/or overstaffed. Measured over time it will compensate for different workload 
situations and show the timely compliance trend in LFV. Via the existing system Rättsnätet (Notisum, 
2015) it should be easily measured and should not require a lot of administration. The timeframe over 
which the PI is measured can vary by yearly, monthly or weekly basis. 

This time period could be measured using an average over time. It could also be interesting to look at 
outliers such as max and min as the average would compensate and perhaps not show the full picture. 
An additional potentially useful metric could be the median. Opposed to the average, the median has the 
advantage of not being as affected by larger outliers. 

As the goal of the metric is to ensure timely compliance, the measurement of the time period should 
reflect this. A threshold should be set as low as feasible. It should foster quick and early implementation 
with economic factors in mind. The values given below are in comparison to the threshold. 

A low value could indicate either that LFV has got small marginal between implementation and effective 
date or that some of the requirements are not able to be implemented before the effective date at all. 

A high value could indicate that most of the requirements are implemented in good time before the 
effective date and that LFV has got larger marginal between implementation and effective date. 
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PI8: Number of internal regulations/procedures implemented to increase safety, 
beyond compliance of external regulations during the last x months 

In those areas where LFV recognizes the need for further legislation to improve safety standards, 
initiatives should be taken through internal regulations/procedures and shared with the NSA and 
international work groups. The number of those initiatives over time should show that LFV is working 
proactive with regulations and contributes to improve safety standards. In theory, such PI could be 
subject to manipulation but since there is a process throughout the organisation to implement such 
initiative, it is unlikely that this is overdone. The PI is simple to understand and directly connected to 
the goal ”The organisation can identify areas of its operations which further legislative requirements 
are needed to improve safety standards” (EASA, 2014b). It is likely that the target value is quite low 
and therefor also the span between a low and a high value as mentioned below. It is deemed unlikely 
that this implementation is done frequently. 

A low value (close to 0) could indicate that LFV does not implement internal requirements besides 
legislation from external parties. 

A high value (higher than 0) could indicate that LFV is working proactively to seek potential 
improvements and implementing internal requirements were they see that the legislation is lacking. 

PI9: Number of safety improvement initiatives that potentially could contribute to 
further legislation or improved international safety standards during the last 
x months 

EASA (2014b) states that ”It (the organisation) contributes to a European, national or international 
dialogue to improve these requirements or standards”. Safety improvement initiatives communicated 
to, or discussed in European, international or national work groups, seminars and committees shows that 
LFV contributes to improved safety standards and goes beyond compliance. By addressing areas where 
further legislation or procedures are necessary, LFV strives for continuous improvement of safety 
standards. The PI could be administratively difficult to measure since there might be many different 
people and work groups involved. Over time the PI measures continual participation to improvements. 
As it might be a difficult process to implement new international regulations or requirements, the PI 
measures initiatives with potential to be implemented to encourage such. 

Over time, this indicator should be compared to earlier years. Any deviations should be investigated, 
especially if the indicator value is significantly lower than earlier years. 

A low value (close to 0) could indicate that few initiatives are taken to contribute to further legislation 
or that it is hard to assess the potential and measure initiatives. 

A high value (higher than 0) could indicate that LFV introduces initiatives often to the international 
work groups and potentially contributes to further legislation and improved international standards. 
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Table 5.2 - EASA Survey for SA3.2 Timely compliance with international obligations 
Level Description Outcomes which may be considered 
A Initiating There is little awareness of the regional or international safety standards.  
B Planning/Initial 
Implementation 

There is an awareness of the European or national requirements or international 
safety standards. Work has started in some areas. 

A gap analysis has been completed, and 
areas of non-compliance are known and 
prioritised for action. 

C Implementing European or national requirements or international safety standards are known 
and met as required. 

Compliance differences have been filed. 

D Managing & 
Measuring 

All of implementing plus: 
There is a process in place to address the need for timely and consistent 
compliance with European or national requirements or international safety 
standards. 

The organisation is compliant with new 
requirements ahead of the effective date. 
Embedded management processes 
(including audit) monitor practices to test 
internal compliance. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
The organisation has a structured mechanism to address the need for on-going 
and consistent compliance with European or national requirements or 
international safety standards. It contributes to a European, national or 
international dialogue to these requirements or standards. 

The organisation can identify areas of its 
operations which further legislative 
requirements are needed to improve safety 
standards. 

(EASA, 2014b) 
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6. SA5: Competency 
The study area of competency constitutes a single question (SA5-1): 

“Staff, and contractors (where appropriate) are trained, competent in safety and safety 
management, and where required, licensed” (EASA, 2014b) 

Table 6.1 (page 32) describes the various levels for question and the outcome EASA has defined as 
relevant. The outcomes are to be seen as examples rather than regulation and it is up to the NSA to 
determine whether the ANSP fulfils requirements. 

SA5.1 is expected to cover MO Element 4.1: Training and education, which is phrased: 

“Establish a safety training programme that ensures that personnel are trained and competent to 
perform SMS-related duties” (EASA, 2014a). 

6.1.  SA5.1 Competency 
LFV Internal Document (2014a) lists knowledge, experience, skills, talents, motivation and attitude as 
the meaning of competence. When it comes to requirements concerning safety and SMS, four different 
personnel categories have been defined (LFV Internal Document, 2012a): 

1. Audit & Survey 
2. Occurrence Reporting & Investigation 
3. Safety Assessment 
4. Safety and Quality personnel in general 

The process for ensuring Safety and SMS follows LFV competence management process, which is used 
to ensure and increase competence (LFV Internal Document, 2015b) and illustrated in Figure 6.1. Goals 
and plans are measured against the current competence level using a gap-analysis. This analysis results 
in a competence plan used as a baseline when individual and local group development, and activities to 
reach that, are decided. These development goals and how the local follow-up will occur are reported to 
head office, who also follows up (LFV Internal Document, 2014a; Oberger, 2015b). 

The follow-up is to focus on employee goal achievement, additional experiences, daily work 
applicability and result and employee individual development (LFV Internal Document, 2014a; Oberger, 
2015b). 

In addition to the competence management process, which is to be done on a month to month or quarter 
to quarter basis, competency schemes are in place for specific groups. As an example, Air traffic 
controllers have an initial training which is regulated by the NSA, as part of this training safety and SMS 
is covered (Oberger, 2015b). 

  

Figure 6.1 – Simplified LFV Competence Management Process adopted from LFV Internal Document (2014a) 
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6.2.  SA5.1 Potential performance indicators 
PI10 through PI13 below are potential PIs for the topic of competency. They are to help give an indication 
to whether employees are competent, and where required licensed, to operate in a safe manner and utilize 
the SMS. In addition, they are to encourage a good culture and the resulting good behaviours. 

PI10: Number of employees licensed divided by predicted need. 

For the requirements demanding individuals to have a specific requirement, i.e. Safety Assessment 
training, the number of individuals holding this license is to be divided by a number, set by the 
management, that represents the number of individuals needed to maintain competency in the category. 

Measuring this shows clearly whether there is an overcapacity or under-capacity of the specific category; 
When PI10 equals one, there is exactly as many licensed individuals as are needed. This would guarantee 
that competent employees exist when a need occurs. PI10 is also simple to understand and calculate, 
easily measureable assuming training is followed up and a database of training exists (which it does). It 
will also change over time, as people retire or similar. 

Potentially, the validity of the license could be set to be a specific time, i.e. five years, thus ensuring that 
the competency is maintained and up to date. 

The value should be as close to one as possible. 

A lower value could indicate an under-capacity and thus a need for licensing of new individuals. It could 
also indicate that the predicted need is set too high. 

A higher value could indicate an over-capacity of licensed personnel and thus error in planning. 

PI11: Number of safety and SMS related activities performed over the last x 
months. 

By measuring the number of safety and SMS related competency activities that are requested and 
performed over a set timeframe an indication of the competency level for these areas is given. PI2 has 
the advantage that it can be utilized at every level of the company giving an indication from a specific 
ATC unit to the management group. The PI should not be utilized on an individual level, rather it is to 
show how prioritized safety and SMS are for the lower level management. If no, or few, activities are 
performed over a longer period of time questions should be asked. 

This PI is easy to measure as activities are already reported and followed up upon. After some time, a 
good level of activities can be found. The level should neither be too high nor too low. The benefit of 
using it should be clear. A danger is that borderline activities are reported as safety or SMS related 
activity in order to increase the number. This could be avoided by it being the HR department that 
controls the activities as they are requested. 

PI11 acts within the assumption that an activity leads to competency. By using feedback and regular 
revisions of the activities performed, the probability of this assumption being true increases. 

Over time a standard could be developed for each unit. Any deviation from this standard should be 
investigated and the cause thereof determined. The values given below are in comparison to that 
standard. 

A low value could indicate safety is not prioritized in the organisations or a lack of understanding that 
safety and SMS related activities should be performed regularly. It could also indicate that activities are 
not correctly labelled as safety or SMS related. 

A high value could indicate that activities are incorrectly labelled as safety or SMS related. 
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PI12: Percentage of employees that have performed a safety and/or SMS related 
activity over the last x months. 

By measuring the percentage of employees that have performed a safety and/or SMS related activity 
over a set timeframe, without connecting this to specific employees, managers are able to get an 
indication of the competency level. The PI can be aggregated to not only give the percentage for a 
specific unit or group, but also the overall competency of the company. As such, every level is provided 
with the information needed and can act upon it. 

Since activities that occur already are reported, it should not be an issue to measure this PI. It will change 
over the period of time since what is being measured is the time since an activity occurred. If this time 
increases over a time threshold, the activity will no longer be counted. Once a new activity occurs, this 
will be updated.  

Information should not be available for any individual employee as this might be contra productive. 
Rather, it should be grouped for larger groups to prevent finger pointing at individuals. PI12 acts within 
the assumption that an activity leads to competency. Using feedback and regular revision of the activities 
performed, the probability of this assumption being true increases. 

The threshold, time since activity, could potentially be different for various groups. As an example, 
operators might require more frequent safety and/or SMS training than administrative personnel, or vice 
versa. 

A low value (lower than 1) could indicate that safety is not prioritized in the organisation. 

A high value (close to 1) could indicate that safety is prioritized for all employees. 

PI13: Percentage of employees that are actively using the SMS 

Instead of measuring the activities, active use of the SMS could be measured. All employees should, as 
they occur, report incidents and potential safety improvements. By measuring the number of unique 
authors for incidents over a timeframe, an indication of the SMS usage can be measured. After a period 
of time, this number can be compared to itself to indicate change in attitude towards the SMS which 
could be due to a lack of competency. 

This could send the indication that you are to report something or you are doing something wrong, which 
is not the intention. It is different from the number of incidents, which is already reported. The 
assumption behind this indicator is that x % of the employees should have an incident over this time 
period. This is a lacking assumption but the indicator might still be useful, assuming the quality of the 
reports made does not deteriorate. 

In addition, a concern is that this could be used to pinpoint individuals not reporting anything, which is 
close to a blame culture rather than a just culture. 

A low value (lower than 1) could indicate a lack of incidents, lack of competence in using the SMS or 
that the SMS is low prioritized by employees. 

A high value (close to 1) could indicate lack of competence as to what incidents are to be reported. 
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  Table 6.1 - EASA Survey for SA5 Competency 
Level Description Outcomes which may be considered 
A Initiating Competent staff and contractors (where appropriate) are provided on an 

ad hoc basis for safety and safety management activities. 
There are no formal competency methods (including proficiency, 
licensing, and training). 

 

B Planning/Initial 
Implementation 

Competent staff, and contractors (where appropriate) are provide and 
allocated based on limited planning and only for a limited number of 
positions related to operations and safety management activities. 
Competency methods are being developed. 

Core Competencies for safety professionals are 
defined in policy. 
Training Plan is adopted. 

C Implementing Competency methods have been designed and are applied. 
An annual planning process for training is in place. 

Training course materials exists. 
Training statistics provide attendance records 
and competence assessment. 
A gap analysis to identify any unfulfilled 
training needs or requirements has been 
established. 

D Managing & 
Measuring 

All of Implementing plus: 
There is a process for the training providers(s) to receive feedback on the 
effectiveness of training programmes; based on feedback, the training 
programmes are revised to improve effectiveness. 

Safety Professional performance standards 
related to core competency requirements as 
defined by the ANSP are met. 
The organisational structure shows recognised 
safety professional categories. 
Safety professionals possess required core 
competency process elements for their roles. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
Competency methods (including proficiency, licensing, and training) are 
periodically reviewed and improved with industry Best (good) practice 
adopted. 
Training plans cover safety and SMS activities and allow for the 
improvement of staff skills and competency. 

Training feedback is provided and analysed. 
Periodic training course review. 
Process Improvement Reports are available. 
Periodic Best (good) Practices Reports. 

(EASA, 2014b) 
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7. SA11: Adoption and Sharing of Best Practises 
The study area of Adoption and Sharing of Best Practises consists of three questions as quoted below: 

“A structured approach exists to promote safety, its standing within the organisation and lessons 
learnt through application of the SMS” (EASA, 2014c). 

“A structured approach to gather information on operational safety and SMS best (good) 
practices from the industry” (EASA, 2014c). 

“Sharing of safety and SMS-related best (good) practices with industry stakeholders” (EASA, 
2014c). 

The respective maturity levels and expected outcomes for each level and questions are described in 
Table 7.1, Table 7.2 and Table 7.3Table 7.3. These questions could be summarized into promoting safety 
and the SMS, sharing lessons internally, gather and share information externally. They cover various 
aspects of the same core: Dissemination of experience. Due to the similarity between the gathering and 
sharing of information externally, 11.2 and 11.3 have been combined. 

7.1.  SA11.1 Safety, SMS and lessons learnt 
The question, dealing with the promotion of safety and SMS and sharing lessons learnt through the SMS, 
with its maturity levels and expected outcomes is found in Table 7.1 on page 38. The question 
formulation is quoted below: 

“A structured approach exists to promote safety, its standing within the organisation and lessons 
learnt through application of the SMS” (EASA, 2014c) 

This question is to cover the MO Element 4.2: Safety communication, which is phrased: 

“Establish formal means for safety promotion and safety communication” (EASA, 2014a). 

This single question was divided into two parts, promoting Safety and the SMS followed by Safety 
lessons learnt dissemination, that are dealt with separately below. 

Promoting Safety and the SMS 

During management meetings in LFV, safety is a standing issue on the agenda (LFV Internal Document, 
2013b). This is also the case for local operational meetings where also safety improvement initiatives, 
risks and occurrences as well as trends are discussed. Each individual is encouraged to develop and make 
use of his or her knowledge to improve organisational safety work. Each employee is also encouraged 
to report incidents and hazards, and suggest solutions for the problem. The proposals are analysed and 
actions taken are reported back to the employee (LFV Internal Document, 2012i). 

The organisation strives to improve safety to a higher level at all times (LFV Internal Document, 2015b) 
and safety improvement initiatives are encouraged. A safety improvement can derive from the following 
activities as stated in LFV Internal Document (2012i): 

 Safety performance requirements  Safety monitoring and analysis  New operational concepts  Improved available technologies  Lesson Dissemination  Safety Awareness  Reporting and incident investigation  Safety assessments 

These activities may result in either a safety plan, a safety improvement report or a trend analysis report, 
including recommended actions (LFV Internal Document, 2012i). 
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According to LFV Internal Document (2015b), all employees shall be aware of the SMS and of safety 
concerns associated with his/her work. All personnel shall be able to show that they have understood 
and accepted his or her individual safety responsibility, which is described in their work description or 
corresponding document as well as in the SMS processes (LFV Internal Document, 2015b). 

The management is responsible for that the staff gets education within the SMS, are encouraged to file 
incident and occurrences reports as well as are aware of risks associated with the work they are doing. 
The latter is done through the local operational procedures document, handling information regarding 
identified risks from focus areas established in the operational planning, safety brochures, information 
from trend analyses as well as discussions during local meetings (LFV Internal Document, 2012h).  

Safety lessons dissemination 

There is an internal instruction within LFV on how to disseminate safety lessons learnt with the purpose 
of spreading experience to relevant personnel and external suppliers (LFV Internal Document, 2013b).  

Lessons learnt can be distributed in different ways. General information is spread to all personnel via 
either the intranet or other internal information channels. Targeted information is sent to a specific 
person or role. Lessons learnt can also be spread via SMS training (LFV Internal Document, 2013b). 
Some information regarding Safety and lessons learnt is implemented in the SMS, others are published 
on the intranet. There is a possibility to follow up how many employees that have read a specific 
publication/note on the intranet but it is not done systematically (Oberger, 2015b). 

On management level, information/lessons learnt are summarized/reported in management meetings and 
safety committees. Information and experiences are also shared between LFV, NUAC and NAVIAIR 
(LFV Internal Document, 2013b).  

Local managers are responsible for spreading lessons learnt within their area of responsibility. If it is 
deemed relevant, managers shall pass lessons learnt up to company level (LFV Internal Document, 
2013b).  

Examples of information/lessons learnt to be shared as stated in LFV Internal Document (2013b) as 
follows:  

 Safety Management System  Safety Assessments  Occurrence reports and analysis  Investigation Reports  Reports from Swedish Accident Investigation Board  NSA Audits  Safety Audits and Surveys  Trend analysis and monitoring including statistics  Safety Plan  Safety Reports  Information from Eurocontrol, CANSO etc.  Other relevant information  
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7.2.  SA11.1 Potential Performance Indicators 
PI14 through PI24 below are potential PIs for the measurement of the safety promotion and lesson 
dissemination aspects of a SMS. They are to give an indication to whether the SMS is effective in 
promoting and communicating safety. In addition, they are to promote good behaviour throughout the 
organisation for these fields. 

PI14: Number of safety brochures published over the last x months 

The number of safety brochures regarding risks and problem areas distributed within a certain time 
frame. By sharing information about known risks and problem areas LFV can make the staff aware and 
safety prone. The number of those publications could indicate how well LFV promotes safety. It is 
published by one department and should be easy to measure. 

A low value (close to 0) could indicate that LFV does not promote safety on a regular basis or that there 
is lack of information to spread. 

A too high value could indicate that LFV publishes too many to safety brochures and overwhelm the 
staff with information and the brochures could be ignored. 

A just right amount should be published. The number of publications that are just the right amount is 
not determined as it depends on the scope and size of each brochure. 

PI15: Safety information/Lessons learned spread published on the intranet. 
Percentage of all employees who have read the information within a certain 
time period from publication 

This PI measures how well LFVs employees assimilate safety information/lessons learnt throughout the 
organisation. It evaluates the information channel and works as a tool for development of it. The PI 
requires some administration unless it is possible to make it automated. It is possible to measure change 
over time and applicable for other kind of information as well. 

A low value (lower than 1) could indicate that the information channel is inefficient or that the employees 
are unaware of the importance of searching for and obtaining the information. 

A high value (close to 1) could indicate that the information channel is efficient or that the employees 
are aware of the importance of searching for and obtaining the information.  

While reading information increases the potential for that information to have been understood and 
applied, it does not guarantee it. Nonetheless, the metric is useful as an indication. 

PI16: Safety information/Lessons learned spread published on the intranet. 
Percentage of employees within a certain workgroup who have read the 
information within a certain time period from publication. 

This PI is similar to PI15 and measures the efficiency of the information channel for safety information/ 
lessons learned. However, it measures different departments/work groups separately to identify which 
units that might need to inform or educate the employees of the importance of searching for and 
obtaining the information. The PI can show change over time and is applicable for other kind of 
information. 

A low value (lower than 1) could indicate that the information channel is inefficient for that specific 
work group, or that the employees are unaware of the importance of searching for and obtaining the 
information. 

A high value (close to 1) could indicate that the information channel is efficient for that specific work 
group, or that the employees are aware of the importance of searching for and obtaining the information. 

While reading information increases the potential for that information to have been understood and 
applied, it does not guarantee it. Nonetheless, the metric is useful as an indication. 
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PI17: Percentage of filed incident reports that are disseminated on company level. 

Depending on the nature of an incident report, the local manager chooses to either spread the information 
within the unit or on a company level. The ratio between filed incidents reports and those spread to the 
organisation indicates how good the employees are at sharing lessons learned and knowing what others 
can learn from. This PI will likely vary depending on the type of incident but larger differences could 
indicate a trend regarding lessons dissemination.  

A low value (close to 0) could indicate that the view of what needs to be shared need to be analysed or 
that many of the incidents that are reported are specific to the local unit.  

A high value (close to 1) could indicate that LFVs employees are well aware of the need to spread 
lessons learned and that information about local incidents could benefit other units as well.  

PI18: Percentage of filed incident reports within a unit that are disseminated to 
company level 

This PI measures differences in disseminated incident reports between different units of the organisation. 
It could indicate were there might be need for further information/education regarding what to spread to 
the organisation, and also which units are spreading lessons learned often. In order to interpret the PI, 
the reason why a low or high percentage of the filed reports are disseminated need to be analysed, which 
requires administration and analysing of the incident reports.  

A low value could (close to 0) indicate that the view of what needs to be shared need to be analysed or 
that many of the incidents that are reported are specific to the local unit. 

A high value could (close to 1) indicate that LFVs employees are well aware of the need to spread 
lessons learned and that information about local incidents could benefit other units as well. 

PI19: Number of safety improvement initiatives by employees during the last x 
months 

The PI measures employees’ safety awareness and safety culture in some way. If the number of 
initiatives are at a high level and the change over time is increasing, it is an indicator that LFV promotes 
safety in a good way and that the safety culture is high. The PI could potentially be manipulated to have 
a high value by filing initiatives with low or no actual worth. Therefore, it is necessary to analyse the 
content for quality. Depending on the information channels used it might be extensive administration to 
measure.  

A low value (close to 0) or decreasing trend could indicate that there is a need to audit the process for 
promoting safety and safety initiatives within LFV.  

A high value (not defined) or increasing trend could indicate that the process for promoting safety and 
safety initiatives is working and that the employees are proactive in safety work. It could also imply that 
a vast number of safety improvement initiatives  

PI20/PI21: Number of management meetings with safety on agenda during the last 
x months/Percentage of management meetings with safety on agenda during 
the last x months 

The number and percentage of management meetings with safety on the agenda indicates how high LFV 
prioritizes safety on a management level. It measures that safety is a consistent and expected topic of 
discussions high up in the organisation. It should be manageable to measure by reviewing meeting 
minutes or agendas. The change over time could indicate a positive or negative trend in prioritizing 
safety matters. The two PIs are connected and there is no reason to measure one without the other. 

A low value/percentage (close to 0) indicates that safety matters is not prioritized as it should be.  

A high value/percentage (undefined/close to 1) indicates that safety matters is prioritized as it should be. 

  



37 

 

PI22/PI23: Number of local operational meetings with safety on agenda during the 
last x months/Percentage of local operational meetings with safety on agenda 
during the last x months 

These PIs are similar to PI20 and PI21 but on a local level for every unit. This indicates how safety matters 
is prioritized by local managers and employees. This can be measured by reviewing meeting minutes or 
agendas of local operational meetings and due to the amount of units it might be more administratively 
extensive. The two PIs are connected and there is no reason to measure one without the other. 

A low value/percentage (close to 0) indicates that safety matters is not prioritized as it should be.  

A high value/percentage (undefined/close to 1) indicates that safety matters is prioritized as it should be. 
If a numeric value is used, the number of meetings should also be presented as comparison. 

PI24: Time since last audit of the lessons learned dissemination process 

The process of spreading different kind of lessons learned needs to be reviewed once in a while to make 
sure that the information channels are working efficiently. It is important that the lessons learned that 
LFV wants to spread is also received by the recipients. Therefore, a review of routines and processes for 
lessons learned dissemination is necessary. This should be easily measured and documented. A target 
value should be set to establish the frequency of audits. The high/low values presented below are in 
comparison to the target value. 

A low value indicates that an audit is made recently and that it is presumable that the process is working, 
or that changes are made to make it work better. 

A high value indicates that it might be time to consider an audit of the process. 
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Table 7.1 - EASA Survey for SA11.1 Adoption and sharing best (good) practices 
Level Description Outcomes which may be considered 
A Initiating There is no structured approach to promote safety and its 

management within the organisation. 
The organisation has the capability to identify lessons learnt and 
promote them but on an ad hoc basis. 

There is no transfer of learning at either an 
organisational or individual level. 
Lessons learning, for example is ad hoc. 

B Planning/Initial 
Implementation 

Ad hoc processes are in place to gather and then promote 
information on safety, lessons learnt and the SMS. 
Some initial implementation has begun. 
Some internal best (good) practices are spread across units within 
the organisation, but there is no systematic structure for internal 
safety promotion. 

Sharing of lessons is driven by individual workers or 
managers rather than at an organisational level. 
Lessons learnt processes are under development. 

C Implementing An organisational approach has been established to promote 
safety, lessons learnt and the SMS. 

The organisation has identified a number of mediums 
through which lessons can be shared and these have 
been formalised. 
There is some evidence that lessons learning is 
effective. 

D Managing & 
Measuring 

All of implementing plus: 
Formal methods are in place to capture safety knowledge and 
promote it internally. 
The standing of safety and its management is a consistent and 
expected feature in internal communication. 

The organisation has developed and implemented a 
number of mediums through which lessons can be 
shared. 
Lessons learning process can be demonstrated to be 
effective. 
Changes to procedures, training can be traced back to 
lessons learning process. 
KPIs and Milestones for lessons learnt identified. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
Staff are encouraged to share lessons learnt in order that the 
lessons can be promoted across the organisation. 
Strategies to promote safety and its management are developed 
by senior levels in the organisation and are being implemented. 
Other industries’ initiatives in relation to internal safety 
promotion are periodically reviewed with the approach being 
modified on the basis of the information gathered. 

A continual improvement cycle has been developed to 
further refine and develop the ways in which lessons are 
shared within the organisation. 
All staff are aware of the lessons learning process. 
Senior managers actively promote safety to all staff. 
There is evidence of regular benchmarking of safety 
best (good) practices across the industry. 

 

(EASA, 2014b) 
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7.3.  SA11.2 & SA11.3 Intra organisation information gathering and sharing. 
These question, dealing with the intra organisation gathering of safety information and the sharing of 
practices between organisations, with its maturity levels and expected outcomes is found in Table 7.2 
(page 41) and Table 7.3 (page 42). The questions’ formulations are quoted below: 

“A structured approach to gather information on operational safety and SM best (good) practices” 
(EASA, 2014c) 

“Sharing of safety and SMS-related best (good) practices with industry stakeholders” (EASA, 
2014c). 

These questions are to cover the MO Element 3.3: Continuous improvement of the SMS, and MO 
Element 4.2: Safety communication, which are phrased: 

“Establish a formal process to systematically identify safety improvements” (EASA, 2014a). 

“Establish formal means for safety promotion and safety communication” (EASA, 2014a). 

Intra organisation information gathering and sharing 

LFV participates in several internationally recognised organisations which both influences and sets a 
standard for best practices. These include, but are not limited to: Eurocontrol, Civil Air Navigation 
Service Organisation (CANSO) and within the NUAC organisation (LFV Internal Document, 2015b; 
Oberger, 2015b). 

Within these organisations are subgroups for safety improvement et cetera. These are more hands-on 
and offer practical tips and possibility to ask questions both in meetings and in forum-type channels 
(Oberger, 2015b).  
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7.4.  SA11.2 & SA11.3 Potential Performance Indicators 
PI25 through PI27 below are potential PIs for the purpose of measuring the effectiveness of intra 
organisation information gathering. They are, in addition to measuring the effectiveness, to encourage 
good behaviour for this topic. 

PI25: Number of safety meetings attended over the last x months. 

Measuring the number of meetings that have occurred over the last period of time gives an indication of 
the opportunities where best practice can be obtained. However, it gives no indication of whether a best 
practice was achieved and, more importantly, implemented. As such, the connection between the 
indicator and the field is questionable, while being easy to understand. 

While it is easily measured in theory, in practice there may be issues in defining to which degree the 
meetings are in fact safety meetings. A threshold should be set for the number of meetings that should 
be attended during the time frame. The values below are in comparison to that threshold. 

A low value could indicate that few meeting have been held or that the meetings are of low priority for 
LFV. 

A high value could indicate that the opportunities for having obtained and shared best practice with other 
stakeholders is high. 

PI26: Number of best practices from external sources where implementation has 
been initiated over the last x months. 

PI26, while having a direct connection with the effectiveness of the intra organisation information 
gathering, is hard to measure. It measures the result, and not the effort put in. The connection to the KPA 
is unquestionable, but the instances that constitute the indicator are less so. 

A low value (close to 0) could indicate that best practices are not gathered and implemented. This could 
imply that LFV is ahead or that LFV does not prioritize gathering best practice from external sources. 

A high value (higher than 0) could indicate that the process for gathering and implementing best practice 
from external sources is well functioning and prioritized. 

PI27: Number of best practices that have been implemented by external 
organisation over the last x months. 

PI27, similar to PI26, has a direct connection to the effectiveness of the intra organisation sharing of best 
practices, but is very hard to measure due to competition between companies.  

A low value (close to 0) could indicate that information concerning who is using LFV developed best 
practices is not obtainable, or few organisations have implemented LFV developed best practices. 

A high value (higher than 0) could indicate that LFV is well ahead in the development of best practices 
and other organisations have implemented the best practices developed by LFV. 
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Table 7.2 - EASA Survey for SA11.2 Adoption and sharing best (good) practices 
Level Description Outcomes which may be considered 
A Initiating There is no structured approach to gather best (good) practices from 

the industry. 
The organisation has the capability to identify and adopt industry 
best (good) practices on an ad hoc basis. 

 

B Planning/Initial 
Implementation 

There is an ad hoc structure in place to gather information on 
operational safety and SMS best (good) practices. 
Some initial implementation has begun. 
Some internal best (good) practices are spread across units within 
the organisation, but there is no systematic structure for the adoption 
of best (good) practices. 

Best practice process identified. 
There is evidence of identifying best practice. 
There is some evidence of application of internal 
best practice. 

C Implementing A structure has been established to identify applicable operational 
safety and SMS best (good) practices from the industry. 

There is an auditable process to identify and apply 
best practice from the industry. 
Key performance indicators and Milestones have 
been produced to show that the process is being 
applied and is effective. 

D Managing & 
Measuring 

All of implementing plus: 
Industry best (good) practices are periodically reviewed to provide 
the most current information, which is then assessed for 
applicability, and adopted as appropriate. 

There is evidence of regular benchmarking of safety 
best (good) practices across the industry. 
Evidence shows that best (good) practices are 
adopted where appropriate. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
All relevant best (good) practices are readily accessible to 
appropriate personnel. 
The organisation actively participates in developing industry best 
(good) practices. 

Evidence shows that the organisation is proactive in 
developing and spreading best practice in the 
industry. 

(EASA, 2014b) 
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Table 7.3 - EASA Survey for SA11.3 Adoption and sharing best (good) practices 
Level Description Outcomes which may be considered 
A Initiating There are no plans to release and share best (good) 

practices with industry stakeholders 
 

B Planning/Initial 
Implementation 

Sharing of best (good) practices is ad hoc and takes 
place in response to requests for assistance from 
industry stakeholders. 

A best practice process has been identified. 
There is evidence of ad hoc discussion on best practice with 
industry stakeholders. 
There is some evidence of application of internal best practice. 

C Implementing A formalised process is in place to share best (good) 
practices with the industry. 

There is an auditable process to identify and apply best practice 
from the industry. 
Key performance indicators and milestones have been produced 
to show that the process is being applied and is effective. 

D Managing & 
Measuring 

All of implementing plus: 
Best (good) practices are actively shared with industry 
stakeholders. 
Sharing of safety-related best (good) practices with 
industry has demonstrated improved safety 
performance. 

There is evidence that best practice is proactively shared within 
the industry. 
KPIs show that the best practice has been effective in reducing 
risk and increasing safety performance. 

E Continuous 
Improvement 

All of Managing & Measuring plus: 
SMS-related best (good) practices are pro-actively 
shared with industry stakeholders with the aim of 
improving SMS standards. 

Evidence shows that the organisation is proactive in developing 
and spreading best practice to improve the overall; level of safety 
management in the industry. 

(EASA, 2014b) 
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8. Conclusion 
The purpose of this thesis was to identify principles behind aviation safety and Safety Management 
System (SMS) as well as develop Key Performance Indicators (KPIs) to measure the maturity and 
quality of the SMS of the Swedish Air Navigation Service Provider (ANSP) LFV.  

Safety management system is a requirement for all air navigation service providers among others. It 
contains policies, procedures, organisational structures and activities to assure and promote safety and 
to manage safety risks within the organisation. The framework for the SMS is set on an international 
level and it has been adopted and adjusted within the European Union. 

LFVs SMS is consistent with the international structure and framework. The thesis describes some of 
the contents within the study areas timely compliance with international obligations, competency as well 
as adoption and sharing of best practices.  

A part of measuring the effectiveness of a SMS is performance indicators (PIs). The purpose is to 
monitor and collect information to identify and take actions against potential safety issues. The PIs 
should represent an ”aspect of reality” (Øien et al., 2011b), be quantifiable and measure change over 
time. There are different views on PI characteristics and the chosen ones for this thesis are simple to be 
understood, easily measurable, relation to the area unquestionable and shows change over time by Øien 
et al. (2011b). 

KPIs are PIs chosen by the management for their high value and importance. After testing and evaluating 
PIs, KPIs can be determined and targets can be set. 

Based on the publication Acceptable Means of Compliance and Guidance Material for the 
implementation and measurement of Safety (Key) Performance Indicators (S(KP)Is) (EASA, 2014a) the 
three study areas were investigated, the processes involved were analysed and 27 potential PIs were 
developed using the seven steps introduced by Harvey et al. (2015). These 27 PIs were discussed in this 
thesis and tested for feasibility before a selection of 6 potential KPIs were made for recommendations 
to LFV. 
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9. Discussion 
The results and recommendations of this thesis are potential KPIs and PIs for the use by LFV within the 
areas timely compliance with international obligations, competency and adoption and sharing of best 
practices. They are developed based on literature studies within the area as well as internal documents 
describing processes and routines for LFVs personnel. The suggestions from the authors of this thesis 
are to be analysed by LFV staff for potentiality and practical reasons. The work could be seen as ideas 
to be further developed within the organisation or by other students in the future.  

Due to time limitations and decided focus areas only three study areas of total eleven were investigated 
in this thesis. For a more complete measuring tool for the SMS, the other eight study areas should be 
analysed and PIs should be developed. After such further work, a complete set of KPIs for the whole 
SMS could be established and targets could be set.  

Since the existence of a SMS is legislative for organisations like LFV, there could be a sense in 
comparing with other national or international organisations. The structures of the SMS and most likely 
the processes within will vary, and by that, also PIs. However, consideration should be taken to that 
different countries and NSAs interpret regulations and requirements different which might influence the 
contents of the SMS.  
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10.  Recommendation 
In order to continuously measure the effectivity of their SMS, the ANSP LFV is recommended to 
implement the following set of PIs as KPIs: 

SA 3.1: PI2 Number of legislation not cross-referenced correctly; 

SA 3.2: PI7 Average time period from requirement implementation to effective date over the last 
x months; 

 PI8 Number of internal regulations and procedures implemented to increase safety beyond 
compliance to external regulations during the last x months; 

SA 5.1 PI11 Number of safety and SMS related activities performed over the last x months; 

SA 11.1 PI15 Safety information/lessons learned spread published on the intranet. Percentage of all 
employees who have read the information within a certain time period from 
publication; 

 PI19 Number of safety improvement initiatives by employees during the last x months. 

The PIs are explained further in their respective section. 

These KPIs cover the following EASA study areas: Timely Compliance with International Obligations 
(SA3), Competency (SA5) and Adoption and Sharing of Best Practices (SA11). The set should be 
complemented or adjusted with KPIs covering the remaining eight study areas. 

This set is believed to be easily measured without greater changes to the current organisation or systems, 
cover vital aspects of the SMS and promote good behaviour both on an operational level and on a 
management level. Further the individual PIs are simple to be understood and no complex calculations 
are required. 

It is recommended that these KPIs are measured for an extended time period in order to validate their 
effectiveness and set thresholds. In addition, several of the PIs are over a specific timeframe, no attempts 
have been done to identify what a good timeframe is for each PI This should be performed during the 
extended validation period. 

It is imperative for the management to frequently follow up on these KPIs and to identify specific 
activities that has an impact on the KPIs in order to promote compliance to the objectives that the 
indicators measure. 
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