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ASSESSING EFFECTS OF SAFETY CULTURE IMPLEMENTATION WITHIN 
MILITARY FLIGHT ORGANISATION 

ABSTRACT 

This paper analyses the occurrence of accidents in military flight organisations to determine the 
effect of implementing a safety culture. It also analyses whether the occurrence of safety-related events 
among pilots during flight missions is a rare event (or not) that occurs in a military flight organisation 
where a safety culture is applied. The obtained results, based on the analysis of Mig-21 aircraft 
accidents over a period of 28 years, show that the implementation of a safety culture has a significant 
positive impact on the military flight organisation by reducing the probability of accidents. 
Furthermore, the occurrence of safety related events in a flight squadron is random, due to a thoroughly 
implemented safety culture. The obtained results are a prerequisite for taking appropriate measures to 
continue and / or increase flight safety management system even more persistent, particularly in the 
segments where the risk of accidents is the highest. 
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1. INTRODUCTION 

Safety culture in flight organisations where high-risk flight activities are conducted requires a 
thorough and proactive approach. Aviation accidents and contributing factors promote safety culture 
research and development. Military flight organisation can imply to the squadron, which is the lowest 
level with Command; groups, which are usually based on the assignment of squadrons with similar 
functions; or wings (two or more groups). Each one of these elements, separate or together, may be 
considered a military flight organisation, regardless of their purpose (combat, training, etc.). In military 
flight organisations, the risk of accidents is more pronounced due to the much more demanding tasks 
that must be performed by pilots and aircraft in a complex space-Bme constraint. Safety culture 
represents a set of fundamental organisational safety importance assessments and its underlying 
beliefs and attitudes that form the basis for employee behaviour and decision-making process in an 
organisation [1]. The concept of safety culture has evolved from the initial concept of organisational 
culture. This term describes operations and processes within an organisation. Organisational culture is 
defined as a concept of determining the shared values of an organisation that affect and are reflected 
in the attitudes and behaviours of its members [2]. By systematising activities in different risky 
activities, it is possible to determine that the concepts of organisational climate and organisational 
culture were close, that is, there was no difference that occurred over time [3]. Moreover, the term 
safety climate was often replaced by the term safety culture and vice versa. By elaborating and defining 
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the concept of organisational culture, safety culture can be better understood and clarified as its 
integral component [4]. 

The concept of climate is an antecedent of safety culture, that is, a safety climate is actually an 
emerging culture. In some works, a safety climate is defined as employees' experience of safety in the 
workplace [5]. Three levels can be distinguished at which organisational culture can be observed [4]: 
basic assumptions, accepted values and material artefacts. Basic assumptions form the base level of 
safety culture. It is a set of acquired or defined knowledge and assumptions within a particular 
organisation that are considered acceptable to solve the problems posed. For this reason, core values 
are significant and useful to pass on to new members within the organisation. Accepted values imply 
the attitudes and experiences of individuals towards safety. This term is closest to the notion of a safety 
climate. The safety culture in an organisation can manifest itself on a concrete (visible) and abstract 
(invisible) level [6]. On the concrete level these are material artefacts and forms of behaviour, on the 
abstract level these are attitudes, values, experiences and basic assumptions.  

Safety culture in aviation is in general based on the rigid principles and doctrines, which is 
understandable given the complexity of the aviation industry [7]. From the perspective of flight 
organisations, a safety culture exists when each individual employee, depending on his or her position 
and function, actively takes all measures and procedures to prevent the occurrence of errors. All 
individual efforts should be supported by the flight organisation [8].  

Safety culture can be broken down into elements or components that can be individually 
considered, measured, analysed, and ultimately influenced. These are reporting culture, just culture, 
flexible culture, learning culture and informing culture [7]. It can be concluded that the presence of a 
strongly implemented safety culture in terms of adequate implementation of all relevant activities has 
a positive impact on safety-related beliefs and activities, and reduces the occurrence probability of 
undesirable events, within the processes taking place in an organisation.  On the other hand, the 
absence or incomplete implementation of a safety culture can lead to poor implementation of 
activities in practice and thus increase the likelihood of accidents [9].  

Measurements of safety culture implementation and application in military flight organisations are 
methodologically compatible with those conducted in civilian flight training organisations, particularly 
in the application of core principles and performance indicators. However, certain adaptations and 
modifications are required in military flight organisations due to their peculiarities. The main difference 
manifests itself in the approach based on the requirements of military and civil aviation. The safety 
culture in military organisations is based on the principle of risk taking, while in other (non-military) 
organisations it is based on its avoidance [10]. As in civil aviation organisations, the implementation of 
a safety management system is closely related to a safety culture. The safety culture in military aviation 
is also based on a good and high-quality information flow and the proactive collection of safety related 
data. Without an effective element of information culture, other elements are not effective, making 
the safety management system difficult to establish [11].  

This paper attempted to analyse the occurrence of accidents in military flight organisations to 
determine the effect of implementing a safety culture. It also sought to determine whether the 
occurrence of indiscipline in flying by pilots is a systematic occurrence or a rare event that occurs in a 
squadron of military aircraft that applies a safety culture and all its elements. The results obtained are 
a prerequisite for taking further appropriate measures to continue and/or increase more decisively 
flight safety, especially in the segments where the risk of accidents is the highest. 

2. METHODOLOGY 

In civil aviation, risk has been assessed as the probability of the occurrence of an air accident in 
terms of two aggregate indicators, the accident rate, and the fatality rate [12]. Two approaches are 
generally taken in approaching risk assessment and safety of operations. The first is a casual approach 
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that looks at the number of accidents and the number and fatalities, the extent of system performance 
over a period of time, and other relevant characteristics that are considered relevant causal variables. 
The number of accidents, fatalities, and injuries per unit of air traffic performance over time provides 
an indication of whether the level of safety is improving or not.  

In the paper [13], significance was set at 0.05 significance level for all statistical tests. Considering 
the sample size, the Shapiro-Wilk and Levene tests were used to check the normality of the 
distributions and the homogeneity of the variance, respectively. Because in all cases at least one such 
assumption of parametric data was violated, non-parametric techniques were required. 

Another approach is to statistically model the occurrence of aviation accidents over time. The 
Poisson sequence or Poisson process is often used. The application of this distribution is also possible 
for other accidents, e.g., traffic accidents [14]. 

2.1 Occurrence of MiG-21 Accidents in the Period from 1962 to 1990 

In the context of improving the operational safety of military aircraft, which must be reconciled 
with the safety culture, the accidents of the Mig-21 supersonic military fighter aircraft in the period 
from 1962 to 1990 were first considered. The year in which the specific aircraft entered the use of Air 
Force was taken as the beginning of the period under consideration, and the last year marked the 
beginning of the actual war operations in which the aircraft was used, among others. In the post-1990 
period, accidents could not be attributed to indiscipline in flying or other factors, and the nature of 
flying and use of aircraft in wartime differs significantly from the nature of use in peacetime. Therefore, 
data on accidents during the observed time period would significantly affect the sample. In this way, a 
representative sample was selected, and a statistical analysis was carried out to test the sample using 
χ2 so that the conclusion could be extended to the whole population. In the consideration, it was 
assumed the same number of flight hour per aircraft and number of aircraft in operation in the 
observed time period.  

We set up the first (null) hypothesis (H0) that Mig-21 accidents are normally distributed over a time 
interval. For this purpose, categorical data were used, and frequencies of the events were calculated. 
A χ2 (chi square) statistical test was used to test the hypothesis. The χ2-test can be particularly useful 
to determine whether the observed frequencies differ from the frequencies we would expect under 
the null hypothesis. The χ2-test is a widely used method for fitting the distribution to empirical values 
in statistical procedures and is used when examining the shape of the distribution of the basic set from 
which the observed sample is drawn. In this context, a variant of the sample fit-test was used in the 
analysis of a categorical variable from a population to determine the fit of the sample to the assumed 
(normal) distribution.   

In the first observed case, we wanted to test whether the observed frequencies (f0) of Mig-21 
aircraft accidents in the 28-year time interval matched the expected normally distributed frequencies. 
Aircraft crashes were divided into four categories, as follows: (A) the aircraft was not completely 
destroyed in the accident, (B) the aircraft was completely destroyed, (C) the accident resulted in the 
death of the pilot, and (D) the accident did not result in the death of the pilot. Indeed, an accident is 
defined as an occurrence associated with the operation of an aircraft in which (...) a person is fatally 
or seriously injured as a result of being on the aircraft, (...) the aircraft suffers damage or structural 
failure that: affects the structural strength, performance or flight characteristics of the aircraft and 
would normally require major repair or replacement of the affected component (...) the aircraft is 
missing or completely inaccessible [15].  

In this context, it is possible to make the above classification according to the frequency of the 
events. Table 1 shows the distribution of the observed frequency of events according to the above 
categories, which are divided into classes of four years. 
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Table 1 – Observed frequencies (fi) of events by category in observation time intervals. 

 n xi (A) fi (B) fi (C) fi (D) fi 

'62-'66 1 2 2 0 1 1 

’66-'70 2 6 11 6 8 8 

’70-'74 3 10 11 7 6 12 

’74-'78 4 14 13 6 6 13 

’78-'82 5 18 18 9 8 20 

’82-'86 6 22 11 11 3 19 

’86-'90 7 26 9 3 3 9 

Total 75 42 35 82 

 

For each of the classes (n), the z-value was calculated to determine how far the first lower and 
upper limits were from the arithmetic mean. The arithmetic mean was calculated according to 
equation (1), where f0 is the observed frequency and xi is the mean for each of the defined classes. 

 

�̅� =  
Σ 𝑥𝑖𝑓0

Σ𝑓0
 (1) 

The z-values (scores) or the standard scores are the relative measure of the deviation of each unit 
from the arithmetic mean expressed in parts of the standard deviation. They were calculated for each 
category by equation (2): 

𝑧𝑖 =  
𝑥𝑖 − �̅�

s
 (2) 

Standard deviation (s) was calculated according to equation (3): 

𝑠 = √
Σ𝑓0(𝑥𝑖 − �̅�)2

Σ𝑓0
 (3) 

For each zi - value, the value of the ordinate of the normal distribution curve Y (zi) was determined 
and expected frequencies ft were calculated based on the known number of events (accidents) with 
certain consequences (N) and the width of each class, which is four years (equation 4). 

𝑓𝑡 =  𝑁 ∙
𝑖

𝑠
 ∙  𝑌(𝑧𝑖) (4) 

Table 2 shows the observed (f0) and expected (ft) frequencies and the corresponding χ2 values for 
each of the analysed categories and classes. For the expected normal distribution based on the number 
of classes, there is 4 degrees of freedom (DF) (number of classes - k - 1). Here, one degree of freedom 
is lost to the common N in the observed and theoretical curves and the other to the common arithmetic 
mean. In a normal distribution, the arithmetic mean is not equal to the variation, so another, third 
degree of freedom is therefore lost. 
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Table 2 – Expected occurrence frequencies and χ2 -limits 

Period n (A) zi (B) zi (C) zi (D) zi (A) ft (B) ft (C) ft (D) ft (A) χ2 (B) χ2 (C) χ2 (D) χ2 

1962
-'66 

1 2,08 2,26 1,80 2,38 2,12 0,84 1,69 1,25 0,01 0,84 0,28 0,05 

1966
-'70 

2 1,47 1,62 1,19 1,73 6,27 2,92 4,20 4,76 3,57 3,26 3,44 2,21 

1970
-'74 

3 0,85 0,97 0,58 1,08 12,87 6,76 7,21 11,86 0,27 0,01 0,20 0,00 

1974
-'78 

4 0.23 0,32 0,03 0,43 17,99 10,29 8,52 19,37 1,38 1,79 0,75 2,09 

1978
-'82 

5 0.39 0,32 0,65 0,22 17,12 10,29 6,90 20,73 0,05 0,16 0,17 0,03 

1982
-'86 

6 1,00 0,97 1,26 0,87 11,20 6,76 3,86 14,55 0,00 2,65 0,19 1,36 

1986
-'90 

7 1,62 1,62 1,87 1,52 4,97 2,92 1,48 6,69 3,26 0,00 1,55 0,80 

Calculated values 8,54 8,72 6,58 6,54 

Theoretical value (DF = 4, P = 0.05) 9,49 9,49 9,49 9,49 

 

From the results presented in Table 2, it can be seen that the χ2 limits for the four degrees of 
freedom are higher than the calculated values for all four observed categories at the 0.05 level of 
significance. Therefore, the first null hypothesis was retained, i.e., it is possible to conclude with a 5% 
risk that the distribution of accidents according to all observed categories - (A) aircraft is not completely 
destroyed, (B) aircraft is completely destroyed, (C) accident results in death of pilots, and (D) accidents 
do not result in death of pilots - follows a normal distribution. 

2.2 Occurrence of Flight Safety Hazard Events for Pilots in a Flight Squadron 

The second case considered was to verify whether the occurrence of flight safety hazard events for 
pilots in a flight squadron is a random event or not. The number of aircraft and pilots in the squadron 
was determined based on the standard classification NATO for a flight training squadron operating a 
medium performance aircraft. The considered time period was from 2010 to 2020, and the observed 
frequency of flight safety events (x) by pilots in the squadron (f0) over a ten-year period was 
determined by the method of interviewing squadron commanders and flight safety officers. According 
to the developed model, the number of pilots included in the study was 52. Considering the fact that 
the safety culture policy is applied to a significant extent, it can be assumed that the safety-related 
events are distributed on a case-by-case basis and do not occur frequently among pilots in the 
squadron. That was a second (null) hypothesis (H0) of conducted research. Thus, the assumption that 
the occurrence of safety-related events is rare, the Poisson distribution assumption is made. Table 3 
shows the data on observed and expected frequencies and χ2 results. 

Table 3 – Observed and expected frequencies of safety-related occurrences in the flight squadron and χ2 values 

x f0 f0 * x ft f0 (f0 - ft)2 χ2 

0 11 0 10,74 12 0,07 0,01 

1 14 14 16,94 24 8,65 0,51 

2 18 36 13,36 24 21,55 1,61 

3 5 15 7,02 9 32,06 3,01 

4 3 12 2,77 - - - 

5 1 5 0,87 - - - 

 ∑ f0 = 52 ∑ f0 * x = 82 ∑ ft = 51,71  5,14 
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Classes in which f0 value is less than 5 are grouped so that the number of degrees of freedom is 
determined by 2. In the Poisson distribution, the arithmetic mean is equal to the sample standard 
deviation, so third degree is lost to the common variance. From the χ2 table, we can expect that with 
2 DF, the limit for significance level 0.05 is 5.991. 

3. RESULTS AND DISCUSSION 

In the first case of considering the distribution of MiG-21 aircraft accidents in the period from 1962 
to 1990, it was found that for all the categories considered, the calculated values of the χ2 at four 
degrees of freedom are smaller than the theoretical value at 0.05 level of significance. The calculated 
value of the χ2 for the category in which the aircraft was not completely destroyed in the accident is 
8.54; for the category in which the aircraft was completely destroyed, it is 8.72; for the category of 
accidents that resulted in the death of the pilot, it is 6.58, and for the category of accidents that 
resulted in the death of the pilot, it is 6.54. The theoretical value of the χ2 for the four degrees of 
freedom with 0.05 level of significance is 9.49. From the above, it can be seen that all the calculated 
values are smaller than the theoretical value and, in this case, we can retain the first hypothesis.  

By retaining the first hypothesis, it is to be concluded that the occurrence of accidents in all 
categories is normally distributed. It was found that during the first decade of MiG-21 operations 
(period from 1962 to 1970) no significant or relevant attempts were made to improve flight safety. As 
a result, the number of accidents peaked at the end of the next decade. Since the number of aircraft 
and pilots lost in accidents was unacceptably high, a system of lessons learned was later introduced. 
After the application of appropriate tools in military flight organisations, the number of accidents 
began to decrease. In this context, the retention of the null hypothesis proves the positive effect of 
applying a safety culture in flight organisations.  

The results of the test of the distribution of the occurrence of the safety-related events of the pilots 
in the flight squadron also confirm that the calculated value of χ2 (5,15) is smaller than the theoretical 
limit (5.991) with 0.05 significance level. Thus, the second hypothesis was also retained in this case. It 
can be concluded that the number of safety-related events in the flight squadron is indeed a random 
event. 

4. CONCLUSION AND FURTHER WORK 

Two different cases were examined, relating to the activities carried out at Military flight 
organisations. In the first case, the observed frequencies of MiG-21 accidents during the 28-year time 
interval were consistent with the expected normally distributed frequencies. In the second case, the 
occurrence of flight safety related events for pilots of a flight squadron corresponded to the Poisson 
distribution, which can be applied for random events. 

By retaining the null hypotheses in both cases, it is to be concluded that the implementation of 
safety culture has a significant impact on military flight organisation by reducing the probability of 
accidents. On the other hand, the absence of safety culture significantly increases this probability.  

The results show that the number of accidents involving MiG-21 aircraft increased during the period 
of their early operation. For this reason, measures were taken to implement elements of safety culture, 
which apparently led to a reduction in the number of accidents. This was proven by the retaining the 
first null hypothesis, which stated that the distribution of MiG-21 accidents follows a normal 
distribution according to all observed categories. It was assumed that the number of aircraft and flight 
hours was the same during the observed time period.  

In the second case, the retaining of the second null hypothesis showed that the occurrence of 
safety-related events in a flight squadron is a random event due to a systematically implemented 
safety culture. Despite the fact that almost every pilot in the squadron experienced a safety-related 
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event at least once, this cannot be attributed to indiscipline while flying or other tasks. In this context, 
the reasons for the occurrence of safety hazards should be classified and examined in more detail.  

There are a number of tools and methods for measuring safety culture in aviation and other high-
risk activities. However, a standardised safety culture measurement tool that covers all high-risk 
activities is not yet known. Therefore, different tools are used that best cover the specifics of certain 
safety-related activities. In the context of safety, generally accepted performance indicators and 
measures of safety culture have been mostly forensic, using a retrospective approach with records of 
accidents or their rates as a function of the number of operations, flight hours, fatalities, injuries and 
similar. Further research in this area will focus on the holistic approach or method for measuring safety 
culture and contributing to its implementation in other flight organisations. 
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