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Abstract— In today’s world, big data and big data 
analytics plays a greater role to improve knowledge-based 
tasks, and to uncover hidden patterns and other insights. 
With today’s technology, it is possible to analyze the data 
and get answers from it almost immediately. This paper is 
intended to discover the aviation accident patterns on each 
decade. The paper also focuses on independent variables: 
weather, scheduled or non-scheduled flights, phase of 
flight, types of engine, number of engines used and 
amateur built, and looks into the statistical significance of 
patterns in aviation accidents. This paper utilizes factor 
analysis to describe variability among observed, correlated 
variables and correlation analysis to observe the 
association between continuous variables. The paper uses 
descriptive crosstabs and explores row percentages, 
column percentages and cell percentages to compute 
statistical results.  
The statistical result shows the aviation accident patterns 
and affects of independent variables on accidents. Finally 
it concluded that cruise flight is smoother and safer than 
1980s. Non-scheduled flights are responsible for 76 percent 
of aviation accidents where total number of fatal injuries is 
more than or equal to 1. Approximately 7.4% of general 
aviation accidents were weather related yet weather 
related flights account for 22% of fatal injuries where total 
number of fatal injuries is more than or equal to one. 
Almost 83% of aviation accidents occurred in single-
engine piston aircraft. 

 
Index Terms— aviation, accident, pattern, NTSB, SPSS, 

descriptive statistics, predictive modeling, python, Chi-
Square, cross tabulations 

 

I. Introduction 
Aviation accidents involving airplane, helicopter, air 

balloon, jet plane etc. occurred from time to time. Aviation 
accidents are unpredictable which result the greater loss of life. 
Aviation accidents can be caused by several factors including 
human error, unpredictable bad weather, engine failure, 
aviation component failure, fires in the cargo, design flaws, 
bird strikes, etc. The paper focuses on identifying historical 
patterns on aviation accidents on specific decade as well as 
statistical analysis of several factors of aviation accidents and 
the number of injuries caused by it. 
 

II. Data Collection Method 
For this paper, data was downloaded from National 

Transportation Safety Board (NTSB) website. NTSB aviation 
accident database contains information from 1962 and later 
about civil aviation accidents and selected incidents within the 
United States, its territories and possessions, and in 
international waters. [6] 

The total number of unique columns is 31 and database has 
77975 rows. 

An overview of the initial data is shown below: 

 

 

Figure 1. Variable view of data in SPSS software 
 

III. Data Analysis Method 
IBM SPSS (Statistical Package for the Social Science) has 

been used to conduct the data analysis on aviation accidents. 
The IBM SPSS is capable to perform linear model, non-

linear model, simulation capabilities, decision tree, descriptive 
analysis and so many others. Descriptive analysis, factor 
analysis, correlation analysis, cross tabulation analysis and 
cluster analysis are used during the process to conduct the data 



analytics on National Transportation Safety Board (NTSB) 
accident database. 
 

A. Data Overview 
To analyze the data overall on aviation accidents, 

descriptive statistics has been used on the phase of flight, it 
can be concluded takeoff and landing are the phases of light 
most aviation accidents occur. 

 

  

Figure 2. Aviation accidents during certain Phase of Flight 
 

 
Figure 3. Graphical representation of aviation accidents during 

certain Phase of Flight 
 

B. Accident pattern analysis method by Decade 
To analyze the aviation accident on each decade and 

evaluate the pattern of accidents by decade, the new column 
named Decade_Identifier has been added for each accident 
etnry. For instance, if the aviation accident was occurred on 
02/16/2016, it will be marked as 2010. Similarly if the accident 
was occurred on 07/25/1987, it will be marked as 1980.  
Phyton script was written to identify the decade and season of 
the year based on the event date.  

 
 

 
Sample Python code: 
import os 
f1 = open(os.path.expanduser("=../AviationData.txt")) 
f2 = open(=../newAviationData.txt', 'w') 
with f1: 

for line in f1: 
     words = line.split(" | ") 
     find_this1 ="/193" 
 
 

 

Figure 4. Additional variables plus recoded variables added in 
Data Set 

Sometimes it is important to change a continuous variable 
into a categorical variable and in SPSS, this type of 
transformation can be done through recoding. To perform the 
statistical analyse, some of the variables were recoded and 
new variables were created to put the recoded data into. For 
instance, Season of Year has been recoded into 
Season_of_Year_ID which holds 1 = "Winter" 2 = "Spring" 3 
= "Summer", 4 = "Fall" and 5 = "Season_" (unknown.) 
Similarly, other variables like Aircraft_Category, Make, 
Model, Amateur_Built, Engine_Type, Purpose_of_Flight, 
Weather_Condition, Broad_Phase_of_Flight, Airport_Name, 
and Aircraft_Damage were recoded too. 

After recoding, the factor analysis was performed to see the 
relationship among selected variables. Some of the independent 
variables were removed which didn’t have impacts on aviation 
accidents after performing factor analysis to produce the 
factors of correlated independent variables. The variables can 
be seen in the structure matrix below. 

 

 
Figure 5. Factor analysis 



 
Finally, the Structure Matrix shows the factor loadings for 

each variable. Based on these factor loadings, the factors 
represent: 

 
Figure 6. Factor analysis 

 

C. Correlation analysis on factor variables 
The paper uses the correlation analysis to closely observe 

the relationship among independent variables.  
By looking at the chart below, it can be observed the 

variable Total Number of Fatal Injuries has a 0.265 significant 
to the variable Total Number of Serious Injuries. 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Correlation analysis on variables 
 

 
Figure 8. Correlation among total number of fatal injuries 
and total number of serious injuries in Scatter graph 

 
Using Scatter point graph, the relationship between total 

number of fatal injuries and total number of serious injuries can 
be observed. Total number of fatal injuries and total number of 
serious injuries tend to be around same number when there are 
less than 30 injuries but tend to go far away when there are 
more injuries. Sometimes, there are high fatal injuries but low 
serious injuries. Similarly sometimes, there are high serious 
injuries and low fatal injuries. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 



IV. Data Analysis Method 
Cruise flight is smoother and safer than 1980s, aircrafts 
industry saw most accidents while preparing for landing 

Almost 64% of aviation accidents occurred during the 
landing, the approach, the maneuvering and the take off stage 
on 2010s. Most accidents took place during the departure (take 
off / climb) and arrival (approach / descent / maneuvering / 
landing) stages. Aircrafts industry saw most accidents while 
preparing for landing, and occurred during decent, approach 
and landing phase of flight. This accounts for 41% of aviation 
accidents. 
 

 
Figure 9. Crosstabulation between Phase of Flight and Decade 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
What’s interesting is there is not a noticeable change in the 
pattern of aviation accidents from 1980s to 2010s except for 
the aviation accidents in cruise mode. 

In 1980s, 16.4% of aviation accidents were cruise flight 
related. In 2010s, cruise accidents only account for 2.7%. 
Cruise flight is smoother and safer than 1980s. Thanks to the 
technological advancement! 

On the chart below for the cross tabulation between Phase of 
Flight and Decade, aviation accidents during each phase of 
flight on each decade can be observed clearly. 

 
 

 
 
 
 

 
 
 
 
 



Non-scheduled flights account for 76 percent of aviation 
accidents where total number of fatal injuries is more than 
or equal to one 

Almost 76% of aviation accidents were reported on non-
scheduled flights where total number of fatal injuries was 
more than or equal to one. Around 24% of aviation accidents 
were reported on scheduled flights where total number of fatal 
injuries was more than or equal to one. 

From the analyzed dataset, only around 44% of aviation 
accidents were reported on non-scheduled flights where total 
number of fatal injuries was more than or equal to one. More 
than half of the accidents i.e. 56% were reported on scheduled 
flights where total number of fatal injuries was more than or 
equal to one. 

The percentage of aviation accidents were not found similar 
on scheduled and non-schedule flights where total number of 
fatal injuries or total number of serious injuries was more than 
or equal to one, which was not expected. The paper needs to 
analyze more on this. 

  
 

 
Figure 10. Crosstabulation of scheduled flight and non-

scheduled flight on total number of serious injuries and total 
number of fatal injuries 

 
The statistical result shows the pattern of accidents for 

scheduled and non-scheduled flights on each decade is 
consistent. Each decade, non-scheduled flights account for 
more than 70 percent of accidents. 

 
Figure 11. Crosstabulation of scheduled flight and non-

scheduled flight on each decade 
 
 
 
 
 
 
 
 

 
How weather and amateur built affect aviation accident? 

Definitions taken from the website 
http://aviation.about.com, “VMC (Visual Flight Rules): The 
definition of VMC, according to the FAA, is: meteorological 
conditions expressed in terms of visibility, distance from cloud, 
and ceiling equal to or better than specified minima. 

IMC (Instrument Flight Rules): The definition of IMC, 
according to the FAA, is: meteorological conditions expressed 
in terms of visibility, distance from cloud, and ceiling less than 
the minima specified for visual meteorological conditions.” [8] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Crosstabulation of scheduled flight and non-
scheduled flight on each decade depending on airplane built 

amateur or not 
 

By looking at the chart above, approximately 7.4% of 
general aviation accidents were weather related. When 
airplanes were amateur built, aviation accidents related to 
weather dropped down to 1.8%. When airplanes were not 
amateur built, aviation accidents related to weather jumped to 
8%. From 1980s to 2010s, weather related aviation accidents 
had been dropped down from 8.3% to 5.1%. This percentage 
dropped is 8.8 to 5.7 when airplanes were not amateur built. 

In 2010s, 5.1% of general aviation accidents were weather 
related. In 2010s, when airplanes were amateur built, these 
general aviation accidents related to weather dropped down to 
1.5%. When airplanes were not amateur built, general aviation 
accidents related to weather jumped to 5.7%. 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Weather related flights account for 22% of fatal injuries 
where total number of fatal injuries is more than or equal 
to one 

 

 
Figure 13. Crosstabulation of weather condition and total 

number of fatal injuries 
 
The fatal injuries rate is high for the weather related 

aviation accidents. These results indicate that there is 
statistically significant relationship between the total number of 



fatal injuries and weather condition (chi-square = 877.829).  
Out of 14792 fatal injuries, 3262 fatal injuries were due to 
weather related aviation accidents. That means 22% of total 
fatal injuries were related with weather aviation accidents. 
Weather related aviation accidents much less likely to happen 
i.e. 5.1% in 2010s but it accounted for around 22% of total 
fatal injuries in 2010s. 
 
Almost 83% of aviation accidents occurred in single-
engine piston aircraft 

Aircraft engines are almost always either lightweight piston 
engines or gas turbines. Turbo jet engine, turbo prop engine, 
turbo fan engine and turbo shaft engine are variants of turbine 
engine. 

A reciprocating engine, also known as a piston engine, is a 
heat that uses one or more reciprocating pistons to convert 
pressure into a rotating motion. [7] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Crosstabulation of aircraft engine with number 
of engines 

 
Turbo prop and turbo fan engine aircrafts had accident rate 

of 5.4% and 3.7% respectively. Reciprocating engine (piston 
engine) accounted for 90.1% of the accidents. Popular 
commercial planes Boeing 737 and Airbus A320 both use 
turbo fan engines. The paper cannot conclude necessarily what 
kind of turbo engines is safer from the analyzed data. One of 
the reason is the current dataset doesn’t have information about 
aircraft engines and its used in the aviation market. Current 
dataset also doesn’t know if failures of aircraft engines were 
the cause for some of these accidents. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
From the analyzed dataset, it can be concluded that most of 

the accidents occurred on single-engine piston aircrafts i.e. 
82.8% and double-engine piston aircrafts i.e. 7.2%. It could be 
the reason that there are a lot of piston engine based aircrafts in 
the aviation world. Lots of small planes use piston engine for 
fuel efficiency. 

 
IV. Future Work 

To analyze aircraft engines on engine failure aviation 
accidents 

Various aircraft engines are used in various aircrafts 
depending on the size of the plane, fuel efficiency and 



maintenance cost. This research can be elaborated to further 
analyze the role of aircraft engines on engine failure aviation 
accidents. Collecting separate data of engine-failure aircraft 
accidents as well as the list of planes with aircraft engines 
information, and integrating with the current dataset can help 
achieving this analysis. 

 

V. Conclusion 
The trend and pattern of aviation accidents on phase of flight 

varies significantly by decade. Other factors didn’t vary 
significantly by decade. The statistical result shows that cruise 
flight is smoother and safer than 1980s; the credit goes to 
advancement in the aviation technology and development of 
high-tech cockpit equipment in modern aircrafts. Non-
scheduled flights are responsible for 76 percent of aviation 
accidents where total number of fatal injuries is more than or 
equal to 1. Approximately 7.4% of general aviation accidents 
were weather related yet weather related flights account for 
22% of fatal injuries where total number of fatal injuries is 
more than or equal to one. Almost 83% of aviation accidents 
occurred in single-engine piston aircraft.  

The statistical result shows various aviation accident 
patterns and affects of independent variables on accidents. 
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