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One of the issues major airlines face are flight delays and flight cancellations. This causes a chain 
reaction as other connecting flights are delayed or cancelled. This is very problematic not only for the 
passengers but for the airlines as well. According to the Federal Aviation Administration, it is estimated that 
flight delays cost airlines $22 billion yearly. I am working in conjunction with Aerospace Engineering Professor 
Dr. John-Paul Clarke and Industrial Engineering Professor Dr. David Goldsman. The question at hand is based 
on the time history of the boarding pass scans, how is the probability of late departure times affected. The main 
focus of this paper is to determine whether there is a linear relationship between: 

1.   Number of people on each flight and the amount of time it takes from first passenger to board the 
plane to the last passenger that boards the plane 

2.   Capacity of each flight and the amount of time it takes from first passenger to last passenger 
 

3.   Number of people on each flight and amount of time it takes from first passenger to pushback 
(moving the plane from passenger terminal to a runway or taxiway) 

 
4.   Capacity of each flight and the amount of time it takes from first passenger to pushback. 
The data we received is from a major US airline company. It looks at a single day’s worth of passengers 

who boarded each plane at differing times. For each entry there is: 
•   The time of when the passenger scanned their boarding pass and boarded the plane 
•   The flight number of the plane 
•   The type of aircraft 
•   The seat the individual was assigned to 
•   The time of the plane’s pushback (when the plane leaves the passenger terminal to the runway or 

taxiway) 
The data has quite well over 10,000 entries and to perform statistical analysis by hand would not be the 

most efficient way. I used Python programming that I learned over the past summer in my CS 2316 class to 
extract/filter out useful information. I was able to create a spreadsheet that consists of: 

•   The flight number of the plane 
•   Amount of people in each flight (1) 
•   The capacity that an aircraft can hold (2) 
•   The time that the first passenger of each flight boarded on the plane  
•   The time that the last passenger of each flight boarded on the plane 
•   The time which the plane pushback (OutTime) 
•   Time difference between the last passenger and first passenger that boarded the flight (3) 
•    Time difference between pushback and the first passenger (4) 

 
With the extracting of useful information complete, I began the analysis process. From the guidance of Dr. 
Clarke and Dr. Goldsman, I used Linear Regression between: 

•   (4) on (1) 
•   (3) on (1) 
•   (4) on (2) 
•   (3) on (2) 
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Before we continue with analysis, here are some terms we need to understand: 

•   R2: Coefficient of determination. A Statistic that will give some information about the goodness of fit of 
a model. How good is the fit? 

•   Multiple R: Correlation coefficient between Y variable and X variable 
•   ANOVA: Analysis of variance (ANOVA) is a collection of statistical models used to analyze the 

differences among group means and their associated procedures. This is very important as it helps us in 
understanding about the regression 

•   Significance F: significance of the f-test. The lower the value, the better the regression analysis 
•   P-value: the lower the value, the better. Ex. Intercept is 95% correct if p-value is 5%  

 
After looking at the linear regression model, there were some data points (outliers) that distracted my results. 
These data points were events where a particular plane remained at the passenger terminal for over 24 hours 
until pushback. This made it difficult to determine whether a different regression analysis should be used given 
the characteristics of the model. I then removed the outliers and created the linear regression model once more. 
With the outliers removed, the R2 improved drastically from 0.00066 in Diagram (1) to 0.1512 in Diagram (5). 
With R2, this means that we are able to explain 15% of variability in our Y variable (Difference between 
pushback and first passenger) from our X variable (amount of people in flight). The significance F turned out to 
be 1.53*10^30. This is good as the linear regression model is good for these two variables. The p-value for the 
intercept is .1239 and for the slope is 1.53*10^30. While the p value for the intercept is rather high, the slope is 
pretty good. With all the data given, it is safe to assume that the (amount of people in flight) and the (difference 
between pushback and first passenger) have a linear relationship. 
 
More Analysis: 

 
Amount of people in flight VS Difference between pushback and first passenger  

R2 Significance F P-value for intercept P-value for slope 
0.151269334 1.53442E-30 0.123934161 1.53442E-30 

 
Capacity of flight VS Difference between pushback and first passenger 

R2 Significance F P-value for intercept P-value for slope 
0.137848672 8.87692E-28 0.037560398 8.87692E-28 

 
Amount of people in flight VS Difference between last passenger and first passenger 

R2 Significance F P-value for intercept P-value for slope 
0.005271811 0.039195071 2.19199E-12 0.039195071 

 
Capacity of flight VS Difference between last passenger and first passenger 

R2 Significance F P-value for intercept P-value for slope 
0.001635369 0.251179442 3.97304E-07 0.251179442 

 
 
From all four relationships, we see that our R2 are all under .20. Having a low R2 does not mean it is bad. For 
this project, it was actually expected that the coefficient of determination was going to be low. Any field that 
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attempts to predict human behavior will bound to have a R2 that is lower than 50%. This is simply because 
humans are more difficult to predict than physical/mechanical processes.  
 
Despite the low R2, we can draw important conclusions from the significance F. We see that for the first two 
relationships, the significance F was extremely low. The latter two relationships end up with values still under 
1.  
 
Conclusion 
 
 The four relationships we analyzed on first glance at the data appears to be related in a linear fashion. In 
regards to the ‘Capacity of flight VS Difference between pushback and first passenger’ and the ‘Capacity of 
flight VS Difference between last passenger and first passenger’, determining whether it is related linearly 
would need to be analyzed further. The graphs of those two relationships are rather awkward and do not follow 
a normal linear graph. As for ‘Amount of people in flight VS Difference between pushback and first passenger’ 
and ‘Amount of people in flight VS Difference between last passenger and first passenger’, by looking at the 
graph and the data, I am fairly certain that these two relationships follow a linear trend. That as the amount of 
people in a flight increases, the ‘difference between pushback and first passenger’ and ‘difference between last 
passenger and first passenger’ will increase as well.  
 For future analysis, other regression models may be worthwhile to examine in the future. Multiple 
Linear Regression of: 

•   ‘Difference between last passenger and first passenger’ on ‘Amount of people on flight’ AND ‘Capacity 
of flight’ 

•   ‘Difference between pushback and first passenger’ on ‘Amount of people on flight’ AND ‘Capacity of 
flight’ 

will also be worth looking at to see if the two independent variables (explanatory variables) affect the dependent 
variable (response variable).  
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Appendix 
 

Amount of people in flight VS Difference between pushback and first passenger  
Diagram (1) 

 

 
Corresponding Linear Regression summary output 
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Capacity of flight VS Difference between pushback and first passenger 

Diagram (2) 

 
Corresponding Linear Regression summary output 
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Amount of people in flight VS Difference between last passenger and first passenger 

Diagram (3) 
 
 
 

 
 
 

Corresponding Linear Regression summary output 
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Capacity of flight VS Difference between last passenger and first passenger 

Diagram (4) 
 

 
 

Corresponding Linear Regression summary output 
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Amount of people in flight VS Difference between pushback and first passenger 

Removed outliers 
Diagram (5) 

 

 
 

Corresponding Linear Regression summary output 
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 Capacity of flight VS Difference between pushback and first passenger 

Removed outliers 
Diagram (6) 

 

 
 
 

Corresponding Linear Regression summary output 
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Amount of people in flight VS Difference between last passenger and first passenger 

Removed outliers 
Diagram (7) 

 
 

Corresponding Linear Regression summary output 
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Capacity of flight VS Difference between last passenger and first passenger 

Removed outliers 
Diagram (8) 

 

 
 

Corresponding Linear Regression summary output 
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