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Delay Detectives

Do Different Airlines Have More Frequent Delays?
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I. Introductions

Have you ever been delayed at an airport before? How long was the delay? Did it mess

up other plans because of the timing, or did you miss a connecting flight after the delay? Our

project hopes to test which airlines are the best at reliably providing accurate flight times. We

will be looking at the top five airlines in the United States: American Airlines, Southwest,

United, Delta, and Alaska Airlines. These airlines were not randomly selected, so our results can

only be generalized to this population of the top five American airlines.

II. Statistical Question

The question we are trying to answer is: Do different airlines have more frequent delays?

Hypotheses:

H0 : For each of the 5 airlines, the distribution of planes that are “Early-15 mins late”,

“16-60 mins late”, and “Over 60 mins late” is the same.

HA: For each of the 5 airlines, the distribution of planes that are “Early-15 mins late”,

“16-60 mins late”, and “Over 60 mins late” is not the same.

III. Data Collection

In order to collect data, we analyzed each of our selected airlines at five randomly

selected airports, taking a cluster sample of every departure that airline made over ten randomly

selected days of the year. To do this, we first needed to select which airports to analyze. We

found data for the 94 largest airports in the US (those with over 1 million enplanements per

year), assigning each airport a number from 2-95. We then used a random number generator 2-95

to generate five unique numbers from that interval. Those five values were 82, 3, 24, 81, 57.

From our spreadsheet of airport data, these corresponded to the following airports: Albany
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International Airport, Los Angeles International Airport, Salt Lake City International Airport,

Tulsa International Airport, and Hollywood Burbank (Bob Hope) Airport.

We then needed to randomly select the

days that we are collecting data from. We used

reports from the year 2021 because that was

the most recent full year with available data.

This gives us the most accurate and up-to-date

data. Similar to the airlines, we used a random

number generator from 1-365 to generate ten

unique numbers, for ten unique days of the

year. Those random numbers were: 66, 271,

172, 248, 171, 326, 166, 345, 324, 118. We

then choose to collect data from days

corresponding to these numbers: March 7,

September 28, June 21, September 5, June 20,

November 22, June 15, December 11,

November 20, and April 28.

Now that we have the sample airports and the sample dates, we must create our delay

categories. The Federal Aviation Administration (FAA) considers a flight to be delayed when it

is over 15 minutes later than its scheduled departure time. However, our group also wanted to
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include a category for delays exceeding an hour. So, we will check each airline to see how many

flights truly departed on time, how many were delayed 16-60 minutes, and how many were

delayed over an hour. We can generalize our findings about these specific airlines to every

airport with at least 1,000,000 enplanements in the US, because those were the airports that were

randomly sampled from. Our results will determine which airlines have the most consistent

departure times, and which airlines you likely shouldn’t rely on for timely flights.

We collected the data from the Bureau of Transportation Statistics. The act of collecting

data was a long and tedious process, the website was only allowed to search for one airline, and

one day at a time, meaning we needed two hundred and fifty different searches with every

statistic needing to be manually placed into a spreadsheet. At the end of this process we had

successfully collected 5507 flights from those airlines, airports, and days from 2021.

IV. Data Displays

*The following data is collected from one day (April 28th). It is one of ten days we collected

data on.

Flights that were early - 15 minutes late:
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Flights that were 15 - 60 minutes late:

Flights that were > 60 minutes late:

Below is the accumulated data for all ten days.
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V. Data Analysis

As you can see in the segmented bar graph and the side-by-side bar graph, the majority of

flights in all five of these airlines are either early or considered to be on time (less than fifteen

minutes late). Southwest has the highest percentage of very late flights (more than an hour

behind scheduled departure time), which occurred 99 times out of the 1382 total Southwest

flights (7.16%). The airline with the lowest percentage of very delayed flights is Alaskan

Airlines with only 3.3% of all recorded flights being delayed over an hour.

But are these results of the difference in percentages solely due to random chance? Or is

there a statistically significant difference in the percentage of flights that are delayed between the

five airlines? We will have to perform an inference procedure to make a claim.

VI. Inference Procedure

We will be conducting a Chi-square test for homogeneity in order to determine whether

there is a difference in the distribution of planes that are “Early-15 mins late”, “16-60 mins late”,
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and “Over 60 mins late” for each airline. We will be using an significance level of ⍺ = 0.05 to

test for significance. But first, we must check the conditions for inference.

Random:

We need the sample to be randomly selected from each population if we want to

generalize the results to a larger population of airports and all days of the year. We are randomly

sampling five airports from the 94 top airports in the United States and ten days out of the 365 in

a year using a random number generator, so the random condition is satisfied.

Independence:

Because we are sampling without replacement from a finite population, we need to

ensure that the independence condition is met. The five airports selected are less than 10% of the

94 we are sampling from, and the ten days selected are less than 10% of the 365 possible days in

a year that could be selected, so the 10% condition is checked. In terms of individual flights, we

conducted a census, and therefore this condition does not apply.

Expected/Large Counts:

The expected counts condition must be met to perform any of the chi-square tests. As

shown in the table below, all of the expected counts for airlines and delay intervals are greater

than five, so the condition is met.
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All conditions have been met so we are now able to

perform the inference procedure. After performing the

chi-square test for homogeneity, we observe a test statistic of

43.484, 8 degrees of freedom, resulting in a p-value of

<0.001.

VII. Conclusions

Because the resulting P-value of <0.001 is less than the significance level of ⍺ = 0.05, we

reject the null hypothesis. There is convincing evidence that for each of the sampled airlines, the

distribution of planes that are “Early-15 mins late”, “16-60 mins late”, and “Over 60 mins late” is

not the same. From the graphs, contributions to the x^2 value, and summary statistic percentages,

we can analyze what airlines have good and bad delay rates. Southwest is most likely to have a

delayed flight (16-60 minute delay + over 60 minute delay), followed by American, Delta,

Alaska, and United in that order.

VIII. Reflections

Looking back, using 94 airports may have skewed some of the results. We could have

been more picky about which airports we sampled from because the number of enplanements

that the 2nd largest airport in the US (Los Angeles International Airport, CA) has is much greater
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than the number of enplanements that the 82nd largest airport in the US (Albany International

Airport, NY) has. Perhaps next time rather than using a list of 94 airports, we could have used a

different cutoff value for what was quantified as the “largest airports”. Having only 40 airports

instead of 94 would reduce variability in the amount of flights from each airport, and make sure

each airport is represented with equal weight. Another issue that we ran into was the problem of

actually collecting the data, as it was time consuming. In the future, we would do more research

to find a more efficient method of collecting data before starting.

Using a stratified random sample for delay times from the top airports would have been

more representative of the population than using a cluster sample for all the delay times from a

few random airports. But for our data gathering procedures, it was too impractical to collect all

the samples with this method. Additionally, collecting a bigger sample from more airports and

more days would create more accurate findings, which would increase the power. There could

also have been confounding variables with many airports using a majority of one specific airline.
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