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An Investigation of the Effect of Number of Hot Spots on  

Taxi-Time at U.S Hub Airports 

INTRODUCTION 

 

Hotspots on an airport movement area may require heightened attention by pilots and controllers, 

which may affect taxi times at airports. Taxi time could affect airport congestion, engine 

emissions related to air pollutants, and aircraft fuel consumption. Airport congestion affects 

airport capacity and aircraft fuel burn. Aircraft operations, including taxi operations, contribute 

to fuel consumption and engine exhaust emissions at airports [1]. When taxiing, the fuel 

efficiency of stop-and-go situations is 35% higher than that in unimpeded situations [2]. 

 

Hotspots are areas that have a history or potential risk of collisions or runway incursions [3]. In 

general, hotspots are complex or confusing taxiway/taxiway or taxiway/runway intersections at 

an airport, which are identified and depicted on the respective airport diagrams by the Federal 

Aviation Administration (FAA)[4]. In this paper, the researchers aim to better understand taxi 

time at airports, and the potential effect of the number of airport hotspots on the taxi time at these 

airports. This research aims to find whether taxi time at airports differ by airport hub 

classifications and by the number of hot spots on airports. 

 

For this study, a sample of 33 airports was selected from the 77 airports listed in the Aviation 

System Performance Metrics (ASPM) [5] data published by the FAA. The researchers sampled 

the 11 busiest airports (by number of operations conducted) from each of the three hub 

categories – Large (L), Medium (M), and Small (S) – as identified by the National Plan of 

Integrated Airport Systems (NPIAS) [6]. The 20 busiest days (by number of operations 

conducted) from May 01, 2022, to September 30, 2022 were selected for each airport. From the 

ASPM dataset, average quarter-hour taxi-in and taxi-out times between 06:00AM to 10:00 PM 

were collected for each of the airports and their 20 busiest days, respectively. The researchers 

used FAA published airport diagrams (26 January 2023 to 23 February 2023) to count the 

number of hot spots for each of the 33 airports. Statistical and graphical tests were used to 

answer the research questions. 

 

This study may help in better understanding and modelling the taxi times that can be used to 

reduce congestion, fuel burn, and emissions at airports. This may potentially increase airport 

capacity to meet the increasing traffic demand. The results of this study may be used to teach 

airport planning, operations, and real-world statistical analyses in engineering and technology 

courses. This research paper may have practical applications in statistical analyses and discrete-

event stochastic process simulation. This paper uses parametric and non-parametric statistical 

tests to answer research questions, and a narrative approach for data analysis is followed so that 

the instructors and students may follow along with the thought process. Instructors may be able 

to use this paper to highlight research methodology and findings when working with real world 

data, assumptions of common statistical methods fail, and there is an abundance of datapoints. 

 



BACKGROUND 
 

In airports with air traffic controllers (ATCs), the ATCs give taxi clearance for pilots to follow 

while the aircraft is in the airport movement area. Given the capacity and workload of the airport, 

the aircraft pilots may be given a route that is not fuel and/or time efficient. During busy hours, 

the aircraft may experience delay due to frequent braking to avoid other aircraft or ground 

vehicles. Taxi time refers to the time differences between the actual gate time and the wheel 

time. Taxi time is related to the aircraft fuel consumption, airport congestion, and engine 

emissions of air pollutants at the airport. When taxiing, stop-and-go situations account for about 

18% of fuel consumed, which is approximately 35% higher than operating aircraft in unimpeded 

situations [2]. Congestion on airport surfaces is a significant constraint to the available capacity 

of the air transportation system [7]. By proposing a new sequential graph-based algorithm to 

optimize routing in Zurich airport, an estimated average of 136.9 seconds may be reduced on taxi 

time per aircraft, therefore saving an estimated total of $9.6 million on fuel cost per year [8]. 

This research focuses on analyzing the relationship between number of hot spots and quarter-

hour average taxi time in small, medium, and large hub airports in the U.S. Investigating and 

analyzing the relationship between the number of hot spots and taxi time may reduce the taxi 

time; therefore, mitigate congestion, reduce fuel burn and engine exhaust emissions at airports.  

 

NPIAS airports & Hub Classification: The FAA classifies public-use airports as commercial 

service, reliever, and general aviation airports [9]. The commercial service airports are further 

classified as large hub, medium hub, small hub, and non-hub airports [9]. The FAA defines large 

hub airports that receive more than 1 % of the annual U.S. commercial enplanements, medium 

hubs as airports that receive 0.25% to 1% annual enplanements, small hubs as airports that 

receive 0.05% to 0.25% annual enplanements, and non-hubs as airports that receive less than 

0.05% but more than 10,000 annual enplanements [9]. The National Plan of Integrated Airport 

System (NPIAS) identifies approximately 3300 public-use airports and assesses their eligibility 

for Federal funding every two years [6]. In the NPIAS report, the “Appendix A: List of NPIAS 

Airports” contains information of the airports that are documented in the corresponding NPIAS 

reports including the airport hub classification [10].  

 

ASPM and Taxi time: The FAA Aviation System Performance Metrics (ASPM) dataset tracks, 

collects, and reports on the operation and performance data of airport and airlines [11]. The 

dataset publishes performance data from both arrival and departure operations in the 77 ASPM 

airports, and ASPM airlines [11]. The taxi-in time refers to the average difference between actual 

gate time and actual wheels on time, in minutes [12]. The taxi-out time refers to the average 

difference between Actual Wheels Off time and Actual Gate Out time, in minutes [12].  

 

Hotspots: A hot spot is an airport movement area that may require heighted attention by pilots 

and air traffic controllers, which may affect taxi times at airports [4]. The FAA publishes data of 

public airports on the Digital – Chart Supplement (d-CS) every 56 days, which includes the 

number of hot spots at public-use airports [4].  

  



RESEARCH QUESTIONS 
 

In this paper, the researchers aim to better understand taxi time at small, medium, and large hub 

airports, and the potential effect of the number of airport hotspots on the taxi time at these 

airports. Specifically, this research aims to answer these research questions: 

RQ1: Does taxi time differ by airport hub classifications? 

RQ2: Does taxi time differ by the number of hot spots on airports?  

RQ3: Does taxi time differ by the number of hot spots on different airport hub classifications? 

 

METHODOLOGY 
 

This section describes the data sources, collection, consolidation, and analyses conducted to 

answer the research questions.  

Data Sources and Collection 

For this study, FAA published airport-related data was collected from ASPM (Airport Analysis 

[12] and Taxi Times [13]), NPIAS 2023-2027 (Hub Classification [10]), and FAA airport 

diagrams [14]. Data collection, selection, and sampling was conducted as follows: 

1. ASPM 77 [12] dataset was used for the list of airports, dates, and the number of daily 

Departures and Arrivals for Metric Computation. The researchers decided to capture a 

summer travel time frame and therefore, selected a time-frame between 05/01/2022 and 

09/31/2022. Within the ASPM, the data was grouped by Airports and by Dates to run the 

query. Figure 1 shows a snippet of the query run on ASPM dataset and a section of the 

resulting MS Excel worksheet. 
 

Figure 1. Snapshot of the ASPM [12] query and part of the downloaded data. 

  
 

2. NPIAS 2023-2027 [10] dataset was used to find the hub classification of airports. The 

dataset obtained from ASPM contained information about 77 airports. The NPIAS dataset 

was crossmatched with the ASPM dataset to find the hub classification 

(Small/Medium/Large) of the 77 airports. 
 

3. To find the busiest airports, total sum of number of Departures and Arrivals for all days 

from 05/01/2022 to 09/30/2022 was calculated for each airport. Then, airports in each of the 

hub classifications (S/M/L) were sorted (from largest to smallest) based on the sum of 

departures and arrivals. The researchers selected 11 busiest airports in each of the three hub 

classifications to form a sample of 33 airports. 



4. To find the busiest days for each airport, sum of departures and arrivals for each day was 

calculated from 05/01/2022 to 09/30/2022 for each airport. Then, dates for each airport were 

sorted (from largest to smallest) based on the sum of daily departures and arrivals. The 

researchers selected 20 busiest days for each of the 33 airports. Note: the busiest days may 

differ for each of the airports 
 

5. To find the taxi-time data, quarter hour taxi-time data was collected from ASPM dataset 

[13] for each of the 20 busiest days (step 4) for each of the 33 airports (step 3). Local time 

from 6:00 AM to 10:00 PM selected. 
 

6. To find the number of hotspots for each airport, FAA Airport Diagrams [14] (26 January 

2023 to 23 February 2023) of each of the 33 airports were investigated. Number of hotspots 

(as identified and reported by the airports on their airport diagrams) were counted and noted 

for each airport. 

 

Data Consolidation 

The data collected for the 33 airports from ASPM, NPIAS, and airport diagrams were 

consolidated into one MS Excel worksheet. For each of the 33 airports, quarter-hour taxi time (in 

and out) between 6:00 AM to 10:00 PM (local time) for 20 busiest days, number of departures 

and arrivals for metric computation in each quarter, NPIAS hub classification, and number of 

hotspots were tabulated. The researchers collected 39,268 observations across 10 fields. Figure 2 

shows a snippet from the table.  
 

Figure 2. Snapshot of the consolidated data table using three sources of data. 

 
 

Data Analysis 

The researchers collected 39,268 observations across 10 fields to answer the research questions. 

The researchers applied specific parametric and non-parametric tests to answer these questions. 

It is important to note that the data analysis follows a narrative approach so that instructors and 

students may follow along the thought processes. 

 



The researchers approached each of the research questions in two parts to test taxi-out time and 

taxi-in time separately. One-way analysis of variance (ANOVA) was used to compare the taxi-

time means by airport hub classification (S/M/L), number of hotspots (0, 1, 2, 3, 4, 5), and by 

number of hotspots on each of the hub classifications. The researchers explored both methods of 

ANOVA – assuming equal variances followed by Tukey post hoc test, and not assuming equal 

variances (Welch’s test) followed by Games-Howell post hoc test. Since the data indicated the 

presence of numerous outliers, the researchers also applied the Kruskal-Wallis non-parametric 

test to check median taxi times across hub classifications and number of hotspots. These tests 

were repeated for taxi-out and taxi-in times.  

 

Research Question 1 

For the one-way ANOVAs (and the Welch’s tests), the null and alternate hypotheses to test mean 

taxi-in and taxi-out times by NPIAS hub classifications were: 

Ho: µS = µM = µL (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hub classification  

For the Kruskal-Wallis test, the null and alternate hypotheses to test median taxi-in and taxi-out 

times by NPIAS hub classifications were: 

Ho: ηS = ηM = ηL (for both taxi-in and taxi-out times) 

Ha: median taxi-out (or taxi-in) time is different for at least one hub classification 

Research Question 2 

For the one-way ANOVAs (and the Welch’s tests), the null and alternate hypotheses to test mean 

taxi-in and taxi-out times by number of hotspots were: 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count  

Whereas, for the Kruskal-Wallis test, the null and alternate hypotheses to test median taxi-in and 

taxi-out times by number of hotspots were: 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

Research Question 3  

For the one-way ANOVAs (and the Welch’s tests), the null and alternate hypotheses to test mean 

taxi-in and taxi-out times by number of hotspots on small, medium, and large hubs were: 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at S/M/L hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count  

Whereas, for the Kruskal-Wallis test, the null and alternate hypotheses to test median taxi-in and 

taxi-out times by number of hotspots on small, medium, and large hubs were: 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times at S/M/L hubs) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

 



RESULTS 
 

This section presents the results of the statistical tests used to answer the research questions. 

Through the research question, the researchers aimed to study taxi times (taxi-out and taxi-in 

times) by airport hub classification, number of hotspots on airports, and by number of hotspots 

on specific hub classifications. Figure 3 demonstrates the mean taxi-out and taxi-in times for 

small, medium, and large hubs for different number of hotspots. Detailed results and snapshots 

of the statistical tests are shown in the appendix. 
 

Figure 3. Mean taxi-in and taxi-out time by hub classification and number of hotspots. 

 
 

RQ1. Does taxi time differ by airport hub classifications? Refer Table 1 for detailed statistics. 

One-way ANOVA: Using the data collected, an alpha of 0.05, and one-way ANOVA (assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across NPIAS hub 

classifications. Using the Tukey HSD post hoc and 95% confidence, the mean taxi-out (and taxi-

in) time was found to be different for each of the hub classifications – small, medium, and large. 
 

Welch’s Test: Using the data collected, an alpha of 0.05, and one-way ANOVA (not assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across NPIAS hub 

classifications. Using Games-Howell post hoc and 95% confidence, the mean taxi-out (and taxi-

in) time was found to be different for each of the hub classifications – small, medium, and large. 
 

Kruskal-Wallis Test: Using the data collected, an alpha of 0.05, and the Kruskal-Wallis non-

parametric test to compare medians, the researchers rejected the null hypotheses (p-value<0.001) 

that the median taxi-out (and taxi-in) time was same across NPIAS hub classifications. 

Therefore, the researchers concluded that median taxi-out (and taxi-in) time was different for at 

least one hub classification. No post hoc tests were conducted. The mean ranks and Z-value 

indicate that the taxi-out (and taxi-in) times at large hub airports tend to be higher than those at 

medium hubs and small hubs airports. Mean rank of large hub airport was greater than the 

overall mean rank, whereas, mean ranks of medium and small hub airports were less than the 

overall mean rank. 

 



Table 1. Results of RQ1 

RQ1 

 

Taxi time vs 

Hubs 

Taxi-out Time Taxi-in Time 

  

One-way 

ANOVA 

 

(Assuming 

equal 

variances) 

 

Post hoc: 

Tukey HSD 

Ho: µS = µM = µL (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hub classification 

 

 

 

 

Welch’s Test 

 

(Not 

assuming 

equal 

variances) 

 

Post hoc: 

Games-

Howell 

Ho: µS = µM = µL (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hub classification 

 

 

 

 

Kruskal-

Wallis 

 

(non-

parametric) 

Ho: ηS = ηM = ηL (for both taxi-in and taxi-out times) 

Ha: median taxi-out (or taxi-in) time is different for at least one hub classification 

 

 

 

 



RQ2. Does taxi time differ by the number of hot spots on airports? Refer to Table 2 for 

detailed statistics. 

 

One-way ANOVA: Using the data collected, an alpha of 0.05, and one-way ANOVA (assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots.  

Taxi-out time: Using the Tukey HSD post hoc and 95% confidence, the mean taxi-out 

time was found to be significantly different for airports with 0, 3, 4, and 5 hotspots. There 

was no significant difference in mean taxi-out time for airports with 1 or 2 hotspots, but 

they differed collectively from airports with 0, 3, 4, or 5 hotspots. 

Taxi-in time: Using the Tukey HSD post hoc and 95% confidence, the mean taxi-in time 

was found to be significantly different for airports with 1, 2, 3, and 4 hotspots. There was 

no significant statistical difference in mean taxi-in time for airports with 0 or 5 hotspots, 

but they differed collectively from airports with 1, 2, 3, or 4 hotspots. 

 

Welch’s Test: Using the data collected, alpha of 0.05, and one-way ANOVA (not assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots.  

Taxi-out time: Using the Games-Howell post hoc and 95% confidence, the mean taxi-out 

time was found to be significantly different for airports with 0, 3, 4, and 5 hotspots. There 

was no significant difference in mean taxi-out time for airports with 1 or 2 hotspots, but 

they differed collectively from airports with 0, 3, 4, and 5 hotspots. 

Taxi-in time: Using the Games-Howell post hoc and 95% confidence, the mean taxi-in 

time was found to be significantly different for airports with 1, 2, 3, or 4 hotspots. There 

was no significant difference in mean taxi-in time for airports with 0 or 5 hotspots, but 

they differed collectively from airports with 1, 2, 3, or 4 hotspots. 

 

Kruskal-Wallis Test: Using the data collected, an alpha of 0.05, and the Kruskal-Wallis non-

parametric test to compare medians, the researchers rejected the null hypotheses (p-value<0.001) 

that the median taxi-out (and taxi-in) time was same across the number of hotspots. Therefore, 

the researchers concluded that median taxi-out (and taxi-in) time was different for at least one 

hotspot count. No post hoc tests were conducted. The mean ranks and Z-value indicate that the 

taxi-out (and taxi-in) times at airports with 0, 3, 4, and 5 hotspots tend to be higher than those at 

airports with 1 and 2 hotspots. Mean rank of airports with 0, 3, 4, and 5 hotspots was greater than 

the overall mean rank, whereas, mean ranks of airports with 1 and 2 hotspots were less than the 

overall mean rank. 

 

  



Table 2. Results of RQ2 

RQ2 

 

Taxi time vs 

Hotspots 

Taxi-out Time Taxi-in Time 

  

One-way 

ANOVA 

 

(Assuming 

equal 

variances) 

 

Post hoc: 

Tukey HSD 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Welch’s Test 

 

(Not 

assuming 

equal 

variances) 

 

Post hoc: 

Games-

Howell 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Kruskal-

Wallis 

 

(non-

parametric) 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 



RQ3. Does taxi time differ by the number of hot spots on different airport hub 

classifications? This question was answered individually for small, medium, and large hub 

airport data. One-way ANOVA, Welch’s test, and Kruskal-Wallis test were used to for analyses. 

 

Small Hub Airports (Refer to Table 3 for detailed statistics) 

One-way ANOVA: Using the data collected, an alpha of 0.05, and one-way ANOVA (assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots 

on small hub airports. Note – there were no small hub airports with 3 hotspots in the data. 

Taxi-out time: Using the Tukey HSD post hoc and 95% confidence, two significantly 

different groups (A and B) of small hub airports emerged. The mean taxi-out time was 

significantly different between the small hub airports in group A (0, 2, or 5 hotspots) and 

group B (1 or 4 hotspots). There was no significant difference within groups.  

Taxi-in time: Using the Tukey HSD post hoc and 95% confidence, three significantly 

different groups (A, B, and C) of small hub airports emerged. The mean taxi-in time was 

significantly different among the small hub airports in group A (2 hotspots), group B (0, 4, 5 

hotspots), and group C (1, 4, 5 hotspots). There was no significant difference within groups.  

 

Welch’s Test: Using the data collected, an alpha of 0.05, and one-way ANOVA (not assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots 

on small hub airports. Note – there were no small hub airports with 3 hotspots in the data. 

Taxi-out time: Using the Games-Howell post hoc and 95% confidence, two significantly 

different groups (A and B) of small hub airports emerged. The mean taxi-out time was 

significantly different between the small hub airports in group A (0, 2, or 5 hotspots) and 

group B (1 or 4 hotspots). There was no significant difference within groups 

Taxi-in time: Using the Games-Howell post hoc and 95% confidence, three significantly 

different groups (A, B, and C) of small hub airports emerged. The mean taxi-in time was 

significantly different among the small hub airports in group A (2 hotspots), group B (0, 4, 5 

hotspots), and group C (1, 4, 5 hotspots). There was no significant difference within groups.  

 

Kruskal-Wallis Test: Using the data collected, an alpha of 0.05, and the Kruskal-Wallis non-

parametric test to compare medians, the researchers rejected the null hypotheses (p-value<0.001) 

that the median taxi-out (and taxi-in) time was same across the number of hotspots on small hub 

airports. Therefore, the researchers concluded that median taxi-out (and taxi-in) time was 

different for at least one hotspot count. The mean ranks and Z-value indicate that the taxi-out 

(and taxi-in) times at airports with 0, 2, and 5 hotspots tend to be higher than those at airports 

with 1 and 4 hotspots. Mean rank of airports with 0, 2, and 5 hotspots was greater than the 

overall mean rank, whereas, mean ranks of airports with 1 and 4 hotspots were less than the 

overall mean rank. Note – there were no small hub airports with 3 hotspots in the data. 



Table 3. Results for RQ3 – Small Hub Airports 

RQ3 

 

Small Hub 

 

Taxi time vs 

Hotspots 

Taxi-out Time Taxi-in Time 

  

One-way 

ANOVA 

 

(Assuming 

equal 

variances) 

 

Post hoc: 

Tukey HSD 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at small hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Welch’s Test 

 

(Not 

assuming 

equal 

variances) 

 

Post hoc: 

Games-

Howell 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at small hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Kruskal-

Wallis 

 

(non-

parametric) 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times at small hubs) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 



Medium Hub Airports (Refer to Table 4 for detailed statistics) 

One-way ANOVA: Using the data collected, an alpha of 0.05, and one-way ANOVA (assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots 

on medium hub airports. Note – there were no medium hub airports with 4 hotspots in the data. 

Taxi-out time: Using the Tukey HSD post hoc and 95% confidence, three significantly 

different groups (A, B and C) of medium hub airports emerged. The mean taxi-out time was 

significantly different among the medium hub airports in group A (5 hotspots), group B (0 

hotspots) and group C (1, 2, 3 hotspots). There was no significant difference within groups.  

Taxi-in time: Using the Tukey HSD post hoc and 95% confidence, four significantly 

different groups (A, B, C, and D) of medium hub airports emerged. The mean taxi-in time 

was significantly different among the medium hub airports in group A (0 hotspots), group B 

(5 hotspots), group C (2 hotspots), and group D (1 or 3 hotspots). There was no significant 

difference within groups.  
 

Welch’s Test: Using the data collected, an alpha of 0.05, and one-way ANOVA (not assuming 

equal variances) test to compare means, the researchers rejected the null hypotheses (p-

value<0.001) that the mean taxi-out (and taxi-in) time was same across the number of hotspots 

on medium hub airports. Note – there were no medium hub airports with 4 hotspots in the data. 

Taxi-out time: Using the Games-Howell post hoc and 95% confidence, three significantly 

different groups (A, B and C) of medium hub airports emerged. The mean taxi-out time was 

significantly different among the medium hub airports in group A (5 hotspots), group B (0 

hotspots) and group C (1, 2, 3 hotspots). There was no significant difference within groups.  

Taxi-in time: Using the Games-Howell post hoc and 95% confidence, four significantly 

different groups (A, B, C, and D) of medium hub airports emerged. The mean taxi-in time 

was significantly different among the medium hub airports in group A (0 hotspots), group B 

(5 hotspots), group C (2 hotspots), and group D (1 or 3 hotspots). There was no significant 

difference within groups.  
 

Kruskal-Wallis Test: Using the data collected, an alpha of 0.05, and the Kruskal-Wallis non-

parametric test to compare medians, the researchers rejected the null hypotheses (p-value<0.001) 

that the median taxi-out (and taxi-in) time was same across the number of hotspots on medium 

hub airports. Therefore, the researchers concluded that median taxi-out (and taxi-in) time was 

different for at least one hotspot count. The mean ranks and Z-value indicate that the taxi-out 

times at airports with 0 and 5 hotspots tend to be higher than those at airports with 1, 2, and 3 

hotspots. For taxi-out times, the mean rank of airports with 0 and 5 hotspots was greater than the 

overall mean rank, whereas, mean ranks of airports with 1, 2 and 3 hotspots were less than the 

overall mean rank. The mean ranks and Z-value indicate that the taxi-in times at airports with 0, 

2, and 5 hotspots tend to be higher than those at airports with 1 and 3 hotspots. For taxi-in times, 

the mean rank of airports with 0, 2, and 5 hotspots was greater than the overall mean rank, 

whereas, mean ranks of airports with 1 and 3 hotspots were less than the overall mean rank. 



Table 4. Results for RQ3 – Medium Hub Airports 

RQ3 

 

Medium 

Hub 

 

Taxi time vs 

Hotspots 

Taxi-out Time Taxi-in Time 

  

One-way 

ANOVA 

 

(Assuming 

equal 

variances) 

 

Post hoc: 

Tukey HSD 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at medium hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Welch’s Test 

 

(Not 

assuming 

equal 

variances) 

 

Post hoc: 

Games-

Howell 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at medium hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Kruskal-

Wallis 

 

(non-

parametric) 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times at medium hubs) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 



Large Hub Airports (Refer to Table 5 for detailed statistics) 

One-way ANOVA: Using the data collected, an alpha of 0.05, and one-way ANOVA (assuming 

equal variances) to compare means, the researchers rejected the null hypotheses (p-value<0.001) 

that the mean taxi-out (and taxi-in) time was same across the number of hotspots on large hubs.  

Taxi-out time: Using the Tukey HSD post hoc and 95% confidence, five significantly 

different groups (A, B, C, D, and E) of large hub airports emerged. The mean taxi-out time 

was significantly different among the large hub airports in group A (0 hotspots), group B (4 

hotspots), group C (3 hotspots), group D (1 hotspot), and group E (2 or 5 hotspots). There 

was no significant difference within groups. 

Taxi-in time: Using the Tukey HSD post hoc and 95% confidence, five significantly 

different groups (A, B, C, D, and E) of large hub airports emerged. The mean taxi-in time 

was significantly different among the large hub airports in group A (0 or 3 hotspots), group 

B (5 hotspots), group C (4 hotspots), group D (2 hotspot), and group E (1 hotspot). There 

was no significant difference within groups. 
 

Welch’s Test: Using the data collected, an alpha of 0.05, and one-way ANOVA (not assuming 

equal variances) to compare means, the researchers rejected the null hypotheses (p-value<0.001) 

that the mean taxi-out (and taxi-in) time was same across the number of hotspots on large hubs.  

Taxi-out time: Using the Games-Howell post hoc and 95% confidence, five significantly 

different groups (A, B, C, D, and E) of large hub airports emerged. The mean taxi-out time 

was significantly different among the large hub airports in group A (0 hotspots), group B (4 

hotspots), group C (3 hotspots), group D (1 hotspot), and group E (2 or 5 hotspots). There 

was no significant difference within groups. 

Taxi-in time: Using the Games-Howell post hoc and 95% confidence, five significantly 

different groups (A, B, C, D, and E) of large hub airports emerged. The mean taxi-in time 

was significantly different among the large hub airports in group A (0 or 3 hotspots), group 

B (5 hotspots), group C (4 hotspots), group D (2 hotspot), and group E (1 hotspot). There 

was no significant difference within groups. 
 

Kruskal-Wallis Test: Using the data collected, an alpha of 0.05, and the Kruskal-Wallis non-

parametric test to compare medians, the researchers rejected the null hypotheses (p-value<0.001) 

that the median taxi-out (and taxi-in) time was same across the number of hotspots on large hub 

airports. Therefore, the researchers concluded that median taxi-out (and taxi-in) time was 

different for at least one hotspot count. The mean ranks and Z-value indicate that the taxi-out 

times at airports with 0, 3, and 4 hotspots tend to be higher than those at airports with 1, 2, and 5 

hotspots. For taxi-out times, the mean rank of airports with 0, 3, and 4 hotspots was greater than 

the overall mean rank, whereas, mean ranks of airports with 1, 2 and 5 hotspots were less than 

the overall mean rank. The mean ranks and Z-value indicate that the taxi-in times at airports with 

0, 3, and 5 hotspots tend to be higher than those at airports with 1, 2, and 4 hotspots. For taxi-in 

times, mean rank of airports with 0, 3, and 5 hotspots was greater than the overall mean rank, 

whereas, mean ranks of airports with 1, 2 and 4 hotspots were less than the overall rank. 



Table 5. Results for RQ3 – Large Hub Airports 

RQ3 

 

Large Hub 

 

Taxi time vs 

Hotspots 

Taxi-out Time Taxi-in Time 

  

One-way 

ANOVA 

 

(Assuming 

equal 

variances) 

 

Post hoc: 

Tukey HSD 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at large hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Welch’s Test 

 

(Not 

assuming 

equal 

variances) 

 

Post hoc: 

Games-

Howell 

Ho: µ0 = µ1 = µ2= µ3 = µ4 = µ5 (for both taxi-in and taxi-out times at large hubs) 

Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 

Kruskal-

Wallis 

 

(non-

parametric) 

Ho: η0 = η1 = η2= η3 = η4 = η5 (for both taxi-in and taxi-out times at large hubs) 

Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count 

 

 

 

 



DISCUSSION 

This paper analyzed taxi time data from a sample of 33 airports across three FAA hub 

classifications including Small, Medium, and Large. The researchers used the taxi time data as 

available in the ASPM dataset, which begs a series of questions regarding the ASPM dataset – 

what are criteria and measurements to maintain the data accuracy? The ASPM dataset gives 

definitions of taxi in and taxi out times, what are the authorities and references for such 

definition? How do the data collectors ensure the data accuracy and consistency when collecting 

data from 77 airports across the U.S. and across different airlines? What is the data publication 

process and how does the data publisher maintain consistent process for all airports? These 

questions are crucial to the analysis on airport taxi times. The ASPM dataset tracks, collects, and 

publishes operational data from 77 airports in the U.S., which are very different on both 

operational and geographic aspect. It is important to be consistent in both data collection and 

publication when dealing with different airports and airlines to minimize bias for the research 

that utilizes data from this dataset.  

 

In this paper, taxi times are compared by number of hotspots (0, 1, 2, 3, 4, 5) on airports and 

across the three hub classifications. This research collected 11 samples from each airport 

categories because there were only 11 small hub airports reported in the NPIAS report; the same 

number of medium and large airports were collected to maintain equal sample size in each 

airport category. This resulted in no airports with 3 hotspots in the small hubs, and no airports 

with 4 hotspots in the medium hubs. The missing of hotspots in small and medium hubs could 

bias the analysis results or reduce the statistical power of this research.  

 

This research paper may be used to teach statistical analyses and methodology when there is 

abundant real-world data which needs dirty data collection methods and complicated data 

cleaning and consolidation. The researchers demonstrated the use of parametric and non-

parametric statistical techniques as one or more assumptions were not met. This is another 

learning lesson for students – how to proceed with tests and reach conclusions when the 

statistical assumptions fail but there is an abundance of data. In addition, many students are only 

familiar with junior level statistics that typically include parametric tests and not non-parametric 

tests. Therefore, this study can be used as an opportunity to explore non-parametric testing with 

real world data. Similarly, students may not learn the application and interpretation of two-way 

ANOVA in any junior statistics courses. Therefore, the researchers conducted rigorous tests 

using one-way ANOVA and t-tests, so that students may follow along. In future papers, more 

advanced statistical analysis tools such as multiple regression, simulation, and non-parametric 

analytics may be explored.  

 

  



CONCLUSION 

This research collected 33 sample airports across the three FAA hub classifications – small, 

medium, and large. Using parametric and non-parametric statistical tests, the researchers found 

that the mean (and median) taxi-out times and taxi-in times are different across the three hub 

classifications. Figure 3 indicates that as the airports get larger, the average taxi times tend to be 

larger. This result was aligned with the researchers’ intuition.  

 

Using parametric statistical analysis method, the researcher found that the mean taxi-out time 

was different for airports with 0, 3, 4, and 5 hotspots, and no difference was found in taxi-out 

time between airports with 1 and 2 hotspots. Similarly, the average taxi-in time was different for 

airports with 1, 2, 3, and 4 hotspots, and there were no significant differences found in airports 

with 0 and 5 hotspots. Using non-parametric methods, the researchers found that there were 

differences in median taxi-out and taxi-in time for at least one of the hotspot numbers (0, 1, 2, ,3, 

4, 5).  

 

The researchers also compared taxi times by number of hot spots on different airport hub 

classifications using parametric and non-parametric methods. 1) For small hub airports, the 

parametric methods suggest that the average taxi out time was different between the small hub 

airports in group A (0, 2, or 5 hotspots) and group B (1 or 4 hotspots); the average taxi in time 

was different among the small hub airports in group A (2 hotspots), group B (0, 4, 5 hotspots), 

and group C (1, 4, 5 hotspots). Using non-parametric tests, the researchers concluded that median 

taxi-out (and taxi-in) time was different for at least one hotspot count. 2) For medium hub 

airports, the researchers used parametric tests and found that the mean taxi-out time was different 

among the medium hub airports in group A (5 hotspots), group B (0 hotspots) and group C (1, 2, 

3 hotspots); and the mean taxi-in time was different among the medium hub airports in group A 

(0 hotspots), group B (5 hotspots), group C (2 hotspots), and group D (1 or 3 hotspots). The non-

parametric tests indicate that median taxi-out (and taxi-in) time was different for at least one 

hotspot count. 3). For large hub airports, the researchers found that the mean taxi-out time was 

different among the large hub airports in group A (0 hotspots), group B (4 hotspots), group C (3 

hotspots), group D (1 hotspot), and group E(2 or 5 hotspots); and the mean taxi-in time was 

different among the large hub airports in group A (0 or 3 hotspots), group B (5 hotspots), group 

C (4 hotspots), group D (2 hotspot), and group E(1 hotspot). Using non-parametric methods, the 

researchers concluded that median taxi-out (and taxi-in) time was different for at least one 

hotspot count.  

 

Future research will focus on comparing taxi-out and taxi-in times across the three NPIAS hub 

classifications and number of hotspots. By combining the results of this study and the future 

research, the researchers aim to better understand and model taxi-in and taxi-out times at small, 

medium, and large hub airports. In addition, the researchers will explore other potential variables 

such as weather conditions and runway configurations that may have a significant impact on taxi 

times at airports. 
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