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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:

RQL1: 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.

Aviation System Performance Metrics > Airport Analysis - - -

ASPM : Airport Analysis : All Flights Re
x i = Y L] i ™ From 05/01/2022 To 09/30/2022 ; Airport=ABQ. ANC, ATL, AUS, BOL. BHM. BNA, BOS. BUF. BUR, BY|
My Reports Jutput Date Airports Srouping Filters Scheduled Scheduled Departures Arrivals % On-Time % On-Tj|
ey Date Departures Arrivals  For Metric  For Metric Gate Airj
Computation Computation Departures Departy
Run @ Selected options: ABQ  6M1/2022 60 60 I 67 86.73 Ell
ABQ 57212022 62 62 79 75 87.34 I
Ran ABQ 57312022 60 60 88 9 1727 61
Gr ABQ  5/4/2022 59 60 84 82 79.76 6
Pl ight ABQ  B/5/2022 63 64 84 84 76.19 71
ABQ  5/6/2022 62 63 80 84 76.25 7]
s Lo ABQ  &/7/2022 56 55 70 Il 80 7
|ABQ 5/8/2022 62 62 70 68 92.86 8

ABQ  5/9/2022 64 65 83 84 84.34

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.

, ; NPIAS FAA Airport
ASPM Dataset [12] 2023-2027 [10] | Diagrams [14]
Departures Arrivals
Facility Date Quarter Hour Fo[: Metric A_verag_e For Metric A\_n_arag_]e NPIAS Hl.lb Number of Hot
e taxi out time B taxi in time | Classification Spots
STL 09/20/2022 4 15 2 10 4 5 M 1
STL 09/20/2022 4 16 2 1" T 4.86 M 1
STL 09/20/2022 4 17 2 12 4 6.5 M 1
STL 09/20/2022 4 18 4 11.5 5 3.8 M 1
STL 09/20/2022 4 19 5 10.8 1 5 M 1
STL 09/20/2022 4 20 1 12 12 6.92 M 1
STL 09/20/2022 4 2 2 10 2 5.5 M 1
ATL /52022 1 6 10 17.3 2 12.5 L 2
ATL /52022 1 7 8 14 5 58 L 2
ATL /52022 1 8 21 14.86 14 8.13 L 2
ATL /52022 1 9 20 16.85 29 9.59 L 2
ATL hiaf2022 1 10 42 21.24 18 7.67 L 2
ATL hiaf2022 1 1 33 13.64 1" 6.09 L 2

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 ANOVASs (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: Ms = m = L (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: Ms = Mm = M (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 ANOVASs (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: Mo = M1 = M2= M3 = M = s (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: Mo =M1 = M2= M3 = N4 = Ns (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 ANOV As (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: Mo = M1 = H2= Ms = s = Ms (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: Mo = M1 = M2= M3 = 14 = Ns (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.
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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

Taxi-out Time Taxi-in Time
Means Means
RQ1
MPIAS Hub MNPIAS Hub
L Classification N Mean StDev 95% CI Classification N Mean StDev 95% CI
Taxi time vs L 14078 19.2326 6.3782 (19.1228, 10.3443) L 14078 10.2852 3.7082 (10.2261, 10.3443)
Hubs M 13870 12.4763 5.4922 (12.3651, 12.5875) M 13970 5.8661 2.2051 (5.8068, 5.0254)
) 11220 10.1944 5.2902 (10.0704, 10.3185) ) 11220 3.7904 3.7423 (3.7242 3.8566)
Pooled StDev = 6.70474 Pooled StDev = 3.57691
Ho: Hs = Mm = Mo (for both taxi-in and taxi-out times)
Ha: mean taxi-out (or taxi-in) time is different for at least one hub classification
One-way Analysis of Variance Analysis of Variance
ANOVA Source DF _Adj S5 Adj MS F-Value P-Value Source DF Adj S5 Adj MS F-Value P-Value
NPIAS Hub Classification 2 578132 289066 643033  0.000 NPIAS Hub Classification 2 284681 142340 1112531 0,000
Error 39265 1765099 45 Error 39265 502368 13
(Assuming Total 39267 2343231 Tots 39267 787049
e_qual Grouping Information Using the Tukey Grouping Information Using the Tukey
varlances) Method and 95% Confidence Method and 95% Confidence
MNPIAS Hub NPIAS Hub
Post hoc: Classification N Mean Grouping Classification N Mean Grouping
Tukey HSD L 14078 19.2336 A L 14078 10.2852 4
M 13970 124763 B M 13970 5.8661 B
5 11220 101944 C g 11220 3.7904 C
Means that do not share a letter are significantly different. Means that do not share o letter are significantly different.
Ho: Ms = pum = Mo (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 Welch’s Test Welch’s Test
DF DF
(NO_t Source Num DF Den F-Value P-Value Source Num DF Den F-Value P-Value
assuming NPIAS Hub Classification 2 240609 633831  0.000 NPIAS Hub Classification 2 252166 1040644 0,000
equal , , ,
; Grouping Information Using the Games- Grouping Information Using the Games-
variances) . ,
Howell Method and 95% Confidence Howell Method and 95% Confidence
. NPIAS Hub NPIAS Hub
Post hOC. Classification M Mean Grouping Classification N Mean Grouping
Games- L 1078 192336 A L 14078 102852 A
Howell M 13870 124763 B M 13970 58661 B
S 11220 10.1944 c s 11220 3.7904 o
Means that do not share a letter are significantiy different. Means that do not share o letter are significantly different.
Ho: Ms = Nm = M (for both taxi-in and taxi-out times)
Ha: median taxi-out (or taxi-in) time is different for at least one hub classification
Descriptive Statistics Descriptive Statistics
NPIAS Hub MNPIAS Hub
Classification N Median Mean Rank Z-Value Classification N Median Mean Rank Z-Value
Kruskal- L 14078 17.75 284486 11519 L 14078 0.63 206763 121.23
Wallis M 13870 1240 157678 -50.23 M 13970 540 167452 -37.53
5 11220 1100 133895 -60.05 g 11220 400 108222 -9953
(non- Overall 30268 196343 Overall 29268 196245
parametric) Test Test
Null hypothesis He: All medians are equal Null hypothesis He: All medians are equal
Alternative hypothesis Hy: At least one median is different Alternative hypothesis Hu: At least one median is different
Method DF H-Value P-Value Method DF H-Value P-Value

Not adjusted forties 2 13341.83  0.000 Mot adjusted forties 2 19031.06  0.000

Adjusted for ties 21356244  0.000 Adjusted for ties 21907412 0.000




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

Taxi-out Time Taxi-in Time
Means Means
NMumber Mumber
RQ2 of Hot of Hot
Spois M Mean StDev 95% CI Spots N Mean StDewv 95% CI
0 TB32 15188 9.872 (15.019 15360) a THI2 7.2324 5.5167 (7.1343, 7.2305)
Taxi time vs 1 0425 12.9044 7.7205 (12.7511, 13.0578) 1 Q425 55541 2.8720 (5.4658, 5.6424)
H tS OtS 2 9007 12.0075 6.3964 (12.8580, 13.1571) 2 9907 6.4804 2.6620 (6.2943, 6.5665)
0 p 3 5115 15.8632 6.0948 (15.6351, 16.0714) 2 5115 8.47095 44751 (8.3506, 5.5003)
4 3523 16.968 T7.778 (16.717, 17.219) 4 3523 7.9301 8.07
5 366 14.214 6419 (12.960, 14.460) 5 3666 7.1513 7
Pooled StDev = 7.59500 Pooled StDev = 4 37276
Ho: Mo = M1 = M= Ma = M4 = Ms (for both taxi-in and taxi-out times)
Ha: mean taxi-out (or taxi-in) time is different for at least one hotspot count
Analysis of Variance Analysis of Variance
One_Way Source DF Adj 55 Adj MS F-Value P-Value Source DF Adj S5 Adj MS F-Value P-Value
ANOVA Number of Hot Spots 5 78439 15687.8 27196  0.000 Mumber of Hot Spots 5 36319 726283 379.89  0.000
Error 30262 2264792 57.7 Error 30262 750720 19.12
R Tota 39267 2343231 Total 39267 787049
(Assuming , - -
I Grouping Information Using the Tukey Grouping Infoermation Using the Tukey
equa Method and 95% Confidence Method and 95% Confidence
VarIaI’ICES) MNumber MNumber
of Hot of Hot
Spots N Mean Grouping Spois N Mean Grouping
Post hoc: 4 3523 16.968 A El 5115 24705 A
3 5115  15.8832 B 4 3523 7.9301 B
TUkey HSD 0 7632  15.189 c ] 7522 7.2324 c
s 3666 14214 =] 5 3866 71513 c
2 9907  13.0075 E 2 9307 6.4804 D
1 9425  12.9044 E 1 2425  5.5541 E
Means that do not share o letter are significantly different. Means thot do not share a letter are significantly different.
Ho: Mo = M1 = M= Ma = M4 = Ms (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 Welch's Test Welch's Test
DF DF
(NOt Source Mum DF Den F-Value P-Value Source Mum DF Den F-Value P-Value
5 MNumber of Hot Spots 5 144762 3202.50 0.000 Mumber of Hot Spots 5 14133.6 40219 0.000
assuming
equal Grouping Information Using the Games- Grouping Information Using the Games-
) o
Variances) Howell Method and 95% Confidence Howell Method and 95% Confidence
MNumber Number
of Hot gf HtOt N o X
. Spots M Mean Grouping pots ‘ean rouping
Post hoc: 1 3523 16968 A E 5115 54795 A
Games- 3 5115 15.8632 B 4 3523 7.9301 B
) 7632  15.189 c 0 7532 7.2324 c
Howell =z 3666  14.214 o 5 3666 T.1513 c
2 9907 13.0075 E 2 9207  6.4804 D
1 9425 12.9044 E 1 0435 5.5541 E
Means that do not share o letter are significantly different. Means that do not share a letter are significantiy different.
Ho: Mo = M1 = M2= Mz = M = Ns (for both taxi-in and taxi-out times)
Ha: median taxi-out (or taxi-in) time is different for at least one hotspot count
Descriptive Statistics Descriptive Statistics
MNumber of Number of
Hot Spots M Median Mean Rank Z-Value Hot Spots N Median Mean Rank Z-Value
Kruskal- o 7632 15.00 20920.1 11.04 0 7632 6.50 20135.5 4.30
. 1 0425 12.50 16505.2 -30.74 1 Q425 5.00 15825.9 -37.42
Wallis 2 9907  13.50 170076  -17. z 9907 6.00 191062  -5.35
2 5115 15.40 22501.6 19.40 2 5115 2.00 23652.0 27.18
4 3523 1714 250353  29.64 a 3503 20204 1863
(non- ) 5 3666 14.81 204799 472 < i Sooaz 7 ——
parametric) Crverall 39288 198343 Qverall 39268 10634.5
Test
Mull hypothesis He: All medians are equal He: All medians are equal
Alternative hypothesis Hi: At least one median is different Alternative hypothesis Hi: At least one median is different
Method DF H-Value P-Value Method DF H-Value P-Value
Mot adjusted for ties 5 2193.61 0.000 Mot adjusted forties 5 2107.63 0.000
Adjusted for ties 5 219694  0.000 Adjusted for ties 5 211240  0.000




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

Taxi-out Time Taxi-in Time
0% Means Means
Q small_Hot Small_Hot
Spot N Mean StDev 95% ClI Spot N Mean StDev 95% Cl
Small Hub o 3809 11.101 9.142 (10.839, 11.363) 0 3809 3.8120 3.9257 (3.6938, 2.0301)
1 3020 8973 7464 (B.680 9.267) 1 3030 3.3539 3.9265 (3.2214, 3.4864)
Taxi time vs 2 2303 10,556 7.509 (10.219, 10.893) 2 2303 4.5176 3.4803 (4.3656, 4.6695)
4 963 9.035 7.357 (8.514, 9.5535) 4 963 3.563 3.873 (3.328 3.7908)
Hotspots 033 TEAT (85749553 e (32285799
5 1115 10671 9122 (10,187, 11.155) 5 1115 3.5876 2.6011 (3.3792, 3.8160)
Pooled Sthev = 824048 Pooled Sthev = 3.72044
Ho: Mo = M1 = M= Mz = M4 = Us (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
One-way Analysis of Variance Analysis of Variance
ANOVA Source DF Adj 55 Adj M5 F-Value P-Value Source DF Adj 55 Adj MS F-Value P-Value
Small_Het Spot 4 0407 237434 3497  0.000 Small_Hot Spat 4 1888 47200 3410 0000
) Error 11215 761561 67.91 Error 11215 155235  13.84
(Assuming Tota 11219 771059 Tots 11318 157125
e_qual Grouping Information Using the Tukey Grouping Information Using the Tukey
Varlances) Method and 95% Confidence Method and 95% Confidence
small_Hot small_Hot
. Spot M Mean Grouping Spot N Mean Grouping
Post hoc: 0 3809 11101 A 2 2303 45176 A
5 1115 10,671 A o 3808 3.8120 B
Tukey HSD 2 2303 10556 & s 1115 2.597s5 B C
4 963 9.025 B 4 963 3.563 B C
1 3030 8973 B 1 3020 2.3529 c
Means thot do not share o letter are significantly different. Means that do not share g letter are significantiy different.
Ho: Mo = M1 = M2= W3 = Ma = Ws (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
b r
Welch’s Test Welch's Test Welch's Test
DF DF
(NOP Source Num DF Den F-Value P-Value Source MNum DF Den F-Value P-Value
assuming Small_Hot Spot 4 372480 3652 0.000 smallHot Spot 4 383971 3883 0000
e_qual Grouping Information Using the Games- Grouping Information Using the Games-
variances) Howell Method and 95% Confidence Howell Method and 95% Confidence
small_Hot small_Hot
5 Spot M Mean Grouping spot N Mean Grouping
Post hoc: o 3808 11101 A 2 2303 45176 A
Games- 5 1115 10,671 A o 3808 3.8120 B
z 2302 10.556 A 5 1115 3.5976 B cC
Howell 4 sz ©.035 5 4 963 3.563 B C
1 3030 8.973 B 1 3030 3.3539 c
Meaons that do not share o letter are significantiy different. Meons thot do not share @ letter are significantly different.
Ho: Mo = M1 = M2= M3 = M = M5 (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
Descriptive Statistics Descriptive Statistics
small_Hot Small_Hot
Spot M Median Mean Rank Z-Value Spot N Median Mean Rank Z-Value
Kruskal- ] 3800 12 5975.6 8.56 ] 3809 AD 5612.2 0.05
g 1 3030 10 50781 -10.83 1 3030 3.0 4966.3 -12.81
Wallis 2 2303 12 5917.4 5.10 2 2302 45 64815  14.47
4 963 10 5105.5 -5.06 4 963 4.0 5508.3 -1.02
(non- 3 115 " 3817.8 0.08 5 1115 4.0 5642.7 0.35
parametric) Owerall 11220 56103 Overall 11220 5610.5
Test Test
Null hypothesis He: All medians are equal MNull hypothesis He: All medians are equal
Alternative hypothesis Hi: At least one median is different Alternative hypothesis Hi: At least one median is different
Method DF H-Value P-Value Method DF H-Value P-Value
Mot adjusted forties 4 174032 0.000 Mot adjusted forties 4 287.44 0.000
Adjusted for ties 4 17928  0.000 Adjusted for ties 4 29674  0.000




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

Alternative hypothesiz Hi: At least one median is different]

Method DF H-Value P-Value
Mot adjusted for ties 4  745.60 0,000
Adjusted for ties 4 74630 0.000

Taxi-out Time Taxi-in Time
RQ3 Means Means
Medium_Hot Medium_Hot
Medium Spot M Mean StDev 95% CI Spot M Mean S5tDev 95% CI
Hub 0 1263 13.245 5309 (12,944, 13.545) 0 1263 8.253 4385 (8.078 8.428)
1 3835 12.2315 5.8083 (12.0591, 12.4038) 1 3835 5.1042 2.8860 (5.0030, 5.2045)
o 2 5044 12.0267 5.8085 (11.8765, 12.1770) 2 5044 59759 3.3227 (5.8884, 8.0633)
Taxi time vs 3 2557 12,3371 4.0400 (12.1261, 12.5482) 3 2557 5.2065 2.6742 (5.0837, 5.3204)
Hotspots 5 1271 14515 4082 (14.216, 14.815) 5 1271 6.6842 2.8154 (5.5099, £.8554)
Pooled 5tDev = 544504 Pooled 5tDev = 3.16880
Ho: Mo = M1 = Mo= M3 = Ma = Ws (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
One—way Analysis of Variance Analysis of Variance
ANOVA Source DF Adj ss Adj MS F-Value P-Value Source DF Adj SS Adj MS F-Value P-Value
Medium_Hot Spat 4 7328 183205 6179  0.000 Medium_Hot Spot 4 11447 286174 28500 0.000
Error 13965 414041 29.65 Error 13965 140227  10.04
(Assuming Tota 13969 421369 Tota 13960 151674
equa| Grouping Information Using the Tukey Grouping Information Using the Tukey
variances) Method and 95% Confidence Method and 95% Confidence
Medium_Hot Medium_Hot
Spot N Mean Grouping Spot N Mean Grouping
Post hoc: 5 1271 14515 A 0 263 8253 A
Tukey HSD 0 1263 13245 E 5 £.6842 B
El 2557 12.3371 C z 5044  5.0759 C
1 3835 122315 C 3 557  5.2065 »]
2 S044 120267 c 1 3835 51042 o
Mearns that do not share o letter are significantiys differemnt. Means that do not share o letter are significantiy differemnt.
0: Mo = H1 = M2= M3 = Ma = Ws (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 Welch's Test Welch's Test
DF DF
(Not Source Num DF Den F-Value P-Value Source MNum DF Den F-Value P-Value
assuming Medium HotSpot 4 461449  91.95  0.000 Medium Hot Spot 4 444190 217.07  0.000
equal Grouping Information Using the Games- Grouping Information Using the Games-
Variances) Howell Method and 95% Confidence Howell Method and 95% Confidence
Medium_Hot g‘edt'umeOt N M a .
. Spot M Mean Grouping PO ean rouping
Post hoc: 5 2717 12515 A 0 1263 8253 A
Games- 0 1263 13245 B 5 1271 66842 B
3 2557 123371 C 2 5044 5.975% C
Howell 1 3835 12.2315 o 3 2357 5.2065 L
2 5044 12.0267 C 1 3835 5.1042 D
Means that do not share g letter are significantiy different. Means that do not share a letter are significantiy different,
Ho: Mo = M1 = M2= M3 = M2 = Ns (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
Descriptive Statistics Descriptive Statistics
P P
Medium_Hot Medium_Hot
Spot N Median Mean Rank Z-Value Spot N Median Mean Rank Z-Value
Kruskal- 0 1263 13.29 79236 867 0 1263 7.80 09331  27.28
H 1 3835 11.50 6082.1 -16.29 1 3835 4.50 5584.6 -25.26
Wallis 2 5044 12.40 68566  -2.84 2 5044 557 7328.0 7.50
3 2557 1233 60014  -1.17 3 2557 5.00 60674 -12.74
(non- 5 1271 1467 04602 2294 5 1271 6.25 57741 1658
parametric) Overall 13970 £9585.5 Chwerall 13970 B8985.5
Test Test
Mull hypothesis Hu: All medians are egual MNull hypothesis He: All medians are equal

Alternative hypothesis Hi: At least one median is different
Method DF H-Value P-Value
Mot adjusted for ties 4 1558.20 0.000
Adjusted for ties 4 1561.79 0.000




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

Taxi-out Time

Taxi-in Time

MNull hypothesis He: All medians are equal
Alternative hypothesis Hi: At least one median is different
Method DF H-Value P-Value

Mot adjusted forties 5 1221.90 0.000

Adjusted for ties 3 1221.92 0.000

Means Means
RQ3 Large_Hot Large_Hot
SPot N Mean S5tDev 95% CI SPot N Mean StDev 95% CI
Large Hub 0 2560 22232 8349 (21.994, 22.470) 0 2560 11.8181 4.4012 (11.6825, 11.9537)
1 2560 18.565 7.210 (18.325 18.803) 1 2560 8.8322 2.7743 (B.6967, 8.9678)
L. 2 2560 17.1455 4.0907 (16.9078, 17.3832) 2 2560 9.2403 2.7693 (9.1047, 9.3758)
TaXl time vs 3 2558 19.388 5.755 (19.150, 19.625) 3 2558 11.7511 2.3890 (11.6155, 11.8867)
HOtSpOtS 4 2560 19.953 5.507 (19.715, 20.190) 4 2560 9.5728 41685 (9.4372, 9.7084)
3 1280 17.0024 3.1997 (16.6663, 17.3383) 5 1280 10.7106 2.7401 {10.5189, 10.9023)
Pooled StDew = 6.13477 Popled StDev = 349946
Ho: Mo = M1 = M2= M3 = Ma = Ws (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
Analysis of Variance Analysis of Variance
One-way . . ; . ] ,
Source DF Adj 55 Adj MS F-Value P-Value Source DF Adj S5 Adj MS F-Value P-Value
ANOVA Large_Hot SPot 5 43077 8615.33 22892 0.000 Large_Hot SPot 5 21243 4248.60 346.93 0.000
Error 14072 529505  37.63 Error 14072 172328 12.25
Tota 14077 572672 Tots 14077 193571
Assumin : : .
( I g Grouping Information Using the Tukey Grouping |nf‘:‘”’l"at'0n Using the Tukey
e.qua Method and 95% confidence Method and 95% Confidence
variances) Large_Hot Large_Hot _
SPot L Mean Grauping SPot M Mean Grouping
0 Z560 22232 A 0 2560 11.8181 A
Post hoc: 4 2560 19.953 B 3 2558  11.7571 A
3 2558 12388 C 5 1280 10.7106 B
Tukey HSD 1 2560 18.565 o 4 2560 9.5728 =
2 2560 17.1455 E 2 2560 9.2403 o]
5 1280 17.0024 E 1 2560  8.8322 E
Means that do not share o et significantiy difFe o Means thot do not share o letier are significantly different,
Ho: Mo = M1 = M2= M3 = Ma = Ms (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 Welch's Test Welch’'s Test
DF DF
(Not Source Num DF Den F-Value P-Value Source Num DF Den F-Value P-Value
assuming Large_Haot SPot 5 624030 28075  0.000 Large_Hot SPot 5 6028.55 375.31 0.000
equal Grouping Infarmation Using the Games- Grouping Information Using the Games-
Variances) Howell Method and 95% Confidence Howell Method and 95% Confidence
Large_Hot Large_Hot
SPot ™ Mean Grouping SPot N Mean Grouping
Post hoc: o 2560  22.232 A o 2560 11.8181 A
4 2560  19.953 B ES 2558 11.7511 A
Games- 3 2558 19.388 c 5 1280 10.7106 B
1 2560  18.565 D 4 2560  9.5728 c
Howell 2 2560 17.1455 E 2 2560  ©.2403 D
s 1280 17.0024 E 1 2560  8.8322 E
Means that do not share o letter are significantly different. Means thot do not share g letter are significantiy different.
o: Mo = M1 = M2= M3 = 14 = Ns (for both taxi-in and taxi-out times at large hubs)
: median taxi-out (or taxi-in) time is different for at least one hotspot count
Descriptive Statistics Descriptive Statistics
Large_Hot Large_Hot
SPot M Median Mean Rank Z-Value SPot M Median Mean Rank Z-Walue
o 2560 19.405 8587.6 21.21 ] 2560 11.00 88225 24.54
Kruskal- 1 2560  16.475 6044.1 -13.70 1 2560 £.29 50958 -26.75
Wallis 2 2560 16.340 5577.4 -20.12 2 2560 8.75 57746 -17.41
3 2558  19.000 7825.9 10.82 e 2558 11.23 2190.3 29.59
4 2560 18780 7881.2  11.59 4 2560 2.67 5820.1 -16.78
(non- 5 1280 16.625 5603.0 -13.26 5 1280 10.25 8020.9 2.15
q Cwerall 14078 7039.5 Ovrerall 14078 7039.5
parametric) il il
Test Test

Null hypothesis He: All medians are equal
Alternative hypothesis Hi: At least one median is different
Method DF H-Value P-Value

Mot adjusted forties 5 234025 0.000

Adjusted for ties 5 234934  0.000




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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