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ABSTRACT  

In the past 20 years, the aviation industry has been growing rapidly. This 

growth of the industry provides opportunities as well as challenges. While the 
opportunities arise because of increasing demand, rival airlines pose threat.  

Apart from optimizing pricing, have you ever wondered what airlines do 
to overcome these threats? Passenger Satisfaction. Unhappy passengers 

mean fewer customers and less revenue. Therefore, it is important that 
passengers have a rich experience every time they travel. The satisfaction 

survey from 259,760 passengers, which is a combination of categorical and 
continuous variable has been used for this study. The models have been built 

using decision trees and logistic regression. This study seeks to not only 
explain the paramount factors which impact the passenger satisfaction in the 

US Airline industry but also change in those factors across different age 

groups. SAS 9.4 and SAS® Enterprise Miner™ have been used for data 
manipulation and predictive modelling respectively. 

 
 

INTRODUCTION  

In the past 20 years, the aviation industry has been growing rapidly. This 

growth of the industry provides opportunities as well as challenges to the 
airlines companies. The opportunities arise because of increasing demands. 

Whereas the challenges arise from the other airlines and also in making long-
term relationship with the customers. To overcome these challenges, Airlines 

have to be remain on toes. Airlines try best to make passengers have a rich 
experience every time they travel. Factors such as departure and arrival time, 

inflight-entertainment, seat comfort could be very crucial in enhancing the 
customer experience. Also, the factors vary between different age groups. 

This study seeks to explain the paramount factors which impact the passenger 

satisfaction in the US Airline industry and change in those factors across 
different age groups. 
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METHODOLOGY 

The methodology used for this research has been divided into 3 stages 

shown in the diagram: 

 

 

 

 

 

 

 

 

 

DATA COLLECTION 

The dataset considered for this research paper contains 259,760 US Airline 

passenger satisfaction surveys taken from 

https://www.kaggle.com/johndddddd/customer-satisfaction. It contains 23 
columns, out of which 5 are nominal, 4 are continuous and 14 are ordinal 

survey variables on scale of 1-5.  
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https://www.kaggle.com/johndddddd/customer-satisfaction


3 

 

DATA MANIPULATION 

There were two data sets each containing 129880 observations. The excel 

datasets were imported into SAS using the SAS code below   

libname orion 'D:\Sunny_Personal\OSU MSBA\Spring 2019\Research 

paper\customer-satisfaction'; 

 

PROC IMPORT OUT=orion.satisfaction_1  

DATAFILE= "D:\Sunny_Personal\OSU MSBA\Spring 2019\Research 

paper\customer-satisfaction/satisfaction.xlsx"  

DBMS=xlsx REPLACE; 

GETNAMES=YES; 

RUN; 
 

PROC IMPORT OUT=orion.satisfaction_2  

DATAFILE= "D:\Sunny_Personal\OSU MSBA\Spring 2019\Research 

paper\customer-satisfaction/satisfaction_2015.xlsx"  

DBMS=xlsx REPLACE; 

GETNAMES=YES; 

RUN; 

 

The below SAS code was then used to merge above two datasets to form a 

single dataset containing 259760 observations. Two columns Online_Support 
and Inflight_service were dropped because those two columns weren’t present 

in both the datasets. 
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DATA ORION.SATISFACTION_MERGED (DROP= ONLINE_SUPPORT 

INFLIGHT_SERVICE); 

SET ORION.SATISFACTION_1 ORION.SATISFACTION_2; 

RUN; 
 

EXPLORATORY DATA ANALYSIS 

 

As part of exploratory data analysis, means of the ordinal variables were 
reported between the satisfied and dissatisfied group of customers. The means 

of all the survey ordinal variables except for the Gate location, 
Departure/Arrival time convenient are higher for the satisfied group when 

compared to the dissatisfied group. 
 

 

 

 

Means of the continuous variables were reported between the satisfied and 
dissatisfied group of customers. The average delay time for the satisfied 

customers is 12 minutes 31 seconds whereas 17 minutes and 3 seconds for 
the neutral or dissatisfied customers. The customers tend to be satisfied with 

the airlines if there is no arrival or departure delays. 
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MODELLING 

 

 

 

STEP 1: IMPORTING THE FILE 

The data has been imported into SAS Miner using create data source wizard. 
The ID variable has been rejected. There are 12 ordinal, 4 nominal and 5 

interval independent variables. 

 

 

STEP 2:  REPLACEMENT NODE 

The ordinal survey variables had 0 as the invalid value. 0’s has been replaced 
to a missing value. Below are the replacement counts 
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STEP 3:  DATA IMPUTATION 

 

The missing values have been imputed using Tree method. Below is the 

summary of imputation. 
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STEP 4:  DATA PARTITION 

The Data has been partitioned into 70-30 split for training and validation. The 

model has been built using the training data and the same has been evaluated 
using the validation data. 

 

STEP 5: DECISION TREE 

Below are the options selected for decision tree. The misclassification rate 
was the assessment measure to prune the tree.   

 

 

 

 

 

 

 

 

 

RESULTS 

 

Inflight Entertainment was most important variable in predicting the customer 
satisfaction index. Inflight Wi-Fi service, Seat comfort, Ease of online booking, 

Leg room were the other important variables in the prediction.     
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Below are the few rules from the decision tree 

 When Inflight Entertainment is greater than or equal to 4, there is 

72.64% chance that the customer is satisfied with the airline service. 
The chances of getting satisfied with the airlines goes to 88.15% when 

the customer opts for Business class 

 Similarly, when Inflight Entertainment is less than 4, there is 79.2% 

chance that the customer will not be satisfied with the airlines. The 
chances of dissatisfaction go even further to 85.83% when the seat 

comfort is less than 4. 

 The customers belonging to Eco and Eco plus category looks for inflight 

Wi-Fi service. When the inflight Wi-Fi service is greater than or equal to 

4, there is 74.2% chance that the customer will be satisfied with the 
airlines. 
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The misclassification rate of the training and validation data using decision 
tree is 16% i.e., the model’s accuracy is 84%. 

CONCLUSION 

This paper gave us information about what are the paramount factors driving 

the passenger satisfaction. The most important factor being the In-Flight 
Entertainment followed by the seat comfort. The model has predicted about 

84% of the cases correctly which implies that it is a good model.  
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APPENDIX 

 

 

TITLE 'Comparison of means of Continuous Variables'; 

 

PROC TABULATE DATA=ORION.SATISFACTION_MERGED_AGE_TRF; 

CLASS SATISFACTION_V2; 

VAR AGE FLIGHT_DISTANCE DEPARTURE_DELAY_IN_MINUTES 

ARRIVAL_DELAY_IN_MINUTES; 

TABLE (AGE FLIGHT_DISTANCE DEPARTURE_DELAY_IN_MINUTES 

ARRIVAL_DELAY_IN_MINUTES) *(MEAN), 

SATISFACTION_V2; 

RUN; 

 

TITLE 'Comparison of means of Survey Ordinal Variables'; 

PROC TABULATE DATA=ORION.SATISFACTION_MERGED_AGE_TRF; 

CLASS SATISFACTION_V2; 

VAR FOOD_AND_DRINK GATE_LOCATION INFLIGHT_WIFI_SERVICE 

INFLIGHT_ENTERTAINMENT EASE_OF_ONLINE_BOOKING  

ON_BOARD_SERVICE LEG_ROOM_SERVICE BAGGAGE_HANDLING 

CHECKIN_SERVICE CLEANLINESS ONLINE_BOARDING 

DEPARTURE_ARRIVAL_TIME_CONVENIEN; 

TABLE (FOOD_AND_DRINK GATE_LOCATION INFLIGHT_WIFI_SERVICE 

INFLIGHT_ENTERTAINMENT EASE_OF_ONLINE_BOOKING  

ON_BOARD_SERVICE LEG_ROOM_SERVICE BAGGAGE_HANDLING 

CHECKIN_SERVICE CLEANLINESS ONLINE_BOARDING 

DEPARTURE_ARRIVAL_TIME_CONVENIEN) *(MEAN), 

SATISFACTION_V2; 

RUN; 

 

TITLE 'DISTRIBUTION OF CUSTOMERS BY CLASS'; 

PROC GCHART DATA=ORION.SATISFACTION_MERGED; 

VBAR SATISFACTION_V2/SUBGROUP=CLASS  

TYPE=PERCENT  

INSIDE=PERCENT; 

RUN; 

 

TITLE 'DISTRIBUTION OF CUSTOMERS BY GENDER'; 

PROC GCHART DATA=ORION.SATISFACTION_MERGED; 

VBAR SATISFACTION_V2/SUBGROUP=GENDER  
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TYPE=PERCENT  

INSIDE=PERCENT; 

RUN; 

 

TITLE 'DISTRIBUTION OF LOYAL & DISLOYAL CUSTOMERS'; 

PROC GCHART DATA=ORION.SATISFACTION_MERGED; 

VBAR SATISFACTION_V2/SUBGROUP=TYPE_OF_TRAVEL  

TYPE=PERCENT  

INSIDE=PERCENT; 

RUN; 

 

TITLE 'DISTRIBUTION OF CUSTOMERS BY CUSTOMER_TYPE'; 

PROC GCHART DATA=ORION.SATISFACTION_MERGED; 

VBAR SATISFACTION_V2/SUBGROUP=CUSTOMER_TYPE 

TYPE=PERCENT 

INSIDE=PERCENT; 

RUN; 

 

 

 


