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ABSTRACT

It is imperative for airport operators and airlines to have a clear understanding of the 

factors which influence the passenger’s decision with regard to which airport/airline 

combination to use in a multi-airport scenario. Interactions between demographic 

variables, such as gender and purpose of travel, and the choice attributes in the 

decision-making process exist. The extent to which specific attributes influence the 

passenger’s decision could be invaluable to service providers (airport operators and 

airlines) in allocating and employing limited resources. The purpose of this article is 

to investigate the extent of the interactions between passenger demographics and 

attribute evaluation by taking into account the ordinal nature of the measurement scale.

INTRODUCTION

Air transport is becoming increasingly more popular in South Africa. This is illustrated by 
an increase of approximately 66% in the number of domestic passengers over the period 
2002 to 2010 at the airports managed by the Airports Company South Africa (ACSA) 
(Airports Company South Africa, 2011). ACSA, which is majority owned by the South 
African Government, manages nine airports in South Africa including all the international 
airports (Airports Company South Africa, 2011). The increase in air passenger transport was 
mainly the result of the introduction of a low cost carrier (LCC) in the South African market 
in 2001 (Comair, 2011). Initially the LCCs operated from the ACSA-operated airports but 
they also started operating from a regional airport, Lanseria International Airport (LIA) 
in Johannesburg, Gauteng, in 2006, which is privately owned (Heyns & Carstens, 2011). 
A second LCC started operating at LIA in 2011 (Heyns et al., 2011). The two airports in 
Johannesburg that the LCCs currently utilise are OR Tambo International Airport (ORTIA) 
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situated in the east of the city and Lanseria International Airport (LIA) situated west of 
Johannesburg and which is approximately 55 km from ORTIA.

Airlines and airport operators are under significant financial pressures and are continually 
pursuing avenues to optimise the utilisation of limited resources. Therefore, an understanding 
of the passenger’s view of the factors which influence their decision as to which airport/airline 
combination to use in a multi-airport scenario is beneficial to both the airport operators 
and the relevant airlines. The airport operators have control over certain attributes such 
as the number of parking bays, the number of check-in points, etc. Attributes which are 
mainly related to the geographic location of the airport, e.g. the time to access the airport, 
fall outside the control of the operator but may still have a significant influence on the 
passenger’s airport decision. Similarly, airlines have control over a number of their service 
attributes such as frequency of services, the fare, etc. 

The service providers (airport operators and airlines) need to understand the relationship 
between their service levels and a passenger’s airport and airline decision as passenger 
migrations between airports impact on the airport operation’s capacities (Heyns et al., 
2011). Airlines and airport operators globally face the same challenges to understand which 
factors influence the decision-making process of passengers in airport choice (Pels, Nijkamp 
& Rietveld, 2003; Marcucci & Gatta, 2011).   

Individuals make decisions by comparing alternatives and selecting an action (Hensher, Rose 
& Green, 2006). These decisions are subject to a large amount of variability (heterogeneity) 
and in order to model decision-making this variability needs to be explained. This is 
based on the fact that it is an individual’s level of preference for a specific alternative that 
determines which choice will be selected (Hensher et al., 2006). There are various ways of 
measuring the level of preference, one of which is an ordinal measurement, i.e. a ranking 
score. An ordinal measurement will provide an indication if one level of an attribute is more 
preferred than another. 

Heyns et al. (2011) completed a survey at LIA to determine the factors that have the 
most significant influence on a passenger’s decision as to which airport to use. Most of 
the research done on air passenger choice behaviour treats all individuals in the same 
fashion. However, Hess, Adler and Polak (2007) have found significant interactions between 
socio-demographic variables, particularly the purpose of travel and the sensitivity to travel 
attributes. Hess et al. (2007) based their findings on the results of a discrete choice model 
and the subsequent willingness-to-pay measures. This interaction between the demography 
of the sample and attribute selection was also found by Heyns et al. (2011) as indicated 
by the changes in the underlying decision factors based on gender and purpose of travel. 
However, Heyns et al. (2011) did not establish the extent (level of preference) to which a 
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specific attribute influences the passenger’s decision. Such information could be invaluable 
to service providers in guiding them to utilise limited resources more efficiently and this 
could be achieved by analysing the ranking scores of the relevant attributes. 

The objective of this research is to investigate the extent of the interactions between 
passenger demographics, with specific reference to gender and the purpose of travel, and 
attribute evaluation. The research question may be formulated as follows: At what level 
does gender or purpose of travel impact on the attributes that influence the passenger’s 
airport/airline decision? The proposed method takes into account the ordinal nature of the 
information, which is then used to estimate response level probabilities.

LITERATURE REVIEW

Many studies have been completed relating to the airport/airline decision based on discrete 
choice models. These studies result in models that will predict the choice of an individual 
given a certain set of alternatives based on the relevant attributes (Hensher et al., 2006). 
In addition, willingness-to-pay measures may be used to quantify the impact of covariates 
(respondent demographics) on the choice selection (Hensher et al., 2006). Hess et al. (2007) 
found significant differences in the evaluation of airport/airline attributes based on the purpose 
of travel. Marcucci et al. (2011) used a similar approach to analyse consumer behaviour related 
to regional airport choice and concluded that gender does not have a significant influence on 
the estimation results. Choice probability elasticities were used by Pels et al. (2003) to identify 
differences in attributes evaluation based on the purpose of travel.

A quantitative technique that takes the ordinal nature of the response into account is the 
ordinal regression approach. This method is a form of the generalised linear models and 
has a wide application provided that the responses (attribute levels) have been ranked 
in order of preference. Ordinal regression was used by Zhou, Wu, Yang and Jiao (2008) 
to identify the relationships between consumers and products based on product design. 
Ananth and Kleinbaum investigated the use of different generalised linear models in the 
health industry based on a single covariate (Ananth & Kleinbaum, 1997). These models are 
developed under relatively strong assumptions and are applicable if the assumptions are 
satisfied (Ananth et al., 1997). The use of ordinal regression models was further promoted 
in the health industry by Bender and Benner (2000) who argued that these models should 
be more widely used in epidemiology and biomedical research.

The ordinal regression model was used by Chen and Hughes (2004) to analyse student 
satisfaction at higher education institutions. Although gender was included as one of 
the covariates, it was found not to be significant. Chen et al. (2004) discuss some of the 
advantages of using the ordinal regression model such as the ease of assessing the validity 
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of the assumptions, as well as the little effort involved in estimating and interpreting 
the model. Akman and Mishra (2010) found through the application of multiple ordinal 
regression models that gender has no predictive effect on the average daily use of the 
Internet, i.e. there is no gender difference in terms of the average daily use of the Internet. 

A study that used the ordinal regression model to evaluate passenger satisfaction of airport/
airline service levels was completed by Eboli and Mazulla (2009). One of the objectives 
of this research was to identify critical service aspects available at the airport terminal. 
Passengers were asked to evaluate (on an ordinal scale) a number of service quality aspects 
such as availability and frequency of bus links and security against theft (Eboli et al., 2009). 
The authors state that demographics should be used to identify various market segments, 
if these exist. In addition, such a model can be used to determine the level combinations of 
service aspects which contribute to the passenger’s overall satisfaction (Eboli et al., 2009). 

The use of ordinal regression methods is indeed widespread and Denham (2010) argues 
that scholars in social research should use quantitative techniques such as ordinal regression 
to supplement the more general approaches to statistical analysis.
 

STUDY METHODOLOGY

This research is based on the results of a paper-based survey of 2101 randomly selected 
departing passengers at LIA2 (Heyns et al., 2011). The objective of the survey was to establish 
the most important attributes (factors) that passengers take into account in the selection of 
the airport (LIA). The survey used a questionnaire which included 18 attributes relating to 
demographics and the following areas of interest: (1) price, (2) service, (3) convenience, and 
(4) safety. The demographic information included, inter alia, the gender of the respondent, 
as well as the purpose of travel, i.e. business, leisure, sport, student and VFR (visiting friends 
and relatives). Respondents were requested to complete a 4-point Likert-type scale to rank 
the impact of each attribute on their decision to use LIA as follows: (1) to no extent, (2) to 

a small extent, (3) to a moderate extent and (4) to a large extent.

The demographic characteristics (gender and purpose of travel) of the respondents who 
participated in the questionnaire are depicted in Tables I and II. 

1 Three respondents were removed from the analysis since they were foreigners.
2 Only LCC (no FCC) visit LIA. Survey only includes LCC passengers, which could be seen as a potential 
weakness of the study.
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Table I: Gender

 

Table II: Purpose of travel

The majority of the respondents were male (56%) and the respondents were approximately 
evenly split in terms of the purpose of travel, i.e. Business (51.7%) and Other (leisure, sport, 
student and VFR) (48.3%). 

Heyns et al. (2011) used factor analysis to identify four latent factors that related to the 
following 12 attributes:
 
•	 On-time arrival/departure
•	 Frequency of service
•	 Seat availability
•	 Departure time
•	 Time to/from the airport
•	 Ease of access
•	 Ease of check-in
•	 Airport safety
•	 Parking security
•	 Price of ticket
•	 Cost of parking
•	 Cost of transport to the airport

The focus of this research is on these 12 attributes in order to investigate the relationship 
between the ranking of the attribute and gender of the passenger and his/her purpose 
of travel.
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This can be achieved by applying a model that takes into account the ordinal nature of 
the dependent variable (the ranking for each attribute). One such model is the ordinal 
regression model or generalised linear model for ordinal data (Ananth et al., 1997). The 
general form of the ordinal regression model is:

link(γj) = θj – (β1x1 + β2x1 + …. + βkxk) 

where γj is the cumulative probability of the jth category (prob(eventj)), θj is the threshold 
for the jth category and β1, β2, β3, … βk are the regression coefficients of the independent 
variable x1, x2, x3, … xk. Note that this model is linear in the parameters through the link 
function. For this research, only one independent variable is used, either gender or purpose 
of travel. The purpose of travel was categorised in two categories, Business and Other 
(leisure, sport, student and VFR) to allow sufficient responses per response category. 
Therefore, both these variables are binary in the sense that each variable has only two 
levels (options).

The link function is a function of probabilities that results in the linear model. There are 
various link functions (Norusis, 2011) but the link functions utilised in this research are the 
following: 

•	 The logit model is based on the logit function (logarithm of the odds ratio) for evenly 
distributed categories as follows:

	 	

•	 The complementary log-log model is more suitable for situations where the higher 
categories are more probable:

	

•	 The negative log-log model is more suitable for situations where the lower categories 
are more probable:

	

The estimated model provides an indication of the affect (estimated coefficient) of the 
independent variable on the link function. In addition, the inverse of the estimated model 
allows for the calculation of the cumulative probabilities of selecting the different ratings 
(Norusis, 2011). By subtracting sequential cumulative probabilities the individual response 
probabilities can be calculated. These response probabilities indicate the probability 
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of each response category being selected, i.e. (1) to no extent, (2) to a small extent,  
(3) to a moderate extent and (4) to a large extent. The resultant information will indicate 
how the independent variable (demographic variable) levels impact on the importance 
of the response category. For example, the calculated response category probabilities 
will indicate how female passengers rank an attribute and how male passengers rank the 
attribute. A significant model will be estimated if there is a statistically significant difference 
in ranking between female and male passengers. 

The data was analysed with the PLUM (polytomous universal model) function of SPSS for 
Windows version 18. This analysis provides the parameter estimates, as well as estimated 
probabilities for the different response categories: (1) to no extent, (2) to a small extent, 
(3) to a moderate extent and (4) to a large extent. 

The following tests are included in this procedure and were used to determine the 
significance of the estimated model:

1.	 Overall model fit

The null hypothesis is that the independent variable coefficient is zero. If gender or the 
purpose of travel has a significant influence on the ranking of the attribute the null hypothesis 
is rejected (significance < 0.05).

2.	 Goodness-of-fit

Two measures are used, i.e. Pearson and Deviance. The null hypothesis is that the observed 
and expected frequencies do not differ significantly. If the independent variable has a 
significant influence on the ranking of the attribute the null hypothesis cannot be rejected 
(significance > 0.05).

3.	 Wald test on the parameter estimates

This measure tests the significance of the independent variable. The null hypothesis states 
that the parameter estimate is zero. If the independent variable has a significant influence 
on the ranking of the attribute the null hypothesis is rejected (significance < 0.05).

4.	 Test of parallel lines

The null hypothesis states that the coefficients are the same across response categories. If 
the null hypothesis cannot be rejected the ordinal model is applicable (significance > 0.05). 
This is one of the fundamental assumptions of the ordinal regression model. 
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DISCUSSION OF RESULTS

All three link functions were applied to the data with first, gender (male or female) as 
the independent variable and secondly, with purpose of travel (business or other) as the 
independent variable to establish the individual impacts of these variables on the selection 
of response categories. 

Gender

The results of the model with gender as the independent variable are shown in Tables III to V.

Table III: Logit estimation results

Table IV: Complementary log-log estimation results
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Table V: Negative log-log estimation results

The results indicate that the negative log-log (nlog-log) link does not result in significant 
regression models except in the case of the Price of the ticket. However, the complementary 
log-log (clog-log) link provides a better model fit if the Pearson and Deviance tests as well 
as the test of parallel lines are considered. 

Although the test of parallel lines for the following attributes indicate that the null hypothesis 
cannot be rejected, no significant models could be estimated for the attributes based on 
overall model fit:
•	 Ease of access	 	 	 	 [model fit significance (nlog-log) = 0.387] 
•	 Ease of check-in		 	 	 [model fit significance (logit) = 0.059]
•	 Parking security	 	 	 	 [model fit significance (clog-log) = 0.121]
•	 Cost of parking	 	 	 	 [model fit significance (clog-log) = 0.168]
•	 Cost of transport to the airport	 [model fit significance (clog-log) = 0.066]

The lack of fit for these attributes indicates that female and male passengers rank these 
attributes similarly, i.e. there are no significant differences between the rankings of the 
response categories of these attributes by female and male passengers.

The ordinal regression results indicate that gender (female vs male) as the independent 
variable plays a significant role in the ranking of the response categories of the following 
attributes as summarised (in terms of model fit and link function) in Table VI.
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Table VI: Summary of significant models

The positive parameter estimates for these attributes indicate that, based on the gender 
of the passengers, the higher response categories were more likely to be selected – which 
is why the complementary log-log link provides the best results. The respective response 
category probabilities are illustrated in Figures 1.1 to 1.7.

Figure 1: Response category probabilities by gender

It is evident from the estimated response probabilities that female and male passengers in 
general view the ranking of each attribute in a similar way, i.e. the higher rankings (3 and 
4) have a higher probability of being selected. This is clearly illustrated in the case of Time 
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to/from the airport where category 4 (to a large extent) has by far the highest probability 
of being selected. The one exception is the Price of the ticket where male passengers are 
more likely to select the lower three categories, indicating that the ticket price is less likely 
to influence a male passenger’s decision at the highest level (to a large extent). The results 
also indicate that significant differences exist between the response category probabilities 
of female and male passengers. This is reflected by the fact that male passengers indicate 
that they are less likely to rate an attribute’s influence on the airport decision to a large 
extent (category 4).  

Purpose of travel

The results indicated that the purpose of travel (Business vs. Other) does not play a significant 
role in the selection of the response categories of the attributes except in the case of the 
price of the ticket. The results of the estimation models are shown in Tables VII to IX.

Table VII: Logit estimation results

Table VIII: Complementary log-log estimation results
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Table IX: Negative log-log estimation results

The results indicate that only one significant model could be estimated (95% significance). 
One of the reasons for the lack of fit is the fact that the proportional odds assumption 
(parallel lines) is not relevant (test of parallel lines significance < 0.05) in some of the cases. 
In such cases it is proposed to use a less restrictive model such as the multinomial regression 
approach (Zhou et al., 2008). However, the multinomial regression approach did not result 
in significant models either. 

No significant models could be estimated for the following attributes (overall model fit 
significance > 0.05):
•	 On-time arrival/departure	 	 [model fit significance (nlog-log) = 0.537] 
•	 Frequency of service	 	 	 [model fit significance (clog-log) = 0.217] 
•	 Seat availability	 	 	 	 [model fit significance (clog-log) = 0.107] 
•	 Departure times	 	 	 	 [model fit significance (clog-log) = 0.148] 
•	 Time to/from the airport	 	 [model fit significance (nlog-log) = 0.230] 
•	 Ease of access	 	 	 	 [model fit significance (clog-log) = 0.065] 
•	 Ease of check-in		 	 	 [model fit significance (clog-log) = 0.794]
•	 Airport safety	 	 	 	 [model fit significance (nlog-log) = 0.530] 
•	 Parking security	 	 	 	 [model fit significance (nlog-log) = 0.209]
•	 Cost of parking	 	 	 	 [model fit significance (nlog-log) = 0.085]
•	 Cost of transport to the airport	 [model fit significance (nlog-log) = 0.261]

The significance level for the fitted model for Ease of access is 93.5% (p-value = 0.067), 
which is relatively close to the generally accepted level of significance of 95%. The positive 
coefficient (0.471) indicates that the higher rankings for this attribute are more likely to be 
selected. The calculated response probabilities are illustrated in Figure 2.
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Figure 2: Response category probabilities – Ease of access (purpose of travel)

Figure 2 indicates that the highest response category (4 = to a large extent) are the most 
likely to be selected by both Business and Other travellers. Although the general probability 
trend is the same for Business and Other travellers, it is clear that the influence of this 
attribute is ranked higher by business travellers, as indicated by the higher probability of 
selecting the highest ranking.

Similarly it could be argued that the significance for the fitted model for Cost of parking is 
relatively close to the generally accepted level of significance of 95%, i.e. 91.5% (p-value 
= 0.085). The positive coefficient (0.343) in this instance indicates that the lower rankings 
for this attribute are more likely to be selected. The calculated response probabilities are 
illustrated in Figure 3.

Figure 3: Response category probabilities – Cost of parking (purpose of travel)

The dominant probabilities for selecting the lowest response category (1 = to no extent) 
indicates that business and other travellers are more likely to view the Cost of parking as 
having no influence on their airport decision.
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A significant model (model fit significance < 0.05) could only be fitted for the Price of the 
ticket (complementary log-log model). The negative coefficient estimate indicates that, 
based on the purpose of travel, business passengers are less likely to assess the influence 
of the Price of the ticket as influencing their airport decision to a large extent (response 
category 4). Figure 4 illustrates the estimated response probabilities by purpose of travel.

Figure 4: Response category probabilities – Price of the ticket (purpose of travel)

The estimated response category probabilities of business and other passengers differ 
significantly, especially with regard to the highest level (4 = to a large extent). Other 
passengers are most likely to rank this attribute at the highest level, whereas Business 
passengers are least likely to rank this attribute at the highest level. This could be an 
indication that Other passengers are more likely to be cost-conscious at the highest level  
(4 = to a large extent). Based on the estimated response category probabilities for Business 
passengers it can be concluded that the Price of the ticket is mainly evaluated equally at all 
the levels of the attribute. 
 

CONCLUSION

The impact of demographic variables (gender and purpose of travel) on the attributes 
that influence the choice of airport decision is important for the service providers (airport 
operator and airline) to understand the scope of the services to be provided to different 
segments of the market. This could be achieved by evaluating the extent (not important, 
very important, etc.) to which the demographic variables (gender and purpose of travel) 
influence the airport decision attributes.

This research focused on the results from passengers surveyed at LIA and the objective of the 
research is to utilise an ordinal regression model to gain an understanding of the influence 
of the gender of the passenger and the purpose of travel on the ranking of various attributes 
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(level of importance) that influence their airport decision. Previous research identified 12 
attributes as being important in the airport decision of passengers. 

The ordinal regression approach was used since the respondents were requested to rank 
the influence of each attribute according to a Likert-type scale (1 = to no extent, 2 = to a  
small extent, 3 = to a moderate extent and 4 = to a large extent). Although three types of link 
functions were used (logit, complementary log-log and negative log-log) the complementary 
log-log link in general provided the best overall model fit. This was mainly due to the fact 
that respondents generally selected the higher rankings.

The ordinal regression results indicate that gender (female, male) definitely influence the 
ranking of some of the attributes but not all. In general, female and male passengers used 
a similar ranking structure for the following five attributes (i.e. gender does not impact 
significantly on the ranking of the following attributes):
•	 Ease of access	 	 	 	  
•	 Ease of check-in		 	 	
•	 Parking security	 	 	 	
•	 Cost of parking	 	 	 	
•	 Cost of transport to the airport	

Significant differences exist in the response category probabilities of female and male 
passengers for the following seven attributes, i.e. gender impacts significantly on the 
ranking of the following attributes:
•	 On-time arrival/departure	 	 	
•	 Frequency of service	 	 	  
•	 Seat availability	 	 	 	  
•	 Departure times	 	 	 	  
•	 Time to/from the airport	 	 	  
•	 Airport safety	 	 	 	  
•	 Price of ticket

Although female and male passengers rank these attributes differently, in general the 
respondents are more likely to select the higher rankings of the attributes (3 = to a moderate 
extent and 4 = to a large extent). The one exception is the Price of the ticket which male 
respondents are less likely to rank at the highest level. Overall, male passengers are less 
likely to use the highest rank (4 = to a large extent).

The purpose of travel (Business or Other) does not influence the ranking of the attributes 
significantly except in the case of the Price of the ticket. The estimated response probabilities 
indicate that the ranking of this attribute is similar for both Business and Other passengers 
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and that the response categories 1 to 3 are equally likely to be selected. However, Business 
travellers are less likely to rank the Price of the ticket at the highest rank (4), whereas Other 
travellers are more likely to assess this attribute at the highest rank. Passengers that travel 
for ‘other’ purposes are clearly more conscious of the cost of travel.

The results indicate that the ordinal regression approach is a powerful tool to establish 
regression-type links between the various levels of ordinal dependent variables and 
demographic variables. The results of the ordinal regression approach (response category 
probabilities) can be used to estimate the likelihood of response category selection based 
on demographic variable levels.
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Table of acronyms and abbreviations

ACSA Airports Company of South Africa 

FCC Full-Cost Carrier 

LIA Lanseria International Airport

LCC Low-Cost Carrier

ORTIA OR Tambo International Airport

VFR Visiting Friends and Relatives


