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Abstract 

Information and Communication Technology (ICT) is an important factor in the advancement of transportation. 

This paper aims to explore the importance of various ICT mediums and their impact on travel behavior by various 

segments of the society. For the purposes of this study, a data set obtained from Seattle, USA from the year 2014 

courtesy of the Puget Sound Regional Council (PSRC) has been used with a Multinomial Logit Model to 

determine answers to the questions that this paper aims to address. Several research studies that have been 

undertaken to show the correlation between ICT and Transport behavior have also been reviewed and taken into 

consideration. A clear relationship between ICT and travel behavior patterns is established in the findings of this 

paper, with notable differences in age groups, gender and the usage of different ICT mediums are being registered.  

Research Topic 

 

Understanding the impact of travel information acquired through various ICT mediums on the travel behaviour 

patterns of different user groups.  

Research Questions 

 

1. What are the characteristics of people who use ICT to acquire travel information and what is the impact of 

the acquired information on their travel behaviour?  

2. What are the different methods of acquiring travel information? 

3. What are the differences in the ways of procuring travel information between various age groups? (Age Vs 

Methods of acquiring information) 

4. What is the impact of different mediums of acquiring travel information on the travel behaviour of 

commuters? 

These are the main questions that the paper aims on focussing by using different methods of statistical analysis. 

According to the results in the end, the paper comes up with conclusions and possible recommendations to make it 

more inclusive and user friendly.  

It also comes up with various ways in which this ICT can be widely used to encourage people into taking public 

transportation and reduce the use of private vehicles. This would help in saving a lot of road space which would result 

in reducing traffic congestion levels, and saves up a lot of time and money for the people giving them the benefit of a 

seamless connectivity from the origin to the destination. 

 

http://www.sciencedirect.com/science/journal/22107843


 

Available online at www.sciencedirect.com 

ScienceDirect 

Transportation Research Procedia 00 (2018) 000–000  

www.elsevier.com/locate
/procedia 

 
Introduction 

Transport plays a major role in the day to day lives of the general populace. Improvements, enhancements and 

advancements in the world of transport continue to be devised and implemented on a regular basis. As a result, cities 

and urban spaces have been in a constant state of expansion. The radius or the size of human activities has increased 

with time (M. Aljoufie, 2011). 

Due to advancements in technology, ease of travel has greatly increased with time. This paper primarily focuses on 

the impact of information and communication technology (ICT) on urban mobility.With the introduction of smart 

technology, people can get access to information for their trip in a faster and convenient way. Technology in terms if 

ICT combined with transportation has made so many things easier (Matti Kutila, 2013). 

Most urban commuters in this day and age are equipped with smartphones and have internet connectivity. They can, 

therefore, acquire information about shortest routes of travel, monitor the traffic situation etc. with relative ease.  

Commuters can also decide their mode of travel and determine the approximate cost of their trip in advance. With the 

introduction of ICT to transport, commuters can save a lot of time and money in travelling or planning trips.  

Several studies have been undertaken in the past in order to define ICT and to determine its’ impact on travel 

behaviour. This paper, focuses on how different methods of acquiring travel information from different mediums 

impact the travel behaviour of people. Has ICT in transportation really affected the travel patterns of the people? How 

is it different from the times when they did not use any smart technologies?  

It also emphasizes on the demographic divide and the differences in the patterns of the people’s decision making 

behaviour to choose a mobility related decision. It tries to understand the characteristics of the people who use these 

travel information and how different classes of people get affected in terms of travel behaviour.  

 

With the wide spread use of the new technology, people use the internet in various ways to acquire various types of 

information. So many people use different mediums like computers, smart phones and tablets to gain information 

about travel, tourism plans, online shopping, weather updates etc. Now, ICT is an inevitable and addictive medium as 

it is cost effective, and also, saves a immense time as the physical presence of the person is not required for any of the 

above mentioned work 

(Bert van Weea, 2013). 

 

(Eran Ben-Elia, 2014) Now, a trend of work from home has also been emerging, and this has reduced the number of 

trips all through as networking is so much easier via the internet. Traditionally travel behaviour was an impact of the 

land use, geographical aspects and many more other physical components (Fariya Sharmeen, 2017). 

 

However, now there are studies that shows ICT can replace or substitute many trips, because things can be done in an 

easier way, but also can generate whole new location based trips which were not at all planned in the first place. It can 

stimulate the demand for new location based trips and hence increase the amount of travel (Patricia L. Mokhtarian, 

2006). 

 

Before getting into details regarding the impact of ICT in travel behaviour, several studies done in the past have been 

reviewed to understand what kind of studies had been done in the past reading the impacts of ICT. There has been 

also literature review done on different ways of explain what ICT actually means or rather to define it in a more formal 

manner. Studies have also been looked into about the user groups or the demographic divide that uses these kind of 

new technologies to acquire this information (Scottish Qualifications Authority, 2013). 

 

http://www.sciencedirect.com/science/journal/22107843


 

Available online at www.sciencedirect.com 

ScienceDirect 

Transportation Research Procedia 00 (2018) 000–000  

www.elsevier.com/locate
/procedia 

 
Literature Review 

Several studies were reviewed for the analysis of online travel trends, focuses on the behaviour of the people who use 

these online mediums to acquire any kind of transport information. It states that the consumer behaviour has a strong 

relationship between the demographic factors and the attitude towards using their products.  

A study for a sample size of 692 respondents were used and all the models have been performed in the statistical 

software SPSS. These respondents showed about their interaction in social media to gain information for travel. 

It explains that majority of the people who use ICT are of 21-34 years and the people who are aged between 55-60 

years prefer travel information provider websites. These are almost 40% of the people compared to the young ones 

who are 47%. Also, among the young users, Facebook of social media, influenced their decision making to a 

considerable extent (75%) (Narayan B. Prabhu M, 2014). 

It also discussed about the methods by which they acquire such information. If they used computers or mobile phones 

and most of them interacted to information for travel agencies to email via mobile phones upto 19%. Downloaded 

applications in the mobile phones listed upto 21% and the least being alerts through SMS which was about 15%. This 

resulted in the highest being Facebook of 90%, twitter 30%, and google plus 10% in the age group of 22-34 years. 

However, in the age group of 45-60 years there were 48-49% respondents who did not involve or engage themselves 

in any kinds of social media activities.  

Several studies were also done regarding the benefits of online platforms and tried to explain the meaning of ICT in a 

holistic manner. It describes about the variety of platforms that consumers use and why. It talks about maximising the 

growth of digital economy. The authors struggle to give a proper definition of the online platform. They have used 

various references that could summarise or give a proper definition. In the end they come up with the conclusion that 

there is no single definition that could summarise the plurality of the online market. It is a very broad term. 

Some of the key findings that are driven from these studies explains that it saves a lot of time and costs. There are 

more choices for the consumers and increase in the quality of the goods and services. Online comparisons websites 

also have a lot of impact on the consumer purchasing choices. There have been other social benefits too and a 

considerable increase in the market platform. There has been cost reduction in terms of travel expenses as well. There 

can be a lot of information exchange and expansion seen in this online platform as there are so many peer comments 

for a particular service or good used by various customers. Hence it impacts the customer choices.  

Different studies discuss about the traveller’s road to decisions. A study was done where a sample size of 5000 US 

citizens was surveyed who used online platforms to make personal/ business travel decisions. It described that 69% 

people involved with business trips made online search before going anywhere followed by 65% of leisure trip 

travellers. 42% of these people used travel apps/sites and 31% used destination specific apps and sites. 80% of the 

business travellers used the internet for these information and 78% of the leisure travellers used the internet for the 

same (Google, 2014) Surprisingly both the business and leisure travels used information from the phone equally up 

to 44%, however, 86% of the business travellers, 55% used from website and 63% from apps. For the leisure travellers, 

it is 71% who use online platforms being 45% for website and 40% for apps.  

This changes for people who are on leisure trips, like the decision to make for an excursion is influenced by the use 

of apps by 56% and in computers by 49%. Majority of the people almost 65% were inspired by the internet for the 

travel decision makings (Ulrike Gretzel, 2006). 

The other aspects for the literature review covered on studying the relationship between socio demographic factors 

and ICT use which impacts travel behaviour.  Numerous studies were done to understand the relationship between 

gender, employment, age and usage of ICT.  
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Studies based on a technology survey on the people who were between the age of 65 to 100 years were done and 

explains that internet is not optional now a days and it is just a requirement or a way of life. However, the older group 

has limited access to it due to a number of reasons.  

Similar studies about internet use amongst the mid-life citizens and the elderly were done which had a lot of statistical 

analysis and has some major findings which goes very well with the research purpose of this paper. (Keenan, 2009). 

The author talks about the reasons for using the internet, and also the frequency of using the internet by these mid 

aged people. A study was done among 1013 respondents who were chosen if they were older than 50 years. Most of 

the respondents used it for communication purposes 51% like send or receive mails, a few used them for online 

purchasing44% and some used to make travel plans41%. All the rest used it for online research purposes 57%. Most 

of these elderly class didn’t use online platforms for travel because they were not interested, and did not have the time 

and technical aptitude for this.  

 (UK, n.d.)Similar discussions were done as review based paper and explains the same thing as the previous studies 

that the major reason for the elderly people to use internet was commination and social aspects like keeping in touch 

with their distant relatives and friends. Technical aspects prove to be a concern in being a barrier between the adoptions 

of this technology for them in the day to day lives. Mostly these people acquire information based on TV, Radio and 

newspapers as they are easy to operate (Passey, n.d.).The author suggests that using more user friendly technologies 

would help better decision making and also help in making business more inclusive.  

The other aspects of the literature review discuss about various form of employment and the impacts of ICT on the 

travel behaviour. A study was done in Sweden on the work based trips and the use of ICT (Bertil Vilhelmson, 2001). 

The author states that with the increase in ICT the people have the choice to decide when, where and how to travel to 

their work. This study was taken from the Swedish surveys to investigate the choice of the commuters for several 

groups of workers like homes based and not and see if their locations change with the information available. It 

describes about the jobs and new services in ICT like video conferencing, telecommuting, tele communication etc and 

explains that the concept of expected versus the real outcome depend on the way the travellers perceive the information 

of the travel. Substitution of trips or almost similar trips can take place depending on the similarity of the activities or 

the ICT search. Only if the search or the characteristics are extremely similar in terms of similar functions and equal 

value, only then substitution takes place.  The use of ICT is becoming more and more time consuming and is a part of 

daily life, both for home based and work lives. Therefore, the travel functions are diminishing with time and the 

substitution of these trips are taking place. Therefore, the author proves that with the introduction of the ICT, the 

number of trips to work based on various location and geographic characteristics are diminishing with the new 

technologies in ICT and services and facilities like work from home.  

 

Similar studies were done in Eindhoven where mixed logit model is used to analyse the impacts of ICT on social 

interaction behaviour. The key results from this study was that the number of work hours showed a negative relation 

with the social networking. Also, the average number of social interaction hours were found to be less for people who 

had a lower social circle. Also, the negative results for social interactions in the weekend could be seen. For a mixed 

logit model, the author focused on gender as well, and found that females have larger likelihood to interact more than 

males in forms of IM and mobile phones. Results also showed that younger and more educated people had more social 

interactions. Personal characteristics added a significant effect on the mode choice as the younger people are better in 

adapting to new technologies and are better in making decisions based on ICT (Pauline Van den Berg, 2012). 

A major socio demographic factor that determines travel behaviour and ICT use is gender, and several studies around 

the globe are done based on this.  

 

Studies were done to model the relationship between ICT use, and how differently they are being used by each gender. 

Columbus metropolitan area, US in the year 2003-2004 collected data for this study from two-day activity-internet 

diary. Different models were used for this. One was SEM, structural equation modelling, and it was used because it 
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has the capacity to estimate the casual relationship among the chosen variables multivariate normality and goodness 

of fit models. 

The results indicate that the impacts of Internet activities on people’s activity– travel patterns are significantly different 

across gender. In general, Internet use for maintenance purposes has a greater impact on women’s activity–travel in 

the physical world, while Internet use for leisure purposes affects men’s physical activities and travel to a greater 

extent. First, the same type of Internet activities (e.g., maintenance) unequally influences activity–travel patterns 

across gender. Similarly, Internet use for leisure purposes reduces men’s travel demand for leisure activities while 

increasing their travel demand for maintenance activities. Third, the same patterns across gender seem to have been 

generated by different processes (Fang Ren a, 2009) there we many other such studies which were done based on age, 

gender and tracking down social and behavioural travel patterns and with similar models as above, most of them had 

the same results such as social trips can be related to the network theory and others stated that the social trips are 

complicated in nature and can be understood by choice based preferences (Pauline E.W. van den Berg, 2008). It varied 

from age, gender and between various income groups.   (MILLER2, 2003)All have different impacts on tri patterns, 

if they are social, leisure based trips or are more work related trips. It also talks about substitutions and alternatives 

that ICT can provide and states that it widely depends on the nature of individual’s choices and preferences. A wide 

range of studies showed impacts on consumer’s behaviour related to tourism and other aspects (Raubal Martin, 2012). 

 

Research Gap and Need for the Study 

 

It could be seen that several studies were done to understand the impact of ICT on travel behaviour, and emphasized 

on social groups as well. However, not many studies were to be seen where the impact of every medium of ICT like 

TV, radio or GPS had an impact on a specific travel behaviour like choosing a public transport based on that 

information. Also, a clear break up on particular travel behaviours based on socio demographic factors could not be 

seen, like if gender, employment or age plays an important role in taking a public transport.  Thus, this paper focuses 

on fulfilling the research gap and answering the research questions with suitable models which would be explained in 

detail in the chapter for methodology. As mentioned in the research gap, not many studies were focused on answering 

the impacts of individual forms of technology on specific travel behaviour.  

Ever since the introduction of new technologies in the world of transportation has taken place, several studies have 

been undertaken to understand ICT and its’ impact on transportation with quite a few definitions being put forth by 

various authors and researchers. There have also been studies that show the relationship between users of ICT 

(primarily internet and smartphone users) and their travel. Studies have also looked at gender and age based patterns 

in terms of such correlations.  

Although numerous papers were written on the impacts of ICT in travel behaviour, not many papers were written 

down on the impacts of individual mediums of information acquiring methods on travel behaviour. For example, when 

the components are broken down into major sub groups such as impact of acquiring travel information from social 

media on choosing a public transport or impact of acquiring travel information on choosing a different route than 

previously planned could not be seen.  

Also, there were not many studies that showed the impact of these ICT in trip choice based on travel timings. In this 

paper, ICT is considered not only as internet and smart phones, but it takes into account many other mediums by which 

information can be acquired for travel updates, for example, TV, Radio, Alerts, Websites and Applications on 

smartphones etc. It focuses on understanding who are these people that use this information for travel . What are the 

impacts on the travellers on their trips based on the journey time, route choice, if they used public transport, or they 

chose a completely different mode?  
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Another aspect that the paper aims on focusing is the quantitative analysis of these impacts by various statistical 

methods. Significant amount of data was taken and regression analysis for the dependent and independent variables 

was done to have a better understanding of the impacts in a number based method. The regression models used for 

this paper, based on the variables would be explained in the next chapters of the paper which will in depth explain the 

data and methods used to analyse the research questions which mainly focuses on answering the following: 

1. What are the characteristics of the people that use ICT to acquire travel information?  

2. What are the different methods of acquiring travel information? 

3. What are the differences in the ways to acquire travel information between various demographic groups?  

4. What is the impact of these travel information on their Travel Behaviours? 

Methodology 

Data Used: 

 

The data set that has been used for the purpose of research for this paper is PSRC (Puget Sound Regional Council 

Data) Data. This is an organisation which provides with data to various decision makers, planners etc to understand 

the cities better and has a wide range of data. It is an open source data that could be easily downloaded from their 

website. PSRC has various data sets available year wise, which are like census data, population and employment, 

forecasts and growth projections, GIS maps and a plethora of transportation data (PSRC, 2017). 

For this paper a data set from the year 2014 is used called “persons” data set, which has information about the people 

and their travel behaviour. The most important reason this data set was chosen for this study was because it has a 

variety of information about the usage and application of ICT and hence analysis for the paper was appropriate. The 

data set that was used for the purpose of this paper was of 2014, as the latest data set did not cover the aspects about 

ICT 

This data set is for Seattle; it is a seaport city on the west coast of the United states. The total population according to 

2016 census was 704,352. In 2016, Seattle was the fastest growing city of the United States with the annual growth 

rate of 3.1%.  

This data set was an open source data and was easily available to all for research purpose. This data set had 172 

different variables with a surveyed size of total 12198. However, for this paper 14 variables were used and the total 

sample size was 4143. The demographic breakdown of the of the valid data are given below-  

 

Table 1 Breakdown of Age from Total Sample Size 

Age 

Code Age group Count Percentage 

5 18-24 271 6.54 

6 25-34 1287 31.06 

7 35-44 972 23.46 

8 45-54 688 16.61 

9 55-64 609 14.70 
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10 65-74 268 6.47 

11 75-84 43 1.04 

12 85 or older 5 0.12 

 Total 4143 100 

 

Table 2 Breakdown of Employment from Total Sample Size 

Employment 

code Interpretation Count Percentage 

1 Paid 3337 80.54 

2 Unpaid 806 19.45 

 Total 4143 100 

 

Table 3 Breakdown of Gender from Total Sample Size 

Gender 

Code Interpretation Count Percentage 

1 Male 1997 48.20 

2 Female 2146 51.79 

 Total 4143 100 

 

Statistical Modelling Approach Used- Multinomial Logistic Regression Model 

 

Multinomial logistic regression is used to predict categorical placement in or the probability of category membership 

on a dependent variable based on multiple independent variables. The independent variables can be either dichotomous 

(i.e., binary) or continuous (i.e., interval or ratio in scale). Multinomial logistic regression is a simple extension of 

binary logistic regression that allows for more than two categories of the dependent or outcome variable. Like binary 

logistic regression, multinomial logistic regression uses maximum likelihood estimation to evaluate the probability of 

categorical membership. 

Multinomial logistic regression is used more frequently than discriminant function analysis because the analysis does 

not have many assumptions. Multinomial logistic regression does have assumptions, such as the assumption of 

independence among the dependent variable choices. This assumption states that the choice of or membership in one 

category is not related or does not have a strong co relation to the choice or membership of another category (Ying 

So, 2010). 
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Limitations of Multinomial Logistic Regression Model 

 

• Independent Observations Required 

Logistic regression requires that each data point be independent of all other data points. If observations are 

related to one another, then the model will tend to overweight the significance of those observations. This is 

a major disadvantage, because a lot of scientific and social-scientific research relies on research techniques 

involving multiple observations of the same individuals. 

 

• Identifying Independent Variables 

Logistic regression attempts to predict outcomes based on a set of independent variables, but if researchers 

include the wrong independent variables, the model will have little to no predictive value. 

 

• Limited Outcome Variables 

Logistic regression works well for predicting categorical outcomes like admission or rejection at a college. 

It can also predict multinomial outcomes, like admission, rejection or wait list. However, logistic regression 

cannot predict continuous outcomes (Robinson, 2017). 
 

Models Used 

 

All the variables that are used for the analysis of this paper are based on the research questions that were chosen in 

the beginning of the paper. All the four research questions have been stated down below again, with the variables used 

to understand the dependent and the independent variables better, and if the variables are appropriate for the research 

questions. 

In this case, a multinomial logit model is used, and the variables used in it are: 

Table 4 Description of Variables used in the model with Variable names from the “persons” data set PSRC 2014 

Variable Name Variable Description 

Apps_Use How often travel information is acquired from: applications in Smartphones 

Alerts_Use How often travel information is acquired from: Text or email alerts sent to you 

Gps_Use How often travel information is acquired from: In-Vehicle navigation/GPS device 

Tv_Use How often travel information is acquired from: Television 

Socialmedia_Use How often travel information is acquired from: Social media (e.g. Twitter, Facebook, etc.) 

Radio_Use How often travel information is acquired from: Radio 

Impact_earlier I start my trip earlier than previously Planned 

Impact_later I start my trip later than previously Planned 

Impact_diffmode I choose a different mode, e.g.. I take the bus instead of driving 
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Impact_diffroute I choose a completely different route than originally planned 

Transit_Freq how often in past 30 days have I ridden a bus/ferry, or any public transport etc 

Age Age of the respondents 

Employment If a person is Paid or Unpaid worker 

Gender Gender of the respondents 

 

To answer the research questions, these variables were used respectively. 

Dependent Variables: 

1. What is the impact of travel information from different mediums of ICT on travel behaviours? 

The impacts of ICT on travel behaviour: 

1. Impact_earlier  

2. Impact_later  

3. Impact_diffroute  

4. Impact_diffmode 

5. Impact_transitfreq  

The dependent variables were renamed as the following:  

impact_diffroute “i” 

impact_diffmode , “j” 

impact_earlier , “e” 

impact_later, “l” 

transit_freq, “t” 

 

Independent Variables: 

1. What are the differences in the ways to acquire travel information between various age groups? (Age Vs 

Methods of acquiring information) 

The use of ICT in mediums: 

1. Apps_use  

2. Alerts_use 

3. Gps_use 

4. Radio_use 

5. Tv_use 

6. Socialmedia_use 

 

2. Who are these people that use ICT to acquire travel information?  

Socio demographic factors: 

1. Age  

2. Gender 
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3. Employment 

Data Modification and Interpretation Codes 

 

All the variables, have different types of data. Therefore, they are categorised or modified into subgroups for easy 

interpretation. 

Starting with the Dependent variables, 

1. Impact_earlier  

2. Impact_later  

3. Impact_diffroute  

4. Impact_diffmode  

5. Impact_transitfreq 

 

Table 5 Initial Group Classification Interpretation for Dependent Variables 

impact_diffroute 

  

1 Always 

2 Sometimes 

3 Rarely 

4 Never 

5 Not Applicable 

Therefore, it was regrouped into 4 categories: 

Group1- 1- always 

Group2-  2-sometimes,3-rarely 

Group3- 4-never 

Goup4-NA 

 

This was done for all the 5 dependent variables separately in R.  
 

Table 6 Codes for initial group Classification for Transit_freq 

Transit_freq 

1 6-7 days/week 

2 5 days/week 

3 2-4 days/week 

4 1 day/week 

5 1-3 times in the past 30 days 

6 I do this, but not in the past 30 days 

7 I never do this 
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Group1-1-6-7days/week,2-5days/week = Always 

Group2- 3- 2-4 days/week, 4-1day/week = Sometimes 

Group3- 5 1-3 times a month, 6-not in past 30 days = Rarely 

Goup4- 7 – I never do this= Never 

 

The same methods were applied to independent variables as well. For the mediums of ICT used, the data is below: 

1. Apps_use  

2. Alerts_use 

3. Gps_use 

4. Radio_use 

5. Tv_use 

6. Socialmedia_use 

Table 7 Initial Group Classification for Independent Variables 

  

 apps_use 

1 6-7 days/week 

2 5 days/week 

3 2-4 days/week 

4 1 day/week 

5 A few times/month 

6 Less than once/month 

7 Never 

 

Similarly, it was applied for employment:  

Table 8 Initial Grouping of Employment (Independent Variables) 

 

 

  

 

  

 Employment 

1 Employed full-time (paid) 

2 Employed part-time (paid) 

3 Self-employed 

4 Unpaid volunteer or intern 

5 Homemaker 

6 Retired 

7 Not currently employed 

http://www.sciencedirect.com/science/journal/22107843


 

Available online at www.sciencedirect.com 

ScienceDirect 

Transportation Research Procedia 00 (2018) 000–000  

www.elsevier.com/locate
/procedia 

 
Employment was split into two categories as 1 and 2 

Group 1 consists of 1,2,3 subgroups = Paid 

Group 2 consists of 4,5,6,7 subgroups = Unpaid 

However, for the age, the data was kept as it is. 

 

 
Table 9 Group codes for Age (Independent Variable) 

age   

1 Under 5 years old 

2 05-11 

3 12-15 

4 16-17 

5 18-24 

6 25-34 

7 35-44 

8 45-54 

9 55-64 

10 65-74 

11 75-84 

12 85 or older 

 

New classes were created according to the defined subgroups, for which the codes are depicted above. This was the 

final subset used for the purpose of the paper, ‘persons_valid’ and it had a sample size of 4143.  

The interpretations of new groups after the process of regrouping, are given below: 

 

Independent Variables:  (Apps_use, Alerts_Use, Socialmedia_Use, Radio_Use, TV_Use, Gps_Use) 
 

Table 10 New Code Interpretation of Independent Variables after Regrouping 

code Interpretation 

1 Never 

2 Rarely 

3 Sometimes 

4 Always 

 

The interpretations of new groups after the process of regrouping, are given below: 

Dependent Variables:  

(impact_diffroute, impact_diffmode, impact_earlier, impact_later) 
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Table 11 New Code Interpretation of Dependent Variables after Regrouping 

code Interpretation 

1 Never 

2 Sometimes 

3 Always 

 

But for ‘transit_frequency’ the grouping is different; therefore the interpretation is as follows: 

Table 12 New Code Interpretation of Dependent Variables after Regrouping(Transit_freq) 

code Interpretation 

1 Never 

2 Rarely 

3 Sometimes 

4 Always 

 

For this paper, we are using the following equation to understand the relationship between travel information from 

various means of ICT and travel behaviour of a commuter: 

Equation 1  Multinomial Logit Model Equation for this paper 

𝐏𝐫(𝒚𝒊 = 𝒎|𝒙𝒊) =
𝐞𝐱𝐩(𝒙𝒊𝜷𝒎)

𝟏 + ∑𝒋
𝑱 = 𝐞𝐱𝐩(𝒙𝒊𝜷𝒋) 

For m>1   

Where Y =Dependent Variables which are as follows: 

Impact_earlier ,Impact_later,Impact_diffroute ,Impact_diffmode ,Impact_transitfreq 

𝒙𝒊= Independent Variables are as follows: 

Apps_use ,Alerts_use,Gps_use,Radio_use,Tv_use,Socialmedia_use,Age ,Gender,Employment,  

 

𝜷𝒋= the vector of coefficients 

Note: J=m 
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Models in detail 

 

There were five different models used in this paper to understand the impact of ICT on each dependent variable, 

which have been described above. These models will give the significant analysis of the extent of relationship 

between variables, and it understand if they are significant enough to have an impact. Based on this model using the 

software “R”, analysis will be done using statistical regression knowledge. 

Each model is explained in detail below, and after the analysis of each, the paper aims to identify a relationship or 

significant outcome from these results on the research questions. 

 

Model 1 

M1-impact different route: 

In this model, the impacts of various mediums of ICT and the methods of acquiring them, along with the socio 

demographic factors can be seen on choosing a different route than planned earlier. Which type of demographic class 

use the travel information acquired by various mediums such as radio, newspaper, television, social media. All these 

independent variable’s impacts are seen on the travel behaviour for route selection of the individual. What is being 

trying to mean here is, if a person wanted to go from origin to destination from a particular route, how does this 

previously made decision about taking this path would impact on the change about taking a different route than chosen 

earlier. This might happen due to the traffic information, weather update, car share, parking availability information 

via various mobile applications, television, social media like Facebook or twitter, etc. 

Model 2 

M2-  impact different mode: 

This is another multinomial logit model to understand the impact of the travel behaviour on making a decision of 

taking a different mode of transport than previously decided. This impact might have taken place due to the various 

independent variables such as the methods that are being used to attain these kind of information, and what are the 

information types they acquire. What is being tried to understand and analyse in this model was if a person wanted to 

go from his origin to destination, with a previously planned mode, does this information change the person’s prior 

decision about taking a certain mode? 

 

Model 3 

M3-impact_earlier 

The next model is to understand the impact of the time that changes with the gaining of information related to 

transportation from various mediums. If a person chooses to travel from his respective origin to the destination at a 

particular time of the day, this model tries to identify the impact of this information in the change in time that was 

previously decided. For example, a person might acquire traffic data, availability of parking data, weather data etc 

from various methods and decide to go a little earlier than the previously decided time. This is also to see how the 

socio demographic factors can affect such decisions such as age, gender or employability.  
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Model 4 

M4- impact_later 

Model 4 is somewhat similar to model 3, and this model understands the shift in timing, if a person decides to go a 

little later than the previously decided time. This might happen due to various reasons such as, clear weather, absence 

of traffic, clear path for the shortest routes, information about delay of transit arrival time etc.  

Model-5 

M5- transit_freq 

This model tries to understand a very interesting impact of this information on the users. Users with different age 

groups, gender and different employability options attain various kinds of travel information through different 

mediums like social media, television, radio or various applications on their smart phones etc. This information helps 

them decide what kind of mode they would want to travel based on this information which has been attempted to 

understand in model 2, as discussed above. This model sees, if a person has used any kind of public transport within 

the last 30 days based on the information. Hence, it answers if the information communication technology encourages 

to take more of public transport, or they choose private cars instead.  

Testing Assumptions 

 

The multinomial logit model is widely used because of the limited test assumptions needed to prove while performing 

the regression. However, one of the important assumptions to be taken care of is that all the independent variables 

should be mutually exclusive to each other. The meaning of this is that all the independent variables should have an 

extremely weak relationship or no relationship between each other. If their associations are found to be extremely 

poor, then the model has a good fit.  

Therefore, to take care of that, we perform correlation test between all the variables used in the model for the purpose 

of this paper. It was seen from the results that there was not any significant correlation between any of the independent 

variables and hence no strong association was being identified. 
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Results and Analysis. 
Figure 1  Description of the flow of Analysis 

  

The models that have been run for the paper was an attempt to answer the research questions stated above at the 

beginning of the paper. The impact of ICT on travel behaviour based on various socio demographic factors were been 

tried to assess.  

The observations for the number of people who use ICT of different forms to acquire travel information has been 

recorded. This was done to understand the magnitude of the people’s frequency of usage of various mediums to acquire 

travel information. The results are given below. 

 

Table 13 Frequency/percentage of people who had an impact on choosing a different route than previously planned 

Dependent Variables codes interpretation Frequency Percentage 

Impact Different Route 1 Never 2025 48.87 
 

2 Sometimes 2015 48.63 
 

3 Always 103 2.48 
  

Total Sample 4143 
 

 

 

Overall Results 
(M1,M2,M3,M4,M5)

Impact of ICT on Travel 
Behaviour

Social Media,GPS,

Radio,Televisions,

Alets, Apps

Impact of Socio Demographic 
Factors on Travel Behaviour

Age

Employment

Gender
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Table 14 Frequency/percentage of people who had an impact on choosing a different mode than previously planned 

Dependent Variables codes interpretation Frequency Percentage 

Impact Different Mode 1 Never 2025 48.87 
 

2 Sometimes 2015 48.63 
 

3 Always 103 2.48 
  

Total Sample 4143 
 

 

Table 15 Frequency/percentage people who had an impact on choosing a to travel earlier than previously planned 

Dependent Variables codes interpretation Frequency Percentage 

Impact Earlier 1 Never 374 9.02 
 

2 Sometimes 3139 75.76 
 

3 Always 630 15.20 
  

Total Sample 4143 
 

 

Table 16 Frequency/percentage people who had an impact on choosing a to travel later than previously planned 

Dependent Variables codes interpretation Frequency Percentage 

Impact Later 1 Never 964 23.26 
 

2 Sometimes 3053 73.69 
 

3 Always 126 3.04 
  

Total Sample 4143 
 

 

Table 17 Frequency/percentage people who had an impact on choosing a to Public Transport 

Dependent Variables codes interpretation Frequency Percentage 

Impact Transit Frequency 1 Never 1191 28.74 

 
2 Rarely 1631 39.36 

 
3 Sometimes 675 16.29 

 
4 Always 646 15.59 

  
Total Sample 4143 

 

 

The above tables are the counts of the people who never, rarely, sometimes or always had an impact on their travel 

behaviour after the use of various mediums to acquire travel information. Now it is interesting to see, what percentage 

of people most frequently use travel information and what is the most convenient platform preferred to gain travel 

information that might or might not impact the decision of a traveller’s choice. It is important to note that the answers 

of the people that use the mediums for travel information are not mutually exclusive of each other. That means, if a 

person uses social media to acquire travel information, he might also use GPS to acquire another kind of travel 
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information. This is why, only the significant results from the models which affects the travel behaviour due to various 

mediums are taken into consideration to explain these charts better. 

Figure 2 Percentage distribution of People who always use various mediums of ICT to Acquire Travel Information 

 

The above chart explains that 25% of the total sample size always acquire travel information via various kind of alerts 

use. These alerts may be in the form of text messages, or emails, or other such informative mediums. This is followed 

by 24% of the sample size always acquire travel information from social media like Twitter, Facebook, Instagram, 

Snapchat, Whatsapp etc. These kind of information is easy to attain and also has more visual impacts and many other 

people are talking about the same thing at a single platform.  

Alerts Use
25%

Social Media Use
24%

Radio Use
13%

Tv Use
19%

Gps Use
19%

Always

Alerts Use Social Media Use Radio Use Tv Use Gps Use
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Figure 3 Percentage distribution of People Who Sometimes use various mediums of ICT to Acquire Travel Information 

 

The above chart is more evenly distributed because it depends on what kind of information for travel they are looking 

for and through what medium. Therefore, the frequency of this is not as strong as never or always. However, it can be 

seen that people sometimes use travel information via GPS, Television or radio to make some decisions about their 

trips, 

Figure 4 Percentage distribution of People who rarely use various mediums of ICT to Acquire Travel Information 

 

This chart explains the percentage of people who rarely use the kind of medium to acquire any kind of travel 

information. The percentage for this is the radio being 32% of the total sample size, followed by GPS use and tv. This 

Alerts Use
15%

Social Media Use
17%

Radio Use
22%

Tv Use
23%

Gps Use
23%

Sometimes

Alerts Use Social Media Use Radio Use Tv Use Gps Use

Alerts Use
10%
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means that they rarely acquire any kind of information like care share, parking, congestion etc related to travel from 

these mentioned mediums. 

Figure 5 Percentage distribution of People who never use various mediums of ICT to Acquire Travel Information 

 

The above chart explains the percentage of people who never acquire travel information from various mediums of 

ICT. This is highest for the case of radio being 31% followed by TV which is 21%.  

Now, after understanding how many people acquire travel information from different mediums and their frequency, 

multinomial logit models were performed for each dependent variable to understand the impact of every variable on 

person’s travel behaviour. There are a total of 5 different models which attempts to understand the impact of each 

independent variable on them. Each model explains in detail the magnitude or extent of significance of each variable 

on the possible impacts on them. This is explained along with the coefficients of each significant variable of how 

prone they are in terms of making that choice of taking a different route, different mode, or a change in travel time on 

the basis of how significant they are. The overall summaries of all the 5 models are given below which includes all 

the variables which has a significant impact on the travel behaviour, however, it is broken down into two different 

segments to analyse the impacts on various elements on each significant travel behaviours. The first part explains the 

impact of ICT on travel behaviour, which includes the use of GPS, Tv, Radio, social media, alerts and apps for travel 

information. In the later part of the paper, the impact of socio demographic factors such as age, gender and employment 

on each travel behaviour are explained in detail.  

For the multinomial logit regression, the following indicators were used to interpret the R output in an efficient way.  

P value- 

A p value helps in determining the significance of the results. It is usually used to weigh the strength of the evidence 

and is a number between 0 and 1. If the p value is small, that is less than 0.05, then it has a strong evidence against 

the null hypothesis, and hence we reject the hypothesis. In this paper, if the p value is less than 0.05, then the 

independent variables have a strong impact on the dependent variables. Similarly, if the p value is higher than 0.05, 

Alerts Use
13%

Social Media Use
14%

Radio Use
36%

Tv Use
21%

Gps Use
16%

Never
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then the null hypothesis is failed to be rejected and has a very weak evidence on the result. However, if the p value is 

very close to 0.05, then it has a marginal impact and the result can be interpreted in both ways (Rumsey, 2017). 

Coefficient value- 

Multinomial logit coefficients can be interpreted in terms of relative probabilities and it can be categorised as discrete 

data or continuous data. This paper has used discrete values as it has categories like male/female, paid/unpaid etc. 

even for age, it was converted to categorical data, and hence the discrete ways of testing the coefficient will be useful 

for interpretation. Thus, here a positive coefficient means the probability of choosing to make a decision is higher 

compared to the baseline that is set for each variable. If the coefficient value is negative, the probability of deciding 

is less likely to make when compared to the baseline (Rodríguez, 2017).  

Table 18 Summary table for all the variables that had an impact on Model 1 

Model 1: impact different route 

Independent Variables Category p value coefficients 

Alerts-Always Sometimes 0 -0.3 
 

Always 0 -0.9 

Social Media- Always Sometimes 0.02 -0.3 
 

Always 0.04 -0.7 

Gender-Females Always 0.05 0.41 

Radio-Always Sometimes 0 0.42 

Tv-Rarely Always 0.09 -0.4 

TV-Sometimes Sometimes 0.04 -0.05 

Tv-Always Sometimes 0.04 0.14 

Age (55-64) Sometimes 0.03 -0.56 

 

Table 19 Summary table for all the variables that had an impact on Model 2 

Model 2: impact different Mode 

Independent Variables Category p value coefficients 

Apps-Rarely Sometimes 0.04 0.09 

Apps-Sometimes Always 0 -0.49 

Alerts-Always Sometimes 0 -0.35 
 

Always 0 -0.96 

Social Media-Always Sometimes 0.02 -0.3 
 

Always 0.04 -0.7 

Radio-Always Sometimes 0 0.36 

Tv-Rarely Always 0 -0.49 

TV-Sometimes Sometimes 0.04 0.09 

Tv-Always Sometimes 0.04 0.14 

Age (55-64) Sometimes O -0.56 
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 Always 0.02 -1.08 

Age(65-74) Sometimes 0.03 -0.38 

 

Table 20  Summary table for all the variables that had an impact on Model 3 

Model 3: impact Earlier 

Independent Variables Category p value coefficients 

Apps-Always Always 0.34 0.37 

Gender-Female Always 0.03 0.28 

Alerts-Always Sometimes 0.01 0.76 

Social Media-Always Sometimes 0.04 -0.54 

GPS -Sometimes Always 0 -0.14 

GPS-Always Always 0 -0.91 

Tv-Always Sometimes 0 0.39 

Age (84 and above) Sometimes 0 0.47 

 Always 0 0.47 

 

Table 21 Summary table for all the variables that had an impact on Model 4 

Model 4: impact Later 

Independent Variables Category p value coefficients 

Employ-Unpaid Sometimes 0.02 0.25 
 

Always 0 0.65 

Apps-Always Sometimes 0.01 0.19 

Alerts-Always Always 0 -0.99 

Social Media-Rarely Sometimes 0.04 0.43 

 Radio-Rarely Sometimes 0 0.32 
 

Always 0 1.05 

Radio-Always Sometimes 0 0.34 
 

Always 0 0.91 

GPS-Always Sometimes 0.01 -0.3 
 

Always 0 -0.99 

TV-Rarely Sometimes 0 0.19 

TV-Always Sometimes 0 0.23 
 

Always 0 -0.5 

Age (75-84) Always 0 -12.33 
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Table 22 Summary table for all the variables that had an impact on Model 5 

Model 5: transit frequency 

Independent Variables Category p value coefficients 

Apps-Rarely Sometimes 0.01 0.13 

Radio-Always Always 0 1.51 

GPS-Rarely Sometimes 0.04 0.4 
 

Always 0.03 0.52 

TV-Sometimes Sometimes 0.01 -0.02 

TV-Always Sometimes 0.03 0.07 

Gender Sometimes 0.07 0.04 

 

Conclusion 

 

The paper was an attempt to explain the impact of ICT on travel behavior within all classes of the society. For the 

purpose of the paper, five dependent variables were chosen to understand the impacts of the independent variables on 

them. The dependent variables were: 

Impact_diffroute, Impact_diffmode, Impact_later, Impact_earlier, Transit_frequency.  

The various independent variables were  

Age, Gender, employment, Tv_use, Radio_use, GPS_use, Socialmedia_use, Apps_use, Alerts_use. 

The total sample size on which 5 different models to understand the research questions was 4143. 

Every research question is being explained in detail according to the results that could be seen after performing a 

Multiple Logit Model in the software R, and they are explained below: 

 

1. What are the characteristics of the people that use ICT to acquire travel information?  

It could be seen from the models that; gender was a major factor to determine the impact on travel behaviour. Women 

always seem to change their behaviour in terms of deciding the travel timeand always seemed to leave their origins of 

the journey earlier than they had previously planned.  

This might be due to the information they have acquired from various means of ICT which might lead to making such 

a choice. It was also observed that there are changes in behavioural patterns in terms of choosing a different route or 

a different mode than previously planned. However, it does not have any significant impact on choosing to travel later 

than decided or any decision related to choosing a public transport for their travel. 

To understand the age band, the baseline chosen for this study was group 5 which was people between the age group 

of 18-24. It could be seen that older people do not get greatly affected for the travel impacts, but in rare cases 

sometimes a difference in their choice of traveling in a different mode, taking a different route or leaving the origin a 
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bit earlier than decided could be noticed. However, their inclination towards doing such things are really low and 

hence it can be said that it does not have a very strong impact compared to the younger groups of the society.  

It is discussed in many papers that employment determines the travel behaviour of a person, or the trip length or the 

choice of travel according to the work place. However, in the models of this paper, no such significant impact could 

be seen. There was only one significant result where it was seen that people who are currently unpaid (unpaid 

volunteer/intern, home makers, Retired, or not employed) tend to choose their trips a little later than the ones which 

was formerly decided. Another aspect through which it could be seen was the concept of millennials, that a lot of 

people now work for start-ups and hence work from home, hence the requirement to travel anywhere has been reduced 

than the earlier times where people had to travel for their work places. 

 

2. What are the different methods of acquiring travel information? 

There we independent variables chosen to answer this particular research question. These were: Tv_use, Radio_use, 

GPS_use, Socialmedia_use, Apps_use, Alerts_use.  

From the models, it was observed that people prefer to use more of modern technologies compared to the traditional 

ones like television or radio. The most commonly used method to acquire any kind of travel information like traffic 

update, car share availability or clearer routes, public transport information was alerts. That means people found the 

methods of information via mails or messages more convenient compared to the rest. The second was information 

from social media like Twitter or Facebook and applications in the smartphones or tablets. This had a great effect on 

the decision to take a different route, or mode than the one previously decided, however they are less prone to make 

such a decision. Whereas, those people who always used these methods to acquire travel information had a great 

impact on choosing to travel a bit later or earlier than previously decided and also in terms of taking a public transport.  

The use of GPS information was useful in determining the decision to take a public transport rather than a private 

vehicle. This could be because the information about how much travel time, origin or destination points and the 

availability of the quickest transport is available in this method.  

Traditional methods like television and radio are used lesser to gain travel information compared to the modern 

methods of technology like laptops, and cellphones. People who always used television or radio for that matter, only 

sometimes had an impact on their travel behaviour’s decision making abilities, like whether to choose a different route 

or a different mode or choose a public transport for the purpose of their travel. 

 

3. What are the differences in the ways to acquire travel information between various age groups?  

Compared to the younger age, the elder groups of the society, whose age was above 55, preferred to acquire travel 

information via traditional methods like television and the radio. This was discussed in the literature review in the 

previous section, that older people do not find technology to be very handy as the methods are not very easy. Also, 

some of them also couldn’t be bothered to learn this method again as it was complicated for their use. They were more 

comfortable with the traditional technologies. Most of the elder people do have mobile phones, but majority of them 

were not smart phones. Also, another assumption was, those people who had smart phones, did not have internet 

connection in them as it was assumed that it was expensive. Most people of this age group only used forms of ICT to 

socialise or to communicate with their distant relatives or friends.  
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4. What is the impact of different mediums to acquire travel information on people’s Travel Behaviours? 

To understand the impact of travel information on travel behavior, 5 different dependent variables were chosen, 

namely: 

Impact_diffroute, Impact_diffmode, Impact_later, Impact_earlier, Transit_frequency.  

It was observed that most of the variables had an impact on these travel behaviors. The major impacts of all the forms 

of ICT could be seen mostly on choosing a different route, a different mode and choosing to travel a little later than 

the previously planned time based on the travel information they have acquired from most of these mediums.  

The maximum impact could be seen on choosing to travel a little later than previously decided as from the 

interpretations of model 4, 7 independent variables had an impact on it, followed by   impacts in choosing a different 

route and then on choosing a different mode for their travel as 5 independent variables had significant impacts on 

making such a decision.  

It was interesting to see that despite of all the information in different mediums of ICT, there wasn’t any major impact 

on choosing a public transport. Surprisingly radio and television use had an impact on it, whereas GPS and Alerts had 

hardly any impacts on this. Gender and employment or age didn’t have any significant association with the decision 

making ability to take the public transport. 

Therefore, it can be concluded that ICT has a major impact on travel behaviour in terms of choosing a different route, 

different mode of transport, choosing a public transport, or choosing to travel earlier or later than planned. Women 

tend to make more decisions regarding travel when compared to men. Also, the younger generations tend to use more 

modern technologies like social media, mails, or GPS when compared to the age group above 55 who prefer to use 

more of traditional methods like television and radio to acquire travel information.  

Major Findings and Policy Implications 

 

The paper considered several dependent and independent variables to understand the impact of each variable on travel 

behavior. The findings showed the results which was also discussed in the literature review that the older section of 

the society doesn’t use many of the ICT mediums to depict their travel behavior. This might be due to various reasons 

like legibility, access to internet, comfort of using new tools etc as discussed earlier. Hence this could be improved to 

make the user class more inclusive.  

Also, it could be seen that people were more comfortable in using the mail and SMS systems compared to the 

traditional mediums like TV and radio. Therefore, this could be used as a strength to spread awareness which would 

lead to influence the travel behavior. There wasn’t any major significant change seen when it came to choosing a 

public transport as a result of the travel information they acquired from these mediums. Hence it could be encouraged 

in various ways to take the public transport more often based on information on social media, GPS etc.  

These were some of the key findings and based on which policies can be derived or improved to make the travel 

experience more comfortable, convenient, faster, affordable and inclusive. 

1. The user group ratio can be improved by making information through the smart mediums more legible, 

accessible and user friendly especially for the elderly so that it is more inclusive.  

2. All these mediums are widely used to determine a person’s travel behaviour. Therefore, it would be great if 

the older sections of the society used them as frequently as their younger counterparts. 
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3. Older people could be tutored via public awareness channels on how to use these technologies to make them 

more aware of how it could be extensively used in terms of making decisions related to their travel. 

 

4. More information based on public transportation could be spread out and also some alerts regarding the ill 

effects of using private vehicles could be sent as advertisements as it would somehow affect the decision of 

a person to use public transport more and more frequently. 

 

5. Newer mediums of incorporating ICT into travel mediums can be explored and implemented, including the 

usage of electronic prompters and panels on bus stops, train stations etc. which can help provide commuters 

accurate information about their travel routes. 

 

6. Public service messages can be relayed on electronic prompters within buses and trains that provide real time 

information about traffic conditions and ETA (Estimated time of arrival) at the next stop. 

 

7. Mobile applications containing information about traffic, end-to-end connectivity, route options etc. can be 

introduced with a special emphasis on ease of use by the elderly. 
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Appendix A. 

 

Figure 6 R Output for Model 1 Summary- Impact_diffroute 
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Figure 7 R Output for Model 2 Summary- Impact_diffmode 
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Figure 8 R Output for Model 3 Summary- Impact_earlier 
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Figure 9  R Output for Model 4 Summary- Impact_later 
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Figure 10 R Output for Model 5 Summary- Transit_freq 
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