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Abstract

This study highlighted significant cultural differences and complexity in travel behaviour associated with travel to university across the UK and Ireland.  This paper examines university travel behaviours and the implications for emissions, across the 2012-2013 academic year, based on responses from 1,049 students across 17 universities in Ireland and the UK. Surveys were analysed to examine the trips of students both during term time and when accessing the universities each year.  The data analysis in this paper examines three aspects of the transport implications of travel to and from university.  Firstly the journey between university and term time address (or permanent address if the respondent does not have a separate term time address); secondly the journey between the university area and a separate permanent address where relevant; and thirdly implications for emissions resulting from university-related travel. 
The study found that student car users were more likely to be female, older students, or studying part time; male students were more likely to use active modes. The study indicated interesting differences between students living in different parts of the UK and Ireland. For example, it was found that there was a higher level of car dependence amongst Northern Irish students compared to other areas; and a greater variability in travel distances in Scotland and Northern Ireland. In England, car use was more pronounced when students travelled from their permanent address to term time address, and, as in Ireland, there was evidence of more car sharing on such trips. Public transport usage was more pronounced amongst Scottish students. The effect of these transport choices on emissions is significant and demonstrates the importance of education related trips to the development of a transport policy response. The analysis shows that annual emissions are highest for regular travel to and from university when a student has a permanent address rather than a separate term time and permanent address.
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1.	Introduction 

Transport energy demand is responsible for a high proportion of total energy use: in the EU28, 32% of energy consumption is from transport, with road accounting for 82% of this (European Commission, 2014). In the countries investigated in this paper, similar statistics are also found. In the UK, road transport accounts for 74 % of all transport energy consumption, while in Ireland transport is responsible for 30% of energy use and road transport comprises 68% of transport energy demand (Department of Energy and Climate Change, 2014; Sustainable Energy Authority of Ireland, 2014). Similarly, transport is a significant contributor to Greenhouse Gases (GHG) emissions in general and to CO2 emissions in particular. In Europe, transport is responsible for 25.3% of GHG and 25.4 % of CO2, the vast majority coming from road transport (European Commission, 2014). 
Therefore, it is important to examine what can be done to reduce the negative impacts of transportation on the environment and on energy use. Actions can include improvements to technology but should also include examining how travel behaviour might change. As many researchers point out, it is through a combination of measures, that should include behavioural change, that real impacts will be achieved (Champan, 2007; Schwanen et al, 2012; Anable et al; 2012). Anable et al (2012) state that changes to a more pro-environmental lifestyle, including better travel, can have significant effects on energy demand. 
This paper focuses on one particular aspect of travel behaviour: the trip to and from university.  This has been chosen for a number of reasons. Travel behaviours, including car dependency, can be established early in life and as other researchers have pointed out, habit is very important in transport mode choice (Schwanwen et al, 2012; Sigurdardottir et al, 2013). Encouraging and promoting sustainable travel at a young age may help bring about more sustainable travel choices later in life ( Sigurdardottir et al, 2013). At the same time, changes in this decade to how university attendance is funded in many countries, and the increasing  shift of the funding burden from government to student in both Ireland and the UK, may change where students choose to attend university and, therefore, have unexpected impacts upon how they travel to access university. The objective of this paper is to examine the university and travel choices of students, the transport energy implications of those choices and the interactions between those choices. In addition, the paper seeks to examine how policy makers and universities can play a role in bringing about more sustainable travel in student populations. The hypothesis is that as university costs increase, more students will choose to attend universities closer to their permanent home, which will result in different travel patterns: fewer one-off long trips to access university each term, but potentially also different daily trips. In terms of transport policy and sustainability, the energy impacts of these changes in students’ mobility and travel have not been examined in any great detail. Therefore, the research looks at both travel to university on a daily basis from term-time addresses and also at the potentially longer, but rarer trip, from non-term time addresses to universities.
There are obvious relationships between the need for travel and where students choose to pursue courses. For example, students choosing to attend universities closer to their permanent or parental home may not have to make a single long trip each term to access their university, but may have longer daily trips. Meanwhile, the student who opts to travel away to university has greater choice over where to live in his or her university town, is more likely to live on campus and therefore may have shorter, more sustainable trips during term time, once his or her longer one-off trip has been made. The implications of this for the environment and for sustainability are important: to encourage sustainable travel in university students, should we be encouraging students to attend local universities and avoid the need to travel each year or is it more sustainable to encourage students to move closer to their universities during term-time? 
The paper is structured as follows: the literature review comprises a review of current research into student travel. This is followed by a description of the methodology, an overview of the sample, and the results of the survey issued to students.  

2.	Travel behaviour of university students

Universities also have an important role in promoting sustainable travel: there is greater pressure place on universities to demonstrate that there is an added value to a university education and to demonstrate that graduates are socially and globally aware, critical thinkers (Ahern et al, 2012). Many universities have in place mobility management plans and objectives and aims relating to sustainable commuting for both staff and students. 
Another aspect for universities is that ease of access to their institutions is important in promoting participation and retention.  It has been acknowledged by researchers that transport access has a role to play in university participation and enrolment, particularly for non-traditional students (Kenyon, 2011; Yorke and Thomas, 2003). Kenyon highlights that given the move to blended learning and virtual mobility, online access cannot replace physical mobility and transport access as it erodes aspects of the student experience. Therefore, universities that wish to widen participation need to consider access and travel to universities. 
Student mobilities has a potentially significant impacts on transport choices and travel behaviour for students whilst at university and also throughout later life stages.  It certainly has an influence on university-related travel regarding distances, frequency and mode: all of which have important consequences for the sustainability of student travel and the environmental impacts of that travel.  
In terms of the longer trip made by students from home to a university, students are on average more likely to select a university closer to home but are willing to travel long distances to access top-level universities (Gibbons and Vignoles, 2012). Dargay and Clark (2012) indicate that for long trips students are ‘more likely to travel greater distances by rail and coach and for leisure and to visit friends and relatives than the employed, but less by car and air’ (p.585). Indeed, while acknowledging students are more likely to choose universities closer to home, Gibbons and Vignoles (2012) conclude that proximity to a Higher Education Institution is not a primary factor in determining participation in Higher Education. They did find, however, that for those from lower income and socio-economic backgrounds distance and geographical location of the Higher Education institution were important.  
In research in other countries, Marique et al (2013) found that Belgian students in third level education are willing to travel to access education and  that students in university level education were less likely to use sustainable or active modes, had longer trips and higher travel energy consumption than students in first and second levels of education. There are a smaller number of third level institutes when compared to second and primary institutes, leading to students making longer, less sustainable trips to access them. 
The research reported in this paper also looks at the daily or regular commute trip to the university campus. Here there is a growing but still limited body of research recognising that students are prone to use more active and/or collective modes when compared to the general population (Whalen et al.,2013; Khattak, 2011). This would appear to indicate that there exists some potential to encourage more sustainable, less energy-hungry travel in the student population. However, the choice of more sustainable modes is heavily influenced by where a student opts to live (Zhou, 2012; Zhou, 2014). Zhou (2012) found that the majority of students accessing UCLA who lived within 60 minutes commuting distance of the campus had a higher propensity to use non-motorised or collective forms of transport when compared to the general population.  Zhou (2014) also found that students are more likely than the general population to share residences in order to get cheaper accommodation and shorter commuting distances and are more likely to be making decisions about housing and modes with other people. If students had access to affordable housing close to buses and university, they were more likely, according to Zhou (2014), to use alternatives to the car: this has important transport and environmental policy implications. Students are willing, according to the research, to use more sustainable, less energy-demanding modes but only if they can access accommodation close to universities. This is confirmed by research from Western Australia, where those living close to the university were most likely to use active modes and that the most important barrier to commuting by more sustainable modes was travel time (Shannon et al, 2006). 
Again, Delmelle and Delmelle (2012) found that distance from university was a major determinant of mode choice: walking was the main mode for those living within 2.5km of the campus, while car became more popular beyond that distance. Kamruzzaman et al. (2011) found that home location and car ownership have a significant impact on distance travelled and the distance travelled by the sample was much higher than population average, leading to a heavy reliance on the car.  This has prompted calls for affordable housing close to campuses (Shannon et al, 2006; Zhou, 2014) Heavy reliance on the car is also something that other researchers have found as students live further from the university (Delmelle and Delmelle, 2012; Shannon et al, 2006).  
In addition, if using the car is easy and relatively cheap for students to use, car use is higher. Delmelle and Delmelle found that possessing a parking permit was also the most important predictor of likelihood of using the car to access university. Conversely studies indicate that the strategy that was most likely to move students from car travel to active modes was to make public transport cheaper with subsidised fares (Shannon et al, 2006; Zhou, 2014). Several researchers point out that there are efforts in many universities to bring about more sustainable travel for the daily trip to university campus (Shannon et al, 2006; Zhou, 2012; Delmelle and Delmelle, 2012). 
Student family composition has also been identified as an important factor associated with determining mode choice.   Students with children have more constraints and less free time and so are more likely to use the car to access university (Delmelle and Delmelle, 2012).  Other factors that played a role in modal choice, according to the study by Delmelle and Delmelle (2012) include weather and season, with walking and cycling being popular options in warmer months, and gender, with females being less likely to walk and cycle and more likely to drive and car pool.  Zhou (2014) found that females were far less likely to use alternatives to the car than male students and suggests that particular policies should be put in place to overcome the particular barriers that exist or are perceived to exist for females when choosing to use alternatives to the car. 
There has been limited consideration of the environmental impacts of travel choices with respect to university travel, a notable exception being Marique et al. (2013) which compared third level education with pre-primary, primary and secondary levels of education. Instead research into the transport energy implications of travel has tended to focus on work-related travel. However, behaviours may become established at a young age and therefore, it is appropriate to gain a better understanding of the environmental implications of travel choices at university, with a view to bringing about a change in those behaviours. Anable et al (2012) demonstrated that lifestyles and cultural factors can play an important role in decisions about energy consumption: a better understanding of how university students make choices about travel and what factors might help them to make more sustainable choices is important. It may also be easier to change behaviour when students are still young and habits for commuting have not yet been formed. Zhou (2012a) found that universities are excellent locations for encouraging sustainable travel practices, like car-sharing, and found that university employees are more receptive to policies like car-sharing than the general population. This may also be true for university students. Research by Musti et al (2011) found that young people are more receptive to impositions of energy saving regulations. Therefore, they may also be more open to sustainable transport policies. 

3.	Research design

The target population for this research was undergraduate students studying at universities in the Republic of Ireland and the United Kingdom. Individual universities acted as a conduit for accessing the wider student population with all universities with undergraduate courses being contacted. University registrars were contacted by email in order to determine their interest in the research and their willingness to participate. At each university an appropriate ‘gatekeeper’ was identified. Their role was to make students aware of the online questionnaire and to encourage completion. The gatekeepers used electronic means, either email or the Internet, to make students aware of the survey. Most participating universities communicated details of the survey on two occasions. The student-focused questionnaire considered the student’s educational choices, living arrangements, travel behaviour, tuition fees and socio-demographic characteristics.   
In this paper we focus primarily on student travel behaviour, examining, in particular, the influences of educational choice, living arrangements and socio-demographics.  Overall the survey received 1,049 useable responses. Students from 17 universities are represented. This accounts for 9% of the 189 eligible universities. The primary reason for non-participation was concern about survey fatigue amongst students and, related to this, the need to prioritise internal survey and national student surveys. Response from the universities agreeing to circulate the survey details ranges from 8 to 222 survey completions. In addition there were also a small number of students responding to the survey having received the link through other means. Whilst this was not part of the sampling approach, these are maintained, as the focus is on differences by geographical and administrative area rather than institution.  The potential implications of this are considered in the analysis.  
The data analysis in this paper examines three aspects of the transport implications of travel to and from university.  Firstly the journey between university and term time address (or permanent address if the respondent does not have a separate term time address); secondly the journey between the university area and a separate permanent address where relevant; and thirdly implications for emissions resulting from university-related travel during the 2012-2013 academic year. 
To calculate emissions the main source of information for carbon dioxide emissions according the mode choice was the 2013 Government GHG Conversion Factors for Company Reporting (Hill et al., 2013), using the assumptions outlined in Table 1  
Insert Table 1 here
The calculations used to determine the annual emissions for regular journeys to and from university by mode are:
Annual carbon dioxide emitted between university and term time address (kgs) = Ef*d1*2*u*24
Where, Ef is the emission factor from Table 1 d1 is distance (km) travelled in one direction between a term time address and the university and u is number of days in university per week.  The 2 accounts for a return journey and the 24 the number of weeks across each semester. 
Walking and cycling are not included as the direct emissions are negligible and assumed to be zero.
So for instance if a student travels by 5km by bus, attending university 3 days per week, the calculation would be:
Annual carbon dioxide emitted between university and term time address (kgs)
=122.2*5*2*3*24
= 87984
For the irregular journey between a separate permanent address and university the following calculations were used to calculate emissions.
Annual carbon dioxide emitted between university and 'permanent' address (kgs)= Ef*d2*2*(t1+t2)
Where, Ef is the emission factor from Table 1, d2 is distance (kms) travelled in one direction between a separate permanent address and university and t1 and t2 are the number of actual trips home in semester 1 and the number of estimated trips home in semester 2 respectively.  The 2 accounts for a return journey.
These two values were added to calculate the annual university travel-related carbon dioxide emissions (kgs)
In addition the number of people travelling in a car was considered in the detailed analysis.  In this case the annual emission level for each journey was divided by the number of people in the vehicle.
In addition to examining the influence of socio-demographic characteristics, the analysis will continue to consider student educational decisions and whether they opt to live in university accommodation rather than their parent/carer’s home or their own home.  These will be considered generally and by geographical area to explore the impacts of cultural differences by administrative area, noting that there is likely to be a university level bias also.  Statistical relationships are examined using appropriate analyses and include cross tabulation and chi-squared test, t-tests and ANOVAs. 
4.	Results
4.1	Sample characteristics
Table 2 summarises the socio-demographics of the sample for each of the four geographical areas and the sample as a whole. It is of note that females are over-represented in the sample, a trend common in response to questionnaires, as are younger students, in part given the higher response from students in the early years of study. The actual proportion of female students is 50% in the Republic of Ireland (HEA 2013/14).and 56% in the United Kingdom (HESA, 2014), and the actual proportion of younger students is 79% in the Republic of Ireland (HEA 2013/14) and 75% in the United Kingdom (HESA, 2014).
Insert Table 2 here
Table 3 summarises the educational choices of the sample for each of the four geographical areas and the sample as a whole.  There are significant differences in the socio-demographic and educational choices between each of the geographical areas. Most noteworthy are the differences between student age (2(3,N= 884) = 20.452, p= .000); mode of study (2(3,N= 1049) = 20.132, p= .000); student status (2(3,N= 839) = 23.648, p= .000) and term time accommodation (2(6, N= 1049) = 91.634, p= .000).  Regarding age, a greater proportion of students were over 25 and a higher proportion of students opted for part time study in Northern Ireland.  For each, the second highest proportion was in England.  These two variables are linked with 24% of students over 25 opting to study part time, in contrast to 2% of those aged 25 and under (2(3,N= 884) = 111.608, p= .000).  
Insert Table 3 here
Table 4 summarises the living arrangements of the sample for each of the four geographical areas and the sample as a whole.  Again there are significant differences by jurisdiction with consideration of the sample as a whole.  A greater proportion of students opt to live in university-related accommodation in England in comparison to other geographical areas. The greatest proportion of students in the Republic of Ireland opt to travel from their parental home and this is linked to respondent age. In Northern Ireland, a high proportion of students live in their own home.  These independent living arrangements are related to student status (2(2,N= 839) = 192.427, p= .000) with the majority of students living in their own home classing themselves as independent (83%) in comparison to those who live in university-related accommodation (23%) or in their parent’s or carer’s home (20%).  Again, there is a significant relationship between age and accommodation choice with older students being increasingly likely to live in their own home (69% as opposed to 4% for younger students) rather than in university-related accommodation (17% as opposed to 60%) or the parental home (14% as opposed to 36%) (2(2,N= 884) = 406.409, p= .000).  
Between 87% (Scotland) and 95% (Republic of Ireland) of respondents are studying in the same country as their permanent address. This reflects the national trends (HESA, 2014; HEA 2012/13).  Of the remainder, universities in Scotland and the Republic of Ireland are most popular with international students from outside the UK and Ireland, whereas universities in Northern Ireland are attracting students from the Republic of Ireland, influenced in part by the distance to the border from some of the university campuses.  Of the respondents domiciled in Wales, the majority are at universities in England, again reflecting trends in the UK (HESA, 2014), and there is also the suggestion of wider mobility but this is based on a small sample of respondents.
Insert Table 4 here
The analysis of results focuses upon student mode choice, the distance travelled and the emissions produced from the journeys to university from a term-time address and from a ‘permanent’ address where the respondent lives away from a family or personal home to attend university.  To provide context Figures 1a and 1b summarise the mode choice for the journeys.  These highlight the dominance of motorised modes for all journeys irrespective of purpose.  However, walking, and to a lesser extent cycling, provide an option for regular journeys between a term time address and their place of study.  When comparing and contrasting the roles of public transport options, use of the bus dominates over train or tram for these regular, shorter journeys whereas travelling by train is more common for the longer journey to a separate permanent address.  The proportion of people driving is similar for each journey type but a greater proportion of students travelling as a passenger for the longer, less frequent journeys perhaps benefitting from the cost saving of car sharing or relying on a parent or carer to provide access to university.  As expected journeys by aeroplane or ferry are only made to access a separate permanent address, with flying being a preferred option relating to time advantages and the spatial nature of ports and airports as origins and destinations..  
Insert Figures 1a and 1b here
Table 5 briefly summarises the range and mean for distance and emissions for each of these journeys.  An observation for each of these variables is the wide range of responses given by students in relation to distances and trip frequencies, which in turn has a direct influence upon emissions.  This is particularly apparent in the high values for standard deviation for each of the variables, each of which are examined in more detail below. 
Insert Table 5 here
4.2	Travel between term-time address and university
For 485 (46%) respondents their term time address is also their permanent address. All respondents are considered within this section irrespective of whether they are living in university-related accommodation, or a personal or family home (Table 5).  Here the emphasis is on the journey between this address, recognised as ‘term-time’ address and their place of study.
Figure 2 summarises how distance travelled between these two points varies by mode and administrative area using box plots, noting that the maximum journey length is 291 kilometres.  This illustrates that in Northern Ireland the distances travelled by car as a driver exceeds other modes and is greater both on average and regarding range than in the other administrative areas.  In Scotland, the range of distances travelled by car as a driver is greater in comparison to other modes, though the mean for public transport modes exceeds that of car as a driver. In the other administrative areas, modes such as car as a passenger (Republic of Ireland) and train (England) compete over a greater range of distances.  Comparing bus and train within administrative areas, the distances travelled are similar for Scotland and Northern Ireland, whereas students travelling by bus travel shorter distances in comparison to rail in England but longer distances in the Republic of Ireland.  Findings for the Republic of Ireland in particular, for coach travel, are in line with the findings made by Dargay and Clarke (2012) when analysing long distance travel in the UK.
Insert Figure 2 here
Table 6 elaborates on this by summarising how mode choice is influenced by administrative area and living arrangements (2(42,N= 1045) = 590.896, p= .000), with summary details for each administrative area added.  This highlights that students travelling to university in Northern Ireland from their permanent address and to a lesser extent from a separate term time address are particularly car dependent.  This might be explained by the dispersed and rural nature of Northern Ireland, and the more limited public transport options available in more rural parts of Northern Ireland. In addition, two of the university campuses in Northern Ireland are situated outside major urban areas, so are less likely to have a direct public transport service, which caters for the varied origins of students.  The scheduled move of one campus into central Belfast will offer more feasible public transport alternatives in the future.
Students studying in England travelling from their permanent address only also are quite car dependent: these students are less likely to be able to choose to live close to the university, whereas students moving to a special term-time address have greater residential mobility during term-time and can choose accommodation which allows them to choose modes other than the car. . Linked to this there is a prevalence of travelling as a passenger demonstrating a culture of car sharing from a term time address in each of England and Northern Ireland. Such travel choices are most easily facilitated where students share accommodation or live in areas populated by students at local universities, matching origins with destinations.  Challenges in increasing the mode share which car sharing accounts for, include the flexibility in access to learning resources, influencing how students utilise physical resources and the financial pressure on students to work part time around their studies.  The outcomes are the times at which students travel to and from university vary plus the destinations which a student requires access to increase.  Travelling as a car passenger is a popular mode choice from a permanent address in the Republic of Ireland. However, of those travelling by car there is no significant difference between administrative areas in terms of the number of people travelling together (Welch’s F = (3, 86) = .580, p = .630)). On average there are 1.61 (s.d.= .857) people in the car across the survey responses, with values being slightly higher for Northern Ireland and Scotland and lower for other areas.  
Public transport is a more popular choice in Scotland where the urban and interurban rail network allows for a comparatively high proportion of students to travel by train from a term-time or permanent address.  Bus or coach is also a popular choice for students in Scotland when travelling from a permanent address but is relatively more popular for students in the Republic of Ireland who rely more heavily on bus and coach provision irrespective of their living arrangements. 
Considering non-motorised modes there is a greater cycling culture in the Republic of Ireland when travelling from a separate term time address than in other countries.. There have been recent significant investments in cycling infrastructure in many cities  in the Republic and cycling as a commuting mode has increased by 9.6% between 2006 and 2011 (Central Statistics Office, 2012), thus it is not surprising that cycling is a popular mode for students. Walking is most popular in Scotland followed by England.  
Insert Table 6 here
Of the students travelling as a car driver, 62% had a parking permit, ranging from 6% in the Republic of Ireland to 82% in England. It should be added that in the Republic of Ireland, in the largest university represented in the sample, students can park in the university with no need for any permit. 17% of those travelling as a car passenger and a smaller proportion with other mode choices also had a permit.  
Of the students travelling by public transport, 64% opted to travel by bus and 48% travelling by train are travelling on a season ticket, though the choice to do this varies by administrative area.  For bus/coach this ranges from 26% in Northern Ireland to 79% in the Republic of Ireland and for train from 17% in the Republic of Ireland to 66% in Scotland, suggesting different offers are available to students across the administrative areas, varying by public transport option.  Bus and coach are popular in the Republic as these modes are generally faster and cheaper than the corresponding rail journeys, due to significant investment in the motorway network, and a lack of investment in the rail network. Some students not travelling by public transport also have access to a season ticket though proportionally, this is much lower
The variation in distances travelled according to living arrangements is examined for each of the administrative areas (Figures 2 and 3). Students travelling from university-related accommodation travel shorter distances to get to university, though for Northern Ireland this is marginally higher in comparison to other administrative areas. Other researchers have also found that students living in university accommodation also travel shorter distances and travel more sustainably (Shannon et al, 2006; Zhou, 2012; Delmelle and Delmelle, 2012). This would suggest that universities may have a role in encouraging more sustainable travel in students, by providing campus accommodation. 
On average the distance travelled to university is similar across all areas for students travelling from their own home and/ or their parental home, with students in the Republic of Ireland travelling a slightly shorter distance on average and students in Northern Ireland travelling further, particularly when from a parental home.  However, there are greater differences in the variability and range of distances with a lower range of distances being travelled to parental homes and a student’s own home in England and in particular to a parental home in the Republic of Ireland.  This is in comparison to the other administrative areas of Scotland and Northern Ireland and travel to a student’s own home in the Republic of Ireland.  One influence upon this could relate to university choice and the number of universities available in the vicinity of a personal or parental home, a further trend, as highlighted in Table 4 is a student’s propensity to move away from home for university.
Insert Figure 3 here
Mode choice and distance travelled can in turn influence trip frequency, which has an influence on overall emissions and energy demand.  In the case of distance for this more ‘local’ journey, there is a significant negative relationship between these two variables with journey frequency over the academic year reducing with distance (β= -.183, t(946) = -5.724 p= .000), though the r-squared value suggest that distance only accounts for 3% of the variance in trip frequency.  Mode choice also has a significant impact upon trip frequency (Welch’s F (7, 286.136) = 35.822, p = .000) with a Games-Howell post hoc test demonstrating significant differences between the lower frequency at which car drivers access the university when compared to people travelling by bus or coach, cycling or walking.  
The characteristics examined for their impact on mode choice and distance travelled included gender (2(5,N= 879) = 14.160, p= .015),age (2(5,N= 874) = 73.980, p= .000), student status (dependent or independent of parents) (2(5,N= 831) = 47.934, p= .000) and year of study.  
Specifically male respondents are more likely to use active modes whereas females are more likely to travel as car passengers. This is clearly in line with the findings of other researchers: Zhou (2014) found that female students were less likely to use active modes. This suggests that there may be particular barriers or perceived barriers that are causing female students to be less likely to travel using active modes. . 
Older students are more likely to travel by car as a driver whereas younger students are more likely to use other modes; with identical trends apparent amongst independent students and those studying part-time, linked to the widening participation agenda.  This probably reflects higher levels of car ownership amongst older students, and perhaps also other responsibilities for older students, such as jobs or families. Delmelle and Delmelle (2012) also found older students were more likely to drive, and identified that this was because of constraints on their time which were not present for younger students. 
Considering year of study suggests that students in the first and second year of university are more likely to select public transport and walking and in the later years, in particular 4th year, are more likely to drive a car.  When examining the impact on distance, gender and year of study do not have significant impacts but age, (t(151.336) = 5.182, p = .000) student status t(299.599) = 4.466, p = .000) and mode of study (t(57.980) = 3.371, p = .001) do.  On average younger student travel shorter distances to university, as do dependent and full time students.  Extending this to trip frequency, males travel to university more frequently than females (t(491.728) = 5.258, p = .000), perhaps relating to subject choice, as do younger students t(185.403) = 4.940, p = .000) as well as dependent students (t(413.847) = 3.135, p = .002) and those studying full-time rather than part-time (t(913) = 10.345, p = .000), the latter being somewhat intuitive.
4.3	Travel between permanent address and university 
Of the 564 (54%) respondents with a separate term time and permanent address 462 (44% of the total sample) provided details of their permanent address. These are considered here.  Figures 4a and 4b communicate how distance travelled between these two points varies by mode and administrative area using box plots.  Figure 4a focuses on the modes which would allow for cross-sea travel and includes details of outliers to highlight the range; Figure 4b covers all surface modes, incorporating ferry as a reference point and in this case outliers are omitted so it is possible to focus on the main trends, though it is worth highlighting that the maximum distance travelled by surface mode is 1,649 kilometres, where the car is used to cover the greatest distance.  
Returning to Figure 4a, except for the outliers, on average, students at universities in the Republic of Ireland are flying furthest between university and their permanent address, emphasising the attractiveness of Ireland as a destination to international students domiciled in Europe and further afield.  Air travel features for students studying at universities in England also, but over shorter distances, in some cases for domestic travel.  Ferry journeys feature for England and Scotland also, though these are over considerably shorter distances in comparison to air travel.  
Referring to Figure 4b the distances involved exceed that of other surface modes on average and for Scotland also cover a greater range.  The average distance by car as a driver is highest in England and also covers the greatest range of distances. In Scotland, train covers the greatest range but average distance is marginally higher for bus / coach travel.  
In the Republic of Ireland bus / coach travel covers the greatest range and the greatest average distance, with car as a driver covering a much lower proportion of the distances travelled.  With the exception of the Republic of Ireland, the average distance travelled by car as a passenger is lower than all other surface modes.  Bus/coach are relatively cheap and fast modes in the Republic and are much more widely available to students than rail. 
Northern Ireland is interesting in that there is much lower variability in the distances travelled for each of the modes, reflecting the geography of the administrative area and the transport provision within it.  Given that a relatively high proportion of respondents studying in Northern Ireland live in the Republic of Ireland, this suggests they live near to the administrative border.
Insert Figures 4a and 4b here
Table 7 further elaborates on these trends summarising mode choice for this journey by administrative area students with separate term-time and permanent address only (2(15,N= 448) = 104.687, p= .000).  Similar to the mode choice for journey to university, Northern Ireland and England respondents are most likely to travel by car, in particular as the driver though travelling as a passenger is also a popular choice in Northern Ireland.  For this journey there is a small significant difference between administrative area and a the number of people in the vehicle Welch’s F = (3, 203) = 2.367, p = .072), with a lower car occupancy in Scotland based on the mean, though the post hoc tests do not judge this difference to be significant  
Respondents in the Republic of Ireland are particularly likely to travel by bus or coach, for the reasons already made. In Scotland opting to travel by air is proportionately much higher for students. . Use of the ferry is low or non-existent across each administrative area and flights are the second least popular mode choice.  This reflects the dominance of home domiciled students, though domestic flights also feature.  Again, there is an overall difference in mode choice according to year of study (2(5,N= 608) = 60.114, p= .000). 
Insert Table 7 here
Trip frequency is significantly influenced by the distance travelled (β= -.157, t(399) = -3.170 p= .002) but the r-squared value is again low (.025).  Mode choice is also influential (Welch’s F (7, 156.644) = 41.092, p = .000), with post hoc tests demonstrating significant differences between trips by aeroplane and ferry and all other modes, with the mean number of trips for these modes being significantly lower than all other modes once distance has been considered. 
There are again similarities between the mode chosen for regular and less frequent journeys with age (2(5,N= 572) = 28.474, p= .000), student status (2(5,N= 542) = 17.152, p= .002) and mode of study (2(5,N= 608) = 14.626, p= .012) influencing the mode chosen for the journey to a student’s permanent address.  Specifically, older students are proportionately more likely to drive and younger students are more likely to travel by public transport or as a car passenger, with independent and part-time students following a similar trend.  In terms of the distance between university and a permanent address there is no significant relationship between gender, age, student status or mode of study but there is a small significant relationship between gender and the frequency of trips home (t(266.782) = 2.530, p = .012), with males making on average 2.66 fewer trips per year and also year of study F (3, 949) = 3.506, p = .015, where the Bonferroni test suggests a small difference between students in their 3rd and 4th year of a programme.
4.4	Emissions associated with the journey to and from university
Emissions have been calculated for each journey based on distance and mode choice and then, based on the frequency of the journey across the year, annual values are calculated as detailed above. Data in this study demonstrate significant differences between living arrangements (whether a student has a term time address and permanent address or just one ‘term time’ address) and administrative areas for emissions from the journey between the term-time address and university (Welch’s F = (7, 286.136) = 35.822, p = .000) and overall emissions (Welch’s F = (7, 323.879) = 5.716, p = .000) and, where students have a separate permanent address, each administrative area. (Welch’s F = (3, 142.105) = 3.421, p = .019).  The mean and standard deviation for each is summarised in Table 8.  From this it is clear that annual emissions are highest for regular travel to and from university when a student has a permanent address rather than a separate term time and permanent address. This is to be expected as those students who can choose where to live during term-time opt for residential locations that are closer to university campuses, and facilitate travel by public transport, walking or cycling. However, the emission levels of students with separate term time and home addresses are closer to those of other students when the less frequent journeys to a home address are accounted for.  Another interesting trend is the administrative differences, with university-related emissions being highest in Northern Ireland and lowest in Scotland across all journey types.  This is to be expected given the car dependence of students at university in Northern Ireland and greater range of distances travelled by modes with a higher emission factor, as discussed above and conversely the increased propensity to use the train or walk to access universities in Scotland.
Insert Table 8 here
Considering first the journey between the term time address and university, in each of the administrative areas with the exception of Northern Ireland, the emissions are significantly different for respondents with a separate term time and home address when compared to those with only a permanent address. Students with separate term time and home addresses typically generate lower levels of carbon dioxide when making term time journeys, implying that these students choose more sustainable modes or choose to live in place where they can access university sustainably, as hypothesised at the start of this paper.  In addition, there is a significant difference between students with separate addresses studying in England and students with separate addresses studying in the Republic of Ireland, with higher emissions on average in the latter: this may be because there is less university accommodation typically available to students in the Republic of Ireland and so students cannot choose to live close to the university.  Respondents in Northern Ireland are more unusual in that there is only a significant difference between students in Northern Ireland with and without separate term time addresses as, on average, students in Northern Ireland make more frequent journeys to their permanent address during term time, negating some of the benefits of living nearer university and / or selecting more sustainable modes.  This builds upon the findings of Marique et al. (2013) suggesting that the higher energy demands transport to third level institutions varies geographically.  
Table 8 also considers the influence of car sharing by journey purpose which is assumed to result in a proportionate reduction in emissions. These still differ significantly by administrative area and living arrangements for journey between the term-time address and university (Welch’s F = (7, 287.264) = 35.424, p = .000) and overall emissions (Welch’s F = (7, 327.239) = 3.800, p = .001).  Table 8 also demonstrates a difference in emission levels for students making the journey to a separate permanent address. However, the difference in the emissions profile is no longer significantly different between administrative areas (Welch’s F = (3, 149.616) = 1.485, p = .221).

5. Discussion and conclusion
This study has highlighted significant cultural differences and complexity in travel behaviour associated with travel to university across the UK and Ireland than envisaged in other studies of student travel behaviour (Helbrecht, 2007; Sheller and Urry, 2006). In Northern Ireland student travel, from term time and permanent addresses, can be regarded as being more car dependent than other jurisdictions examined in this study: this is probably a reflection of the availability of public transport in Northern Ireland, the rural nature of the population and the investment in the motorway network, which has made travel by car easier and quicker than by other modes in Northern Ireland. 
There was found to be a greater variability in trip distances in Scotland and Northern Ireland. This is a reflection of the different transport geographies that are in existence and the impact they have on the transport/travel context i.e. more rural travel geographies and the effect of investment in rural trunk roads and motorways which have made access to urban areas, and for that matter university, easier. 
Although students in England were also found to have significant car use when travelling from their permanent as opposed to term time address, they were also very likely to car share. This may be a result of the tendency of students studying in England to stay in university campus accommodation, which is not as readily available in the Republic for example, but may also be a reflection of the travel planning and parking restraint measures that exist on campuses in many urban areas in England.  In England average distances travelled by car were greater than in other jurisdictions; again this is a reflection of the respective transport geographies but could also be a result of a wider choice of institutions available to students in England and a greater tradition of travelling away from home for university than exists in Northern Ireland, the Republic or Scotland. 
Public transport is used more by students in Scotland, which is a reflection of the location of seats of learning in the central belt (between and around Glasgow and Edinburgh) and city centre locations. 
Mode choice was found to have a significant impact on frequency of access to campuses, with users of more active modes of transport accessing the university more frequently, probably because these students live closer to universities. Other studies have not focussed on this aspect of trip making (frequency of travel to and from the university) but have instead focused on relationships between the types of students choosing different modes and the links between trip distance and mode (Delmelle and Delmelle, 2012; Zhou, 2012; 2014). It is interesting, therefore, to find that those who cycle and walk are more likely to access universities: this supports the argument that it is the interests of university to play a role in encouraging sustainable travel and to provide more campus accommodation: by doing so they increase the likelihood of students being present in the university. 
The study found that student car users were more likely to be female, older students, or those studying part time; whereas male students were more likely to use active modes of transport. This finding is very similar to that of other researchers (Zhou, 2014; Delmelle and Delmelle, 2012).  Questions must arise as to why these groups (female, older, part time) are more likely to drive. It can be postulated that these students have greater restraints on their time and more responsibilities in terms of family life and children, as has been suggested by other researchers (Shannon et al, 2006). However, further and more detailed research is required to examine in more detail the modal choices of these groups. There may be particular policy implications or actions that might be taken in order to allow these students to access university using more sustainable modes: perhaps a need for more on-campus childcare. For females, there may be perceived risks with accessing university campuses by walking and cycling, which need to be overcome and this should also be explored in more detail. For part-time students, it is likely that they are accessing the campus at off-peak periods (e.g. evenings and weekends) when public transport modes are less likely to be available and may also be accessing campuses when parking spaces are more available. 
The effect of these transport choices on emissions is significant and demonstrates the importance of education related trips to the development of a transport policy response as opposed to the traditional historical focus on the journey to work. This study revealed that the mean annual distance travelled between university and permanent address was 2706.5 kms and the average level of carbon dioxide emissions was 277kg. Annual university related travel distance was 3498.2 kms. 
Due to the different travel choices exhibited by students in Northern Ireland and their reliance on the car, compared to other jurisdictions there is potentially more scope for carbon emissions reduction strategies. Yet the difficulty here remains the lack of alternative transport choices that are available outside metropolitan Northern Ireland i.e. Greater Belfast and Derry/Londonderry. This again is a reflection of the locational choices made by students, many students in Northern Ireland choosing to live at their permanent as opposed to a term-time address closer to their university campus. The student propensity to move away from home across the jurisdictions is low with the exception of England where students move to university based accommodation. In Northern Ireland, Scotland and the Republic of Ireland there is a clear tendency for larger proportions of students to reside at the parental/carers home. This has a significant impact on mode choice. Universities who wish to encourage more sustainable travel, and many universities have policies in place to encourage more sustainable travel amongst both staff and students, should consider the implications of more campus accommodation on travel. 
In Scotland, students residing at their permanent address have significant levels of bus/coach use, which could correspond with the tradition of attending your local university. Yet in the Republic of Ireland travel by bus accounts for a significant share of journeys both for students at different term time addresses and those students residing at their permanent address. This is a reflection of a number of issues: low levels of rail investment, a relatively low-cost, high frequency national bus/coach service, investment in a motorway network resulting in bus/coach being faster than rail for many journeys, and discounted multi-journey ticketing available on bus services.  
In Northern Ireland despite discounting of student travel on public transport, public transport use is much lower overall than in the other jurisdictions.
There are a number of areas identified in this paper that require future research. These include examining whether particular groups of students (females or older students for example) required particular policy interventions to bring about more sustainable travel. The role of the university itself in reducing car use is also an area that needs additional research: for example, provision of campus accommodation seems to have a significant impact on student travel. Finally, the data suggest that in the case of students, for the sample as a whole, that public transport use has a significant role to play in suppressing the effect of car-borne trips on emission levels for trips from a term-time address to university. This data has clearly shown the need not only for more work on the mode choice of students but also on the role of public transport in suppressing growth in car borne trips and carbon dioxide emissions.



Table 1 Emission Factors by mode and assumption

	Mode
	Classification
	Distance
	gCO2 per km

	Air
	Domestic
	<1,000km
	158.6

	
	Short haul
	1,000-5,000
	94.0

	
	Long haul
	5,000<
	124.7

	Ferry
	Large Ropax
	All
	115.2 

	Car
	Average value
	All
	133.7

	Train*
	National Rail
	All
	65.1 

	Bus / coach
	Bus
	<25km
	122.2

	
	Coach
	25km<
	28.7


*As reported in DfT (n.d.) Factsheets UK transport greenhouse gas emissions
Source: Hill et al., 2013


Table 2 Sociodemographic characteristics of respondents by country of study
	Country
	
	Gender
	
	Age
	Total

	
	
	Male
	Female
	
	25 and under
	Over 25
	

	England

	
	90 (23%)
	297 (77%)
	
	315 (82%)
	71 (18%)
	458 (44%)

	Northern Ireland
	
	43 (27%)
	115 (73%)
	
	119 (76%)
	37 (24%)
	191 (18%)

	Scotland

	
	54 (35%)
	101 (65%)
	
	142 (92%)
	12 (8%)
	179 (17%)

	Republic of Ireland
	
	47 (25%)
	142 (75%)
	
	169 (89%)
	20 (11%)
	221 (21%)

	All
	
	234 (26%)
	655 (74%)
	
	745 (84%)
	140 (16%)
	1049 (100%)




Table 3 Educational choices of respondents by country of study
	Country
	
	Study mode
	
	Academic year 
	
	Student status
	Total

	
	
	Full time
	Part time
	
	1st year
	2nd year
	3rd year
	4th year
	
	Dependent
	Independent
	

	England


	
	430 (94%)
	28 (6%)
	
	151 (33%)
	127 (28%)
	119 (26%)
	57 (12%)
	
	247     (67%)
	122       (33%)
	458 (44%)

	Northern Ireland

	
	168 (88%)
	23 (12%)
	
	59 (31%)
	37 (19%)
	54 (28%)
	39 (20%)
	
	94      (61%)
	59         (39%)
	191 (18%)

	Scotland


	
	174 (97%)
	5 
(3%)
	
	45 (25%)
	58 (32%)
	55 (31%)
	21 (12%)
	
	115    (82%)
	26         (18%)
	179 (17%)

	Republic of Ireland

	
	215 (97%)
	6 
(3%)
	
	77 (35%)
	74 (34%)
	43 (20%)
	25 (11%)
	
	140    (80%)
	36         (21%)
	221 (21%)

	All

	
	987 (94%)
	62 (6%)
	
	332 (32%)
	296 (28%)
	271 (26%)
	142 (13%)
	
	596     (71%)
	243       (29%)
	1049 (100%)







Table 4 Living arrangements of respondents by country of study
	Country
	
	Permanent address
	
	Term time accommodation
	Total

	
	
	England
	Northern Ireland
	Scotland
	Wales
	Republic of Ireland
	Other Euro-pean
	Other Internat-ional
	
	Univers-ity related
	Own home
	Parents’ /carers’ home
	

	England


	
	408 (89%)
	14     (3%)
	2       (0%)
	17 (4%)
	8       (2%)
	5   (1%)
	3     (1%)
	
	299  (65%)
	73 (16%)
	86   (19%)
	458 (44%)

	Northern Ireland

	
	1      (1%)
	170 (89%)
	0        (0%)
	0    (0%)
	18     (9%)
	1   (1%)
	0     (0%)
	
	94    (49%)
	36 (19%)
	61   (32%)
	191 (18%)

	Scotland


	
	3      (2)%
	7       (4%)
	155  (87%)
	0   (0%)
	7       (4%)
	6   (3%)
	1     (1%)
	
	79    (44%)
	19 (11%)
	81   (45%)
	179 (17%)

	Republic of Ireland

	
	1      (0%)
	4       (2%)
	1        (0%)
	0   (0%)
	209 (95%)
	6   (3%)
	0     (0%)
	
	92   (42%)
	17 (8%)
	112 (51%)
	221 (21%)

	All

	
	413 (39%)
	195 (19%)
	158   (15%)
	17 (2%)
	242 (23%)
	18 (2%)
	4     (0%)
	
	564  (54%)
	145  (14%)
	340 (32%)
	1049 (100%)




Table 5 Summary of university related travel and related carbon emissions
	 
	Minimum
	Maximum
	Mean
	Standard Deviation

	Distance between university and term time address (kms)

	0.00
	291.03
	14.07
	24.53

	Distance between university and 'permanent' address (kms)

	2.52
	17,216.58
	290.50
	1,093.34

	Annual journeys between university and term time address

	0
	144
	85.53
	43.577

	Annual journeys between university and 'permanent' address

	0
	48
	10.83
	11.376

	Annual distance travelled between university and term time address (kms)

	0.00
	50,400.52
	2,366.53
	3,799.59

	Annual distance travelled between university and 'permanent' address (kms)
	0.00
	79,156.35
	2,706.45
	5,683.13

	Annual university-related distance travelled (kms)
	0.00
	89,051.53
	3,498.16
	5,252.81

	Annual carbon dioxide emitted between university and term time address (kgs)
	0.00
	3,501.73
	234.83
	409.33

	Annual carbon dioxide emitted between university and 'permanent' address (kgs)
	0.00
	10,583.20
	277.33
	676.08

	Annual university travel-related carbon dioxide emissions (kms)
	0.00
	11,906.19
	354.10
	609.63



Table 6 Mode choice for the journey to university from term time address considering living arrangements and administrative area
	
	 
	Car or motorbike as driver
	Car or motorbike as passenger
	Train / tram / underground
	Bus / Coach
	Bike
	Walk

	Separate term time and permanent address
	England
	85
(32%)
	29
(11%)
	20
(7%)
	16
(6%)
	11
(4%)
	76
(28%)

	
	Northern Ireland
	32
(38%)
	13
(15%)
	4
(5%)
	12
(14%)
	0
(0%)
	10
(12%)

	
	Scotland
	5
(7%)
	0
(0%)
	10
(14%)
	3
(4%)
	3
(4%)
	46
(65%)

	
	Republic of Ireland
	11
(9%)
	6
(5%)
	3
(2%)
	54
(44%)
	16
(13%)
	22
(18%)

	Permanent address only
	England
	101
(54%)
	8
(4%)
	17
(9%)
	22
(12%)
	3
(2%)
	11
(6%)

	
	Northern Ireland
	69
(65%)
	6
(6%)
	4
(4%)
	12
(11%)
	2
(2%)
	4
(4%)

	
	Scotland
	8
(7%)
	2
(2%)
	45
(42%)
	32
(30%)
	3
(3%)
	10
(9%)

	
	Republic of Ireland
	28
(28%)
	11
(11%)
	3
(3%)
	42
(42%)
	5
(5%)
	3
(3%)

	All
	England
	188
(41%)
	37
(8%)
	37
(8%)
	38
(8%)
	14
(3%)
	87
(19%)

	
	Northern Ireland
	101
(53%)
	20
(11%)
	8
(4%)
	24
(13%)
	2
(1%)
	14
(7%)

	
	Scotland
	13
(7%)
	2
(1%)
	55
(31%)
	36
(20%)
	6
(3%)
	56
(31%)

	
	Republic of Ireland
	39
(18%)
	17
(8%)
	6
(3%)
	96
(43%)
	21
(10%)
	25
(11%)

	All administrative areas
	339
(32%)
	75
(7%)
	106
(10%)
	193
(18%)
	43
(4%)
	182
(17%)


Table 7 Mode choice for the journey to permanent address from term time address or university by administrative area 
	
	Aeroplane
	Ferry
	Car or motorbike as driver
	Car or motorbike as passenger 
	Train / tram / underground
	Bus / Coach

	England
	26
(11%))
	7
(3%)
	98
(42%)
	33
(14%)
	55
(23%)
	16
(7%)

	Northern Ireland
	1
(2%)
	0
(0%)
	30
(46%)
	14
(22%)
	7
(11%)
	13
(20%)

	Scotland
	14
(21%)
	5
(8%)
	9
(13%)
	8
(12%)
	16
(24%)
	15
(22%)

	Republic of Ireland
	7
(9%)
	1
(1%)
	7
(9%)
	14
(17%)
	17
(21%)
	35
(43%)

	All
	48
(11%)
	13
(3%)
	144
(32%)
	69
(15%)
	95
(21%)
	79
(18%)



Table 8 Annual emissions of carbon dioxide by administrative area and destination for university-related travel
	
	
	Journey to university from term-time address
	Journey to permanent address from university/ term-time address
	All university related journeys

	Living arrangements
	Administrative area
	Mean
	Standard Deviation
	Mean
	Standard Deviation
	Mean
	Standard Deviation

	Not considering the impact of car sharing upon emissions

	Separate term time and permanent address
	England

	51.68
	78.18
	222.49
	508.61
	251.19
	493.16

	
	Northern Ireland

	181.66
	371.74
	589.70
	1415.39
	638.47
	1438.73

	
	Republic of Ireland
	145.50
	285.34
	306.94
	385.46
	323.64
	389.23

	
	Scotland

	49.44
	224.81
	166.81
	230.23
	204.71
	300.69

	Permanent address only
	England

	312.88
	315.49
	
	
	312.88
	315.49

	
	Northern Ireland

	630.85
	641.83
	
	
	630.85
	641.83

	
	Republic of Ireland
	357.45
	536.76
	
	
	357.45
	536.76

	
	Scotland

	298.50
	394.50
	
	
	298.50
	394.50

	
	All
	232.02
	399.49
	277.94
	678.52
	350.79
	603.13

	Considering the impact of car sharing upon emissions

	Separate term time and permanent address
	England

	40.66
	70.85
	200.96
	501.67
	220.86
	483.50

	
	Northern Ireland

	118.15
	209.43
	436.81
	1408.74
	456.52
	1328.12

	
	Republic of Ireland
	137.08
	278.36
	212.00
	221.77
	260.12
	308.83

	
	Scotland

	49.44
	224.81
	148.86
	226.97
	185.36
	297.79

	Permanent address only
	England

	278.91
	303.10
	 
	 
	278.91
	303.10

	
	Northern Ireland

	467.17
	474.36
	 
	 
	467.17
	474.36

	
	Republic of Ireland
	288.07
	386.15
	 
	 
	288.07
	386.15

	
	Scotland

	289.50
	392.26
	 
	 
	289.50
	392.26

	
	All
	193.46
	324.68
	226.63
	652.00
	290.31
	533.97
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	Figure 1a: Mode choice for journey to university from term time address 
	Figure 1b: Mode choice for journey to permanent address from university / term time address 
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Figure 2: Distance travelled to university from term time address by administrative area and mode choice (minus some outliers)
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Figure 3: Distance travelled to university from term time address by administrative area and mode choice (minus some outliers)
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Figure 4a: Distance travelled to Permanent address from university / term time address by administrative area and mode choice (Aeroplane or Ferry only, including all outliers)
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Figure 4b: Distance travelled to permanent address from university / term time address by administrative area and mode choice (Excluding aeroplane and some outliers)
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