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Summary
This paper analyses the recruitment area of first-year students from the University of Groningen, by looking at their regions of origin and distance to the parental home using an innovative tool known as Space Time Pattern Mining. Distance, as written in related papers, is an important factor in university choice, but it has predominantly been used to explain university choices of students, not on how it influences the influx of first-year students of a particular university. This research provides new quantitative evidence that the catchment area of the University of Groningen has remained regional in recent years. It also proofs that specific bachelor programmes have larger catchment areas than more widely available courses.
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1. [bookmark: _Toc504374702]Introduction
Every year universities welcome a new cohort of first-year students to their bachelor programmes. Universities try to attract students from all over the country through advertising about the quality of the education and through the organisation of open days. But are universities actually succeeding at that and therefore competing with each other for students? This paper analyses how the Dutch University of Groningen is doing at attracting students from all over the Netherlands.

Currently the University of Groningen (UG) is trying to open a branch campus in the Chinese city of Yantai. The goal of this project is to expand the UG’s position as a global player and thereby attracting talented students, top researchers and high-profile research projects. If they are not coming to Groningen we will come to them, seems to be the university’s motto. Already its Dutch branch is trying to appeal to international students. Nearly all the courses are in English, even this paper has to be written in English. The result is an annual rise in the number of international students in the Bachelor and Master courses (UG, 2016). 

But what is the UG doing to attract Dutch students? Since the Netherlands is just a small country, with a decent transportation system, and information about universities widely available for everyone on the internet, students should be able to make a well informed decision on where and what they want to study. A brief research from the geographer Groote (2004) for a commemorative book about the UG pointed out that the catchment area until 2003 was largely regional as over 75% of the students came from the northern provinces of the country (Groningen, Friesland, Drenthe and Overijssel). This figure did not really fluctuate even after the government began handing out free travel cards to all students in 1991. Distance seems to be playing an important factor in the choice of university.

More than a decade ago has passed since Groote’s investigation, therefore it is time for a new examination of the catchment area of the UG. Moreover, since 2003 two major developments have taken place that could have had an impact on the recruitment area of Dutch universities. Firstly, the mean age of adolescents leaving the parental home has risen from 23,6 years in 2006 to 24,6 in 2016 (CBS, 2016). Also data on Dutch first-year students, presented in table 1, shows that first-year students are staying considerably longer at their parents’ house since 2015 (Kences, 2016).

Table 1: living situation of Dutch first-year students in 2014 and 2015 (Kences, 2016)


This situation of leaving home later on is linked to the second development: the abolishment of the student grant by the government in 2015. Before 2015 students received a free monthly grant of 180 or 280 euro’s depending on their living situation. A student was entitled to this grant for four or five years depending on the length of the study program. If students did not finish their study, they had to pay back the grant, otherwise it was a gift from the government. Because of this change in policy, university education became more expensive, which could be a stimulus to remain at home.

An important question that arises from these two developments is whether staying at home influences the student’s choice of where and what to study? If students decide to stay at their parents’ house, they could, for practical reasons, be more likely to choose a university and field-of-study nearby, instead of the university and field-of-study they prefer the most. Also universities could see their student population change and become more regional. While in the past students perhaps choose their university more on quality of education, now distance matters even more. This is of significant importance to the recruitment department of a university. If the applications from a certain region drop, the university has to put in more effort to attract students from there. The choice of university and field-of-study is also something that has considerable influence on the future of people. The study pursued in higher education is an important determinant of the student’s future job and earnings, and it will partly determine his or her further career. Research into the trends in student mobility, choice of university and study is therefore of great importance to society and policy makers. The report on student accommodation by think-tank Kences even suggested that universities outside the Randstad, situated in more peripheral areas like Groningen, should be worried if they do not provide unique courses (Trouw, 2016). Furthermore, multiple regions around Groningen are labelled as areas, with alarming developments of population decline. This could impact the regional influx of first-year students of the university (Government, 2017).

To examine if these developments have influenced on the catchment area of the University of Groningen this paper will look into the regions of origin of the first-year students from 2011-2017. Data from university courses of two faculties of the UG will be analysed using descriptive and inferential statistics. The recent technique of space time modelling in ArcMap will be used to draw more precise conclusions. This innovative technique, introduced three years ago in ArcMap, has not been used in any similar research on catchment areas before, as far as the author knows. The dataset covers about 8% of all the first-year enrolments at the UG (UG, 2016). The bachelor programmes are chosen by reason of their exclusivity in the Netherlands. Some of the courses are available at multiple universities, whilst others are exclusively in Groningen or in one other university. This way it is possible to point out any differences in the recruitment area of different bachelor studies. My research question is: how did the recruitment area of the University of Groningen change from 2011 until 2017?

My research differs from previous papers, not only because of the recent data and unique way of analysing, but also because it is looking from a university perspective. Most papers try to explain the choice of university from a student perspective, but do not look at the effects of that choice on the university. My results are able to highlight the effect of the choice of first-year students for a university in a more peripheral part of the Netherlands. And by comparing different university programmes, this paper is able to draw further on the human capital theory. For fields exclusively taught at the UG, one would expect a larger catchment area, based on the human capital theory.

This paper is structured as follows. In section 2 the relevant literature on this subject will be discussed. Section 3 describes the Dutch university system, the methodology I have used and provides information on the dataset. Section 4 presents my main findings. I close with section 5, discussing the conclusions, how valuable they are and what future research could be done.

2. [bookmark: _Toc504374703]Theoretical Framework
In the literature, two reasons are predominantly given for human migration. From a human capital point of view migration is seen as an investment. A student or worker can increase his (future) employability or income by moving to another place. Migration also can be viewed from a consumption perspective, in which people move because they are in search of better local amenities, like recreational or cultural activities (Ghatak et al., 1994). Student migration mostly combines these two perspectives (Suhonen, 2014).

The choice of university is described as a highly complex decision subject to various influences (Simoes and Soares, 2010). There are conflicting findings on which factor is the most influential. Academic reputation and quality of teaching are consistently mentioned by most researchers. But also future employability, distance from the parental home to the university and the influence of others (e.g. friends and family) are often mentioned (Briggs and Wilson, 2007). Nevertheless, the research into the choice for study and university tends to focus on socio-economic features of secondary school students and less on geographical factors (Sá et al., 2004). Therefore, the distance of the parental home to the university will be the main subject examined in this paper. Distance can be an important determinant of the decision where and what to study. When a course is exclusively available at a university distant from the students’ home, the willingness of the student to choose that particular field could decrease, due to the various social and financial costs of migrating, especially when there are alternatives close by. The various costs of migration can be subdivided into three categories. Firstly, the transportation to a more distant location costs time and money. Secondly, information on a more distant place is less accessible. Even though, this form of information costs are going down due to the internet. Thirdly, students may feel uncomfortable in leaving a familiar environment. This is the so-called distance deterrence effect (Suhonen, 2014). 

Denzler and Wolter (2011) show that distance to a university influences the field-of-study chosen by the student. This would object the human capital theory, where the choice of field-of-study is seen as an investment, resulting in the decision of students to travel further, if that course is more preferred. This would imply that the catchment area of a unique course is comparable to that of a course that is available at more institutions. This theory is conceptualized as a model in figure 1. This model misses undoubtedly a lot of context, not taking into account the influence of personal socio-economic factors (e.g. high school grades and social backgrounds) and regional components (tuition and fees). 
[image: ]
Figure 1: conceptual model of the effect of different types of courses on the recruitment area (based on: Denzler and Wolter (2011) & Sá et al. (2004)).

Sá et al. (2004) analysed the choices of all the first-year students in the Netherlands in 2003. They conclude that most Dutch universities have a regional catchment area. The regional orientation of small universities, like Tilburg University or Eindhoven University of Technology, is not that much different from larger institutions like the University of Amsterdam or even the centrally located University of Utrecht. More specialized universities like Wageningen and Delft have a more national recruitment area. Groningen finds itself somewhere in between these two groups. The Centraal Bureau voor Statistiek (CBS) performed a yearly research on the recruitment area for a long time. The CBS broke this research off in 2004, on account of the fact that the catchment area of universities in the Netherlands did not change substantially over time. The CBS’s conclusion also corresponds with the conclusion of Groote (2004) that 75% of the first-year students are coming from the provinces of Groningen, Friesland, Drenthe or Overijssel. Sá et al. (2013) also concluded in another paper that the distance from the parental home to the university has a negative effect on selecting that institution. Dutch students tend to stay close by. Surprisingly, the quality of the programmes has a negative effect on choosing that study as well. This is in contradiction to the human capital theory and indicates that consumer motives are more at play in the Netherlands. A partial explanation of this phenomenon is that the quality of education is fairly egalitarian in Dutch universities. The universities are all of the same excellence. This could contribute to a rather uniform geographical influx of first-year students. Similar studies in the US found the opposite result. There students tend to move further away if it results in a higher standard level of teaching (Long, 2004). This has to do with the competitiveness between universities and the unequal level of quality of universities in the US.

In other countries the results between distance and university choice are rather mixed, varying from a strong relation in Canada to weak and insignificant effects in the UK. In the latter country a long move from home is seen as part of the university experience. However, researchers say that this is changing, as a result of first-year students staying at their parental home longer and because of rising tuition fees. Another conclusion from this paper is that the mean distance between a student’s home and his higher education institution is correlated with his social class. Students from professional backgrounds travel the longest distances, whereas those from a lower social background travel the shortest distance. Furthermore, excellent students tend to be less sensitive for distance (Gibbons and Vignoles, 2011). All in all, the common methodological approach used in the studies mentioned above is the following: the shortest (travel) distance between the parental home and university is measured and included as an explanatory value in a regression model. The effect of distance is then calculated by controlling for individual characteristics (e.g. high school grades) and regional components (e.g. tuition and fees) (Suhonen, 2014).

Sá et al. (2013) also looked at the difference in university choice by at-homers and out-of-homers in the Netherlands. At-homers seem to be more deterred by distance than out-of-homers in choosing their university. The growth of the number in students living at their parental home could therefore lead to a change in the recruitment area of universities. Studies on the effect of the availability of free student grants on the mobility of university applicants were however not found. Most of the research is confined to the role of tuition fees. Callender and Jackson (2008) looked into how the fear of debt effects university and student choice in the UK. Debt is, because of the abolishment of the student grant in 2015, something that Dutch students have to deal with as well. Callender and Jackson found that it was a class issue, where students from a lower social background were more constrained in their choice of university than other students. 

As the data used by Sá et al. (2013) is from more than a decade ago, it is high time for new research in the Netherlands. The two recent developments of adolescents leaving the parental home later and the abolishment of the free student grant could perhaps influence the decision making-process of the students.
3. [bookmark: _Toc504374704]Data Collection & Methodology
The Dutch higher education system is a dual system with universities and ‘hogescholen’ (universities of applied sciences) as the main education providers. This thesis will, as pointed out above, focus on the university sector. ‘Hogescholen’ are not included, because they tend to have an even more regional character. Changes in the catchment area are therefore expected to be minimal (Bertrand-Cloodt et al., 2010). Students from the academic track of secondary school (Voorbereidend Wetenschappelijk Onderwijs, VWO) are allowed to apply to all thirteen publicly funded universities in the Netherlands. All universities have a good geographical accessibility. There are about three universities in every 100km2 grid cell of the Netherlands, except for the northern provinces (Sá et al., 2012). This emphasises the more isolated location the UG has in the Netherlands (Smit, 2001). Tuition fees are the same for every university and course, currently around 2000 euros. A student is able to choose a course that relates to his profile chosen in secondary education. For some study programmes, like medicine or dentistry there is a maximum number of applications, so that the amount of students does not exceed the prospective jobs on the labour market. Students receive a free travel permit for public transport for either weekdays or the weekend.
 
The data for this thesis was obtained from two different faculties at the University of Groningen. The faculties were asked to participate in the research by email or in an arranged meeting. After they agreed, I received the data from their systems. The faculty of Spatial Sciences (FSS) and the bachelor programme Human Movement Sciences (HMS) (belongs to the faculty of Medical Sciences) all took part in the study. The Faculty of Economics and Business Economics (FEB) was included in the draft version of my paper. However, these first-year students had to be taken out of the final version, because the data was highly suspicious for certain years. The results showed that the share of students from the municipality of Groningen went up by 40% from 2013 to 2014. This could impossibly be the result of real change in the catchment area of first-year students of the UG. It remained at this high percentage the two years after. It is therefore assumed that the data from 2014 till 2016 of the FEB did not include the original correspondence addresses, but the postcodes of the new place of residence of some students[footnoteRef:1]. This adds up to the following 3 university courses: [1:  I wish to express my sincere thanks to Mr. Venhorst, assistant professor of FSS, for advising me on the possible data issues.] 


1. Human Geography and Urban and Regional Planning (FSS)
2. Spatial Planning & Spatial Design (FSS)
3. Human movement Sciences (Faculty of Medical Sciences)

As mentioned in the introduction, the courses were chosen on their uniqueness in the Netherlands and willingness of the faculties to participate in the research. While the programs taught by the faculty of Spatial Sciences are offered at several universities in the Netherlands, the bachelor in HMS can only be obtained at the Vrije Universiteit in Amsterdam, besides the UG. All the courses are offered in English, except for HMS.

When a first-year student registers for a university programme, he or she has to give their correspondence address. This is the parental address, most of the times. For a small percentage of people who switch study at the same university and/or are already out-of-homers, this might be different. In the end this does not matter too much, because a comparison over time is made. It is assumed that this percentage of switchers is stable. Students are able to go from their first-year at a ‘hogeschool’ to the first-year of a bachelor programme at a university. The amount of students, who are doing this, is increasing (Onderwijs in Cijfers, 2014). This could for example mean that a first-year ‘hogeschool’-student at the Hanze, who already is an out-of-homer, starts a bachelor programme at the UG and gives his Groningen postcode instead of his parental one. The total influence on the postcodes gathered is assumed to be small. Table 2 contains an overview of some of the features of the dataset. The period 2011-2017 is chosen because it includes the four years before the student grant was abolishment by the government and the three years after this, thus giving a thorough overview of the developments. This time frame will be the main focus of this paper, but for certain statistical tests the time period is extended to data from 2006-2017.

Table 2: overview of the enrolments of the first-year bachelor students at the 2 faculties.
	Faculty/year
	2011
	2012
	2013
	2014
	2015
	2016
	2017

	Spatial Sciences
	147
	148
	151
	166
	163
	135
	149

	Movement Sciences
	152
	159
	193
	143
	113
	111
	121

	Total:
	299
	307
	344
	309
	276
	246
	270



Because of the privacy regulations of the UG, the faculties were only allowed to give the 4-digit postcode of the address. In this way the data cannot be related to specific persons. The amount of postcodes gathered is around 3200 (2006-2017), resulting slightly under 280 a year. The total number of students in the dataset represents around 8% of the UG’s total first-year Dutch enrolments every year (UG, 2016). All foreign postcodes where deleted from the database, as my focus is on Dutch students. This dataset was then linked to a postcode-municipality database from 2014, based on information in the Basissregistraties Adressen en Gebouwen (BAG), as this was the most recent, free and complete database (Kraijesteijn, 2016). Furthermore, using different municipality borders over the year would have resulted in problems in the Space Time Pattern analysis. The input features of this tool need to have the same location and borders over time, it therefore cannot account for any realignments of municipal borders. The amount of students coming from a municipality is adjusted for the number of 15 to 25 year olds living in that same municipality in 2014 provided by the CBS (Statline). In this way highly or little populated regions are not over- or under- represented in the dataset. Instead of correcting the number of first-year students by the total population of a municipality, this cohort is more precise as most first-years are between 15 and 25. Narrowing the age span to, for example 18 to 23, was not possible, because the CBS does not provide this data. Due to the complexity of the analysis and the fact that the municipality borders from 2014 were used, the amount of 15 to 25 year olds in a municipality in 2014 is used in every other year. Although all the data has been handled with great care, due to all the data adding and cleaning, minor flaws could be existent. Using the statistical software SPSS an overview was made of the data and the provinces of where the students came from over the years. Since statistical analysis is incapable of providing a spatial context, ArcMap Pro 2.0, a Geographical Information System (GIS), was used to make multiple choropleth maps based on quantile classification. More precise conclusions were drawn using the Space Time Pattern Mining toolbox in ArcMap. Through this technique, maps were able to be compared of time. This methodology suits the aim of my research: looking not only at the spatial distribution of where students are coming from, but also incorporating the temporal pattern. In this way I can try to see where and when statistical differences have occurred in the regions. Below a detailed explanation is given about the method of Space Time Pattern Mining.

Space time cubes
The Space Time Pattern Mining Toolbox, available in ArcGIS Pro 2.0, contains different statistical tools that are capable of analysing data distributions and patterns in both space and time. The minimum input is ten years of data, otherwise the Mann-Kendall test cannot be performed. The time frame chosen is 2006-2017.The first step in this analysis was the creation of a space time cube. This method aggregates the data points into space time bins located in a bigger data cube. Every bin symbolizes a municipality, with an x- and y-coordinate, and contains the number of students that went to the UG from that municipality. The vertical-axis is the time (2006 (lowest bin)-2017(highest bin) and the x-axis and y-axis represent the longitude and latitude (Figure 2). The dataset was for this purpose timestamped and converted to a Network Common Data Form (NetCDF). The actual 3D-cube, as shown in ArcMap, is pictured in figure 3. The UG only made the regular version of ArcMap available for its students, therefore the trial version of ArcGIS Pro 2.0 was used for the purpose of the analysis. 

[image: Space-time bins in a three-dimensional cube] [image: ]
Figure 2: Simplified version of a                           Figure 3: 3D-view of the space time cubes as seen in ArcMap Pro 2.0 
Space time cube (source: ArcGIS desktop).          (sources: Esri NL and the University of Groningen)

The space time cube also calculates the trend over time for every region by using the Mann-Kendall test. This non-parametric test calculates if there is an upward, downward or no trend at all in the amount of students going to the UG in a region by providing a (un)significant positive or negative Z-score.

After the construction of a space time cube, an Emerging Hot spot Analysis can be performed, which identifies clusters of high and low values over space and time. The Getis-Ord Gi* test calculates whether high (hot spot) or low (cold spot) values cluster spatially (Ord and Getis, 1995). The local sum for a bin and its neighbours is compared proportionally to the sum of all bins in one year. When the local sum deviates substantially from the expected local sum, and that difference is too large to be the result of random chance (p<0,05), a statistically significant Z-score occurs. A positive Z-score is an indication of a hot spot and a negative one is an indication of a cold spot. The higher the Z-value the more clustered the values are. This time the Mann-Kendall test calculates the trend of the Z-values calculated by the Getis-Ord Gi* test. This approach enables the selected municipalities to be classified by a pattern over time of hot or cold spots, as shown in figure 4. There are, apart from no pattern, eight categories of hot and cold spots: new, consecutive, intensifying, persistent, diminishing, sporadic, oscillating and historical. How these categories are defined, is explained at the end of appendix A. The two parameters, neighbourhood distance and neighbourhood time step, in the Emerging Hot Spot analysis where filled in with K Nearest Neighbours 8 and 8 years. K Nearest Neighbours was chosen, because of the variety of sizes of Dutch municipalities. If a fixed distance was chosen, larger municipalities would have had more neighbours than smaller ones. With K Nearest Neighbours every municipality has the same number of neighbours that are used in the Getis-Ord GI* statistic. 8 years was chosen as the neighbourhood time step, for the reason that this provides an analysis of the long-term trend, instead of including only recent neighbours, if for example 2 years had been chosen.

 
[image: Hot Spot Trends]
Figure 4: simplified version of the outcome of an Getis-Ord Gi* statistic on the left (e.g. dark brown meaning a hot spot) and Mann-Kendall Statistic on the right (e.g. red meaning a historical hot spot and blue an historical cold spot) (source: ArcGIS desktop).


Mean distance
To compare the catchment area of the students from HMS and FSS, the mean distance from the parental home to Groningen is calculated for every year per programme. To do this, the municipality polygons were converted to points. The points are located in the centre of the municipality. These are, of course not the exact locations of the correspondence addresses, but over time the effect should be minimal. The points were joined by the municipal data from the students. The Generate Near Table in ArcMap Pro was used to calculate the distance (“as the crow flies”) from every point (represents a student) to Groningen. The means per course were compared using the T-test for independent variables. Travel time was not chosen for this test, because of the difficulties in measuring it. In any case the correlation between travel time and distance is fairly high (Rietveld et al., 1999). A Trend and Emerging Hot Spot analysis were performed as well.
4. [bookmark: _Toc504374705]Results
To give a broad overview of where the students came from, graph 1 shows the provinces of origin from 2011 till 2017. The percentage on the y-axis is the percentage of the total amount of students in one year. Figure 5 is an map of the Netherlands showing the location of the 12 provinces. The province of Groningen is, as expected, the greatest resource of first-year students. Similar to the conclusion of Groote (2004) and Sá et al (2004), the UG has a regional influx of students. The four provinces of Overijssel, Friesland, Drenthe and Groningen contribute around 75% of the total influx of the UG every year. Interesting is the increase of the percentage coming from Groningen in 2014 relative to 2013. This increase seems irregular, due the fact that from 2011 till 2013 and 2014 till 2017 in the analysis a downwards trend visible. There was a similar pattern visible, when the FEB data was still included, but even more extreme. As pointed out in the methodology this could be the result of an administrative change.
[image: ]
Figure 5: overview the 12 provinces (source: Esri NL)


Graph 1: students’ province of origin from 2011-2017.

To see in more detail what happens for the other provinces, the 0-25 percentage is enlarged in graph 2. The percentage of most other provinces (e.g. Utrecht and Zuid-Holland) decreases in 2014. In 2015 the percentage of the provinces (Drenthe and Overijssel) closer to Groningen increases again, while the provinces further away (e.g. Gelderland and Zuid-Holland ) decline more. Despite these changes, overall it can be said that the provinces stay at the same level over the years. To look in more detail at the regions the space time cube is performed on a municipality level and over a longer period, 2006-2017.




Graph 2: students’ province of origin from 2011-2017, 0-20 percentage excluding Groningen.
Space time cube-analysis
The results of the Trend analysis performed on the space time cube are shown in figure 6. In most of the municipalities no significant up or downtrend can be found in the student population from 2006 to 2017. A few municipalities around Groningen show a significant uptrend, especially Steenwijkerland, Noordoostpolder and Westellingwerf (p-value < 0,01). Some other municipalities in the North-Netherlands show a significant downtrend. However the most significant ones are found further away from Groningen. Nevertheless, no clear change in the catchment area of the UG emerges from this analysis. 

[image: ]
Figure 6: outcome of the trend analysis 2006-2017 per municipality (sources: University of Groningen and Esri).

The results of the Emerging Hot Spot analysis are shown in figure 7. A cluster of hot spots is seen in the northern part of the Netherlands, where in the south of the Netherlands predominantly cold spots are found. This supports the charts shown earlier in this chapter and conclusions by Sá et al. (2004) and Groote (2004); only a small amount of first-year students is coming from these regions to Groningen. In figure 8 the amount of students per year per municipality is visualized in a space time cube, resulting in an overview of were the UG students are coming from. The cluster in the north is clearly visible. An important observation that can be made from the Emerging Hot Spot map is the following: the municipalities around the UG are intensifying hot spots, which indicates that they were hot spots 90% of the time and the Z-score and thus the intensity of clustering of high counts of students is significantly increasing. This pattern is not visible in the descriptive statistics on provinces, due to the extended period (2006-2017) and the different way of analysing (as described in the methodology). The municipalities in the south of the Netherlands are consecutive cold spots, which indicates a single uninterrupted run of cold time step intervals, comprised of less than 90% of all. The area between this hot and cold front does not show a pattern. As shown in the Trend analysis there are up- and downtrends occurring in this area. The amount of first-year students coming from this area is usually too high for a cold spot and too low for a hot spot. The full results and explanation of all the categories of the Emerging Hot Spot test are included in appendix A.

[image: ]
Figure 7: outcome of the Emerging Hots Spot Analysis 2006-2017 (K Nearest Neighbours and Neighbourhood time step 8 years) (sources: University of Groningen and Esri).

[image: ]
[bookmark: _GoBack]Figure 8: Space time cube of the number of students per 15-25 year olds per municipality per year (quantile classification) (sources: University of Groningen and Esri).


Difference between courses
As mentioned in the methodology section: HMS is a course given at only two universities (including UG) in the Netherlands, while FSS is taught at multiple universities over the country. The mean distance of HMS is constantly higher than FSS, except for 2014, as shown in table 3. Also the two means differ statistically from each other in 2012, 2013, 2014, 2016 and 2017. HMS is able to attract students from a larger geographical area. This aligns with the human capital theory, which assumes that people see their choice of study as an investment and therefore will travel further for courses more preferred by the student. The results slightly disagree with the research of Denzler and Wolter (2011), which concluded that a positive relationship exists between the shortest distance to an institution offering a particular field-of-study and the likelihood of selecting that field. The Trend and Emerging Hot Spot analysis can be found in appendix B. It shows that the cluster of first-year students of FSS covers a smaller area around Groningen than the cluster of students attending HMS. As shown in table 2 the amount of students doing HMS is decreasing. However, this trend is happening all over the country and not exclusively in regions further away from Groningen. FSS shows predominantly upward trends around Groningen. Nevertheless, the cluster of HMS-students is still predominantly the North-Netherlands. Not as many students, as would be expected on the basis of the human capital theory are attracted from regions further away. The results therefore resemble the outcome of the conceptual model in section 2, suggesting an overlap between recruitment areas of unique and widely available courses. 

Table 3: mean distance (in km) of students from the courses HMS and FSS. Means were compared by using an independent t-test (significant: p-values < 0,05).
	
	2011
	2012
	2013
	2014
	2015
	2016
	2017

	HMS
	74,4
	78,3
	95,8
	51,9
	68,9
	84,3
	91,6

	FSS
	60,5
	59,9
	62,2
	68,7
	64,8
	59,4
	69,5

	p-value
	0,055
	0,009
	0,000
	0,019
	0,518
	0,002
	0,009



5. [bookmark: _Toc504374706]Conclusion and Discussion
As shown by the Trend analysis no clear change can be found over the years of 2006-2017. Only a few regions displayed a significant down or upward trend. The Trend analysis does reveal that multiple municipalities around Groningen show an upward trend. The down trends occur in multiple municipalities located further away from Groningen. The changes of where students are coming from, started only in 2014 and continued in 2015 and 2016. That makes the time period too short, to account for any major statistical differences in the Trend analysis, when comparing it to twelve years of data. The problematic increase from 2013 to 2014 found in the FEB data, also appears in the HSS and FSS data, but less extreme. Future research should analyse a broader time span and try to correct for this irregular increase, in order to make more robust conclusions.

The analysis between courses showed that the distance is considerably higher for a more unique programme like HSM. Also the recruitment area of HSM does not seem to become more regional, as is the case for FSS. HSM is still able to attract students from locations that are further, despite the trend of first-year students staying at home more.

The trend of the student influx becoming more regional, shown in the Emerging Hotspot analysis, seems to correlate with the increase in first-year students staying at their parental home noted by the CBS. Therefore the relation found by Sá et al. (2004), that students who stay at their parental home tend to choose a university close by, seems to affect the student populations of the UG. However, this correlation is not proven and calculated in my paper and has to be examined through further research. It also has to be pointed out that only two faculties, covering around 8% of the Dutch first-year students, are analysed in this paper. Selecting other courses may have generated a different outcome. Further research should try to cover the entire influx of first-year students. Additionally, a new research, similar to that of Sá et al. (2004), covering all universities in the Netherlands would give a more complete picture of possible changes in the recruitment area of Dutch students in general.

Elaborating further on the quality of the data analysis, different decisions made in filling in the parameters of the Emerging Hot Spot analysis could have led to different outcomes. If fixed distance was used in instead of K Nearest Neighbours, a pattern would have emerged, dividing the Netherlands in an intensifying cold southern-half and an intensifying hot northern-half. Thereby presenting a less nuanced picture. Also choosing fixed distance as a neighbourhood distance would, similarly to the Trend analysis, make only Groningen and the municipalities around it a significant intensifying hot spot, while in all other municipalities no pattern would be found.

Looking at the results of my research, the catchment area of Groningen stayed remarkably regional over the last 12 years. The vast majority of the students is coming from the northern part of the Netherlands. The Emerging Hot Spot analysis shows that this cluster of first-year students is slightly intensifying over the past years. Depending on the influx of mainly regional students should be worrying for the university, considering the population decline in multiple regions in the north of the Netherlands. Even if the number of students coming from Groningen is overestimated. Therefore, it might be a smart move to attract more international students and to open a Chinese branch campus. 
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Running script EmergingHotSpotAnalysis...
----------- Input Space Time Cube Details -----------
Time step interval                              1 year
                                                      
Shape Type                                     Polygon
                                                      
First time step temporal bias                    0,00%
First time step interval                   on or after
                                   2006-01-09 00:00:00
                                             to before
                                   2007-01-09 00:00:00
                                                      
Last time step temporal bias                     0,00%
Last time step interval                    on or after
                                   2017-01-09 00:00:00
                                             to before
                                   2018-01-09 00:00:00
                                                      
Number of time steps                                12
Number of locations analyzed                       403
Number of space time bins analyzed                4836
-----------------------------------------------------


-------- Analysis Details -------
Number of neighbors              8
Neighborhood time step intervals 8
(spanning 8 years)                
---------------------------------


--------- Summary of Results ---------
                      HOT          COLD
New                     0             4
Consecutive            22           233
Intensifying           58             0
Persistent              2             0
Diminishing             0             0
Sporadic                2             6
Oscillating             0             0
Historical              0             0
--------------------------------------
All locations with hot or cold spot trends: 327 of 403

Category Definitions                                                                                             
-----------------------------------------------------------------------------------------------------------------
                                                                                                                 
Last time step is hot:                                                                                           
- New: the most recent time step interval is hot for the first time                                              
- Consecutive: a single uninterrupted run of hot time step intervals, comprised of less than 90% of all intervals
- Intensifying: at least 90% of the time step intervals are hot, and becoming hotter over time                   
- Persistent: at least 90% of the time step intervals are hot, with no trend up or down                          
- Diminishing: at least 90% of the time step intervals are hot, and becoming less hot over time                  
- Sporadic: some of the time step intervals are hot                                                              
- Oscillating: some of the time step intervals are hot, some are cold                                            
                                                                                                                 
Last time step is not hot:                                                                                       
- Historical: at least 90% of the time step intervals are hot, but the most recent time step interval is not     
-----------------------------------------------------------------------------------------------------------------
                                                                                                                 
Last time step is cold:                                                                                          
- New: the most recent time step interval is cold for the first time                                             
- Consecutive: a single uninterrupted run of cold time step intervals, comprised of less than 90% of all         
- Intensifying: at least 90% of the time step intervals are cold, and becoming colder over time                  
- Persistent: at least 90% of the time step intervals are cold, with no trend up or down                         
- Diminishing: at least 90% of the time step intervals are cold, and becoming less cold over time intervals      
- Sporadic: some of the time step intervals are cold                                                             
- Oscillating: some of the time step intervals are cold, some are hot                                            
                                                                                                                 
Last time step is not cold:                                                                                      
- Historical: at least 90% of the time step intervals are cold, but the most recent time step interval is not    
-----------------------------------------------------------------------------------------------------------------
Completed script EmergingHotSpotAnalysis...

[bookmark: _Toc504374710]Appendix B: results of Trend and Emerging Hot Spot analysis done separately for HMS and FSS
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Figure 9: Trend analysis on HMS (sources: University of Groningen and Esri).
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Figure 10: Emerging Hot Spot analysis on HMS (sources: University of Groningen and Esri).
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Figure 11: Trend analysis on FSS (sources: University of Groningen and Esri).
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Figure 12: Emerging Hot Spot analysis on FSS (sources: University of Groningen and Esri).
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