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Abstract: Classically, gravity models have been used to estimate mobility flows. However, in recent years, a number of new 
models, such as radiation models, have been introduced to estimate human mobility. The focus has generally been on mod-
els dealing with commuting movements. There is no systematic application of different versions of the laws of gravity to 
student mobility. The application of these models to student mobility provides the opportunity to calculate reliable forecasts 
of student mobility flows at the micro level, make medium- to long-term decisions at the university level, and implement 
sustainable strategic orientation. Therefore, this article uses different models to estimate interactions to improve the fore-
cast of the regional distribution of students in Germany under data limitations. Using publicly available data on high school 
graduates and historical data on student flows between German counties, we show that radiative models with parameters 
are best suited to predict student flows at the level of German counties. Among parameter-free models, the population-
weighted odds model yields the best results. 
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1. Introduction 
Since the early 2000s, the number of students in Germany has risen sharply (Multrus et al., 2017). The reasons for this include the expansion 

of higher education programs, the increasing proportion of high school graduates, the introduction of the bachelor and master system, the aboli-
tion of compulsory military service and some double year groups of high school graduates (KMK, 2012; Deutscher Bundstag, 2011). As a result, 
the higher education system is reaching its capacity limit. Previous studies show a significant underestimation of student numbers at the national 
level (see, among others, Nutz, 1991; KMK, 2000; Gösta & von Stuckrad, 2007; Wis-senschaftliche Dienste des Deutschen Bundestages, 2006). 
Errors in forecasting also exist at state level, e.g. for Mecklenburg-Western Pomerania (cf. Kramer & Jost, 2005) and Saxony-Anhalt (Lischka & 
Kreckel, 2006). This estimation of the number of students is important for higher education institutions, especially from a financial point of view, 
as basic funding and hence jobs in research and teaching are linked to student numbers (HMWK, 2015). Reliable forecasts of mobility flows at the 
micro level therefore open up the possibility of making medium to long-term decisions at the university level and implementing a sustainable 
strategic orientation (e.g. establishment of new professorships or specializations; improving the building infra-structure; adaptation to 
higher/lower student numbers). Nevertheless, the funding and planning of the German higher education system was based on very erroneous 
predictions in the past. Therefore, the question arises how can we make better predictions for student flows in Germany with existing data?. For 
this purpose, this study attempts to improve the forecasting of regional allocation of students in Germany utilizing student flow data and numbers 
of high-school graduates. Through the usage of publicly available data for high-school graduates and the historical data of student flows between 
German districts, we show that radiation models provide the best forecast of student flows at the German district level. Although many of the 
allocation mechanisms for student mobility cannot be explained by our models and data, we outperform existing prediction models and offer a 
novel approach to forecast student mobility with minimal use of (existing) data.  

Our paper is structured as follows: Chapter 2 includes a short literature review and introduces Germany`s higher education sector in order 
to provide a better understanding of the unique characteristics and specifics of the study area. Chapter 3 then presents the common models for 
migration movements, followed by the results in Chapter 4. Chapter 5 discusses the results and, based on the findings, provides an outlook on the 
need for further research. 

2. Student Mobility and Germany`s higher education system 
Student mobility forecasts play an important role in both national and international mobility flows (Breznik/Skrbinjek 2020). At an interna-

tional level, universities aim to attract foreign stu-dents to gain access to research funding, enhance research excellence, and diversify their skill 
portfolio (Choudaha 2017). Regional forecasts of student enrolments were first introduced by Rees (1981) in the UK to identify potential recruit-
ment markets for universities and policy makers. Student mobility becomes particularly relevant when the number of young adults residing in 
university towns and cities is more than four times that of locations without a higher education institution with all the consequences related to it 
(e. g. concentration of high skilled labor force; growing disparities between regional labor markets, etc.) (Champion 2022). By accurately identifying 
regional student numbers, better strategies can be developed to address skill shortages on a regional level and to enhance the marketing and 
capacity expansion of higher education institutions both within and outside of these regions. As a location for studying, Germany is a study area 
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with a large number of students and internationally competitive programs in the education sector (Weisser, 2019). The universities and universities 
of applied sciences are spread evenly throughout Germany. Unlike the USA, this means that there are no "educational deserts" in Germany (cf. 
Hillman, 2016). In addition, German higher education institutions do not charge tuition fees, and hence there are no consumption effects. All 
western German states (except Bremen, Rhineland-Palatinate and Schleswig-Holstein) that introduced tuition fees between 2006 and 2007 abol-
ished them by 2014 due to changes in government and politics (Kauder & Potraf-ke, 2013). 

Despite these advantages in the study area, the analysis must take into account the fact that the German higher education system has 
changed rapidly over the last 20 years due to the alignment of study structures with bachelor and master degrees. This also has an impact on the 
mobility of students (Gareis/Brökel 2022). In addition to changes in the types of degrees, there have been other internal and external changes at 
the universities. The switch in various federal states from the nine-year to the eight-year Abitur (KMK, 2012) and the suspension of compulsory 
military service in 2011 (Deutscher Bundestag, 2011) led to a significant increase in student numbers. 

As figure 1 clearly indicates, in the time span from 1996 to 2016, the number of first-semester students increased from 267,261 to 509,760, 
which resembles an average annual growth rate of 3.28 percent (Statistisches Bundesamt, 2008 - 2017). This means an average annual growth 
rate of 3.28 percent. The largest number of first-year students in a single year was 18,748, registered in 2011 (Statistisches Bundesamt, 2008 - 
2017). On the one hand, the double cohorts and the abolition of compulsory military service (KMK, 2012) are cited as the reason for this. On the 
other hand, the proportion of high school graduates starting university education studies as well as the number of school graduates having ac-
quired a higher education entrance qualification has grown continuously. The average annual growth rate of high school graduates is 1.62 percent. 
In total, in the time span from 1996 to 2016, the number of high school graduates increased from 215,245 to 296,736, whereby Germany recorded 
the highest number in 2013, where 318,900 students received a high school degree. 

Overall, the number of high school graduates increased from in 1996 to in 2016, and Germany recorded the highest number of in 2013 
(INKAR, 2020). 

 

 
 

Figure 1. Comparison of high school graduates and new students. Description: The development of the number of school leavers and students 
shows clear increases over time. Source: Statistisches Bundesamt, 2008 – 2017 
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Figure 2. Development of high school graduates per 100,000 inhabitants. Description: The high school graduates per 100,000 inhabitants for the 
years are presented. It is important for the interpretation that in 2011 in Bavaria and Lower Saxony and in 2016 in Schleswig-Holstein two cohorts 
took their A-Level exams. 
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The development of high school graduates per 100,000 inhabitants shows that the numbers in the new federal states were initially somewhat 
higher than in Germany as a whole (Abb. 2). The numbers for Saxony-Anhalt were particularly low in 2001, and in the following years, especially 
2011 (Lower Saxony, Bavaria) and 2016 (Schleswig-Holstein), the effects of the double cohorts are visible. 

The changes and high growth rates in the number of students and high school graduates with higher education entrance qualifications are 
evidence of incalculable factors that could not be included in the forecasts for previous years or do not provide sufficient explanatory content for 
the allocation of students. For this reason, the preparation of more accurate forecasts at county and independent city level is the aim of this paper. 

3. Data and Methodology 
The 401 NUTS-3 regions and independent cities in Germany serve as the study area for the forecasting instruments presented. The data is 

available for the period between 1996 and 2016, with the number of high school graduates coming from the database "Indicators and Maps of 
Spatial and Urban Development" of the Federal Institute for Research on Building, Urban Affairs and Spatial Development (INKAR, 2020). The query 
of the number of students, the number of first-year students and the respective internal migration flows of future students from their home 
district to the university location is carried out in the research database of the federal statistical offices of Germany (FDZ, 1992 - 2017). For data 
protection reasons, only migration flows with more than three students are considered. In addition, the Euclidean distances between all district 
pairs are calculated using the Haversine formula based on the geometric centers. The data source is adjusted for district reforms and is based on 
the starting point of 2017. 

For over 100 years, gravitational models, based on Newton’s law, have predicted mobility flows. The interaction between two locations is 
proportional to their size (e.g. number of inhabitants, number of students, etc.) and the attraction decreases with increasing distance (c. s. Carey, 
1858; Zipf, 1946; Wilson, 1970; Erlander & Stewart, 1990; Maris et al. 2019). The application of universal gravitation occurs in many areas, such 
as transportation (Jung et al., 2008; Kaluza et al., 2010; Odlyzko, 2015; Hong & Jung, 2016; Bartzokas-Tsiompras & Photis, 2019; Azad et al., 2021), 
population flows and commuting (Griffith, 2009; Murat, 2010; Lenormand et al., 2012; Liang et al., 2013; Masucci et al., 2013; Thomas & Tutert, 
2013; Liu et al., 2014; Lenormand et al., 2016; Kluge & Schewe, 2021), freight transport (Kaluza et al., 2010), international trade (Bergstrand, 1985; 
Fagiolo, 2010), telecommunications (Krings et al., 2009), scientific collaboration (Pan et al., 2012) and the consideration of human mobility in the 
context of infectious disease spreads (Viboud et al., 2006; Balcan et al., 2009; Tizzoni et al., 2014; Sallah, 2017 Marshall et al., 2018; Tuite et al., 
2018). Estimates of student migration flows also use gravity models (Sá et al., 2004; Alm & Winters, 2009; Cooke & Boyle, 2011; Faggian & Franklin, 
2014). 

The gravity models used in studies so far have some weaknesses. In practice, the use of different functions and up to nine parameters are 
necessary to match the empirical data. (Viboud et al., 2006; Balcan et al., 2009; Kaluza et al., 2010; Krings et al., 2009; Simini et al., 2012). In 
addition, empirical data must be available for comparison or estimation. Only in regions where systematic comparative data already exists are 
predictions possible. Moreover, the gravity model exhibits a systematic prediction discrepancy due to the lack of consideration of locations be-
tween the target and source areas. This means that similarly-sized fluxes are predicted for interactions between two sites with similar origin and 
destination measurements and comparable distances, without considering the space in between. The forecasted migration movement rises in-
definitely when the location dimensions of the target region are increased. Moreover, the classical gravity model cannot account for variability in 
interactions between two sites (Simini et al., 2012). For this reason, Simini et al. (2012) develop the classical radiation model as an alternative 
approach to estimate mobility flows. The advantages of this approach are sparse use of data and parameter freedom. We introduce different 
models to highlight the negative and positive aspects as well as the applicability to our topic. 

Despite a multitude of other motives (tuition fees, cost of living, the university’s prestige, influence of friends and relatives) influencing the 
choice of study location (Perna, 2006), distance, transition rates and previous student mobility patterns are the only variables used for our mod-
eling. This guarantees a minimum use of data for reproducibility and leads to the following definition: m_i denotes the number of high school 
graduates of a year t at the home location i. For the future university location j, the indicator n_j is chosen at time t-1. It represents the number 
of students in the first semester. In addition, s_ij describes the number of students in the first semester at time t-1 between the home district and 
the future university location. The calculation includes all other potential university locations with this variable. For the further calculation of the 
average student migration of first-semester students T_ij from location i to j, the average migration rate of first-semester students at time t-1 is 
calculated for the entire federal territory. In addition, the sum of students T_i who leave their home country i to study is proportional to m_i (ϑ/M). 
ϑ stands for the total number of all mobile students (without internal commuters), r for the distance between home and university region and M 
for the number of all first-year students in Germany.  

According to Simini et al. (2012), we define the classical gravity model as follows, where α,β,γ are freely selectable parameters: 
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In previous studies for commuters, the main advantage of the classic radial model is its distance independence (Masucci et al., 2013). Fur-
thermore, the radial model is free of parameters and hence no calibration is required (Lenormand et al., 2016). Due to the polycentricity of the 
higher education system and the 1970s regionalization through the expansion of the number of university locations (Framhein, 1983), it can be 
assumed that the prerequisite (cf. Masucci et al., 2013) of the uniform distribution of the object of study is fulfilled regarding student migration 
behavior in Germany. The original version of the model by Masucci et al. (2013) is intended for an infinite system by deriving it with the help of 
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the thermodynamic limiting case (thermodynamic limiting assumption). For a finite system, a normalization factor is added to the model. The data 
flows are systematically underestimated by the factor 1/(1-m_i/M). Consequently, we use a slightly modified variant of the radial model for finite 
systems (Masucci et al., 2013): 
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To improve the applicability of the radiation model to different mobility systems and different spatial scales, Kang et al. (2015) extend the 
probability of the original radiation model (2) by a scaling exponent λ. In addition, we present four variants of the model based on combinations 
of search and trigger directions. This enables an integration of the different pull and push factors into the model. It also follows the introduction 
of the normalization factor for finite systems based on Masucci et al. (2013). Overall, the authors present four variants of the generalized radiation 
model: production-constrained intervention-based radiation model (PIK), production-constrained competition-based radiation model (PCR 
model), attraction-constrained intervention-based radiation model (AIR) and attraction-constrained competition-based radiation model (ACR): 
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Another typical parameter-free mobility model is the population-weighted odds (PWO) model. It aims to compensate for underestimations 
on a city scale. The model’s special feature is that journeys within a city as well as intercity traffic can be precisely predicted on different spatial 
scales (Yan et al., 2014). S_ij is therefore the extension of s_ij. S_ij additionally considers the number of students at home and future university 
location. There is also a correction with 1/G. G defines the total number of all students in Germany. The basic assumption for this model is that 
the probability of moving to a university location is proportional to its attractiveness. Therefore, the attractiveness of a region with a university is 
inversely proportional to the number of students. The overall formula is: 
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Alternatively, we use the Opportunity Priority Selection (OPS) model. The main idea is that the transition probability to a destination is 
proportional to the probability that the destination has higher utility than regions with a smaller distance from the initial location (Liu & Yan, 2019). 
The definition is: 
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The Soerensen index (SI) makes it possible to determine the best possible model. It is a popular tool for measuring fluctuation. The similarity 

measurement indicates the correctly reproduced proportion of commuting flows in simulated networks and varies between 0 and 1. A value of 0 
means no correspondence with the original mobility movements, whereas a value of 1 in the empirical and simulated networks is identical. Com-
pared to other similarity measurements such as Euclidean distance, the Soerensen index maintains sensitivity in more heterogeneous data sets 
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and is less sensitive to outliers (McCune & Grace, 2002). The following formula calculates the measurement indicator where 〖T_ij〗^empric 
represents the empirical data and T_ij^model stands for the different models 1-9 (Soerensen, 1948): 

 

𝑆𝐼 =
ଶ ∑ ∑ ௠௜௡ ቀ்೔ೕ

೐೘೛ೝ೔೎ , ೔்ೕ
೘೚೏೐೗ቁಿ

ೕసభ
ಿ
೔సభ

∑  ்೔ೕ
೐೘೛ೝ೔೎ା∑ ೔்ೕ

೘೚೏೐೗ಿ
ೕసభ

ಿ
೔సభ

 (10) 

4. Results 
When comparing the different models, Soerensen's fluctuation index (Soerensen index) shows that there is a better match between empir-

ical and simulated student mobility for the younger age groups for the period of investigation (see Figure 3). The model achieves the best fit in 
2012. Aside from the Soerensen index, the correlations calculation determines the relationship between the models and the empirical data with 
another indicator. It is also noticeable that the correlation coefficients at the beginning of the investigation period are significantly lower than the 
calculations of the measurements of association between 2009 and 2016. 

When comparing the models with each other, it becomes apparent that the gravity model has an average Soerensen index of 0.5894 (Figure 
3). The correlation coefficient varies between 0.64 and 0.72 (Figure 4). The direct comparison of the models with the empirical data makes it clear 
that the gravity model has a marginal deviation only for commuter flows with approx. 2,000 persons (Figure 5). When analyzing the site size, the 
gravity model provides overestimates in the range between 1,000 and 2,000 students (Figure 6) and in the case of very large sites. In addition, 
Figure 6 shows that the gravity model underestimates small distances up to 30 kilometers. 

A comparison with the probabilities of the number of new students from the previous year (see Figure 5) shows that the prognosis overes-
timates for study locations with low enrollment numbers. For locations with 1,000 or 2,000 students in particular (Figure 6), the model’s probability 
is significantly higher than the results from the empirical data. In addition, this model underestimates the probabilities for sites with very large 
enrollments. When looking at the probabilities of attending a university location as a function of distance (cf. Figure 7), we see a clear underesti-
mation of the mobility flow in the direct environment up to 10 kilometers. 

With the gravity model, in contrast, the estimated probability between approx. 30 and 130 kilometers (Figure 7) is clearly below the results 
from the empirical data, while from 170 kilometers (Figure 7) upwards, the model again determines higher probabilities than can be seen in the 
empirical results. 

The classical radiation model shows the lowest match to the real distribution with an average of 0.5221. Pearson's correlation measurement 
yielded values between 0.62 and 0.73 (Figure 4) for the radial model, while the values for the finite radial model vary between 0.63 and 0.74 
(Figure 4). In general, both models overestimate small student migration flows. Particularly good fits are visible for mobility flows between 100 
and 1,000 students (Figure 6). Concerning location size, both the radial model and the finite model produce overestimates in the range between 
1,000 and 2,000 students (Figure 6), while large locations remain systematically underestimated. Over-all, the probabilities for the radial and finite 
radial models of students attending a university lo-cation depending on the distance show only marginal differences. The model probabilities 
correspond to the empirical data of both models up to a radius of approx. 60 kilometers (Figure 7). From about 70 kilometers (Figure 7) upwards, 
the probabilities of the models is slightly overestimated. 

Generalized models achieve significantly higher agreement between model and empirical data. The ACR and AIR models provide the best 
results among the four model variants between 1996 and 2016, with an average Sörensen index (Figure 3) of 0.7088 and 0.7006 (standard devia-
tion: 0.0041 and 0.0056) respectively. The average for the PIK and PCR model is 0.5894 and 0.6471 (Figure 3) respectively (standard deviation: 
0.0108 and 0.0108). In addition, a high correlation between 0.75 and 0.82 (Figure 4) exists for the ACR and AIR models. The correlation coefficient 
for the PIK and PCR models is between 0.72 and 0.78 and between 0.69 and 0.76 (Figure 4) respectively. Examining the student flows, it is notice-
able that low flow numbers remain underestimated in all four models (Figure 5). The adjustment is optimal at around 1000 students per mobility 
flow (Figure 6). For the probability of attending a university location, very small deviations can be observed in the number of students, especially 
for the AIR and ACR models. In the PIK and PCR models, on the other hand, the probability overestimates for small locations and underestimates 
for large locations. Concerning distance, particularly precise estimates can be reported for the PIK model. The model slightly underestimates the 
probability of choosing a college location only in a radius of 30 to 50 kilometers (Figure 7). The ACR model provides similar results. The AIR model 
slightly underestimates the determined probability within the first ten kilometers. The model continues to show a slight overestimation between 
30 and 70 kilometers (Figure 7). The PCR model underestimates the probability of a university located within a radius of 30 kilometers (Figure 7). 
From about 50 kilometers (Figure 7) upward, marginal differences exist between the model and the real data. 

Generalized models involve an examination of parameters over time (Figure 8). The parameters are selected using a search algorithm. This 
maximizes the Soerensen index. The parameter for the ACR model is stable at 1 from 1996 to 2016. For the PIK and AIR models, the model is 
weighted with a factor of 1 until 2006 and 2008 respectively. A weighting of 0.9 followed. The maximizing parameter is 1 until 2001. This is followed 
by three years with a coefficient of 0.9 and another five years with a parameter of 0.8. From 2011 onward, 0.7 is chosen as the optimal parameter.  

For the parameter-free PWO model, the Soerensen index varies between 0.6741 and 0.6951 (Figure 3). On average, the fit is 0.6849 (stand-
ard deviation: 0.0061). The correlation coefficient ranges from 0.76 to 0.8 (Figure 4). Furthermore, Figure 6 illustrates the underestimation of low 
student mobility flows. The deviations are also smaller concerning the size of the university lo-cation than in the non-parameterized models. In 
addition, Figure 7 shows that the PWO model underestimates small distances up to 30 kilometers.  

The OPS model obtains a similarly good agreement. In this case, the Soerensen index averages 0.6360 (standard deviation: 0.0086). Overall, 
it varies between 0.6213 and 0.6478 for this model (Figure 3). In addition, Figure 6 illustrates that for the OPS model, underestimation of the 
models occurs with low enrollment numbers of students, while mobility flows with large enrollment numbers are systematically overestimated. 
Similar to the nonparametric models, this model underestimates the probability of attending a college site as a function of its size. However, the 
variances are smaller. Figure 7 shows that the OPS model underestimates the student enrollment numbers for small distances up to about 30 
kilometers. In the OPS model, the underestimation is stronger than in the PWO model. In the range between 90 and 400 kilometers, the probabil-
ities are slightly overestimated. 
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Figure 3. The Soerensen index over time. Description: The Soerensen index has grown slightly over time for all models. This means, the fits between 
the predicted fluxes and the empirical data become better. Overall, the AIR and ACR models achieve the best results. Source: own calculation, FDZ 
1992-2017 

 

 
 
 

Figure 4. The Pearson correlation coefficient over time. Description: The Pearson correlation coefficient also increased slightly over time for all 
models. The deviations between the predicted flows and the empirical data became smaller. Overall, the AIR and ACR models show the strongest 
correlations between model and empirical data. Source: own calculation, FDZ 1992-2017 
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Figure 5: Deviation between the empirical data and the models. Description: The boxplots are coloured green if the line y=x lies between the 9th 
and 91st percentile in the respective class. Otherwise, the colour is red. Especially for mobility flows with more than 100 people, very good adap-
tations can be observed. Source: own calculation; FDZ, 1992-2017 
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Figure 6: Probability in relation to the size of the higher education location. Description: The figure shows the probability of student mobility 
between two counties depending on the size of the chosen university location. The ACR and AIR models illustrate particularly small deviations. 
Source: own calculation, FDZ, 1992-2017 
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Figure 7. Probability in relation to the distance. Description: The figure illustrates the probability of student mobility between two counties as a 
function of distance. The ACR model shows particularly small deviations. Source: own calculation, FDZ 1992-2017 
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Figure 8. Parameter development over time. Description: The figure visualises the relatively stable development of the respective parameter over 
time. If the parameter takes on the respective value, the corner of the model is coloured. Only for the PCR model does the parameter fluctuate 
between 1 and 0.7. Source: own calculation, FDZ 1992-2017 

5. Discussion 
Overall, the analysis of the correlation coefficient and the Soerensen index shows particularly good results for the AIR and ACR models. These 

observations are also stable over time. The reason for this could be the historically developed nationwide coverage of higher education institutions 
in Germany. This enables a large number of students to begin their studies at locations close to home. 

Among the non-parameterized models, the OPS model delivers the best results. Models that focus on the size of the university location 
produce comparatively good results. This finding reflects the results of various studies. Potential students often migrate to student-dominated 
regions or regions with a high proportion of academics due to similar lifestyles and amenities (Buenstorf et al., 2016; Haussen & Uebelmesser, 
2018). However, the non-parameterized models underestimate student flows, especially for large university locations. The underestimations could 
be due, among other things, to regions with a high degree of urbanization such as Berlin, Hamburg or Munich. They are considered very attractive 
and appealing to first-year students due to di-verse amenities (Cullinan & Duggan, 2016; Sá et al., 2004; Weisser, 2019). 

Overall, it should be noted for all the models presented that, compared to the forecasts of the Standing Conference of the Ministers of 
Education and Cultural Affairs of the States in the Federal Republic of Germany, significantly less data is required for the calculation. Only the first 
semester numbers of the previous year, the high school graduates and the distance between the university and the home district are included in 
the calculation. This means that the models presented are significantly more data-efficient than the models of the Standing Conference of the 
Ministers of Education and Cultural Affairs of the States in the Federal Republic of Germany (KMK, 2012). 

Another advantage of the models presented is the possibility of carrying out the predictions on the district. This gives universities the chance 
to obtain a reliable forecast for the coming semester and is of particular importance for the basic financial security of universities (HMWK, 2015). 
In addition, the predicted student traffic flows can be used to negotiate medium to long-term public transport connections with transport provid-
ers. In this context, further studies on mobility flows at the community level would be conceivable. 

Despite these advantages, the models presented have weaknesses. The main problem in this context is that normalization (cf. Kang et al., 
2015; Masucci et al., 2013; Yang et al., 2014; Liu & Yan, 2019) only allows an estimate of students who have already started their studies in the 
previous year. 

When looking at the results, it should also be critically noted that the instruments presented can-not be used to react to political decisions. 
For example, decisions such as the suspension of compulsory military service in 2011 cannot be integrated into the forecasts. Therefore, forecasts 
are always subject to an uncalculated error. Against the backdrop of the current Covid-19 pan-demic and the resulting digital teaching offer of the 
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universities, the current student numbers should be used to examine the extent to which the spatial mobility patterns of students will still be valid 
in the future. 

In conclusion, the generalised radiation models provide the best fits to the empirical data and should be used to predict student mobility. 
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