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Abstract 

GPS-based tracking data of students in university campuses can be used to examine various campus issues, including 
illegal bicycle parking and in deciding where to position parking lots. Existing studies have attempted to extract 
behavioral patterns from GPS-based data; some studies have applied topic modeling to this problem. However, the 
application of this method to small-scale areas (e.g., a university campus) has been limited. In this study, we apply 
topic modeling to the data collected via a smartphone-based GPS survey at Kumamoto University Campus, Japan in 
January 2016. We found several travel patterns among students in the campus using topic modeling. These patterns 
can be explained using individual attributes, demonstrating the usefulness of this method. It is worth noting that only 
tracking data are needed for such an analysis, which indicates that in the future, we may infer the individual attributes 
of tracking data by using the topic modeling approach. 
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1. Introduction 

A typical university campus has several transport problems. For example, many bicycles located in a cluttered way 
can impede the safety of the campus and worsen the campus landscape. In addition, congestion is often observed at 
the cafeteria during lunch time. The behavioral data of students, faculty, and staff within the university would be 
useful when considering solutions to these problems.  

A traditional method of collecting these data has been paper-based travel surveys; however, the method is not 
sufficiently accurate for a detailed   planning of the campus. Furthermore, the survey cost and burden are high. Thus, 
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the use of smartphones and Wifi trace data for surveys has attracted considerable attention in recent time (Danalet et 
al., 2014; Oosterlinck et al., 2017; Petre et al., 2017; Versichele et al., 2012; Yoshimura et al., 2017, 2014). A large 
amount of data can be obtained through such surveys, and an efficient procedure is needed to analyze the collected 
data. This research focuses on topic modeling among the various methods used to analyze tracking data. 

The topic model was originally developed as a machine learning method for analyzing text data. An increasing 
number of studies using topic model have been published since the pioneering work by Blei et al.(2003). Some studies 
used topic models to examine the trends in transportation research (Das et al., 2017, 2016; Sun and Yin, 2017). Kuhn 
(Kuhn, 2018) used structural topic modeling to identify latent topics and trends in aviation incident reports. Hasan and 
Ukkusuri (2014) classified activity patterns using topic models from online geo-location data. Furuya et al.(2018)  
proposed a classification method of GPS log data of foreign visitors to Japan by using a topic model. Among the 
existing studies, this is the most relevant research for the present study. They applied their method to the whole of 
Japan, while we applied their model to a small area, i.e., a university campus.  

The objectives of this study are as follows. 
 

・ To apply the topic model to classify the behavioral pattern from the data obtained through a smartphone-
based survey conducted in Kumamoto University campus. 

・ To examine the individual attributes of the classified data. 
 

The smartphone-based survey was conducted in January 2016 by using an application developed by our research 
group. The application has been used in household travel surveys and visitor surveys in downtown Kumamoto, Japan 
(Maruyama et al., 2015, 2014). A university campus usually has many Wifi access points and examination of Wifi 
trace data is possible (Danalet et al., 2016). Although we made use of data obtained from the smartphone-app-based 
survey, the method can be applied to analyze Wifi trace data more easily. Wifi and Bluetooth scanner data usually 
lack demographic information or individual attributes. Thus, we intend to infer such information from tracking data 
using the proposed method in the future. 

2. Method and Data 

2.1. Topic model: Overview 

Latent Dirichlet Allocation (LDA), a type of topic model, was used to extract behavioral patterns. Here, we briefly 
describe the outline of LDA.  

LDA is a probabilistic model that can be used to generate a document set represented by Bag of Words (BoW). 
BoW expressions are vector expressions of words appearing in sentences. In addition, BoW expressions do not 
consider the structure of sentences but represent the number of occurrences and co-occurrence of words. LDA is a 
method of clustering words and documents using co-occurrences of words obtained from BoW. 

 LDA assumes latent variables (topics) that cannot be directly obtained from BoW for each word in the document. 
As a feature of LDA, a document is composed of multiple topics and has a probability distribution as a composition 
ratio of the topics. Specifically, we define i th word of document d as wd,i and the corresponding latent variable as zd,i. 
Here, the number of topics is K, θd , k (k = 1, 2, …, K) is the probability that the topic k appears in document d. The 
topic distribution is given by θd = (θd ,1…, θd ,K). Each topic has an appearance distribution ϕk  (k = 1, 2, …, K) 
corresponding to each topic. We denote the number of documents as D, and the sentence length (total number of 
words) of document d is Nd. ϕd ;v is the occurrence probability of word v in topic k, and the appearance distribution of 
the word is ϕ k = (ϕk ,1…, ϕk ,V ). θd and ϕk are assumed to be generated by the Dirichlet distribution and are arranged 
as follows. 

 
θ d ~ Dir (α) , d = 1,…, M 
ϕ k ~ Dir (β) , k = 1,…, K 

(1) 
(2) 

z d, i ~ Multi (θd) , i  = 1,…, Nd          (3) 
wd, i ~ Multi (ϕz d, i) , i  = 1,…, Nd         (4) 
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Fig. 1. BoW expression of GPS log data 

Table 1. Survey Overview. 

Name Kumamoto University Kurokami campus behavioral survey 

Dates January 19 (Tue) - January 22 (Fri), 2016 
(21 and 22 are supplemental days) 

Targets Students in Kumamoto University  
having an Android or iOS smartphone 

Target area Kumamoto University Kurokami campus and its surroundings 
Used devices Participants’ smartphone  

Used application Travel survey application "Suma Kuma" 
 
 

2.2. Application of Topic model in tracking data 

To apply the topic model to the location data, this study divided the target area into meshes. We regard the document 
d as a trip chain, the word w as a mesh, and the appearance frequency of the word w in the document d, i.e., nw , d as 
the number of points observed in the mesh. Fig. 1 illustrates the BoW expression of GPS tracking data where w is a 
mesh, d is GPS log data, D is the total number of trip chains, and V is the total number of meshes in the target area.  
Note that LDA assumes independence among topics (i.e. behavioral patterns), but a spatial correlation will exist in 
actual behavioral patterns. This study, however, assumes no correlation in behavioral patterns. 

2.3. Data 

Table 1 outlines the survey. The survey was conducted at the Kurokami campus of Kumamoto University. We 
requested the students to participate at least two days during the survey. Standard survey date was January 19 and 20, 
2016, but for students that did not go to the campus on these days, they could participate on January 21 and 22 instead. 
The target sample was undergraduate and graduate students of Kumamoto University owning Android or iOS 
smartphone. We asked the participants to track their record while they had moved away from their homes until they 
went back to their homes. However, the data outside campus was deleted for privacy protection. The information 
obtained in the survey includes location data, the name of faculty, school grade, gender, and OS in a smartphone. 
Figure 2 shows the map of target campus. In this study, we divided the area into 10-m meshes. Figure 2 illustrates the 
main facilities in the campus that attracted many visitors. The summary of data is illustrated in Table 2 and Table 3. 

 
 
 



4 Kizaki et al. / Transportation Research Procedia 00 (2018) 000–000 

 

   

Fig. 2. Kumamoto University Campus  

Table 2. Summary of observed data. 
  Male Female total 

Android (device) 51 10 61 
iOS (device) 61 27 88 

Participants 
（2 days or more） 

(person) 112 37 149 

Participants 
1 day or more） 

(person) 174 50 224 

Registered ID  (person) 387 88 475 
Participation rate 
（1 day or more） 

(%) 45.0 56.8 47.2 

Valid participation rate 
（2 days or more） 

(%) 28.9 42.0 31.4 

 

Table 3. Summary of student participation for faculty and school grade. (unit: person) 

 literature education law engineering science N.A. Total 
1st grader  1  26 3  30 
2nd grader   1  42 1  44 
3rd grader  4 2 1 35 10  52 
4th grader    17 19  36 

MC 1    8   8 
MC 2    6 8  14 
DC     2  2 

N.A.      38 38 
Total 4 4 1 134 43 38 224 

 
  

① Faculty of Engineering Building No.1 
② Faculty of Engineering Building No.2 
③ Faculty of Science Building No.2 
④ Faculty of Science Building No.3 
⑤ FORICO (cafeteria) 
⑥ General Research Building 
⑦ Laboratory building 
⑧ Dining hall 
⑨ Liberal Arts Building 
⑩ Library 
⑪ Faculty of Letters, Faculty of Law 
⑫ Faculty of Education 
⑬ North Campus main gate 
A, B: Convenience Store 
C: Drugstore  
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3. Results and Discussion 

3.1. Classification of tracking data by topic model  

Collapsed Gibbs sampling was used for sampling method. The hyperparameter was set uniformly as α = (0.1, ..., 0.1), 
β = (0.1, ..., 0.1), the number of samplings was 1,000, and the number of topics was 10. Fig. 3 shows the classification 
of tracking data by the topic model. Each mesh is colored based on ϕ k = (ϕk ,1…, ϕk ,V ), where ϕk indicates the 
appearance probability of the word v in the topic k. For the behavioral data analysis, ϕk can be interpreted as the 
contribution ratio of the mesh to the behavioral pattern k. 

Fig. 3(a) demonstrates the behavioral patterns observed mainly around the Faculty of Engineering Building No. 1. 
The behavioral patterns of students who attended lectures in this building is shown in the figure; we speculated that 
most of them would be students in the school of engineering. Fig. 3(b) demonstrates the behavioral patterns found 
mainly around Faculty of Science Building No. 2. Fig. 3(c) demonstrates the behavioral patterns around the university 
cafeteria (FORICO), Faculty of Engineering Building No.1 and No. 2. Fig. 3(d) shows the pattern around the Faculty 
of Science Buildings, indicating the students in the faculty of science. Fig. 3(d) shows the behavioral pattern around 
the liberal arts building and the general research building. These facilities are used mainly by freshman and 
sophomore. Therefore, it will indicate the behavioral pattern of students of lower school grades. 

Fig. 3(f) demonstrates the pattern around the library and cafeteria, indicating the students who use such facilities. 
Fig. 3(g) shows a pattern around the faculty of education, literature, and law. Fig. 3(h) shows a pattern around cafeteria 
(FORICO) and Faculty of Engineering Building No. 2. The Faculty of Engineering Building No. 2 is mainly used for 
lectures in the school of engineering for 1 to 3 graders. These patterns are generated by students taking lecture and 
going for lunch. Fig. 3(i) reveals the behavioral patterns around the general research building and the experiment 
building, indicating that it will be given by the students in the school of engineering fourth grader and graduate student. 
Fig. 3(j) demonstrates patterns along the western side of the campus, indicating students commuting to school or 
returning home. 
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Fig. 3.  Classified tracking data by topic model 
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Fig. 3.  Classified tracking data by topic model (continued) 
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Fig. 4.  Classified tracking data and its individual attributes by faculty and school grade 

 

3.2. Classified patterns and individual attribute 

Here, we analyze the relationship between the classified patterns by topic models and individual attributes collected 
by the smartphone-based survey. The probability θ d, k that the topic k appears in the sentence d in the original topic 
model corresponds to the probability that sample d is classified as behavioral pattern k. 

Fig. 4 demonstrates this analysis based on the probability θ d, k. Here, we classified student category into five groups 
by faculty and school grade, which are assumed to be homogeneous. Faculties in human and social sciences are 
classified as one group because the samples are small. Patterns (a), (c), (h), and (i) reveals a high proportion of 
engineering students, and patterns (b) and (d) reveals a high proportion of students in the school of science. This is 
consistent with their daily usage of facilities. Pattern (e) has a high proportion of 1st−3rd grade students in the school 
of engineering, science, and engineering which is consistent with the discussion in the previous subsection. The pattern 
(f) reveals a high proportion of 1 - 3 graders in the school of engineering and science. This is because fourth graders 
and graduate students spend more time in the laboratory, and thus, their use of libraries decreases, while the first to 
third graders would likely go to the library to seek out a learning space. 
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4. Conclusion 

In this research, we analyzed smartphone-based tracking data collected at the Kumamoto University campus using 
topic models. Topic models were originally used to analyze text data, and this study considered the document and 
words in the original topic model as trip chain and mesh, respectively. We successfully retrieved 10 behavioral patterns 
by topic models, and these patterns can be explained using individual attributes, demonstrating the usefulness of this 
approach. Only tracking data are needed for such an analysis, indicating that in the future, we may infer the individual 
attributes of tracking data by using the topic modeling approach. 
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