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Abstract. The basis for user-centered design is the knowledge of users and 
tasks. Developing systems, e.g. mobile applications, which are used at varying 
locations, requires knowledge of the environmental context as well. This paper 
describes an approach for the analysis of varying environmental contexts in 
public transport. The results are presented as context templates to derive infor-
mation needs of users in public transport dependent on influencing context  
factors and can serve as a communication tool for interdisciplinary groups. 
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1 Introduction 

Technology and systems can adapt themselves to people if relevant factors of the 
environmental context are known and systems have the necessary means, e.g. sensors, 
to identify the actual context. 

Public transport can use new developments in communication interfaces, sensors 
and technology to develop new passenger information systems more in respect to the 
users. Passenger information can not only be static, stationary and collective but dy-
namic, mobile and individual [1]. These new developments and public transport itself 
present developers with several challenges [2] for the development of passenger in-
formation systems. Understanding the heterogeneous users [3], identifying the infor-
mation needs [4] and analyzing the influences of the environment for task completion 
and information needs are some of these challenges.  

The development of systems for varying contexts such as mobile passenger infor-
mation systems differs from developing systems for fixed contexts, e.g. offices [5]. 
Several factors, e.g. noises, light, and other people, as well as tasks are dynamic and 
can change from one location to another. 

This paper describes how a greatly varying environmental context can be analyzed 
and described, and how information needs can be derived in order to support the task 
completion.   
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2 Context in Public Transport 

The environmental context in public transport is shaped by the travel chain. The travel 
chain [6] is a common tool for the description of the passengers’ journey which func-
tions independently from a special country or public transport system. It describes 
eight stages from planning the journey, e.g. at home, to the desired destination as seen 
in figure 1. 
 

 

Fig. 1. Travel chain in public transport 

The travel chain covers the stages in general but not the exact description of loca-
tions, as the characteristics of these locations are varying greatly [2]. For instance a 
stop point can be a sign or a main train station. A vehicle can be crowded or empty 
depending on date and time. In addition, the transport system can be based on one or a 
combination of several different means of transportation, e.g. bus, train or subway, 
which themselves shape the environment and the need for information. 

Along the travel chain and for different kinds of locations passenger information 
systems are already implemented to support the use of public transport systems. On-
line platforms provide information for planning the journey and booking e.g. at home 
or at work, dynamic passenger information systems at train stations display real-time 
arrival and departure as well as disturbance information. In some cases these systems 
are already developed for a special environmental context along the travel chain, e.g. 
for a special type of station or mean of transport. In addition, these systems them-
selves are part of the environmental context. 

To fulfill the requirements of the heterogeneous users of public transport within the 
development process of new dynamic and mobile passenger information systems as 
well as the improvement of existing ones, a clear understanding of factors which 
shape the environmental context of use is needed. 
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3 Method 

The development of passenger information systems for different environmental con-
texts requires a clear understanding of influencing factors and typical context patterns. 
As development teams of passenger information systems often consist of experts from 
different areas, e.g. informatics, public transport, telematics, the description of these 
context templates have to be interdisciplinary understandable. Starting with the identi-
fication of relevant context factors, the following approach shows how these factors 
can be analyzed based on a context questionnaire and how the results can be used to 
identify typical context templates. 

3.1 Identification of Context Factors 

A first step to an analysis and description of the environmental context at the eight 
stages is the identification of factors which influence the user’s task completion in 
mobile contexts. The factors for the mobile context of use by Krannich are a set of 
factors which can be used for this step [7]. In respect to the physical and social envi-
ronment, these factors are: 

• Location  
• Light  
• Noises  
• Objects 
• People  
• Traffic density 
• Social situation 

The context of public transport is shaped by additional factors. A study with 30 partic-
ipants conducted as part of a usability evaluation shows that the planning and decision 
making process as well as the need for information at different stages of the travel 
chain is influenced by: 

• Weather conditions 
• Shopping and public facilities 
• Means of transportation available 
• Type of stop point 
• Type of vehicle 

In addition, Krannich [7] defines time as a factor which influences e.g. light, weather 
and traffic density. 

3.2 Context Analysis for Public Transport 

In a second step these factors need to be differentiated for the field of public transport. 
Within public transport the factor traffic density for example includes public and in-
dividual means of transportation as well as travelers and other people. Table 1 shows 
this differentiation. 
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Table 1. Context factors for public transport 

Context factor Differentiation for public transport 

Location 
Stage of the travel chain 
Classification by population 

Light 
Light situation 
Brightness and Intensity 

Noises 
Source of noise 
Noise level 

Objects 
Technical  information systems 
Non-technical information 
Vehicle or stop point equipment 

People  Number of travelers and other people  

Traffic density 

Transportation infrastructure 
Density of individual and public  
means of transport 
Distance to other people 

Social situation 
Interaction with other people 
Chance of disturbances by others 

Weather conditions 
Temperature 
Actual weather  

Facilities 
Shopping facilities 
Public facilities 

Means of transport available 
Individual means of transportation 
Public means of transportation 

Type of stop point Kind of shelter 

Type of vehicle Vehicle parameters 

Time 
Date 
Time of day 

 
Subsequently, the differentiated factors for mobile context of use in public trans-

port need to be analyzed at each stage of the travel chain and with varying characteris-
tics, e.g. in rural and urban areas. For this purpose, the factors were transferred into a 
context questionnaire. This context questionnaire provides an easy way for experts 
and laymen to analyze different locations. 

3.3 Development of Context Templates  

The last step is the description of typical context templates based on the results of the 
analysis at each stage of the travel chain. A context template should fulfill the follow-
ing functions within the development of passenger information systems: 
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• Supporting the identification of information needs at different locations and for 
different kind of users and tasks along the travel chain 

• Communication tool for interdisciplinary groups to understand, visualize and sup-
port a user oriented point of view 

• Display the diversity of contexts along the travel chain when used as a set of con-
text templates 

To fulfill these functions, a context template for public transport is divided into six 
sections. The first section, consisting of the context templates name and stage of the 
travel chain, gives brief information about the template. The name should reflect in a 
few words what the template is about, e.g. rural bus stop in the evening, including a 
short description of the location and an indicator about the specialty of the template. 
The second section shows the context factors which describe the environment. The 
context factors which describe the public transport profile are summarized in the next 
section. Combined with the challenges section, these three sections give a detailed 
insight into the environmental context. A graphic representation in form of a photo or 
illustration gives an impression of the context described in the template and visualizes 
the most important features of the context. As last section, a description of the context 
including challenges and critical situations for the use of public transport and the de-
velopment of passenger information systems, recorded during the analysis, concludes 
the context template. 

3.4 Identifying Information Needs 

The identification of information needs requires knowledge of the users’ workflow, 
the performed tasks, available information and the passengers [8]. Which tasks are 
performed and which information is available often depends on the location of the 
user and the accessibility of information systems. 

The developed context templates are an addition to the framework for identifying 
information needs [4]. For every task, which is performed by a user along the travel 
chain, the influences of the context can be analyzed. Based on the results of the origi-
nal framework additional or redundant information needs can be identified. 

Furthermore, the context templates in combination with persona descriptions [9] 
for public transport [3] can be used to communicate the information needs to the de-
velopment team and to evaluate whether the information needs of users at different 
contexts along the travel chain are already satisfied by present passenger information 
systems or not. 

4 Case Study 

In a case study within German public transport, the described approach was used in 
the field to identify context templates and information needs of users in German pub-
lic transport. In the following the analysis of stop points as important part of the travel 
chain is shown as an example. 
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4.1 Setup 

The case study was conducted within different areas of Germany, reaching from rural 
to urban areas and covering a variety of different kinds of stops and means of public 
transportation. The analyzed 168 stop points were located in 21 different public trans-
port companies and eight linked transport systems consisting of small, medium and 
large transportation networks. 

For the implementation of the analysis the context questionnaire was transferred 
into an online survey system which allowed the use of tablets for entering the data 
directly at the stage of the travel chain. In addition pictures of the analyzed stop points 
were taken for later analysis. 

4.2 Analysis of Results 

A cluster analysis of the collected data shows that the analyzed stop points can be 
divided into five basic templates. The clustering was done in a two-step-cluster analy-
sis with a good rating based on the work of Kaufman and Rousseeuw [10]. The Log-
Likelihood Distance was used to handle the categorical variables. Main influencing 
factors for the clustering are the kind of shelter, means of public transport available 
and the kind of passenger information whether it is providing dynamic or static data. 
The five identified basic templates are: 

Basic Template 1: Bus Stop with Shelter. This template describes a typical German 
bus stop with shelter and static passenger information. In most cases there are no 
technical passenger information systems installed at the stop point and no other public 
means of transportation close by.  

Basic Template 2: Bus Stop without Shelter. A bus stop found in different areas 
which provides only the basic set of static information and no shelter. In some cases 
these stops are combined with the basic template 1 “Bus stop with shelter” so that one 
shelter for both directions is available. 

Basic Template 3: Bus Stop with Dynamic Passenger Information. This stop point 
is shaped by technical dynamic information systems. The bus is the main mean of 
transport but additional means of transport are available in the area. In most cases a 
shelter is provided. 

Basic Template 4: Streetcar Station with Shelter and Dynamic Information. Sim-
ilar to template 3 this template is shaped by dynamic information systems. The street-
car is the main mean of transport and a shelter is provided in most cases. The template 
differs from template 3 mainly through other available means of transport as the  
distance to other means of transport is greater.  
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The described crowded rural bus stop only provides the information “planned arrival 
and departure times” to fulfill the information needs. In addition, the lack of other 
means of transport close by raises the need for information about alternatives in case 
of disturbances, e.g. telephone number to call a cab. 

For the development of mobile passenger information systems the gap between 
provided information and information needs shows which information is missing and 
should be provided. Available information can be provided but consistency should be 
given a high priority. The absence of dynamic real-time information systems at the 
crowded rural bus stop in return drops consistency challenges regarding dynamic 
data. 

5 Discussion 

The identification of influencing context factors and context templates shown in the 
described approach allow a better understanding of different contexts and information 
needs of passengers along the travel chain. In addition, the results show where the 
identified basic templates can be found within different kind of cities and areas. 

The context templates can serve as an addition to user and task descriptions and ex-
tend the framework for identifying the information needs in public transport. The 
combination of context templates and personas during the requirements analysis 
should be analyzed in further studies. 

For other areas of application the context factors can be differentiated so that spe-
cial characteristics can be addressed. This differentiation and the transfer into a ques-
tionnaire is a key success factor for this method and should be evaluated in a pre test 
before large scale studies are conducted. 
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