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Abstract. Activity-based transportation models have set the standard for 
modelling travel demand for the last decade. It seems common practice nowadays 
to collect the data to estimate these activity-based transportation models by means 
of activity diaries. This paper explores potential advantages and disadvantages 
that may occur in the collection of this type of data by means of a hand-held 
computer-assisted data collection tool. 

1. Introduction 
The demand for transport services is expected to grow considerably as incomes rise, the 
trend toward urbanization continues and as the process of globalization moves forward with 
expected increases in world trade and personal travel. In order to meet this rising demand 
and because governments cannot afford to allow transport constraints to have a negative 
impact on the future competitiveness of their products, considerable future long-term 
investments are indispensable. In order to better guide and substantiate the decisions of 
transportation planners, the use of traffic and transportation models has been advocated by 
governments and by research communities.  

Since 1950, due to the rapid increase in car ownership and car use in the US and in 
Western Europe; several models of transport mode, route choice and destination were used 
by transportation planners.  These models were necessary to predict travel demand in the 
long run and to support investment decisions in new road infrastructure which originated 
from this increased level of car use. In those days, travel was assumed to be the result of 
four subsequent decisions which were modelled separately. Within transportation literature 
these models are also referred to as four-step models. More recently, especially in the 
eighties and early nineties, several researchers claimed that very limited insight was offered 
into the relationship between travel and non-travel aspects in the widely used four-step 
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models. Indeed, travel has an isolated existence in these models and the question why 
people undertake trips is completely neglected. This is where activity-based transportation 
models came into play. The major idea behind activity-based models is that travel demand 
is derived from the activities that individuals and households need or wish to perform. The 
main difference however between traditional (i.e. four-step) transportation forecasting 
methodologies and activity-based transportation models is that the latter attempts to predict 
interdependencies between several facets of activity profiles. These facets are often 
identified as which activities are conducted where, when and for how long, with whom, and 
with which transport modes. Obviously, data is needed for all these facets in order to be 
used in an activity-based transportation model. This paper focuses on a hand-held GIS-
based logging system which will be put into use in order to collect data for all these facets. 
The paper contributes to the line of research which has explored the use of computer-
assisted geographical information systems for geocoding the location of activities, such as 
Chase [3], Chase-GIS [5] and REACT [6]. The aim of this paper is to describe the 
functioning of the logging system and to explain the potential advantages and 
disadvantages of the system. It must be stated that the logging system is still a prototype. 

The remainder of this paper is organized as follows. Section two gives a brief 
introduction towards the different ways in which data can be collected by means of activity 
diaries. In section 3, the advantages and disadvantages of a hand-held computer-assisted 
data collection tool will be discussed. In section 4, the functional description of the data 
collection tool will be given further consideration. Finally, the paper concludes and defines 
some topics for future research. 

2. Data collection: Activity Diary Data 
As outlined in the previous section, activity-based transportation models have set the 
standard for modelling travel demand. It seems common practice nowadays to collect 
activity diary data to estimate activity-based transportation models. This section will 
discuss the potential advantages of diaries as opposed to traditional questionnaires, as well 
as other specific operational decisions regarding the format of these activity diaries. 

The questionnaire, asking people for their average behaviour during a certain time 
period, has long been the dominant form of data collection in transportation research. It has 
been argued, however, that there is significant accumulated evidence that travel surveys 
under-report mainly off-peak, non-home based trips of short duration [2]. In [7], it was 
argued that a diary outperforms a travel survey in this respect. This seems to be consistent 
with the findings of other authors [1], who have reported that the diary resulted in a 13 to 
16 percent higher level of trip-making than the travel survey. The available literature 
therefore seems to suggest that the diary is likely to outperform the questionnaire in terms 
of the validity of the data collected. 

Diaries mainly differentiate by means of the type of information which is collected. The 
leading question in a trip diary is obviously related to the trips (out-of-home activities) that 
are made, while the activity diary mainly focuses on all the activities (in-home and out-of-
home activities) the respondent says to be engaged in. Since an activity diary can provide 
us with a richer source of information that allows additional and more detailed kind of 
analyses and since a fully operational transportation model should be able to take the 
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interrelationship between in-home and out-of-home activities into account, it is argued that 
despite the fact that only out-of-home activities generate traffic, in-home activities can 
provide useful information and should be collected as well. 

However, collecting data by means of activity diaries is more demanding for 
respondents. Therefore, one should be aware of three potential sources of bias: 1) 
respondents who are very busy and make a lot of travel activities cannot afford the time to 
fill in the diary; 2) respondents with a relatively low level of out-of-home activities may 
decide not to participate because they feel their case is not relevant; 3) respondents may not 
always understand the need for collecting in-home activities as well and may drop out. All 
three concerns may potentially result in flawed diaries with non-response biases.  

It is difficult to evaluate what the influence of hand-held computer-assisted information 
systems is on these concerns. Some researchers have argued that data collection is 
facilitated, while others state that it is experienced as an additional burden. However, it 
remains indisputable that electronic data collection yields information of higher quality. 
This was evidenced in [8] and in [4]. 

3. Advantages and disadvantages of a hand-held computer-assisted 
data collection tool 

In the past, desktop computer-assisted data collection tools were used for filling in 
scheduling surveys which provided activity-travel diary data to researchers who worked on 
activity scheduling and execution. However, these systems are not able to trace the actual 
activity-travel execution due to their mobility constraints. In order to solve this problem, 
one might think of a Personal Digital Assistant (PDA) with GPS technology for enhancing 
the data collection tool’s mobility. The potential advantages of using a Personal Digital 
Assistant with GPS to supplement travel survey data collection are numerous: 1) when 
using a desktop computer-assisted data collection tool, the respondents have to remember 
the exact locations of their start and end positions, whereas with a PDA with GPS, trip 
origin, destination, and route data are automatically collected without burdening the 
respondent for the data; 2) as the respondent may forget to report an activity trip, another 
advantage exists in recovery of unreported trips, as all routes are recorded; 3) accurate trip 
start and end times are automatically determined, as well as trip lengths; 4) the GPS data 
can be used to verify self-reported data; 5) both the data entry cost and the cost of pre- and 
post-processing the data, constitute a significant share of the total data collection cost [9]. 
Fortunately, both can be reduced to a minimum with computer-assisted forms of data 
collection.  

One of the most important shortcomings of GPS technology is the fact that the system is 
not always reliable throughout the entire trip-recording period. Indeed, civilian GPS 
receivers have potential position errors resulting from numerous accumulated errors. For 
instance “multipath” is the result of a signal bouncing off an object before reaching the 
receiver. The delay in the signal is an error. Due to the accumulated errors, bad data creeps 
into records easily. If errors in the data turn out to be enormous, the activity-travel data with 
errors will have to be discarded, otherwise further research based on the data will be 
compromised. Another disadvantage associated with the use of a hand-held device is that 
the duration of data collection is subject to the storage capacity of the device used. 
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Moreover, as the device makes use of a battery, it has to be recharged regularly, which is an 
extra burden.  

Based on these reasons, we believe that the advantages outweigh the disadvantages in 
the use of a computer-assisted tool for collecting activity diary data. Therefore, the 
functional description of such a hand-held computer-assisted tool is outlined in the next 
section.  

4. Functional description of the hand-held computer-assisted data 
collection tool 

The central theme of the data collection tool prototype revolves around a Personal Digital 
Assistant (PDA). Compared with a typical computerized activity scheduling system (e.g. 
CHASE) a mobile system does not restrict the location for data collection and is easy to 
carry around by survey respondents for in-situation data input.  

The system, which will be developed for a Pocket PC, conceptually consists of two 
Graphical User Interfaces (GUI) (Household Survey and Activity Based Survey), a GPS 
logger, a data structure (Activity Diary & Household Data and GPS Data), a data quality 
control module (Data Integrity Checks), a Trip Identification module, a GIS module and a 
Communication module (Figure 1).  

The GPS logger will be used to trace the physical travel paths and travel time. The 
logger collects data continuously and therefore it needs to operate in the background. This 
automatic feature has two advantages. In the first place, it will facilitate data capturing 
because the survey respondent does not have to remember to activate/deactivate the logging 
application. Secondly, although the survey respondent may forget to register a new activity, 
the GPS logger will capture the user’s position during the travel period. This way, the 
system will prevent the loss of activity data. Indeed, once the forgotten activity has been 
accomplished, the system will prompt the survey respondent for missing information 
regarding the latest activity.  

When active, the GPS chip, built inside the Pocket PC, will transmit data in the form of 
“NMEA sentences” to the GPS logger. NMEA defines an electrical interface and data 
protocol for communication between instrumentation. The GPS chip typically sends a 
group of sentences at intervals determined by the unit’s update rate, but generally not more 
often than once per second. All this data will be stored in the GPS Data module.  

The Household Survey GUI inquires for personal demographic and activity/travel-
related information. This information is collected at the beginning of the survey period and 
it is stored in the Activity Diary & Household Data module. In case some necessary 
information has not been input, the respondent still has the opportunity to add the missing 
parts afterwards. 
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During the survey period, the respondent will be in close contact with the Activity 
Based Survey GUI, which is the most important interface. This GUI captures the dynamic 
activity scheduling processes over the survey period and is triggered only when the survey 
respondent is going to perform an activity or when the Data Integrity Checks module 
explicitly asks the respondent to adjust inconsistencies (e.g. city names that do not exist) in 
the Activity Diary Data.  

Once the survey period has come to an end, the information contained in the hand-held 
devices must be downloaded through the Communication module and processed on a data 
server.  

The NMEA sentences, stored in the GPS Data module, are also used for Trip 
Identification. As the sentences are in cipher, they first have to be modulated in order to get 
the GPS location coordinates along with other useful information. Once the performed trip 
is identified it can be used to verify whether the information about activities, reported by 
the respondent, is consistent with the actually recorded trip. In case there are 
inconsistencies, the respondent will be prompted for further clarification. 

The spatial dimension or the “where”-facet is the most difficult to collect in traditional 
paper-and-pencil diaries. People often do not precisely recall the exact location or the street 
name where a particular activity was carried out. For this reason, traditional diaries are 
often restricted by limitations about the detail of information which is collected.  
Obviously, computer-assisted data collection tools can make a significant contribution here. 
Therefore, on the PDA, a GIS module is implemented which enables the user to either 
pinpoint a location on a map or to manually enter a location.  

Computer-assisted data collection tools have the advantage of data quality control. 
Indeed, a computer system can easily check for anomalies and prompt the respondent for 
additional information. Errors that report activities where the beginning hour of an activity 
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is later than the ending hour, activity locations that do not seem to exist and many others 
can be easily checked by the Data Integrity Checks module.  

5. Conclusion 
Due to the richer set of concepts which are involved in activity based transportation 
models, data needs and data quality requirements are considerably higher. Given this, the 
use of computer-assisted geographical information systems has recently emerged in this 
research field. However, due to the mobility constraints of computerized systems, a mobile 
system will be used for data collection. As the mobile system is still a prototype, some 
modules probably will have to be modified, therefore, the most important topic for future 
research is to tailor the modules to the requirements of the mobile system.  
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