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•AS defined by Bourne (1), "An information system is . . . a complex of people, 
equipment, and procedures working together to provide needed information to a group 
of users." This definition emphasizes a total system to provide information, not 
merely a computer system. The concern here is with man-machine systems to pro
vide information for transportation analysis and planning. The system needs for trans
portation planning have many similarities and many dissimilarities with the well
defined areas of business data processing and scientific computing. The major 
difference relates to the concern over location, i.e., where the spatial variation of 
data observations is important. 

In transportation planning, considerable attention is given to spatial and temporal 
variations of phenomena such as land use and population. Typically, these variations 
are observed as differences in areal aggregates, e.g., population densities or auto 
ownership rates for subareas of the study area. More sophisticated mathematical 
modeling of urban structure requires more detailed data-more detailed in locatability, 
frequent observations, and stratification of population. 

Transportation planning requires more detailed information concerning household 
behavior and more accurate data depicting the urban environment. Information sys
tems concepts applied to transportation planning analyses primarily relate to the de
velopment of methods for manipulating data and organizing data to enable efficient ac
cess in a variety of forms. On one hand, transportation planning is concerned with the 
generation of statistical information for parameter estimation and calibration of pre
dictive models. For the most part, ad hoc and unrelated data sets are collected and 
manipulated by brute force techniques. Data, such as origin-destination data, are im
mediately areally aggregated. This precludes many taxonomical analyses. On the 
other hand, transportation planning involves the utilization of various mathematical 
models for testing alternative proposals. This involves the preparation and processing 
of large files of data, in conjunction with the predictive models, that simulate changes 
in the urban structure. 

Both the generation of statistical information for predicting the behavior of identi
fiable and locatable groups of households, and the evaluation of alternative plans re
quire considerable manipulation of data. To efficiently handle data, the transportation 
planner must be able to communicate directly with the computer and use it as a tool. 
He should not have to depend on a programmer. He must be given the software capa
bility to handle a large number of the data-handling problems personally. Similarly, 
data must be organized in ways that enable accurate depiction of complex real world 
phenomena, and must be in forms that can be transformed to meet a variety of needs. 

DATA-HANDLING CAPABILITY 

A data-handling capability is a user- and problem-oriented programming language 
that brings the computer closer to the user. It offers users a great deal of power with 
a minimal requirement for specialized programming skills. A problem-oriented 
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programming language is one designed for the particular needs for a subject matter. 
In transportation planning, one of the needs is for the handling of statistical data 
relating to small areas. 

Large-scale urban transportation planning studies have taken a lead in developing 
specialized substantive systems and rudimentary data-handling capabilities. Special
ized information systems consisting of socioeconomic data and highway network data 
have been developed. These data, along with models for trip generation, trip distri
bution, and traffic assignment, enable the testing of alternative transportation system 
configurations. 

Unfortunately, too little effort has been expended in developing generalized capa
bilities to handle the processing and preparation of data for modeling. However, there 
have been exceptions. One of these is SPAN (Statistical Processing and Analysis Sys
tem), a system for management of urban data that has many generalized data-handling 
capabilities (2). SPAN is a large-scale data management, file processing, and statis
tical analysis-system programmed for the IBM 7090/7094. Initiated atthe Penn-Jersey 
Transportation Study in late 1962, it was completed by System Development Corpora
tion with the support of the Bureau of Public Roads and is being used in the Bay Area 
Transportation Study. 

Briefly, SPAN is a flexible system for reducing, manipulating, and displaying data. 
Processing functions in SPAN are "implicitly" programmed, i.e., the user communi
cates with the system through simple directives and parameters stated in English-like 
sentences. The user selects, through the parameters, a particular configuration of 
pre-programmed procedural options and adapts program operation to his precise 
requirements. 

The advantage of SPAN is that it offers an entire system capable of handling the 
bulk of transportation planning demands for data manipulation. The disadvantage of 
SP AN relates to its implementation. Essentially, SPAN is technologically bound to 
second generation computing equipment. Conversion of SPAN to third generation com
puting systems will require extensive modification, both in terms of rewriting package 
programswrittenin machine language and rewriting the SPAN Systems Supervisor that 
operates under the FORTRAN II Monitor System. However, a more serious problem 
is conceptual, relating to an inability to handle data that are not organized in serial 
files, i.e., sequential records on magnetic tape. 

Having greater data-handling capability, but less statistical capabilities, is an 
IBM-developed set of programs for System/360. GIS (Generalized Information Sys
tem) is designed to perform data-file establishment, maintenance, retrieval, and 
presentation operations common to many application areas (3). GIS enables the devel
opment of a data base in a convenient form for access. It is also an adaptable user
oriented system for manipulating data to fit a wide range of special requirements. 

GIS provides for interrelating data items in different physical data sets. For ex
ample, linkage may be used to relate trips of a trip file to households of a household 
file that make the trip. GIS also enables development of a chain of subordinate items 
that are associated with a master item. For travel behavior data, there may be a 
chain for each household master item. Trips generated by a household are subordinate 
items on a chain for that household. Chaining and linkages are used to represent the 
relationships between real world phenomena. The utility of structuring data in these 
forms will be explored in subsequent sections. 

If procedures are incorporated into GIS to handle problems associated with spatial 
data, GIS would serve the data-handling needs of transportation planning very adequate
ly. For example, data-reduction statements to determine whether a point is within a 
polygon, to calculate land areas, and to perform simple statistical tests are essential 
in handling data on spatially distributed phenomena. 

SPAN and GIS are only illustrative of the kinds of capabilities that are or will be
come available. Generalized data-handling capabilities offer the transportation planner 
greater freedom to communicate with the computer. As implied in the discussion of 
GIS, the data-handling capability and a conceptual scheme for organizing data are highly 
interrelated. Organization of data, especially data on spatially distributed phenomena, 
is of great importance. 
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DATA ORGANIZATION 

When phenomena from the real world are observed and recorded, data are created. 
Quantitative data are defined as collections of values on selected properties of entities. 
For example, a person weighs 150 pounds. One hundred and fifty is the data value. 
Weight is the property and the person is the entity. Figure 1 shows data representa
tion. The elements of the matrix are the values, the columns represent the properties 
and the rows represent the entities. Normally, data are organized as serial records, 
where entities (in this case persons) are separate records. 

Data are observations on some set of phenomena with location and time constraints. 
These data may be organized as a discrete observation on a phenomenon or as aggre
gates organized by location ancV or time. Data organized and aggregated by location 
are commonly called areal data. Typical examples of areal data are data summarized 
to census tracks or traffic zones. The actual phenomena of interest may be housing 
units, households, persons or trips, but the individual units or entities are now areal 
units. In areal data, location defines the entity structure. The phenomenon is second
ary to the principal argument of location. 

Data organized and aggregated by time intervals are commonly called time-series 
data. Typically, such time intervals as day, week, month, quarter, year, and de
cade are used. Observations on phenomena such as employment, population, produc
tion and sales are often aggregated to time intervals for analyzing variations over time. 
In time-series data, the entity is defined by the principal argument of time. 

Data may also be organized in list structures. A list is defined as a linked sequence 
of items. Each item contains a pointer or the address of the next item. Thus, the 
items do not need to be stored in physical sequence. Stored in addressable storage, 
the next item of an array is implied, whereas the successor item of a list must be 
specified. An item on a list contains both datum and the address of the next item. 
This address is called the link or pointer. A list is shown in Figure 2. 

A powerful feature of list structures is that the insertion and deletion of data on 
lists is quite easy. Such operations merely involve changing the linkage of the list. 
For example, to delete the datum in item c of Figure 2, the link address of Cell b is 
changed from c to d. List structures for data storage are becoming increasingly 
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Figure 2. A list. 

important as addressable storage devices are becoming cheaper. Transportation 
planners will find list structures convenient for storing and accessing data on spatial 
phenomena. 

PROBLEMS WITH AREAL DATA 

The inference of relationships between characteristics, such as the number of trips 
per household and household size, is often based on areal data. In using areal data, 
the areas or traffic zones must be assumed homogeneous. Such analyses focus on 
variations between traffic analysis zones with the homogeneity assumption setting 
within-area variation equal to zero. Because household size does not vary appreciably 
between areas, it is not usually found to be good for predicting the number of trips per 
household. 

Less reliance should be placed on making inferences from spatially aggregated data. 
Yet, analysis of variations between areas or over space is necessary in transportation 
planning. This requires greater care and skill in organizing data. For example, it 
may require that separately collected data relating to the same phenomena be linked. 
This linkage of entities enables direct relationships to be investigated rather than rely
ing on inferences drawn from unrelated data. Similarly, greater emphasis should be 
placed on stratifying disaggregated data. For example, rather than using average 
household size by traffic zone to predict trip production, the disaggregated data should 
be stratified to enable estimation of trip production for various household sizes. 

The need is to organize data in forms that are amenable to linkage, stratification, 
and aggregation. All too often, the available forms of data restrict or control the anal
ysis. Data are immediately aggregated to minimize the amount of data and thus limit 
all subsequent data analysis. Newer computers offer considerably more speed and 
direct access storage. These features provide greater opportunities for more exten
sive and detailed analyses. To take advantage of this, new concepts of data 
organization are needed. 

INTERMEDIATE FORMS FOR DATA 

An important and well recognized data organizational need is the transformation of 
data from some initial form to some report or product form. However, what is not 
recognized is the need sometimes to organize data in an intermediate form. An in
termediate form is deemed desirable to enable manipulation to a variety of forms. It 
is often necessary to manipulate data to forms that are completely unanticipated. To 
provide the necessary flexibility to organize data in unanticipated forms requires: (a) 
a data-handling capability, and (b) data organized in a flexible form. The desire to 
organize data in intermediate forms eliminates the need to go back to raw source data 
every time a specialized request is made. 

For example, assume the existence of longitudinal data on household locations. For 
a sample of households, assume household characteristics such as income, family 
structure, and cars owned. Also, assume the prior household locations of the families, 
going back 10 years, were collected. For the various types of analyses that can be 
performed from a data set such as these, it would be desirable to organize these data 
in some intermediate form, i.e. , something more structured and accessible than the 
original data set. 

To maximize the utility of data in an intermediate form, these data must be orga
nized in such a manner that a generalized data-handling capability can easily transform 
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these data from the intermediate form to a desired form for a specific analysis. To 
illustrate this concept, Figure 3 shows a matrix of household observations vs the year. 
The elements of the matrix may contain the x and y coordinate representing the 
person's home location during that year or a traffic zone number. Data in this form 
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may be accessed in a variety of ways. For example, for a given location, the matrix 
can be searched for households located in that position. In a similar fashion, specifi
cation of the year enables creation of a file of household locations for that year. In 
addition, the matrix enables retrieval of households occupying a specific location for a 
given year. By utilizing this data matrix, longitudinal data of the type described can 
be recast in a variety of forms. Recasting from this intermediate form is much sim
pler than returning to original data observations where often the concern must be with 
records of unequal length. 

Origin and destination data may also be transformed to an intermediate form. To 
facilitate the creation of specialized data files for the analysis of trip behavior data, 
it may be desirable to relate trip records of a trip file to households of the household 
file and vice versa (Fig. 4). In Figure 4, origin-destination data in an intermediate 
form consist of two files or lists in addressable or direct access storage, one file for 
trips and another file for households. The trip file contains a record for each trip. As 
well as characteristics of the trip itself, each record contains a link or pointer to the 
household generating that particular trip. Also, each entity or record in the trip file 
contains a pointer to the next trip from that same household. In a similar fashion, all 
the trips for a particular household are chronologically linked. The household file 
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contains household entities possessing not only characteristics of the household but a 
pointer or link to the first trip made by a member of that household. 

Data organized and described here are of a flexible form for use in creating new 
files to study such phenomena as a specific trip purpose by persons from households 
of specific incomes, trips to a specified destination by households headed by an indi
vidual of a specified occupation, or analysis of trips linked to households with speci
fied income and car ownership characteristics. 

With origin-destination data of the form shown in Figure 4, transformations can be 
made to very specific forms, regardless of whether the primary argument relates to 
the trip or to the household. For analysis of households that make a particular type 
of trip, the primary argument would be trip purpose. Only households making this 
type of trip are selected for further analysis. For analysis of trips made by a partic
ular class of household, the primary argument is household class. Only trips from 
households of the particular type are selected for further analysis. 

Figure 5 shows a more complex data structure in which origin-destination data are 
organized as three main lists-household, person, and trip. These lists are intercon
nected and relate persons to characteristics of their household and trips to character
istics of the person making that trip. This is a similar but more complex represen
tation of the data described in Figure 4. In Figure 5, the trip-making behavior of 
individual members of the household are distinguishable. 

The items containing characteristics of households are linked and form a house
hold list. Each household is linked to a subordinate list of items containing charac
teristics of persons belonging to that household. Also, each person item is linked to 
another subordinate chain of items containing characteristics of trips made by that 
person. In addition, list concepts may be used to represent linked trips, i.e., multi
mode trips with a single purpose. 

In the schematic notation of Figure 5, the last element or pointer 3 links to a sub
ordinate item (e.g., links household items to a person item). Pointer 1 forms the 
chain (e.g., persons in the same household). Pointer 2 links unrelated households, 
persons, or trips, and forms a continuous chain of like items. Pointers of Type 2 are 
desirable to enable scan or search of just one list, say, the trip list if that is all that 
is needed. Pointers of Type 1 that close on a master item are desirable (e.g., that 
pointer from the last trip made by a person back to the person item). This formation 
of a circular chain enables the obtaining of household characteristics for a select set of 
persons. 

In addition to the linkages shown in Figure 5, it may be desirable to link trips orig-
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for each traffic analysis zone. Each trip originating in a zone would be linked to form 
a chain. The trips on a chain may be ordered by time of origination, purpose, or other 
trip characteristics. 

Need for organizing trip data in this way must be considered in light of difficulties 
in structuring data in chains and compared to brute force searches of large data files. 
This comparison depends on the extent to which these data are used. Often-used data 
warrant more extensive organization. With more efficient data-handling capabilities 
and more extensive and broader utilization of data, these considerations tend to favor 
detailed organization of data in intermediate forms. 

CONCLUSIONS 

Information system concepts applied to problems in transportation planning focus 
on the need for a generalized data-handling capability and on the need for data orga
nized in intermediate forms. A generalized data-handling capability is needed for 
rapid creation and manipulation of data files. 

Storage of data in complex but flexible forms enables response to a wide variety of 
problems and analyses and eliminates initial and arbitrary aggregation of data. To 
make these data-organization concepts attractive and feasible, a data-handling capa
bility must be able to create and update these complex data structures as well as re
trieve data from them. Successful data-handling capabilities will be those that can do 



both. Data-handling capability and data organization are interrelated, with the 
important concept being flexibility. 
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Many transportation study staffs and highway departments have adequate data
handling capabilities for present demands and equipment. However, the coming gen
eration of computers offers considerably more speed and direct access storage. These 
features provide greater opportunities for more extensive and detailed analysis of 
travel behavior. To take advantage of greater speed and storage capacity, new anal
ysis concepts are required. This means new concepts of data organization and the 
development of means to create and access these more complex data structures are 
needed. 
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