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different kinds of information, the implementation 
process may require considerable redefinition of 
data collection forms and procedures. 

Modify an Existing System 

Like the first alternative presented above, the sec
ond approach, modifying an existing system, assumes 
that a system is modified to satisfy department 
needs. Tailoring, of course, requires programming 
additions, deletions, and changes. The extent of 
these changes determines the cost and risk in
curred. A key decision is who will do the program
ming. Options include using in-house personnel or 
contracting with a software consultant. 

Again, both options present unique problems. In
house personnel may be knowledgeable about the 
agency but may not be as technically competent as a 
consultant. In turn, consultants may have consider
able data-processing experience but may lack spe
cific knowledge about traffic records. Another 
potential disadvantage with consultants may be total 
cost if the project takes longer than expected, a 
common (almost certain) occurrence in software de
velopment. 

Tailor a Generic Records System 

At the price of losing some flexibility, it is pos
sible to adapt a generic data base management system 
to the terminology and format required for a traffic 
record system. This tailoring may not involve as 
much risk as modifying an existing system because 
generic record systems are usually designed to be 
user-tailored when first implemented. A more risky 
approach is modification of a data base management 
system originally designed for a different applica
tion. Often these systems are promoted by manage
ment consulting firms that tend to minimize the ac
tual programming required for the modifications. 
Effective use of a consulting firm requires that the 
user agency and the consultant specify in written 
form what the final system must be able to do, the 
schedule for completion of the project, and the 
total cost. 

Develop a New System 

The most ambitious approach is the development of a 
new system. This alternative offers the greatest 
opportunity to obtain a product that is consistent 
with the needs of the agency. Although this may be 
an important issue, its value must be weighed 
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against the risks and costs involved. The key is
sues to be considered are how closely the automated 
system should emulate the current manual system and 
who should design and program the new system. on 
the surface, using an existing manual system as the 
model for an automated system seems simple. But it 
must not be assumed that an inadequate manual system 
will be miraculously corrected when it is auto
mated. The usual result of such an approach is an 
ill-designed system that makes the same mistakes as 
the manual system but at a much faster rate. To be 
successful, this approach requires that an agency 
objectively assess the strengths and weaknesses of 
its manual system and aim to retain the strengths 
and redesign the weak points. The creation of a 
completely new system represents risks that few 
agencies should take. The uncertainties involved in 
the design, cost, and schedule of any software proj
ect make this an extremely risky approach. An 
agency should not consider in-house development 
unless it has highly capable, experienced personnel 
who can be committed to the project. 

CONCLUSIONS 

It is clear that within the next decade most agen
cies concerned with the use of accident and law
enforcement records will, regardless of their size, 
have access to computers for the storage and analy
sis of data. What is also likely is that the pro
cess of acquiring and using these automated systems 
will not be as easy as advertised. The lack of 
data-processing experience among the personnel of 
small agencies, coupled with dramatic changes in the 
marketplace, will make the automation of record sys
tems a risky and difficult process for many agen
cies. However, if agency administrators are alert 
to the pitfalls cited in this paper, the task of 
automation can be accomplished with realistic expec
tations and maximum payoff to the agency. 
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Application of Small Computers to Traffic Records 
Systems in Small Communities 

RONALD C. PFEFER AND BRODERICK E. REISCHL 

The application of small computers to traffic records systems in small communi
ties is investigated. The study is based on an assumption that small computers 
(micros) are useful for the management and analysis of traffic records in com
munities of 5000-100 000 population. Factors bearing on the apparent hesitancy 
of small communities to use small computers for traffic records are examined. 
It is concluded that the volume of traffic records generated by small communi
ties is within the capacity of present small computer systems and that the sys
tems are adequate in terms of secondary storage, primary memory, speed, and 

input-output devices. Costs are modest. It is suggested that available generic 
software has not been exploited for traffic records management and that, with 
some exceptions, there is a lack of specialized applications software for traffic 
analysts. Remaining barriers to the use of small computers include data-quality 
concerns, organizational issues, justification of purchase, acceptance of the 
equipment by agency personnel, and management problems. Adoption of small 
computers for traffic records systems will depend on how these issues are 
resolved. 
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In the past five years, economically priced small 
computers have become widely available. There were 
an estimated 1.3 million small computers in homes in 
the United States in 1981, an estimated 800 000 of 
which were bought that year. In addition, it is es
timated that there are now 200 000 microcomputers on 
desktops in large corporations (1) • 

In 1982, the National Safety -Council Traffic Rec
ords Committee for Data Analysis conducted a survey 
that provided responses from 63 users in 29 states 
(2). When respondents were asked what system or de
vices were used for various types of analyses, the 
microcomputer was mentioned 29 times out of a total 
of 332 responses (8.7 percent). The respondents who 
mentioned using small computers were almost exclu
sively from law-enforcement agencies in California 
and Illinois. The sampling and the questionnaire 
design do not allow adequate control to make valid 
conclusions. But the results provide some indica
tion of the limited extent of current use of small 
computers in traffic records. Although better data 
are not available on the extent to which the small 
computer is in use in state and local government, 
extensive contacts with police and the transporta
tion engineering community indicate that there is a 
lag in the use of these machines. 

It is assumed that the small computer can be use
ful to police and the transportation engineering 
community in their common effort to enhance highway 
safety. This assumption led to the analysis of one 
application of the small computer to the traffic 
records system of a small community. The purpose of 
the analysis was to determine whether technological 
barriers could be identified and specific applica
tions evaluated. 

FORMAT FOR ANALYsis 

The format selected for analyzing small-computer ap
plications to traffic records involved the specifi
cation of three basic hypotheses related to the 
technological issues: 

1. The hardware is inadequate. 
2. The software is inadequate. 
3. The costs are too great. 

Although there exists a multitude of other issues, 
these were selected for immediate focus. Certainly 
there are a number of human factors and organiza
tional issues involved in applying new technology. 
Some of these are addressed later in this paper. 

In dealing with the technological issues, it is 
necessary to examine the current trends in small 
computers in sufficient detail to determine the 
status of key attributes in relation to traffic rec
ords systems requirements. First, however, some of 
the key parameters involved are defined. 

Small Community 

The small community represents the greatest pool of 

Table 1. Motor vehicle accidents reported during 1981 by Illinois 
communities. 

No. of 
Accidents• 

0-399 
400-999 
1000-2999 
3000-4999 
Total 
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potential users of the small computer. In Illinois, 
for instance, whereas the state has accident data 
for 258 communities in the 5000-100 000 population 
range, it has data for only 3 cities with popula
tions greater than 100 000 (see Table 1). Among the 
possible safety applications, the traffic records 
system probably represents the greatest data-han
dling test of the small computer. 

Traffic Reco rds System 

System Elements 

A traffic records system is generally considered to 
include the following elements or files: accident, 
vehicle, driver, citation, roadway, and control de
vice. These can represent substantial quantities of 
data and, where automated, are generally considered 
feasible for operation only on mainframes. 

Although the files listed above are considered 
desirable for a comprehensive system, many small 
communities currently maintain only an accident file 
(if any) on an automated basis. Even in cities with 
populations greater than 100 000, citation, roadway, 
and other files may not be automated. Therefore, 
for the purposes of this paper, the core system 
needed for a small community to conduct effective 
safety analyses is considered to include the acci
dent and citation files. 

Volume of Data 

As previously noted, Table 1 gives the most recently 
available accident frequencies for Illinois communi
ties in the 5000 to 100 000 population range. Ac
cidents are related to community size. The table 
indicates that all cities with less than 10 000 
population had fewer than 1000 accidents/year and 
that all cities with more than 40 000 people had 
more than 1000 accidents/year (the maximum was about 
5000 accidents) . 

Data-storage requirements for these accidents are 
determined not only by the number of records in the 
system but also by the length of each record. Record 
length, in turn, depends on the number of data ele
ments in each record and the coding conventions that 
are used for data entry. The digitizing of loca
tions, dates, times, etc., can substantially reduce 
the size of fields. The judicious limitation of 
data elements can be even more important. Because 
few communities are likely to use identical record 
formats, how are the length parameters for a typical 
traffic record to be determined? 

To obtain information on the length of a record, 
two systems are used to represent upper and lower 
bounds. Washington State has an elaborate coding 
scheme for accident records processed by its main
frame computer <l>· The coding is so detailed that, 
in the event of a "collision with a pedal-cyclist," 
the system can provide separate tabulations for 
"unicycles," "bicycles," and "tricycles." Each ac
cident record takes 212 bytes of storage. (A byte 

No. of Communities by Populationb 

5000-9999 10 00().39 999 40 000-100 000 Total 

No. Percent No. Percent No. Percent No. Percent 

77 91.7 39 26.5 0 0 116 45.0 
7 8.3 83 56.5 0 0 90 34.9 
0 0 25 17.0 20 74.l 45 17.4 
0 0 0 0 7 25.9 7 2.7 

84 T47 27 ill 
QJ\ccident data are from the Illino is Department of Transportatfon. 
bJ>u pulation data are from the 1980 U.S. Census. 



50 

can be considered as the amount of computer storage 
necessary to hold one character of information.) The 
Washington State coding scheme was used as an indi
cator of the upper limit for record size. 

A lower boundary for accident record size was de
rived from a report that proposed a record format 
for the city of Newport News, Virginia (_!). The 
coding scheme captured the essentials of an accident 
record in 24 data elements coded into a total of 50 
characters. As a consequence, 50 bytes/record was 
taken as a reasonable lower boundary for the size of 
a collision record. 

A desirable system would contain three years of 
historical accident files and a current year-to-date 
file. This would result in a maximum of four years 
of accident data on file at any time. 

The discussion to this point has assumed a single 
basic file type, although a hierarchical file design 
may be desired. In such a case, the record is seg
mented into a master file, a vehicle file, and occu
pant-pedestrian files. In addition, a location in
dex file is required for locational analyses. 

Figure 1 translates the basic file type defined 
above into data storage requirements. Hierarchical 
file structures and a location index file will add 
some storage requirements (say, SOK, where K • 1024 
bytes) , but the range shown is considered sufficient 
as an estimate of system requirements for accident 
data. The range of annual accidents shown in the 
graph is likely to be representative of cities with 
populations of up to 200 000 to 250 000. 

Accident records have been noted above as only 
one part of a comprehensive traffic records system. 

Figure 1. Data storage required for accident records. 
10,000 
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The citation record has been identified above as the 
other element of a core safety analysis subsystem. 
Citation files are to be distinguished from the 
driver file, which is a history of individuals 
usually maintained by the state motor vehicle de
partment for licensing and other purposes. The ci
tation file contains records of traffic offense ac
tions taken by the police officer. Typical data 
elements for a local citation file would include the 
location, type, time, and date of the offense. In
dividual driver and disposition data are of interest 
administratively but are not essential for safety 
analyses in general. 

Estimating the number of citations in a commu
nity, especially in relation to the population, is 
not a simple task due to lack of data. Experience 
has shown, however, that the number of citations can 
be related to the number of accidents as a crude in
dication of the level of enforcement activity. A 
general rule of thumb used in the law-enforcement 
community is that a ratio of 20 citations/injury ac
cident represents a point of diminishing returns. On 
the other hand, 8-10 citations/injury accident rep
resents a reasonable level of effective enforcement 
action. If one takes into account property-damage
only accidents, it is reasonable to expect ratios of 
10: 1 and 3: l as bounds. Although these are not 
well- documented values, they do make it possible to 
estimate a reasonable range for data storage re
quirements. 

It is believed that only a single year's citation 
history needs to be on file for most analyses. The 
greater number of citations per year, compared with 

Note: Requirements based upon 
3 year historical file 

Figure 2. Data storage required for accident and cita· 
tion records. 
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accident frequencies, provides an adequate statis
tical base if maintained on an annual basis. Current 
enforcement activity can be compared with accident 
histories to determine whether enforcement actions 
are appropriate and how they may be planned for the 
future. In addition, comparisons between enforce
ment and current accident patterns can be made to 
evaluate effectiveness. Figure 2 shows a graphic 
summary of the data storage requirements necessary 
to add a citation file to the previously defined ac
cident file. 

Small Computers 

It is necessary to have some understanding of what 
is being referred to under the classification of 
small computer. In general, in this paper a small 
computer is one that costs between $2500 and 
$20 000, including peripheral devices. This is a 
general definition because distinctions at this time 
are fuzzy and the technology is changing rapidly. 

The remainder of this paper examines each of the 
hypotheses in the light of available information. 

HYPOTHESES TO BE TESTED 

The background given above allows an analysis of the 
technological issues around which the hypotheses 
have been formulated. 

Adequacy of Hardware 

Primary Memory 

Primary memory is one of the principal characteris
tics that distinguish small and large computers. In 
large measure, primary memory is determined by chip 
technology. Eight-bit chips simply do not have the 
direct addressing capability of 16-bit chips, which, 
in turn, lack the addressing capability of 32-bit 
chips, and so on. The vast majority of small com
puters in use today are based on 8-bit technology, 
but 16-bit machines such as the IBM PC and the TRS 
16 have been enthusiastically received. 
National Semi-Conductor and other chip 
have developed 32-bit microprocessors. 
permit not only greater memory capacity 
more versatility. 

Recently, 
designers 

This will 
but also 

There is a general disposition among computer 
enthusiasts that memory is good and the more the 
better. In the early days of computers, primary 
memory was extremely expensive and memory, beyond 
the essential requirements, represented a consider
able cost burden for a computer system. Widely used 
small-computer business systems typically have 48K 
or 64K memory for 8-bit equipment. The newer ma
chines offer 128K to 256K, and some go higher. 

The impact of memory size will vary according to 
the principal use made of the equipment. Large data 
bases, involving matrices of substantial dimensions, 
will rapidly eat up memory. Compared with 48K or 
614K machines, systems with 256K and 512K memory are 
more desirable for data base management because they 
permit reasonably large files to be manipulated en
tirely within internal memory. The payoff is 
greater processing speed and more convenience in 
file maintenance. When a file does not fit into the 
machine--as frequently happens with machines with 
limited primary memory--then the file must be seg
mented. Portions of the file must be moved back and 
forth between the computer and secondary storage de
vices. 

Currently, small computers have many times the 
memory of the second-generation mainframes that were 
used by large corporations in the early 1960s. 
Those corporations processed files that exceeded the 
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primary memory available then. The current 64K- to 
512K-capacity range is adequate for the file sizes 
shown in Figures l and 2. 

Secondary Storage 

The secondary storage capabilities of the small com
puter represent a key potential constraint, given 
the above discussion on data storage requirements. 
As indicated in Figure 1, maintaining an automated 
accident records system in most communities ,in Illi
nois requires secondary storage of 1000 to 4500 
Kilobytes ( l to 4. 5 megabytes) , depending on the 
level of detail maintained. The lower limit is 
within the current floppy disk technology, and the 
upper limit is well within the current hard disk 
technology. Figure 2 shows that the impact of adding 
a citation file results in 3.5 to 11 megabytes of 
secondary storage. Once again, this is well within 
current hard disk technologies. 

Large (8-in) floppy disks can now hold more than 
l megabyte of data (double sided, double density). 
Increases in floppy storage capacity are announced 
monthly. Hard disk drives are commonly available in 
5-, 10-, and 20-megabyte capacities. Moreover, sys
tems can be configured with several drives so that 
80 megabytes are commonly advertised. The cost of 
the drive is also becoming less and less of a fac
tor. At present there is extreme competition among 
drive manufacturers. Apple Computer, for example, 
which originally listed its 5-megabyte drive at 
$4000, has reduced the price to $2900, and knowl
edgeable commentators predict even further reduc
tion. Furthermore, hard disk technology is develop
ing at a fast pace: a 100-megabyte drive is 
currently in the experimental stage. Secondary 
storage is definitely adequate for the needs identi
fied here. 

Speed 

Machine Aspects 

Small computers can sometimes seem aggravatingly 
slow. Sorting of large files may take an unreason
ably long time on a microcomputer. This can be the 
case even when the computer has sufficient primary 
memory to accommodate the entire file internally. 
Are small computers too slow to be used for the 
analysis of local traffic records? 

Careful examination of the speed issue suggests 
that small computers are slow only in a relative 
sense--i.e., compared with their mainframe counter
parts. Moreover, the apparent lack of speed is of
ten traceable to factors other than the computer it
self. For example, the 6502 chip is a popular 8-bit 
microprocessor used in Apple, Atari, Commodore, and 
a variety of other microcomputers. The slowest 6502 
instruction executes in 7 µs with a 1-MHz clock 
<2• pp. 30, 31, and 87). By mainframe standards, 
this is not fast, but it permits the computer to 
perform an enormous amount of processing in the time 
that would normally be required for a mechanically 
based peripheral device to perform a task. Computer 
execution times are infinitesimal compared with disk 
drive access times and the time it takes printers to 
generate output. Because the computer must wait for 
the peripherals, programs that frequently access 
secondary devices indeed run slowly, but the fault 
is not with the computer. 

Other speed considerations relate to the soft
ware. Small-computer programming technique fre
quently leaves much to be desired. In-house soft
ware development often results in routines that are 
not optimized. The programs work, but not effi
ciently. 
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Recursive routines such as sorts can result in 
long processing delays if the routines are not care
fully selected. For example, a bubble sort is often 
used in software that is developed in-house. The 
bubble sort is notoriously slow in comparison with 
other sort techniques, such as a shell sort. 

For comparison purposes, 200 random numbers were 
generated and subjected to a bubble sort and a shell 
sort. These were run by using an interpreted BASIC 
language on an Apple microcomputer. By the crude 
measurement of a stopwatch, the bubble sort executed 
more than eight times slower than the shell sort. 
Programming technique, rather than the machine it
self, is often a major factor in the apparent lack 
of speed associated with small computers. 

The selection of a programming language is 
another software area that contributes to the appar
ent lack of speed of small computers. BASIC is 
probably the most widely used language in the micro 
field, but it is an interpreted language that re
quires the machine to translate each instruction at 
every step of the program. In a loop, some incred
ible inefficiencies are encountered. Every instruc
tion in the loop must be retranslated at every loop 
cycle. The time consumed in interpreting program 
instructions can be enormous in terms of both rela
tive and real time. A routine that uses nested 
loops to count from 255 down to zero 255 times will 
execute in machine language in 329 ms (_~). The same 
logic written in Applesoft BASIC takes approximately 
2 min, 32.3 s to execute based on stopwatch timing. 

The bottom line is that lack of speed is usually 
not so much a limitation of the computer as a limi
tation imposed by peripherals and by the software 
typically associated with small computers. On both 
fronts, much is being done to resolve the problems. 
Several software houses now market compilers for 
BASIC. Compiled BASIC runs 3 to 10 times faster 
than interpreted BASIC if the claims of software 
vendors are taken at face value. In addition, popu
lar brands of microcomputers are often supported by 
various applications programs and utilities that 
make use of efficient machine language routines. 

The problem of peripheral performance time has 
been approached in several ways. Printer speeds 
have increased, and logic-seeking print heads are 
more widely available. Print buffers now permit 
computers to pass relatively large quantities of 
output to the printer and then get on with their 
computational tasks without having to wait for the 
printer to do its job. There has been even more 
progress with secondary storage access. Win
chester-type hard disk drives, now commonly avail
able at affordable prices, operate much faster than 
drives for floppies. Data transfer speed has been 
substantially increased. Bubble memory in the form 
of cards, called semi-disks, disk emulators, or a 
variety of other names, has become available. Be
cause bubble memory is nonvolatile, these cards 
store data in much the same way as a disk, but they 
have eliminated the mechanical aspects of storage 
access. Access is done at electronic speeds. 

Cost and Turnaround Aspects 

If one were to ask why speed is important, the reply 
would probably involve two major concerns: (a) com
puter time costs money and (b) the results are 
needed as soon as possible. Each of these is impor
tant when one considers using small computers in 
lieu of, or as a supplement to, mainfra~es. 

The cost of computing (as opposed to the cost of 
computers) is low with the small computer. The 
machine costs are relatively minimal for the small 
computer in comparison with the mainframe (cost is 
discussed further later in this paper) . As a re-
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sult, small-computer use generally does not involve 
an amortization and maintenance fee. The mainframe 
represents a major capital investment and mainte
nance cost, which is often passed on to the user on 
a time-in-use basis. Thus, whereas speed is often 
cost to the mainframe user, it is not to the user of 
the small computer. However, it should be recog
nized that, in some government accounting systems, 
an agency may not bear any cost of computing on a 
central mainframe system. In such cases, not only 
is speed not an issue but the capital cost of a 
small computer in that agency's budget would become 
an extra burden. 

Another side of the speed-is-cost issue is the 
personnel time that may be required. The small com
puter, if significantly slower than the mainframe, 
is also usually much closer at hand. Thus, although 
a technician or professional may be running a pro
gram that takes a significant amount of time, the 
machine can usually crank along on its own while the 
user does other tasks nearby. 

Another issue is the speed that the user experi
ences. This is often termed turnaround time--that 
is, the time required from the moment a question i s 
formally asked to the moment of delivery of the data 
needed to answer the question. Although this does 
not apply to regularly scheduled computer reports, 
it does have application to frequent, unscheduled 
needs. This has been a problem in government en
vironments where central data processing groups are 
understaffed and computing facilities are used by 
many different agencies, and levels, of the local 
government. In that context, the safety analyses 
desired are often of low priority and thus response 
is not quickly forthcoming. Time-share systems have 
helped overcome this to a certain extent. However, 
in comparing the small computer with the mainframe, 
a l though c entral processing speeds may not be com
parable, turnaround times may be1 in fact, the small 
computer may be superior in some cases. 

Output Devices 

The mainframe computer can generate reports on a 
cathode ray tube (CRT or television screen) and on 
paper. It can produce graphs of all sorts, includ
ing bar charts and pie charts. It can even create a 
collision diagram for an intersection, and all at a 
level of sophistication that is camera-ready - for re
port reproduction. Is it possible that these report 
generative features discourage the use of small com
puters? In general, the answer must be no. Small 
computers designed for general business and scien
tific use have the ability to drive the same output 
devices as the mainframes. Although the prices of 
such peripheral devices are high relative to the 
cost of the central processing unit, they are well 
within the reach of the budgets of small communities. 

Output devices for small computers include CRTs 
(with or without color), printers (of varying qual
ity), plotters (with or without multicolor output), 
modems (for data transmission), synthesized speech, 
and other audio formats. 

The key output devices applicable to traffic rec-
~==:: ::~/::t~=:: ~=e C~'!'e,. ~!'i~te~!!, :!.!!~ p!'='tt~!'~- ~~T 

units are especially important in running programs 
where user interaction is involved. It is often de
sirable to go through report design interactively 
for a particular problem. This can be done on the 
machine by using the CRT as the user prompter. 
Monitors with a 10- or 12-in screen and white-on
green or white-on-black image can be purchased for 
less than $125 and are quite adequate for most ap
plications. Most small computers can be connected 
to standard television sets with an inexpensive 
device. 
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Figure 3. Example of small·computer 
and plotter output. 
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Printers represent a more substantial investment 
but are essential to obtain information in a form 
that can be easily disseminated. Small computers 
can drive a wide variety of printers. The most 
economical are the dot-matrix type. Some dot-matrix 
printers can be used to create graphics outputs as 
well as letters. The more sophisticated of these 
approach letter quality. True letter quality is 
achieved, however, by driving , an electric type
writer, which is slow, or a daisy-wheel printer, 
which can provide speed and selection of type 
fonts. Excellent dot-matrix printers are available 
for less than $10001 a good letter-quality printer 
will range in price from $3000 to $6000, and more 
expensive printers are also available. 

Plotters are also available for small computers. 
They provide better resolution and flexibility than 
printers with graphics capabilities and can be use
ful if a significant volume of output is desired in 
the form of maps, diagrams, and graphs. An example 
of a plotter-generated spot map is shown in Figure 
3. Plotters can produce report-quality graphics and 
can do it in multiple colors. They can be purchased 
for prices starting at $1500. 

Input Devices 

Input devices for small computers include keyboard, 
magnetic disks and tape cassettes, analog devices, 
modem (data transfer), paper tape, light pen (CRT), 
digitizer (graphics tablet) , capacitance-sensitive 
screen, punched cardreader, speech recognition de
vices, and mark-sense devices. 

The key input devices applicable to the traffic 
records systems include the keyboard and magnetic 
disks. Modem (telecommunication) units, analog de
vices, paper tape, digitizers, and light pens also 
have potential application. It is important to note 
that accident and citation records must be keyed in 
for the mainframe (whether through a card keypunch 
or direct entry) as well as for the small com
puter. The large computer appears to offer no par
ticular advantage with regard to input and output 
capabilities. 

Adeguacy of Software 

Most mainframe traffic records systems software has 
been developed by state and large-city data-process-
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ing units and their contractors. Some commercially 
developed systems have been applied in more than one 
context, but these systems are generally custom 
built. One major exception is the Accident Data and 
Analysis System (ADAAS) developed for NHTSA by the 
University of Michigan to be a general-service sys
tem for traffic accident records users (6). The 
ADAAS system is accessed via remote termin'il on an 
interactive, time-share basis. Several state, city, 
county, federal, and research accident data bases 
are currently on the system. Agencies are charged 
for the system on an as-used basis. 

The mainframe traffic records systems vary in ac
cessibility and user friendliness. Some, such as 
ADAAS, are end-user operated and oriented. Others 
are batch process only, using predefined and inflex
ible report formats. Some have exceptional graphics 
capabilities whereas others have none. 

Programming Languages 

Small computers are supported by most major program
ming languages, including FORTRAN, PASCAL, COBOL, 
and BASIC. There are perhaps more dialects of these 
languages than one finds in the mainframe arena. 
The unfortunate result of the proliferation of di
alects is that present software is not readily 
transferable from one machine to another. However, 
language standardization in the small-computer field 
has not been so out of control that the situation is 
hopeless. In addition, both hardware and software 
manufacturers are creating new means to achieve 
interchangeability of all types of software. 

Generic Software 

There are two general software areas that are of 
interest to local police and engineering safety 
planners: generic programs and special-application 
software. In the first category are included 
generalized data-base management routines and common 
statistical tests. These may be termed generic 
software in the sense that they have been developed 
to meet a variety of user needs. A generic data
base management program, for instance, can be used 
in a retail or manufacturing environment for inven
tory control. It can also be used in a mail-order 
business for customer records. It could be used by 
an engineering or police agency for maintaining 
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traffic records. Generic statistical packages do 
much the same thing with commonly used statistical 
tests: They permit the statistical analysis of a 
wide range of data that could reflect sales and 
marketing figures, survey responses, or traffic ac
cident experience . 

One of the valuable aspects of generic software 
is that most of the packages presume little tech
nical knowledge of computers on the part of the 
user. This is not to say that the programs are al
ways simple to run. (There are books written by 
third parties to help users learn some of the more 
popular generic packages.) Generic software pack
ages such as VISICALC and DB Master commonly sell 
from about $50 through $500. Although the applica
tion of some of these packages seems appropriate in 
the traffic records area, little has been done to 
test them. Furthermore, it should be remembered 
that, although these are general-applications pack
ages, once they are acquired they can be used for 
other purposes, such as administrative records. 

Special-Applications Software 

Special-applications software would be that designed 
specifically for traffic r ecords use. Although some 
of this can be developed by an agency's own data
processing peo.Pl e (in-house), ot.hers--both commer
cial and government--have developed spec ial applica
tions software that can be applied in more than one 
agency context. The deve l opment of p rograms in
house is an option that, e xcept for unus ual cir
cumstances, is usually not cost effective. Never
theless, some in-house program development is prob
ably inevitable once a small computer is installed 
on-site. The few agenc ies that have made use of 
small computers have already developed some home
grown appl ications sof tware. In some case s, local 
university students and f aculty have provided able 
assistance. For the most part, however, these pro
grams are developed for a specific use by an amateur 
programmer. Although they may be quite adequate for 
that user, in that context, the program design 
usually does not contain the error tr.apping, adapt
ability, and user friendliness desired for general 
use, nor is it normally documented adequately so 
that others may independently operate the package. 

Software specifically developed for small com
puters, to conduct traffic records analyses, is just 
beginning to become available commercially. These 
programs are limited primarily to acc ident records 
and street and co nt rol-device inve ntor ies. Little 
has been developed in the public domain. One excep
t ion is the City Accidents Rapid Evaluation (CARE) 
system deve loped by Auburn University for the state 
of Alabama <2• p. 43) • Th is s ys tem downl oads a 
city's accident records from the state tape to a 
hard disk, after special reformatting to reduce file 
size. The user is then presented with a choice of 
11 actions, including identification of high-acci
dent-rate locations, frequency distributions, and 
cross tabulations. The system has certain limita
tions, but it demonstrates the potential for appli
cation of a small computer in an interactive mode. 

Although the CARE system was developed ior u~~ uy 
cities in a particular state, it is being marketed 
commercially for general use. Other accident and 
citation analysis programs exist for small computers 
developed in-house. Those of which we are aware 
generally exhi bit the limi tations of i n- house-de
veloped software noted above . There is some promise 
of more generally usable packages, as exhibited by a 
recent report of a small-agency system now being 
tested (B, p. 102). The system consists of accident 
records,-citation records, street index , and office r 
badge files created in a hierarchical structure. 
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The prog ram al l ows the user t o s elec t among a number 
of predesigned reports i nvol ving general and loca
tion-specif ic acc i de n t and cit ation summa r i es as 
well as identification of h i gh-accident-rate loca
tions and officer activity summaries. The system is 
designed to accommodate app r oximately 1000 accidents 
and 3000 citations. Deve loped as pa.rt of university 
student course work, the system is being tested in a 
city with a population of 20 000. 

It is interesting to note tha·t, while this rela
tive paucity of development has occurred on the 
traffic records side, police crime records applica
tions and traffic engineering applications have been 
developing at a rap i d ra t e . The E>OSSE-- .system is a 
crime records ana l ys is sy s t em developed by the U.S. 
Depa r tment o f Jus tice for use by s mall departments 
on mi nicompute rs and microcomputers. I t was de
veloped to mee t t he g rowing demand by a· variety of 
local police agencies around the country. An even 
greater flurry of activity has occ urred in the 
transporta t i on planni ng and t r affic engineering 
areas of applicat ion f o r small compu t ers. A brief 
analysis of an UMTA status document (~) shows the 
extent of the development effort: 
No. of Items 

Topic Are a 
Transportation planning 

Data management 
Travel demand 
Design and evaluation 

Public transportation 
Planning and design 
Operations 

Transportation design and operations 
Data management 
Signal analyses 
Design 
Accident analyses 

Total 

Developed or 
in Process 

7 
10 

B 

11 
12 

7 
8 
l 
2 

66 

In sununary, it may be said that software avail
ability and design may represent past barriers to 
the use of the small computer in the traffic records 
area. Generic packages have not been tested in .this 
context. Applications software developed in-house 
is generally c ostly, and what is done is usually 
limi ted. Conune r cially developed, or public domain, 
packages exist but are of recent vintage and not 
widely tested. Although these may represent past 
barriers, the trend of the art is such that hence
forth there should b.e no hesitancy by an agency to 
venture into such an application. Key attributes 
that must, however, be built into the new software 
developments are end-user orientation and friendli
ness so that the package can be readily adapted for 
individual agency use and used by personnel for whom 
the computer is an unknown that is feared. 

The issue of cost is the one that initially uttracts 
attention to the small computer. In view of the 
fact that the small systems currently available can 

basic safety analyses to be conducted in a small 
community, the relatively low initial investment re
quired makes them attractive to agencies with no 
other readily available automation option. Table 2 
gives examples of two levels of systems that might 
be appropriate for this application. It demon
strates that such systems are well within the bud
gets of small agencies. 

Of course, there are costs other than those for 
the basic system. Space, materials, maintenance, 
and personnel costs are all involved. In general, 
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Table 2. Attributes of small computer systems for traffic records applications. 

Element 

Primary storage 
Secondary storage 
Printer 
Plotter 
Monitor 
Software• 

Lower Bound 

8 bit, 64K 
Two floppy disk drives 
Dot-matrix 

No color 
Utilities, data base, 

electronic worksheet 

$2500 

Upper Bound 

16 bit, 512K 
Hard disk, 20 megabytes 
Daisy wheel 
Multicolor 
Color 
Utilities, data base, 

electronic worksheet, 
word processor, statis· 
tical analysis, graphics 
generator 

$20 000 

aAs.wmu engineering applications software available in public domain. 
bAppro:idm.111t~. 

these costs are also considerably less than those 
for mainframe systems. The space required is no 
more than that needed for a normal enclosed worksta
tion . The price of the materials required is com
parable to that of many other types of electronic 
office equipment. Maintenance can be obtained on a 
contract basis, as with other office equipment, and 
at comparable fees. Personnel requirements are not 
nearly so demanding as for mainframe systems. Small 
computers and the related software are generally de
signed for an untrained end user. The personnel who 
maintain the system need not be data-pr ocessing pro
fessionals, but they do require some special train
ing, which is often available through dealers, local 
community colleges, or other adult education pro
grams. 

CONCLUSIONS 

The preceding discussion has demonstrated that hard
ware is not the issue in considering the use of 
small computers for operating a basic traffic rec
ords system in a small community. Certainly, there 
is a need for improved software that can be operated 
by personnel with no special training and can be 
adapted to meet a variety of needs. The costs as
sociated with the acquisition and operation of the 
small computer are well within the budget levels of 
small agencies, especially when the small system is 
to replace a ma inframe service for which the agency 
is bearing the costs . 

Data Quality 

There are, however, a number of other organizational 
and human-factors issues that, although a subject 
for another paper, one must consider. One of the 
key factors in achieving a useful system is the pro
vision of accurate data in the form, and at a time, 
that is appropriate to aid in making the decision 
for which it is needed. Consideration of this fac
tor points to the recurring problem of technology 
outpacing human capabilities in such areas as data 
input a nd dec isionma king . The quality a nd accuracy 
of acciden t data are below the qua lity and accuracy 
obta inable f r om the reporting s ys·tems . Thi s is ex
acerbated by the declining resources available to 
police agencies for data collect ion. Reduced report
ing levels , reduced tra ffic-law enforcement, train
ing, and general deemphasis on traffic-law enforce
ment due to community emphasis on crime control are 
a result. 

Another aspect of the data-quality issue is the 
manner in which the data are reported to end users. 
As in many other fields subject to the control of 
data-processing professionals, data are often re
ported in forms not readily understood , or used, by 
the decisionmakers and their technical advisors. Re-
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ports from such systems ha ve been highly inflex
ible. Systems are needed t hat produce reports de
signed to answer the questions at hand. Some of 
these may be recurring quest i ons , justifying 
regularly generated, standardized ou tput. But the 
unique request must be provided for in order to en
courage creativity among safety analysts by r emoving 
barriers to the accessing of information. So me of 
this is being achieved on mainframes, but apparently 
not enough. Consider the case of a large brokerage 
firm (large data files needed), as reported recently 
(10, p. 15): 

Three hundred employees at Merrill Lynch, Pierce, 
Fenner & Smith ••• have bought personal computers 
to help them in research work, analysis, adminis
tration and customer support. The company does 
not buy the personal computers for its employees, 
but when many of them started investing in their 
own equipment, it decided to help the process. 
One reason ••• why micros are so popular at Mer
rill Lynch as well as other companies is that 
centralized data-processing departments cannot 
satisfy all the needs of individual employees. 
When an executive devises a new, computerized way 
to manage a portfolio, he or she can try it out 
on a personal computer without running into de
lays that are often associated with centralized 
data-processing departments. 

Multiple Applications 

It may sometimes be difficult to justify the pur
chase of a unit with a price tag in the $5000 to 
$20 000 range for a single dedicated purpose. The 
small computer, however, offers the option of mul
tiple uses within an agency. The generic software, 
noted above, offers the agency the potential of a 
sophisticated word processor and a aata-base manager 
for personnel a nd other applications, plus any spe
cial applications for which programs may be de
veloped. This flexibility may be an important fac
tor in considering this type of investment. 

Management Barriers 

Even if the feasibility question is not an issue, 
there may remain barriers within management to the 
use of the small computer. This may arise for 
several reasons, such as lack of willingness to deal 
with something not well understood, seeing the small 
computer as a toy (confusing the $300 Atari with the 
$5000 TRS 80), concern over the loss of control with 
decentralized computing, and resistance from the 
centralized computing facilit~, which may see this 
as a threat to its existence rather than a new op
portunity for service. 

Personal Barriers 

Although the programs for small computers are de
signed for the end user and attempt to be friendly, 
there exists the fact that a computer is involved, 
This is enough to discourage many people because the 
machine is associated with the mysterious black 
boxes of the past. The potential user often asso
ciates use of such a machine with highly mathe
matical, technical competence. Thus, even when such 
a person can be convinced to try the computer, it is 
approached with a fear of failure. When the small 
computer is applied to the traffic records function, 
the system should be developed to allow clerical 
operators to be employed and to allow for technical 
analysts within the agency to use the system. Thus , 
the ultimate acceptance of such a system may depend 
on overcoming these personal barriers. 
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Need for Management 

A recent article by one of the most respected mem
bers of the data-processing community (11) contained 
the following observations: 

The language and software for creating commercial 
DP [data processing] applications are really im
proving and will continue to do so. Nonpro
cedural languages and facilities now permit many 
applications t o be created without conventiona l 
p r og rnrnming a nd in some cases per-mit t hem t o be 
o reated by end users. The i mage Of a com
puterized corporation of t he near f ut ure wh i ch 
the r eade r s hou l d keep i n mind is one i n wh ich 
many people are creating and adjusting the elec
tronic procedures. They have user-friendly soft
ware that enables them to do this rapidly. Inex
pensive computers are spreading and there is a 
terminal on most desks. The challenge for both 
DP and corporate management is: How do you con
trol this environment? The most important aspect 
of control is coordinating the data used. If this 
is not done, there will be a Tower of Babel ef
fect. 

As the small computer becomes wide·ly used, its 
use, even more than the introduction of other elec
tronic office devices, can have a marked impact on 
personnel activities and office layout and organiza
tion. The effective implementation of these systems 
requires sound management. There are many pitfalls 
in implementing a small computer system ( 12) • The 
age of application of this new technology has just 
Degun but it will soon De in full bl oom. If the po
t e ntial is not recognized anq_ planned for, by inno
vat ive management with in an agenc y, 1ater pressur e s 
for its installation will make the transition much 
more difficult. The process should be begun now. 
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Evaluating and Planning HOV Lane Enforcement 

JOHN W. Bl LLHEIMER, JULIET McNALL Y, AND ROBERT TREXLER 

The different high-occupancy-vehicle (HOVI strategies introduced on California 
freeways in recent years have Included riuorved ramps, preferential lanes, and 
bypau lanes at metered ramps. Several factors have frustrated efforts to on· 
force the traffic laws mat accompany these strategies; these include personnel 
limitations, enforcement priorities, public hostility, confusion, and physical 
constraints imposed by the geometry and engineering features of specific proj
ects. As a consequence, violations have increased on certain types of HOV 
lanes. A summary is presented of the results of a two-year study designed to 
measure and evaluate 1fle effect of different enforcement options, engineering 
futuret, and educational programs on violation ra tes for various tronJpOrtotlon 
system mnnagement freeway 1trategies and trace tho resulting impact of these 
violation rates on safoty. freeway performanca, and public attitudes. During 
the •tudy, statistics woro as.sembled on viol at.ion rates, enforcement levols, and 
operating performnnce on Callfomla HOV lanes; drivers were surveyed; special 
design features wore Investigated; and d lfferen1 levels nnd c:ombinationt of 
routino and special enforcermnt actlvlties were tested on a variety of HOV 
lanes. Violation rates were measured before, during, and after the assignment 
of Highwny Patrol officers to enforce specific HOV lanes and metered frcow:iy 
mmps, accident levels wore recorded boforo and after the in•tallation of HOV 

lanes, the benefits and costs of HOV lane enforcement were analyzed, and the 
results of the analysis were used in recommending a program of future enforce
ment for California HOV lanes. 

Adequate control of violation rates on preferential 
high-occupancy- vehicle (HOV) faci lities r equ i res an 
effective mi xture of enforcement, engineer i ng des ign 
changes, and public education. Although past oper
ating exper i ence has g i ve n t he Califor ni a Department 
of Trans por tation (Calt.rans ) and the California 
Highway Patrol (CHP) a numbe r of ins ights regarding 
the potential effectiveness of different enforcement 
strategies, engineering changes, and education pro
grams, this experience has not been documented with 
the quantitative precision necessary to identify the 
appropriate levels and mixture of these factors 
needed to obtain adequate motorist compliance. 




