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Potential of the Bicycle as a Substitute for 
Other Modes of Transportation 
WERNER BROG AND ERHARD ERL 

Without a doubt, the bicycle is the most ecologically acceptable mode of trans­
portation. Nonetheless, for a long time, it had been almost ignored in transpor­
tation planning. Only very recently has this changed. However, some uncer­
tainty still exists concerning the extent to which the bicycle can substitute for 
other modes of transportation in urban areas. This question is investigated by 
first observing the development of transportation in recent years in selected 
areas of the Federal Republic of Germany, in which use of the bicycle has been 
on the increase. This makes it possible to identify those changes in modal 
choice that have brought about this increase in the use of bicycles. The changes 
in modal split in favor of bicycles reflect individual reorientations that have led 
to substitution processes. Further potential of the bicycle as a substitute for 
other modes of transportation will depend on policymaking. Social scientific 
behavioral studies based on the concept of the situational approach make it 
possible to give reliable estimates of the order of magnitude of change to be 
expected and to predict the extent to which bicycles can become a substitute 
for private motor vehicles. 

Since the 1950s, an increasing trend toward motor­
ization has been observed in the Federal Republic of 
Germany. The use of private motor vehicles reached 
its peak in the mid-1970s. Use of nonmotorized 
modes of transportation was considered to be incon­
sequential, especially by transport planners, whose 
ideal it was to design cities suited to the needs of 
motorists. 

Thus, it is not surprising that the first federal 
German survey on travel behavior (KONTIV) <.!.l, in 
order to record all movements from one place to an­
other place ( including walking trips and trips made 
by bicycle), relied on methodological arguments and 
not arguments that had to do with content (2). 

With regard to bicycle use, the results of the 
study were interesting for two reasons: 

1. Bicycles were used to make 10 percent (.:!) of 
the total number of trips; thus, bicycle use turned 
out to be much more important than transport plan­
ners had generally assumed; 

2. A number of arguments that had been used to 
determine whether the bicycle was a serious mode of 
transportation (e.g., a mode to be used only in good 
weather or by youngsters) were proved to be false. 

These insights would not have had such a broad 
influence if car use had not been viewed with in­
creasing scepticism, primarily due to the energy 
crisis and increasing awareness of the need to pro­
tect the environment, which had caused people to 
think more of the bicycle. This started a trend of 
increasing bicycle use in the Federal Republic of 
Germa·ny, a trend that could be noticed "with the 
naked eye" (j) • 

These trends 
easily tempt us 
evaluations, for 

suggest new questions, which 
to propose premature answers 

instance, the following: 

may 
and 

l. Is cycling a passing fad or is it an indica­
tion of a change in the behavior pattern? 

2. Was one mode actually used to substitute for 
another mode or did changes occur only in such ex­
ternal factors as sociodemographic structures? 

3. Is there a further potential for change to 
bicycle use? 

Depending on 
these questions 
Since the list 

their attitude, people may answer 
differently--and often prematurely. 

of such questions, and of possible 

answers, can be extended indefinitely, it is espe­
cially difficult to design and implement policies 
intended to influence the use of bicycles. 

It is the goal of this paper to present some 
findings on the current increase in bicycle use and 
to study the extent to which the bicycle has poten­
tial as a substitute for other modes of transporta­
tion. 

CHANGES IN MODAL CHOICE 

The considerations in this section are based on 
time-series data similar to the data reported in the 
national KONTIV study referred to above. Since 
then, numerous regional surveys that used a compara­
ble design were performed in the early 1980s (?.). 
The results were based on independent, representa­
tive random samples. The samples were large enough 
to make it possible to at least identify basic 
trends. Data were corrected when differences in the 
methodology (weighting) were present. 

In order to show changes taking place as pre­
cisely as possible, an index was constructed, which 
starts from the 1980-1981 value as a base and per­
mits calculation of the corresponding value for 
1975-1976 (i) : 

Index of change= [(value for 1975-1976)/(comparable 
value for 1980-1981)] x 100. 

When the calculated index exceeds J,.00, the 197 5-
1976 value is greater than the 1980-1981 value, 
which implies a retrogressive tendency; if it is 
less than 100, this value shows an ascending trend. 

Transportation planners in the 1960s and 1970s 
frequently referred to increasing mobility because 
mobility was ( incorrectly) equated with the use of 
motorized modes of transportation. However, when 
all possible ways of getting from one place to an­
other are considered, there was never a very large 
increase in mobility (7,8) but only a change from 
the use of nonmotor ized-modes to motorized modes of 
transportation. In the communities discussed in 
this paper for which figures are available, mobility 
increased very slightly, as one might expect. Most 
increases in mobility were caused by the fact that 
those who were mobile increased the average number 
of trips they made by making complicated trip chains 
that resulted from a combination of various activi­
ties (see Table l). 

CHANGES IN MODE CHOICE 

Modal split varied considerably in the different 
communities studied. In particular, the percentage 
of cyclists fluctuated radically, although topo­
graphical drawbacks to cycling were an important 
factor in only one instc1nce. One should also note 
that the nonmotorized modes seem to strike a kind of 
balance with each other . Thus, changes in behavior 
are relatively insignificant when one analyzes the 
extended modal split. However, even here, certain 
trends can be observed (Table 2). Use of private 
motor vehicles decreased with only three exceptions; 
use of public transportation increased in urban 
areas (when the public transportation supply had 
noticeably improved) and decreased in smaller com-
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Table 1. Mobility. Index of Change 

Hannover0 

Variable Detmold Rosenheim Landshut Offenburg Region City 

Out-of-house share 100 100 100 100 100 99 
Trips per mobile person 98 98 98 97 100 98 
Trips per person 98 99 98 98 100 97 

3 These Figures are not available for the other survey in a German metropolitan area. 

Table 2. Modal split and mode choice. 

Index of Change 

Hannover Large German City" 

Item Dctmold Rosenheim Landshut Offen burg Region City Region City 

Extended modal split: 
Nonmotorized mode 68 117 91 107 100 86 101 100 
Motorized individual mode 117 83 112 91 106 135 100 108 
Public transportation 171 87 108 131 85 80 97 85 

Mode choice: 
Walk 82 180 135 134 117 94 102 103 
Bicycle 41 50 45 73 81 68 99 63 
Motorized one-axle vehicle 30 26 39 19 100 120 72 44 
Car 

Driver 133 85 125 103 103 136 104 116 
Passenger 75 93 95 82 119 132 93 91 

Public transportation 171 87 108 131 85 80 97 85 

3 Survey results of a large Germon city. Since these results have not yet been published, the city remains anonymous. 

munities beyond the range of the population cen­
ters. The use of nonmotor ized modes of travel de­
veloped erratically. 

The differences disappear if one considers all 
the modes usually used (Table 2) . One can observe 
that bicycle use is increasing in all the areas 
studied, although at different rates. However, 
sometimes the increase in cycling occurs solely at 
the cost of pedestrian travel. This shows that one 
should view the increase in bicycle use, which is so 
frequently noted with joy, somewhat sceptically. 
only rarely can one assume that a noteworthy change 
from motorized modes to cycling took place. Quite 
frequently, on the other hand, the bicycle is now 
used for trips that were previously made on foot. 
Nonetheless, this gets people used to riding bicy­
cles, which might ultimately increase the potential 
for further, more effective changes in behavior. 

When studying the changes in modal choice, one 
should not rorget to take the initial situation into 
consideration. As Figure 1 shows, the bicycle share 
in 1975-1976 was above average in the four areas 
studied. In Offenburg and the region of Hannover, 
where the bicycle share in 1975-1976 was particu­
larly high, the increase in the number of trips made 
by bicycle is less than in areas in which the bicy­
cle share was smaller to begin with, One exception 
here is Hannover. Hannover shows a relatively small 
inc rease i n t he use o f b i cycles, although the share 
of cyclists in 1975-1976 was not particularly high. 

It is possible to theorize that the bicycle fad 
progresses according to certain generally valid 
principles, i.e., independent of specific regional 
differences ( communal "cycling climate," bicycle in­
frastructure, degree of motorization, topography, 
etc.), and that changes occur at different rates. 
This could mean that a development that took place 
in the region of Hannover and Offenburg in 1975-1976 
took place at a later time in Rosenheim and Land­
shut. This would imply that the two latter cities 
will be able to maintain their existing very high 

bicycle share only with very great effort, although 
an increase in the bicycle share still seems to be 
possible in Detmold. In other words, bicycle plan­
ning should not only aim at increasing the percent­
age of trips made by bicycle but also try to sta­
bilize those trips now made by bicycle. 

Changes in modal choice also depend on local con­
ditions. Thus, general behavioral trends do not al­
ways apply in specific areas. Since it is impossi­
ble to deal with the different areas studied here in 
depth, given the limitations of this paper, the var­
iance in different communities will be shown by us­
ing the example of bicycle use according to differ­
ent age groups. (We have figures for four different 
communities here.) Table 3 shows that the bicycle 
share according to age develops differently in dif­
ferent areas. In Offenburg, for example, younger 
persons, and in Detmold older persons, made rela­
tively fewer trips by bicycle than they did in 
1975. All in 1111, one can say that the increases 
for younger persons have been less than average, and 
indices showing changes for the middle age groups 
( 30-49 years of age) more or less reflect the gen­
eral trend. 

INTRAPERSONAL CHANGES IN MODAL CHOICE 

The changes depicted above were based on the results 
of samples obtained at two different times. In or­
der to attain further qualitative insights into the 
trends taking place, explorative in-depth interviews 
were done in the two cities of Detmold and Rosen­
heim. These were two of the cities included in the 
project city for cyclists (~). A sample of 50 
households and 100 persons was selected for these 
explorative in-depth interviews. A special ques­
tionnaire was designed to deal with this difficult 
empirical task. The questionnaire included external 
factors such as neighborhood, place of work, and 
status as well as mode choice related to trip pur­
pose; the average week was used as a basis. If 
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Figure 1. Development of bicycle traffic. 

Table 3. Bicycle use by age. 
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Index of Change of Bicycl e Share" 

% 

25 

20 

Age Group Detrnold Rosenheim Landshut 

J0-17 52 69 61 
18-2 9 8 65 40 
30-49 43 57 47 
50-64 44 28 31 
65+ 11 7 37 55 
All ages 41 50 45 

a !·'or the large cities these qualifications are no t available, 

Det­
mold 

Rosen· 
heim 

Offenburg 

104 
70 
72 
52 
24 
73 

changes in the behavior pattern occurred, reasons 
causing these changes were studied. 

Changed travel behavior is rarely the result of 
external factors. With the exception of those who 
move to a new neighborhood, only 5 percent of the 
respondents or less were affected by changing exter­
nal conditions. About 40 percent of the respondents 
moved within the period of observation; more than 
half of these moved to a new community. Al though 
moves with in the same community do not usually af­
fect modal choice, it is different when people move 
to new communities. Since moves to new communities 
are usually accompanied by major changes in living 
conditions, changes in the entire personal activity 
pattern frequently occur. Other factors dealing 
with the social environment turned out to be rela­
tively insignificant in a quantitative way. A major 
determining factor in modal choice is the availabil­
ity of certain modes of transportation. In this 
paper, cars and bicycles are of central interest; 
o ther modes will not be dealt with further here. 

Among the populations studied, the number of cars 
increased by 26 percent, whereas the number of bicy­
cles increased by 55 percent between 1975 and 1981. 
Increased car ownership led to a greater percentage 
of households that had access to cars; in Rosenheim 
especially, the percentage of households with two 
cars and more doubled. The increase in bicycle own­
ership had a similar but more pronounced effect. 

Increases in bicycle ownership correlated posi­
tively with the increased use of bicycles. This was 
not so for cars. The increase in car ownership 
(which was less than the increase in bicycle owner­
ship) is paired with opposite trends in car use. 
Although the proportional increase in car ownership 
was similar in both areas studied, there was a no­
ticeable decrease in car use in Detmold and a slight 

Lands­
hut 

Offen­
burg 

Han­
nover 
region 

c::Je1cYCLE SHARE 1980/81 

B:Sl}BICYCLE SHARE 1975n6 

Han­
nover •J 
city 

AVERAGE PERCENTAGE OF 
TRIPS MADE BY BICYCLE 
IN 1976 IN GERMANY 

*) The other large 
German city was 
not included here 
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increase in Rosenheim. One possible explanation for 
this is the fact that in the last seven years in 
Rosenheim, cars were increasingly purchased by 
households that did not own a car previously. For 
the time being, we conclude that the availability of 
different vehicles is more closely related to 
changes in traffic patterns than to the external 
factors that had been considered first. 

Most of the respondents in both areas perceive 
the changes in the general traffic situation to be 
the result of a general increase in the volume of 
traffic. As a second characteristic, however, we 
mention the increase in bicycle use. The differ­
ences in the two areas are interesting here. Al­
though the rate of increase is comparable in both 
areas, this phenomenon is more noticeable in Rosen­
heim than in Detmold. 

This is perhaps due to the fact that the percent­
age of persons who use bicycles to travel is no­
ticeably higher in Rosenheim and can therefore not 
be overlooked. A considerable number of respondents 
also claimed that it had become more dangerous to 
use bicycles. This is probably related to the fact 
that many respondents also observed that compared 
with seven years ago, car drivers have become less 
considerate. However, certain differences can be 
observed between Detmold and Rosenheim. The com­
plaint that drivers are less considerate is one that 
can be heard more frequently in Rosenheim, where the 
volume of car traffic has actually increased, than 
in Detmold. However, the increasing danger of using 
bicycles in Detmold is emphasized somewhat more than 
in Rosenheim. Perhaps this shows that cyclists per­
ceive danger as being inversely related to the pro­
portion of bicycles in the total traffic volume, 
which is, as has been mentioned, higher in Rosenheim. 

In a self-evaluation of changes in their personal 
choice of travel modes, more than half the respon­
dents in each area claimed that nothing had 
changed. In both of the areas studied, 27 percent 
of the target persons claimed to use bicycles more 
frequently; this contributes to the fact that the 
share of bicycles in relation to the total traffic 
volume has doubled. A further noteworthy peculiar­
ity, however, is that 4 percent of the respondents 
made fewer trips by bicycle than seven years ago. 
This can be explained by the fact that older persons 
use bicycles less, for safety reasons. The most 
striking fact here, however, is that 15 percent of 
the respondents in Detmold and 21 percent in Rosen­
heim claim to use their cars less. In Detmold, this 
agrees with the reduction in the car share, whereas 
in Rosenheim, one can assume that the increase in 
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car use is due to new car ownership by those who 
previously did not own their own cars. 

There are many different reasons why changes in 
modal choice occur. In both towns, an increase in 
bicycle use is attributed primarily to cost con­
sciousness and ecological awareness. In Detmold, 
health reasons were frequently quoted, and in Rosen­
heim, one frequently hears that the increase in 
traffic volume has resulted in parking problems but 
also that persons are using bicycles more than pre­
viously because they simply enjoy riding bicycles. 
The most important reason mentioned in Detmold for 
increasing car use is comfort, whereas this does not 
s eem to play a role in Rosenheim. Reduced use of 
cars is generally a result of financial considera­
tions, but this might also result from substitutions 
of walking trips or simply from not making c ertain 
trips at all. 

Those pe rsons who mnn e fewer trips by bicycle 
than they used to claimed that it has become in­
creasingly dangerous to use bicycles. Although this 
is sometimes simply related to the fact that older 
per sons fee 1 less safe using bicycles, it shows an 
aspect of bicycle use that could be relevant for 
planning. This brings us back to external reasons 
for not using bicycles. These external factors may 
also play a minor role in subjective reas ons for 
c hanging modal choice . 

To summarize the results of these explorative in­
terviews, at least for the respondents (and we feel 
that these results can be generalized), the follow­
ing statements can be made, 

1. An increase in the number of trips made by 
uL~y~le 1~ the result of a substitution process; 

2. Increased use of bicycles reflects individu­
als' changes in behavior as the result of motivated 
reorientations; 

3. An attractive bicycle infrastructure is not 
cited as being the reason for using bicycles; 

4. Some persons show a tendency to use bicycles 
less frequently; this fact is easily hidden by the 
general increase in the use of bicycles; adequate 
planning of bicycle paths could serve to be a sta­
bilizing influence here; 

5. The fact that it is "in" to ride bicycles 
plays a certain role in influencing behavior; and 

6. External factors, which take a macroscopic 
view of travel behavior, play only a minor role in 
behavioral changes. 

It is important to emphasize the fact here that 
the greatest percentage of trips made by bicycle is 
to be found among younger persons; i.e., as the age 
struclure or the population changes, this will be 
reflected in the number of trips made by bicycle. 
In the Federal Republic of Germany, this means that 
the drastic reduction in the birth rate in the 1970s 
will eventually be reflected in a considerably 
smaller contribution to bicycle use by the members 
of the bicycle-oriented younger generation. 

BICYCLE AS SUBSTITUTE FOR OTHER MODES 

It is generally agreed that the use of bicycles has 
considerably increased in recent years in the Fed­
eral Republic of Germany. Although this partly re­
flects permanent changes in behavior as regards 
modal choice, it is also partly the result of a cur­
rently friendly climate toward bicycle use. If one 
wishes to influence modal choice in favor of bicycle 
use, these findings mean that the current situation 
is favorable but that existing behavior patterns are 
deceptive. In other words, considerable planning is 
needed if the currently positive climate is to be 
used to influence long-range changes in behavior. 
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It has already been shown elsewhere that besides 
those who have already changed to bicycle use, there 
is still a sufficient potential to be considered and 
a variety of integrated measures will be needed in 
o rder to attain this potential (10). 

It has also been shown how much behavior varies 
if one views it on a local level. This variability 
characterizes not only the local traffic conditions 
but also the patterns of change or the ways in which 
they are influenced. This means, however, that only 
detailed knowledge of local traffic conditions gives 
one the prerequisites needed to plan effectively. 
The analysis of general behavior tendencies is in­
sufficie nt for such planning. On the contrary, the 
danger that the bicycle is used only as an alterna­
tive to walking trips or trips made with public 
transportation is great. 

Simultaneously, one should note here that not 
cml y noe ,; the traffic infrastructure serve to ful­
fill our traffic needs safely but it represents, in 
addition, a major element forming our environment, 
This b2comes c lea r if one considers persons net only 
as tr ipmakers but also as the people who actually 
live in the environment; i.e., a person lives in a 
neighborhood that has a given infrastructure. 

Since the early to mid-1970s, it has been found 
more and more important to better plan and design 
the areas in which we live. The most important fac­
tors here to improve the quality of life (11) are 

1. Less traffic-generated noise and air pollu­
tion, 

2. More green and recreational areas directly 
surrounding residential areas, 

3. More room to move about on safer streets, 
4. More consideration for disadvantaged groups 

(such as children, older persons, and the handi­
capped), 

5, Appropriate consideration of nonmotorized 
modes of transportation, and 

6. Rediscovery of streets as places of communi­
cation and living areas. 

These factors have become increasingly important 
as criteria in the evaluation of different neighbor­
hoods, but there has frequently been dissatisfaction 
with the degree to which these requirements have 
been fulfilled. On the other hand, as early as 
1976, it was felt that a satisfactory traffic situa­
tion had been more than fulfilled [Table 4 (12)). 

All these factors considered, one has to assume 
that there are other tendencies to reevaluate the 
use of private motor vehicles for daily travel than 
the definite trend to use bicycles more. 

Table 4. Evaluation of characteristics pertaining to neighborhood in planning 
regions with url.oan slrucluru. 

Degree to 
lmpor- Content- Which 

Characteristic tance8 mentb Fulfilled 

Neighborhood, area surro unding residence 1.73 2.34 
Residence (cost , size, furnishings) 2.10 2.49 
Protection against pollution and noise 2.32 3.20 
caused by traffic 

Shopping possibilities in area 2.33 2.40 0 
Accessibility by 
Public transportation 3. 16 2.63 + 
Private motor vehicle 3.24 1.83 ++ 

~The scale reaches from 1.00 = most important to 6.00 = leasl fm portnnt ( N = 2455). 
The scale reaches from t. 00 = very contented to 6.00 = very dle.co n Ct:1t1 lt,.d (N = 2455). 



Transportation Research Record 909 

Table 5 . Possible increase in use of bi­
cycles. 

Dimension Measure 

None 

Acceptance Index (Al)" 

Per Dimension 
When Isolated 
Measures Used 

In Pro-Bicycle 
Community Climates 
per Measure in Other 
Dimensions 

In Pro-Bicycle Community 
Climates and Realistic 
Perception of Bicycle Use 
for Development of 
Bicycle Infrastructure 

5 

Current trend 
Subjective willingness 
Perception of bicycle 

Community climate 
Public relations work 

1.03 
1.20 
1.19 1.50 

1.36 

I.SI 

use 
Perception of route Infrastructure plan- 1.17 

1.26 

1.66 
ning 

Constraints Transporting bag­
gage, weather pro­
tection 

Objective option Bicycle rental 1.15 1.41 

nAl : 1.00 = current bicycle share remains same ; 2.00 = current bicycle share doubled. 

Table 6. Possible reduction in use of 
private motor vehicles. 

Dimension Measure 

None 

Reduction Index (RI)" 

Per Dimension 
When Isolated 
Measures Used 

0.99 

In Pro-Bicycle 
Community Climates 
per Measure in Other 
Dimensions 

In Pro-Bicycle Community 
Climates and Realistic 
Perception of Bicycle Use 
for Development of 
Bicycle Infrastructure 

Current trend 
Subjective willingness 
Perception of bicycle 

Community climate 0.98 
Public relations work 0.96 0.91 

use 
Perception of route Infrastructure plan- 0.97 0 .95 0.89 

ning 
Constraints Transporting bag- 0.93 0.90 

gage, weather 
protection 

Objective option Bicycle rental 0.98 0.95 

3 Rl: 1. 00 = current share of private motor vehicles remains same; O. SO = current share of private mo tor vehicles reduced by one-half. 

POTENTIAL OF BICYCLE AS SUBSTITUTE FOR TRIPS WITH 
PRIVATE MOTOR VEHICLES 

To summarize these insights, one can say that al­
though we have become more aware of the environment, 
other external conditions also appear to influence 
modal choice in favor of bicycles. A study must be 
done of the conditions under which those persons 
currently using private motor vehicles would be 
willing to use and would actually use bicycles. 

Due to the limits of most research methods (which 
has already been explained elsewhere) (.!],), it is 
relatively difficult to do such a study. However, 
the situational approach, which has been tested fre­
quently in recent years (14), is very promising when 
used together with the ;;-w empirical survey tech­
niques (15). This method is currently being used to 
study th-;- general ,potential that exists for switch­
ing to bicycle use (16) (without taking specific 
private motor vehicles into consideration); the re­
sults are available for those who are interested 
(10). 

In this study, the different factors (so-called 
dimensions) that influence modal choice were differ­
entiated. It is possible to influence these dimen­
sions by implementing certain types of policies. 
The dimensions are shown below: 

Dimension 
Objective option of using 

bicycle 
Constraints against using 

bicycle or requiring use 
of specific mode 

Description 
Bicycle available, trip 

< 15 km 
Baggage transport 

needed, weather condi­
tions, health reasons, 
car needed at work 

Dimension 
Perception of route 

Perception of bicycle use 

Subjective willingness 

Description 
No bicycle paths, too 

many hills, dangerous 
intersections 

Too slow, too tiring, 
clothes get dirty 

Personally willing to 
use bicycle mode 

To influence these dimensions, the following mea­
sures were considered: 

1. Objective option: influence basic availabil­
ity of bicycles (e.g., make it possible to rent bi­
cycles), 

2. constraints: only constraints pertaining to 
the bicycle itself (baggage transport needed, 
weather conditions) are referred to here, since 
other constraints (e.g., passengers, car needed at 
work, complex trip chains) cannot be dealt with by 
the measures discussed in this paper, 

3. Route: improve the bicycle infrastructure, 
4. Bicycle use: do public relations work geared 

at clarifying misconceptions and incorrect percep­
tions, and 

5. Subjective willingness : increase the number 
of persons willing to change to use of bicycle by 
creating a climate of opinion in the community fa­
vorably disposed to bicycles. 

A so-called "acceptance index" was used to better 
describe the probable behavioral changes. This in­
dex indicated the extent to which current bicycle 
use could be increased maximally if measures per­
taining to the different dimensions were to be im-
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plemented, An index of 1. 00 means that the current 
bicycle share remains the· same, whereas an index of· 
2. 00 means that the share of persons using bicycles 
doubled. This shows tha-t if the bicycle infrastruc­
ture is improved but nothing else is done to en-· 
courage cycling, only relatively few persons can be 
expected to switch to bicycle use. However, if an 
integrated group of measures is used in which ef­
forts are made to influence subjective areas, one 
can expect a considerablle increase in the use of bi­
cycles (Table 5). 

If one wishes to determine the extent to· which 
the increase in bicycle use is the result of persons 
who switch to bicycles from private motor vehicles, 
and thus the degree to which the use of private 
motor vehicles has declined, not only must one make 
a special evaluation of persons changing from one 
mode to another mode according to the type of trans­
portation used, but one also needs another indica­
tion of the results. We have decided to use a re­
duction index per dimension and measure, which is 
similar t o t he acceptance index. A reduction index 
of 1.00 indicates that the use of private motor ve­
hicles would stay the same if a certain policy were 
implemented, whereas a reduction index of 0.50 would 
indicate that it would be reduced by a maximum of 
0.5. 

The individual reduction indexes, which can be 
compared with those in Table 5, show that if bicycle 
use is encouraged by using the right policies, the 
use of private motor vehicles can be somewhat cur­
tailed (Table 6). However, one should not forget 
that in the communities studied (population of 
80 000 or less) in the Federal Republic of Germany, 
the percentage of trips made with private motoc ve­
hicles was 55 percent, or more than three times as 
high as the percentage of trips made by bicycle ( 16 
percent) . Therefore, a 1 percent reduction in the 
former results in a 3.5 percent increase in the lat­
ter. In order to reduce the number of trips made 
with private motor vehicles and to increase the num­
ber made by bicycle, it has been shown that measures 
dealing with both subjective attitudes (counteract­
ing prejudices and negative opinions) and technical 
problems ( transporting luggage and weather protec­
tion, etc.) play an important role, whereas (iso­
lated) measures to improve the infrastructure are 
much less effective. 

It should be emphasized that only the potential 
for changing to other modes has been studied here, 
If a person has started to use a bicycle and discov­
ered that the bicycle infrastructure is inadequate, 
it is very likely that he or she will revert to the 
use of the former mode. Thus, a good infrastructure 
does not create an increased demand tor bicycle u,;e 
but ensures that the persons dependent on this in­
frastructure will continue to use bicycles. Thus, 
if one wishes to encourage bicycle use, it is not 
enough to simply build bicycle paths. If no other 
measures are taken, only a small additional incen­
tive is created, especially to induce those persons 
who nuw u,;e motor vehicles to change to bicycles. 
However, it is precisely this latter group that is 
of greatest interest to transport planners . Inte­
grated groups of measures are needed in order to re­
inforce the currently positive trend to use bicycles. 
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Analysis of Insurance Claims to Determine Effects of 

1980 Bumpers on Crash Damage 
PAUL ABRAMSON AND MARK YEDLIN 

The effectiveness of the crash-protecting automobile bumpers required by the 
1980 version of the Federal Motor Vehicle Safety Standard, Part 581-Exterior 
Protection, Passenger Cars, was evaluated through an analysis of insurance 
claims filed with the State Farm Insurance Company. Data for the 1980 model 
year are compared with both 1972 and 1979 data to determine whether vehi· 
cles conforming to the 1980 version of the standard exhibit any significant 
changes in claim proportions or average claim cost for bumper-related incidents. 
The relationship of bumper type and bumper design to the two measures of 
effectiveness is also examined. Pairwise statistical comparisons were performed 
for the three model years by using hypothesis tests for differences in claim pro­
portions and differences between mean costs stratified by market class and im· 
pact point. Findings indicate that the 1980 data continue current trends in 
which the actual proportion of bumper-involved claims has been decreasing, 
whereas average claim costs adjusted for inflation have been increasing. 

In 1971, NHTSA issued Federal Motor Vehicle Safety 
Standard 215 (FMVSS-215) , Exterior Protection, Pas­
senger Cars, for the performance of automobile bump­
ers. The standards required bumpers to meet re­
quirements for the protection of safety-related 
parts in low-speed collisions starting with model 
year 1973 passenger cars. Over the years, various 
versions of the standards have been implemented with 
the intent to offer increased protection to the 
automobile and cost savings to consumers. Effective 
with 1979 model year passenger cars, Part 581 in­
corporated FMVSS-215 and added requirements for 
bumper protection of nonsafety items. 

Research ( 1) is described that extends the re­
sults of two - previous studies <.~, 11 that compared 
insurance-claim data on proportions and average cost 
of bumper-involved claims for automobile model year 
periods corresponding to various versions of FMVSS-
215. In those studies, prestandard period, 1972 
model year vehicles were compared with 1973, 1974-
1978, and 1979 model year vehicles to assess the im­
pact of the crash-protecting bumper standard. The 
latter model year periods corresponded to potenti­
ally significant changes in the standard. The gen­
eral requirements of each successive version of the 
bumper standards are listed below: 

Standard 
FMVSS-215 

FMVSS-215 

Part 581, 
incorpor­
ating 
FMVSS-
215 

Model 
Year 
1973 

1974-
1978 

1979 

Requirement 
5-mph front and 2.5-mph rear 

impact with barrier 
Limited damage to lamps and 
reflectorsr hood, trunk, and 
doors; fuel, cooling, and ex­
haust systems 

5-mph front and rear impacts 
with barrier and pendulum; 
3-mph corner impact with pen­
dulum 

Limited damage to same items 
as earlier test and propul­
sion, suspension, steering, 
and braking systems i pendulum 
test established bumper 
height between 16 and 20 in 

All of above 
Exterior surfaces shall not be 

damaged or have permanent de­
viations except for damage to 
bumper face bar and components 
and fasteners that attach bar 
to chassis frame 

Standard 
As above 

Model 

~ 
1980 

Requirement 
All of 1973-1978 requirements 

and exterior surfaces shall 
not be damaged or have perm­
anent deviations except for 
face bars, which can have no 
permanent deviation greater 
than 3/4 in from its original 
contour relative to vehicle 
frame and no permanent sur­
face deviation greater than 
3/8 in from original contour 
on areas of contact with test 
devices 

In this study, 1980 model year data were compared 
with 1972 and 1979 data to determine whether the 
1980 period exhibits any significant changes in 
claim proportions or average cost of these claims 
for bumper-related incidents. The primary emphasis 
of this work was on the changes observed between the 
1979 and 1980 model year data. 

The study also examined the relationship of bump­
er type and bumper design as reflected by the data 
of different manufacturers on the two measures of 
effectiveness. This was done to detect any differ­
ences in the proportion of bumper claims and their 
average cost that may exist between bumpers of dif­
ferent materials and designs. This analysis could 
thereby identify prefer red bumper materials and de­
sign from a cost-effectiveness point of view. As 
with the previous studies, State Farm insurance­
claim data obtained from their claim service centers 
constituted the data base for this study. 

EXPERIMENTAL DESIGN 

The analysis of 1972, 1979, and 1980 bumper claim 
data obtained from the State Farm Insurance Company 
was organized into two experiments. In experiment 
l, all claims involving one-year-old vehicles, where 
bumpers were either repaired or replaced, were 
stratified by market class and by impact point. The 
proportion of property-damage claims involving the 
bumper and the average repair cost of these claims 
were the measures of effectiveness used to compare 
three model-year periods statistically. The pair­
wise comparisons were 1972 versus 1979 model year, 
1972 versus 1980 model year, and 1979 versus 1980 
model year. They were made by using the hypothesis 
tests for the difference between proportions and for 
the difference between means. Each comparison was 
stratified into four vehicle classes--compact, sub­
compact, intermediate, and full-size vehicles--and 
two impact points--front and rear. The vehicle 
classes were defined by the following criteria: 

Market Class 
Subcompact 
Compact 
Intermediate 
Full size 

Wheelbase (WBJ (in) 
we< 101 
101-< we < 111 
111 < we < 120 
WB > 120 

Results of these comparisons were summarized to 
identify the existence of significant trends that 
may be attributable to the influence of the bumper 
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Table 1. Analysis of bumper-related 
insurance claims for one-year-old 
vehicles by model year. 

Percentage of All Claims by Impact 
Point 

Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Total Bumper Avg, All 
Market Class Model Year Front Rear Related Front Rear Bumper Related 

771 556 689 
925b 620 812b 

Subcompact 1972 37 23 60 
1979 26" 15" 41 8 

1980 21° 12° 33° 1141d 730b 996d 

894 599 782 
1145b 785b 1008b 

Compact 1972 35 21 56 
1979 23" 148 37• 
1980 21• 15• 36" 1128b 706 957b 

Intermediate 1972 33 20 53 819 620 744 
907 689 800 

1078b 758 962d 
1979 22 21 428 

1980 268 14° 408 

Full size 1972 31 21 53 840 652 764 
1979 25 21 45• 1010 686 862 
1980 23" 22 45 1638 1038 1348d 

All sizes 1972 34 21 55 830 611 746 
1979 24" 168 408 1001b 690 877b 
1980 22" 13" 35< 1146b 741 994J 

:Red~c tlon In clalmt rohi tive to 19 7'2 11 :dgnifh:r:t n1 ot S pc.m:anl lc.l'..::I. 
Co!I I lnci1t1111&G rtrlali'lt!I 10 1972 b. Slfl:nlntmnt ,tU s ptirccnr h:ivicl . 

~Fur1h or rr:id uction hchve.1111 1,111 and l 980 f~ •lgnllican11u S JlOTct.m l level, 
Furth1u lnCl t(l'rtlc bot'\vtfJ1, 1979 aniJ 1118 0 l:1 a.hi; nln~11 nl at 5 pt'! IC",(!l\ t level. 

Table 2. Sample sizes for analysis in 
Claims by Market Class 

Table 1. 

Total No. of Subcompact Compact Intermediate Full Size 
Claims in State 

Year Farm Data Base Bumper 

1972 8275 1039 
1979 3368 615 
1~80 4631 8'J::! 

standards in 1979 and 1980. The main thrust of the 
analysis was to determine whether there were signif­
icant differences in observed claim experience be­
tween the 1979 and 1980 data. 

Experiment 2 consisted of two parts. In the 
first, the proportion of property-damage claims and 
average cost of these claims were analyzed by bumper 
type. Three types--steel, aluminum, and hybrid-­
were compared. The pairwise model year comparisons 
were made only for compact and subcompact market 
classes due to the lack of data for intermediate or 
full-size market classes. 

In the second part of the experiment, an analysis 
by bumper manufacturer (General Motors, Ford, Chrys­
ler) was made. Both proportion and cost data were 
evaluated. 

The two parts of experiment 2 were intended to 
ascertain whether differences in bumper design or 
material affect the proportion or average cost of 
bumper-involved claims. Summaries of these results 
are presented and interpreted. 

Experiment 1 

Experiment 1 examined all claims involving one-year­
old vehicles where bumpers were repaired or replaced 
to determine whether there were significant differ­
ences in the proportion of property-damage claims 
and average cost of these claims between model years. 

Methodology 

For the proportion analysis, the number of front and 
rear bumper claims was aggregated for each market 
size class and for each model year period. The pro­
portion of these claims relative to the total of all 
property-damage claims for that market class was 

Total Bumper Total Bumper Total Bumper Total 

1722 967 1734 1171 2218 1375 2601 
1492 433 1165 226 532 81 179 
2?30 486 1341 169 423 62 U7 

computed for each model year. No totaled vehicles 
were in the State Farm data, although both collision 
and liability claims were included. For each of the 
time-period comparisons--1972 versus 1979, 1972 ver­
sus 1980, and 1979 versus 1980--the hypothesis test 
for differences in proportions was computed for each 
combination of market class and impact point. These 
comparisons are shown in Table 1. 

Table 1 also displays the cost analysis, in which 
the average cost of the claims in each combination 
of market class and impact point was computed for 
each of the three model year periods. For each 
model year comparison, the differences between these 
average costs· were statistically tested by using the 
hypothesis test for the difference between means at 
the 5 percent level of significance. 

The sample sizes available for this experiment 
are given in Table 2. 

Proportion-Analysis Summary 

As can been seen in Table 1, the 1979 model year 
period exhibits significant reductions in the pro­
portion of bumper-involved claims for each market 
class when compared with 1972. These reductions are 
largely due to reductions in the proportion of 
front-impact claims. The market-class differences 
in proportions range from about 8 percent for full­
size vehicles to 19 percent for subcompacts. For 
the overall mix of vehicles, the 1979 model year 
proportion of bumper claims is 40 percent as com­
pared with 55 percent for the 1972 period--a dif­
ference of 15 percent. In the 1979-1980 comparison, 
few proportions are significantly reduced within 
each market class, subcompact cars excepted7 how­
ever, the proportion of all bumper claims was re­
duced from 40 to 35 percent. This decrease of 5 
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percent is statistically significant. Thus, in the 
1979 to 1980 model years, a further decrease in the 
proportion of bumper-involved claims occurred for 
the total vehicle mix, primarily due to further sig­
nificant decreases for subcompact vehicles. 

Cost-Analysis Summary 

Cost comparisons can be summarized from Table l by 
noting that from 1972 to 1979, average claim costs 
for bumper claims increased for all vehicle classes 
and impact points1 statistically significant in­
creases occurred particularly in the case of subcom­
pacts and compacts. Between 1979 and 1980, all 
market classes with the exception of compact vehi­
cles showed statistically significant increases. 
Average repair costs for compacts appear to decrease 
between 1979 and 1980. However, this reducton is 
not statistically significant. 

It should be noted that the total sample sizes 
for 1979 and 1980 are about one-half of the 1972 
sample. However, with the possible exception of 
full-size vehicles, these sample sizes are adequate 
for inferential purposes for this experiment. 

Experiment 2 

Experiment 2 was divided into two parts: 

1. Analysis 
hybr i d1 and 

2. Analysis 
Motors, Chrysler, 

of bumper types--steel, aluminum, 

by bumper manufacturer--General 
Ford. 

9 

Although both proportion and average cost compar­
isons were made in each analysis, the available data 
created special restrictions and limitations in each 
case. The specific constraints and conditions for 
each study will be treated separately. 

Part l: Analysis of Bumper Types 

The bumper types compared were steel, aluminum, and 
hybrid. Since no data were available for intermedi­
ate or full-size market classes, the analysis was 
restricted to subcompact (Table 3) and compact 
(Table 4) market classes. Furthermore, there were 
no aluminum or hybrid bumpers for the 1972 model 
year data. The three model year compar isons--197 2 
versus 1979, 1972 versus 1980, and 1979 versus 
1980--are presented for each of the two market clas­
ses. However, comparisons with 1972 involve only 
steel bumpers. The following sample sizes were 
available for the bumper-type analysis: 

Claims bi Bum~r Tt!;!e 
Steel Al uminum H:z'.brid 

Model Year Bumeer Total Bumeer Total Bumeer Total 
1972 2027 3506 
1979 844 1986 82 210 87 390 
1980 1176 3286 86 229 118 561 

The analysis was intended to determine whether 
either of the measures of effectiveness is a func­
tion of bumper type. Hypothesis tests for the dif­
ferences between proportions and means were applied 
as in experiment l. 

Table 3. Analysis of bumper-related 
insurance claims for one-year~ld sub­
compacts by bumper type. 

Percentage of All Claims by Impact 
Point 

Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Table 4. Analysis of bumper-related 
insurance claims for one-year-old com­
pacts by bumper type. 

Total Bumper 
Bumper Type Model Year Front Rear Related 

Steel 1972 37 23 60 
1979 268 168 42• 
1980 22c 12c 34c 

Aluminum 1972 NA NA NA 
1979 31 10 41 
1980 15" 17 32 

Hybrid 1972 NA NA NA 
1979 13 7 21 
1980 12 10 22 

No10, NA a no dCl11l 6YbU!iblc. 

:ned1.1cliou ln clahn.!i propor tion re-111.Uve to 1972 Is :dgnina1n t tlll s 1>orccnt level. 
c CofJt increase rclati'io 10 J 971 \J'1i11,nlncan1 111 S percent lovol. 
dFur1hor reduc t ion b"til\\"Clijn 1919·1nd 1980 lJ :1igniOic1n1 111 5 paccinl l.:Y~11. 

I-\1rthrr lncreast bctWC!.en 1919 and I 9SO lJ.signmcant 1t-t 5 pCrC"ont la.vet 

Percentage of All Claims by Impact 
Point 

Total Bumper 
Bumper Type Model Year Front Rear Related 

Steel 1972 34 21 55 
1979 278 15• 428 

1980 2s• 15• 408 

Aluminum 1972 NA NA NA 
1979 19 17 36 
1980 22 25 47 

Hybrid 1972 NA NA NA 
1979 14 9 23 
1980 II 9 20 

Note: NA= no date. available. 

~ReducOon in clHlm1 proportion rtil111ive to 1972 is il11:nifia1u11 at s percent level. 
Cost incraue relative to 1972 is ,1lgnmcant at s perccmt lovcil. 

Avg,All 
Front Rear Bumper Related 

772 557 690 
931b 636 818b 
1149d 755b 1025d 

NA NA NA 
818 530 747 
884 624 748 

NA NA NA 
1189 423 914 
1273 633 989 

Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Avg, All 
Front Rear Bumper Related 

896 596 782 
1142b 832b 1029b 
1121h 740 975b 

NA NA NA 
1123 685 913 
1020 595 797 

NA NA NA 
1106 656 924 
1154 606 897 
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Proportion-Analysis Summary for Bumper Types 

Due primarily to inadequate data on aluminum and hy­
brid bumpers even for the 1979-1980 comparison, no 
significant findings relative to these types 
emerged. The overwhelming presence of steel bumpers 
leads to the conclusion that the observed reduction 
in the . proportion of bumper claims for subcompact 
and compact vehicles from 1972 to 1979 and from 1972 
to 1980 is due to reductions in claims involving 
steel bumpers. Similarly, the reduction in claims 
for subcompact vehicles from 1979 to 1980 is due to 
reductions in such claims. 

Cost-Analysis Summary for Bumper Types 

As in the proportion analysis, only data for steel 
bumpers were available for model year 1972. Results 
observed here arc oimilar to those seen in experi­
ment l. Between 1972 and 1979, the average repair 
costs for bumpers (adjusted for inflation) increased 
significantly for both subcompact and compact vehi­
cles. Between 1979 and 1980, further significant 
cost increases were observed for subcompact vehicles 
with steel bumpers, whereas costs for aluminum and 
hybrid systems remained relatively unchanged. 

Agai,n, compact vehicles appeared to experience a 
reduction in average repair costs between 1979 and 
1980, although this reduction is not significant. 
As seen in Table 4, this exper iment indicates that 
the cost reduction from 1979 to 1980 is noticeable 
for eac h of t he three bumper types. 

In the comparison of bumper types, aluminurn sys­
tems on average appear to involve t he lowest average 
repair costs regardless of the model year and appli­
cable version of the standard. Hybrid systems are 
second lowest, and steel systems are consistently 
the most expensive to repair. When specific impact 
points are examined, these rankings do fluctuate. 

Part 2: Analysis by Bumper Manufacturer 

General Motors (GM), Ford, and Chrysler were the 
three manufacturers analyzed to determine whether 
any significantly different experiences in bumper 
claim proportions or average costs exist as a func­
tion of the manufacturer. This was intended to 
serve as a surrogate measure for bumper design and 
therefore as a means for isolating a design that may 
exhibit enhanced performance relative to the stated 
measures of effectiveness. 

Within each pairwise model year comparison, for 
both proportions and average cost, each manufacturer 
was analyzed separately. The number of claims by 
manufacturer available for this analysis was as fol­
lows: 

Year 
1972 
1979 
1980 

Claims by Manufacturer 
GM .F~o.r_d'--~~~ 
Bumper Total Bumper Total 
1878 3398 1464 2652 

629 1545 226 617 
678 1841 199 622 

Chrysler 
Bumper Total 

551 1155 
191 565 
107 324 

The model-year comparisons are shown in Tables 
5-7. These tables summarize the comparisons within 
manufacturer for GM, Ford, and Chrysler, respec­
tively. Very few comparisons are statistically sig­
nificant, however, in the hope of identifying de­
sign-related effects, some potentially interesting 
results are noted. 

Proportion-Analysis Summary by Bumper Manufacturer 

Between 1972 and 1979, each manufacturer's overall 
fleet of vehicles exhibited statistically signifi-
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cant reductions in bumper claim proportions. During 
this period, both GM and Ford showed statistically 
significant reductions in their subcompact and com­
pact classes. The two manufacturers differed in the 
performance of the larger classes. GM demonstrated 
a significant reduction in the proportion of bumper­
involved claims for its intermediate vehicles, 
whereas its full-size vehicles showed a slight in­
crease. On the other hand, Ford showed significant 
reductions for its full-size vehicles but a slight 
(not significant) decrease for its intermediate ve­
hicles. Chrysler samples sizes were too small to 
make any inferences on the basis of market class. 

From 1979 to 1980, both GM and Ford subcompacts 
exhibited further significant reductions in the pro­
portions of bumper-involved claims. In addition, 
claims tor rear collisions of GM intermediate vehi­
cles were also significantly reduced, which led to 
an overall reduction for the total GM fleet. 
Counter to this trend was the performance of the 
front bumpers of GM intermediate vehicles, which ex­
hibited a significant inc r ease between 1979 and 
1980. Chrysler showed no change between 1979 and 
1980. 

The results of these comparisons should be con­
sidered as recommendations for further investiga­
tion, since the 1979 sample sizes need to be en­
larged to permit definitive conclusions. However, 
one observation obtained from the 1979-1980 compari­
son is that of the t hree manufac tur ers, only GM ex­
hibited statistically significant reductions in 
bumper-claim proportions. This may reflect t hat t he 
corresponding bumper designs are responsible for the 
observed differences. 

Cost-Analysis Summary. by Bumper Manufacturer 

Between 1972 and 1979, average repair costs for both 
the GM and the Ford fleets adjusted for inflation 
increased $120 to the same figure of about $875. 
Undoubtedly, due to the sample sizes, the GM in­
crease was noted as significant, whereas Ford's was 
not. Although these increases were apparent in all 
market classes, increases for compacts were statis­
tically significant for both these two manufactur­
ers. During the same period, Chrysler showed over­
all increases of only $21. 

From 1979 to 1980, all manufacturers showed con­
tinued increases in average repair costs of $21, 
$63, and $115 for Ford, GM, and Chrysler, respec­
tively. However, none of these increases was found 
to be significant. In the case of Chrysler, this is 
likely to be due to the small sample size. The most 
notable increases over this period were for GM in­
termediate and full-size vehicles. 

STUDY RESULTS 

Experiment l analyzed the variations in bumper claim 
proportions and average costs for the model years 
1972, 1979, and 1980. The analysis sought to deter­
mine whether any significant changes have occurred 
in these two measures of effectiveness, particularly 
for the 1979-1980 time period, and thus to assess 
the effectiveness and impact of the current version 
of the bumper standard. The major conclusions were 
as follows: 

l. The proportion of bumper-involved claims for 
1979 for each market class has decreased signifi­
cantly when compared with that f.or 1972. 

2. The reduction in proportion noted from 1972 
to 1979 is largely due to reduction in the propor­
tion of front-impact claims. 

3. From 1979 to 1980, a further decrease in the 
proportion of bumper-involved claims occurred for 
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Table 5. Analysis of bumper-related 
insurance claims for one-year-old GM 
vehicles. 

Table 6. Analysis of bumper-related 
insurance claims for one-year-old Ford 
vehicles. 

Table 7 . Analysis of bumper-related 
insurance claims for one-year-old 
Chrysler vehicles. 

Percentage of All Claims by Impact 
Point 

Total Bumper 
Market Class Model Year Front Rear Related 

Subco mpact 1972 38 24 62 
1979 288 168 45• 
1980 248 138 36b 

Compact 1972 35 25 60 
1979 248 148 388 

1980 21• 158 35• 

Intermediate 1972 37 21 57 
1979 20• 22 428 

1980 28d 13b 41 8 

Full size 1972 27 23 50 
1979 29 23 52 
1980 19 26 45 

All sizes 1972 33 23 55 
1979 248 178 41 8 

1980 238 14b 37b 

~RcdtJC llnn In clrllmJ pro po.rliun , c.ls Uvc to L 9 72 Is ttignlncan l :11 S porcont level. 
f'urm.:ir tctl\l c lion born.ton 1979 Dnd 1980 ii .1it11iriC! an1 11 1 s peccent l evel. 

~Co,1 int-reuse rtilQlfve. to 191 2: h, .sl1nUlc:.11. n1 al :S percenl level, 

e~~:.a::: l~~:~~!l ::~~):.~1~~~:'11'~'".·;::: !l;i .• i!~:~a!ir•;:~~~~:. ~~;c:~arunt level. 

Percentage of All Claims by Impact 
Point 

Total Bumper 
Market Class Model Year Front Rear Related 

Subcompact 1972 35 23 58 
1979 20• 11• 31 • 
1980 13b 11• 248 

Compact 1972 34 21 55 
1979 23• 15 388 

# 1980 22• 16 383 

Intermediate 1972 28 21 50 
1979 28 18 46 
1980 NA NA NA 

Full size 1972 38 19 57 
1979 22• 18 398 

1980 29 17 46 
All sizes 1972 34 21 55 

1979 228 148 37• 
1980 18" 148 328 

Note: NA = insufficient data available. 

~Redu ction In cl1dm propo rl ion rel ia tivo to 1972 ls s l, nlfic: 111n at 5 pert ~n l level. 
Fur ther rotlucllon be h'l'CICJft 1979 and 1980 ls signl.nca.nt a t s percent lc\lol. 

cCot.f Increase n11Allvo to 1972 is sigr110t::mt nt s percent levd. 

Percentage of All Claims by Impact 
Point 

Total Bumper 
Market Class Model Year Front Rear Related 

Subcompact 1972 NA NA NA 
1979 22 7 29 
1980 17 14 31 

Compact 1972 NA NA NA 
1979 19 17 36 
1980 27 12 39 

Intermediate 1972 28 16 44 
1979 21• 19 39 
1980 17 21 38 

Full size 1972 NA NA NA 
1979 NA NA NA 
1980 NA NA NA 

All sizes 1972 31 17 48 
1979 21• 128 34• 
1980 19 14 33 

Note : NA = insufficient data available. 

a Reduction in clajm proportion relative to 1972 is significant at S percent level. 
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Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Avg, All 
Front Rear Bumper Related 

771 681 737 
864 675 795 
93 3 703 853c 

891 625 782 
1016 789 937c 
1065 643 890c 

817 669 764 
868 749 805 

!!Ole 719 980• 

858 626 749 
931 649 804 

1993 J357c 1629° 
838 645 759 
954 749 874c 

1071 724 937c 

Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Avg, All 
Front Rear Bumper Related 

773 537 679 
844 520 730 
1217 601 944 
874 630 779 
1260c 773 1068c 
997 611 835 
832 594 730 
NA NA NA 
NA NA NA 
819 719 786 
1091 753 929 
1325 401 983 
827 639 756 
1031 639 876 
1104 619 897 

Avg Repair Costs at IO Percent Inflation 
Rate by Impact Point ($1980) 

Avg, All 
Front Rear Bumper Related 

NA NA NA 
NA NA NA 
NA NA NA 
914 537 792 
1231 470 868 
1172 915 1094 
823 499 707 
887 582 741 
1097 741 897 

NA NA NA 
NA NA NA 
NA NA NA 
871 525 749 
879 581 770 
1006 725 885 
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the total mix of vehicle market classes, primarily 
due to further significant decreases for subcompact 
vehicles. 

4. Average claim costs, adjusted for inflation, 
for bumper claims increased for all vehicle classes 
and all impact points from 1972 to 1979; the signif­
icant increases occurred particularly for subcom­
pacts and compacts. 

5. From 1979 to 1980, significant increases in 
average costs occurred for all market classes except 
compact vehicles, which showed a slight reduction in 
average repair costs. 

Thus, the proportion of bumper claims has de­
creased from 1979 to 1980; however, average costs 
increased for the total vehicle mix. This is a con­
tinuation of the pattern found in the earlier years 
of the standard. However, the decrease in costs for 
compacts is a departure from the earlier pattern. 

In the first part of experiment 2, bumper types 
were compared to determine whether steel, aluminum, 
or hybrid bumpers exhibit different performance 
characteristics as measured by the proportions and 
average cost of bumper claims. The major results 
were the following: 

1. No significant differences in proportion of 
bumper claims emerged for aluminum and hybrid types; 

2, Most of the reductions in the proportion of 
bumper claims involved steel bumpers, due to their 
predominance in the sample; 

3. On average, claims involving aluminum bumpers 
appear to involve lower average costs than do the 
other types; and 

4. Bumper type does not appear to be as signifi­
cant as vehicle class in its relation to average 
cost. 

The second part of experiment 2 compared the 
bumper manufacturers--GM, Ford, and Chrysler. Major 
results are listed below: 

1, Between 1979 and 1980, GM was the only one of 
the three manufacturers studied to indicate an over­
all significant decrease in claim proportions; and 

2. Between 1979 and 1980, none of the manufac­
turers showed any significant overall change in 
average repair costs. 

CONCLUSIONS 

It is intended that this analysis be used to inter­
pret the effectiveness of the 1980 bumper stand­
ards. The two surrogate measures of effectiveness 
used in this evaluation, namely, claim proportion 
and average repair costs, yielded conflicting re­
sults . Although it was demonstrated that the actual 
proportion of bumper-involved claims was decreasing, 
average claim costs adjusted for inflation were 
steadily increasing. This raises several additional 
questions to illuminate the picture fully: 

l. What factors contributed to the increases in 
repair costs? 

2. Were any of these factors directly related to 
the bumper standards themselves and, if so, how? 

3. If it is found that factors outside the 
standards themselves were at work to increase costs, 
would average repair costs be even higher if the 
bumper standards were not in effect? 

4. Why do compacts run counter to the trend and 
show a dacrea&a in avaraga claim costs between 1979 
and 1980? 

5. Although claim proportions were more directly 
influenced by the bumper standards than were average 
claim costs, is it possible that the reductions in-
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dicated were part of some general trend independent 
of the bumper standard and evident in non-bumper­
related accidents? 

There are several possible explanations, which 
are recommended as avenues for further investigation: 

1. Significant automotive design changes have 
occurred since 1978, which include unitized bumpers 
and many other changes unrelated to bumpers, such as 
rectangular headlamps, front-drive McPherson-type 
suspensions, and the wider applications of plas­
tics. These changes may influence repair costs sig­
nificantly. 

2. In general, deductibles are not increased to 
match inflation; therefore, it is possible that the 
proportion of collision claims made with higher de­
ductible amounts has increased. This, or a change 
in the mix of policy claim type (liability and col-­
lisiun), would increase the cost ot the average 
claim without an actual increase in bumper repair 
costs. 

3. Since it was beyond the scope of this study 
to investigate non-bumper-related claims, it remains 
unknown whether the decrease in claim proportions 
attributed to the bumper standard is also evident in 
non-bumper-related claims. Because of the conflict­
ing results of this evaluation, this is an important 
area for further investigation. It is necessary to 
ascertain the extent to which claim-proportion re­
ductions are attributable to the standards them­
selves, independent of other factors. It is recom­
mended that the analysis procedure used in this 
study for claim proportions and costs be applied 
also to ncn~bumper=~elated claims. It would then be 
possible to compare results for both types of claims 
to provide the perspective needed to evaluate the 
influence of the bumper standards. Using non-bump­
er-related claims as an additional control group 
would be useful in understanding both the proportion 
and the average cost results. 

The State Farm Insurance Company suggested that 
the following conditions be understood in drawing 
conclusions from their data base: 

l. Damage estimates in the data base were taken 
in service centers that provided a disproportion­
ately metropolitan sample. 

2. A bumper-involved crash is defined by State 
Farm as one in which there is repair or replacement 
of the bumper face bar. Where a soft face is dam­
aged, without repair or replacement of the bumper 
face bar, this definition may or may not be appro­
priate, depending on the inference one is trying to 
draw. Changing designs since 1972, including the 
emergence of soft-face technology, greatly compli­
cate the problem of defining bumper involvement. 

3. Observed insurance claim frequencies vary 
from year to year and are affected by many other 
factors besides the bumper standard. These other 
factors include the weather, the economy, price and 
availability of gasoline, condition of roads and 
highways, and changes in traffic laws and the qual­
ity of enforcement. For this reason, and also be­
cause it is impossible to define the group of cars 
that produced the claims in this data base, conclu­
sions about overall effect on insurance costs would 
have to rely on estimated changes in claim frequency 
determined inferentially from changes in the distri­
bution of bumper-involved and non-bumper-involved 
claims. This is made more difficult by the change 
in designs, as explained above. 

4. To the extent that improved bumpers perform 
their function of eliminating relatively low-cost 
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claims, the rema1n1ng claims are, on the average, 
larger. This basic point is necessary to an under­
standing of these data. 
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Acceleration Characteristics of Late-Model Automobiles 
DAVIDSON RITCHIE HEARNE AND J. EDWIN CLARK 

In response to federal mandates and consumer demand for more fuel-efficient 
automobiles, the American automobile Industry is currently producing 
markedly smaller and lighter automobiles than it was 10 years ago. As fuel 
prices rise, one can only anticipate that this trend will continue. Many of the 
changes made in the newer automobiles to promote fuel economy adversely 
affect acceleration capability. Therefore, this study was conducted to examine 
acceleration characteristics and determine the extent to which the accelera­
tion capability of passenger vehicles has deteriorated over the past decade. 
Data were collected from automotive reports in popular magazines for two 
acceleration maneuvers. The first maneuver, the time required to accelerate 
from 45 to 65 mph, increased an average of 18 percent between 1971 and 
1979. The second maneuver, the acceleration time required for a speed change 
from Oto 60 mph, increased an average of 22 percent between 1971 and 1979. 
The results of the acceleration-data analysis were used to investigate design 
criteria involving vehicular acceleration rates. In all cases the current automo­
biles were found to accelerate more quickly than those used when the original 
acceleration tests were performed in the 1930s. Although there has been some 
deteriora~ion in acceleration capability over the past decade, it has not oc­
curred to the point where the design criteria exceed the current capability and 
thus pose a safety hazard. 

Over the past decade the average American automobile 
has changed significantly in response to oil embar­
goes and the rising cost of gasoline. In 1970 a 
typi cal standard-sized car weighed 4000 lb and was 
probably powered by a V-B engine with a displacement 
of at least 350 in'. In 1980 the average American 
car weighed some 3300 lb and was probably equipped 
with a six-cylinder engine that had less than 250 
in' of displacement. Hence, a marked trend has 
evolved in which new automobiles have become smaller 
and lighter from year to year. 

The predominant reasons for the current automo­
tive trend are the federal mandates and consumer de­
mand for improved fuel economy. One step taken in 
achieving these aims has been to use more fuel­
efficient components in the drive train of the auto­
mobile, such as smaller-displacement engines and 
higher rear-axle ratios. Although such components 
are superior foi: fuel economy, they are generally 
not better in terms of vehicle acceleration and per­
formance. Other considerations, such as reducing 
weight and improving aerodynamics, can be said to 
enhance both fuel economy and performance. . There­
fore, there is considerable question whether the 

acceleration capabilities of cars manufactured today 
are on a par with those of a decade ago. 

The tests conducted to determine the acceleration 
capabilities of passenger vehicles were performed in 
the 1930s and 1940s. Design criteria derived from 
these tests appear in A Policy on Geometric Design 
of Rural Highways (1), hereafter referred to as the 
AASHO Blue Book. Naturally, many improvements in 
automotive technology followed during the postwar 
period, such as the automatic transmission and the 
high-compression V-8 engine. The design criteria 
derived from the early tests remained applicable 
during the 1950s and 1960s, with an added safety 
factor. However, in light of recent changes that 
are detrimental to automotive performance, it seems 
appropriate to also investigate applicable design 
criteria and assess their relevance to present-day 
automobile performance. 

PURPOSE AND OBJECTIVES 

The primary purpose of this study was to examine 
vehicle acceleration characteristics and determine 
whether there has been a significant change in the 
acceleration capabilities of passenger vehicles over 
the past decade. Factors that affect the accelera­
tion rates will also be discussed. The objectives 
of this study were to analyze design criteria in­
volving vehicular acceleration rates recommended in 
the AASHO Blue Book and evaluate their relevance to 
current passenger-car performance trends. 

METHOD OF STUDY 

The test data for this study were obtained from pop­
ular magazines that regularly report automotive test 
data. Data extracted from these magazines include 
acceleration times from O to 60 mph and from 45 to 
65 mph, rated engine horsepower, and curb weight. 

The data obtained are used to analyze trends in 
automobile acceleration characteristics over the 
past decade. One measure of performance is the 
ability of a vehicle to perform a certain passing 
maneuver that was initially described in the liter-
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ature <.~-1) during the 1950s and 1960s. Another 
measure of performance analyzed is the trend in 
weight-to-horsepower ratio during the past decade 
and its significant relationship with the accelera­
tion capability for the vehicle. 

By using the current test data, comparisons are 
made wit,h design criteria in the AASHO Blue Book 
that involve vehicular acceleration rates. The 
three design areas analyzed were (a) passing sight 
distance, (b) lengths of acceleration lanes, and (c) 
sight distance at intersections. 

ANALYSIS OF ACCELERATION CHARACTERISTICS 

Vehicle characteristics of significant importance in 
highway design include acceleration, fuel economy, 
braking deceleration, and physical dimensions. This 
study is concerned only with the acceleration char­
acter is tics of passenger vehicles, namely, the ca­
pacity to accelerate between a range of speeds that 
would likely be found in certain maneuvers involved 
in typical traffic operations. 

Many variables affect the acceleration character­
istics of an automobile. Malliaris, Hsia, and Gould 
(_§.) stated that the most appropriate parameter used 
to estimate acceleration capabilities was the horse­
power-to-weight ratio. The test data used in this 
study were obtained from popular magazines, each of 
which has its own test control criteria and report­
ing standards. Therefore, considerable effort was 
made to select data that were believed to be reli­
able and representative of the particular model 
being tested. Special-production automobiles and 
cars equipped with high-performance engines were not 
included in the test data for this study. 

Data Collection 

The trend toward smaller vehicles with lighter curb 
weights and lower-powered engines raises the ques­
tion of whether or not modern automobiles accelerate 
as well as cars manufactured a decade ago. To 
analyze this question, vehicle acceleration data 
from popular magazines (Consumer Reports, Motor 
Trend, and Car and Driver) were recorded for se­
lected model years during the past decade. Using 
data reported in these automotive tests has several 
advantages. One of these is that all cars were 
tested when they were new. This procedure elimi­
nates any decline in acceleration capability that 
may develop as an automobile ages. A second advan­
tage is that a wide assortment of models are tested 
and reported in the magazines during any particular 
model year. Therefore, it is possible to select a 
group of models that is a representative sample of 
all automobiles manufactured during that year. 

Acceleration times were recorded for automobile 
model years 1971, 1973, 1975, 1977, and 1979 for two 
maneuvers: ( a) acceleration from 45 to 65 mph and 
(b) acceleration from Oto 60 mph. The first maneu­
ver is typical of a change of speed involved in a 
highway passing maneuver and will be used to compute 
a full acceleration rate that is representative of 
speeds in this range. The second maneuver, acceler­
ation from O to 60 mph, is the most commonly re­
ported acceleration maneuver and is a measure of 
full acceleration through the range of gears in the 
transmission of the test vehicle. 

Weighting factors based on the relative sales 
volumes were developed for each model <2>· Instead 
of calculating the arithmetic mean of the accelera­
tion times achieved for a particular maneuver in 
various vehicles, the weighting factor is incorpo­
rated to more adequately represent the car popula­
tion for a model year. The weighting factor is nec­
essary because different vehicle models have widely 
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variable annual sales volumes. Therefore, the 
weighting factor permits popular vehicle models to 
be weighted more heavily in computing the accelera­
tion characteristics of the average new vehicle in 
the traffic stream during each model year. 

The weighting factor was obtained by dividing the 
fractional part of the sales of a particular model 
by the total domestic automobile sales for a given 
year. In many cases, test data were not available 
for all models produced during a certain year. The 
procedure adopted to adjust for this situation was 
that sales for any omitted model were added to a 
model for which test data were available. Such sub­
stitution practices were almost always limited to 
automobiles of the same size and produced by the 
same manufacturer. Many such automobiles, often 
referred to as corporate twins, are manufactured on 
the same assembly line and are virtually identical 
except for minor exterior differences. One example 
of such a pair is the subcompacts from the Chrysler 
Corporation, the Plymouth Horizon and the Dodge Omni. 

Horsepower ratings as claimed by the manufacturer 
were used for all calculations. Before 1972, the 
ratings reflect gross horsepower. Beginning with 
the model year 1972, the ratings are a measure of 
net horsepower. The test weight is the curb weight 
plus 300 lb to allow for an average on-board loading 
(weight of driver and fuel). These variables are 
used to calculate the weight-to-horsepower ratio, 
the magnitude of which is often used as a basis for 
estimating the acceleration capability of a vehi­
cle. Generally, as the weight-to-horsepower ratio 
increases, the acceleration capability decreases. 

Passing Distance 

One test performed during several model years and 
reported in the literature (2-5) provides informa­
tion on automobile acceleri'"tfon capabilities by 
determining the time and distance required to safely 
complete a passing maneuver. A typical passing 
maneuver is shown schematically in Figure 1. Car A 
passes car B on a two-lane highway and must return 
to the right lane before encountering oncoming car 
C. Three car lengths ( 60 ft) between cars A and B 
and 200 ft between cars A and C are assumed as min­
imum safe clearance distances. All cars are assumed 
to be traveling at 40 mph, and car A accelerates at 
its full rate while overtaking car B. 

An analysis of the ability of cars to perform 
this passing maneuver during the selected study 
years may reflect a trend in automobile acceleration 
characteristics. The value assumed for acceleration 
is the full rate from 45 to 65 mph that was obtained 
for each test vehicle. The weighted average times 
for all test vehicles of each model year under study 
are 

Year 
1971 
1973 
1975 
1977 
1979 

given below: 

Time (s) 
8.4 
9.4 
9.4 

10.1 
9.9 

Avg Acceleration 
Rate (fps 2 ) 

3.49 
3.12 
3.12 
2.90 
2.96 

The weighted average time ( ta> for any one year is 
calculated by the following equation: 

(!) 

where 

w weighting factor, 
t time required for acceleration maneuver, and 
n: number of test cars observed. 
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Figure 1. Schematic diagram of typical passing maneuver. 
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The passing distance (S) required for the maneu­
ver depicted in Figure 1 is computed by using the 
general dynamics formula for accelerated motion as 
follows: 

S= at2 + vit (2) 

where 

a rate of acceleration, 
t = time of accelerated motion, and 

Vi initial velocity. 

With reference to the dimensions in Figure 1, the 
following expressions can be obtained: 

D=SA +200+Sc 

where SA, SB, and Sc are the distances 
traveled by cars A, B, and c, respectively. 
tution of Equation 2 into Equations 3 and 4 
plification leads to the following formulas: 

at2 = 120 

D = 0.5at2 + 117.3t + 200 

(3) 

(4) 

in feet 
Substi­

and sim-

(5) 

(6) 

where a is the acceleration rate of car A in feet 
per second per second and tis the time for car A to 
overtake and gain 60 ft on car Bin seconds. 

With the acceleration rate (a) known, it is pos­
sible to solve directly for time (t) by using Equa­
tion 5. Substitution of these values into Equation 
6 will yield the total passing distance (DJ. The 
results of the computations performed to calculate 
the passing times and distances are presented 
below. (These values could be considered a little 
conservative, since in the passing maneuver the 
passing vehicle is initially traveling at 40 rather 
than 45 mph.) 

Pass,ing 
Year Time (s) .Distance (ft) 
1971 5.87 949 
1973 6.20 988 
1975 6.20 988 
1977 6.43 1015 
1979 6.36 1007 

The passing times and distances given above in­
creased somewhat for each consecutive test year 
until that trend was reversed in 1979. The largest 
difference between any two years occurred between 
1971 and 1973, with an increase from 949 to 988 ft. 

Stonex (_!) de.termined passing distances for auto­
mobiles during the 1950s. For the year 1952, a 
value of 944 ft was obtained, and for 1957, the 
value was 790 ft. These values are less than the 
values obtained in this study. This result may not 
be that surprising when it is recalled that the 
average of advertised horsepower reached a maximum 
in 1958 (_!!). Thus, the values obtained in this 
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study for the 1970s may result from a decline in 
performance, the use of conservative acceleration 
rates, or a combination .of these two factors; 

Acceleration Time from Oto 60 Mph 

Another test widely reported in automotive litera­
ture is the time to accelerate from O to 60 mph. 
This parameter is the most commonly reported perfor­
mance criterion because it is a measure of full ac­
celeration through the range of gears in the trans­
mission of the test vehicle. The time required for 
this maneuver was recorded for each test vehicle and 
then weighted based on volume of sales for each ve­
hicle for the selected model year. 

The average times as determined by this analysis 
are given below: 

Year Time (s) 
1971 12.7 
1973 14.1 
1975 14.8 
1977 15.5 
1979 15.5 

During the study period, it is readily apparent that 
the time required for this acceleration maneuver has 
increased more than 20 percent, whereas it remained 
unchanged between 1977 and 1979. 

It has been reported that the horsepower-to­
weight ratio of a particular vehicle is the simplest 
and most convenient means of relating a physical 
characteristic of the vehicle to its 0-to-60-mph 
acceleration time (6). The relationship between 
these two variables is inversely proportional; val­
ues for one variable increase as those for the other 
decrease, and vice versa. By inversion of the 
horsepower-to-weight ratio, a directly proportional 
relationship is made possible to compare the O-to-
60-mph acceleration time with the weight-to-horse­
power ratio. This procedure was followed in analyz­
ing the test data for selected model years because 
it is often more convenient to analyze a positive 
linear relationship than a negative one. 

By using simple linear regression, an analysis of 
0-to-60-mph acceleration time (ordinate) versus 
weight-to-horsepower ratio (abscissa) was performed 
for the years 1971, 1975, and 1979. The best-fit­
ting lines with these data appear in Figure 2. Val­
ues of the correlation coefficient (r) obtained were 
0.95, 0.92, and 0.71 for 1971, 1975, and 1979, re­
spectively. Corresponding values of the coefficient 
of determination (r 2 ) were 0.89, 0.85, and 0.50, 
respectively. One noticeable feature is that the 

Figure 2. Simple linear regression analysis of O-to-60.mph acceleration time 
versus weight-to-horsepower ratio. 
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line that represents 1971 is considerably removed 
from the1 1975 and 1979 lines. One possible explana­
tion for this occurrence is the definition of adver­
tised horsepower used in each case. Prior to 1972, 
advertised horsepower was described as gross horse­
power, or that which was developed by an engine 
without any load on it. Since 1972, horsepower rat­
ings have been a measure of net horsepower, or that 
which is developed by an engine under loadings im­
posed on it as installed in a vehicle. 

From Figure 2, one important observation noted is 
that the range of values in the independent and de­
pendent variables is not so great for 1979 as that 
for the two . earlier years. Therefore, there is a 
trend toward more uniformity in weight-to-horsepower 
ratios and acceleration times. This finding is in 
agreement with a study (.2,) conducted by Glauz, Har­
wood, and St. John, which concluded that the size 
aqd performance of future vehicles will be more 
homogeneous than those of present and past vehi­
cles. Another important observation to be made is 
that the weighted average of acceleration time in­
creased from 12.7 s in 1971 to 15.5 sin 1979. Ac­
cordingly, it is reasonable to conclude that auto­
motive performance deteriorated slightly during the 
1970s. 

EVALUATION OF DESIGN CRITERIA 

Many of the design criteria in the AASHO Blue Book 
are related to the physical dimensions and operating 
characteristics of motor vehicles. The acceleration 
capability of a vehicle must be considered in three 
particular areas of highway design: passing sight 
distance, length of acceleration lanes, and sight 
distance at intersections. 

Design calculations generally make use of normal 
rates of acceleration, or rates that would be typ­
ical of an average driver. Weinberg and Tharp (10) 
state that there is some level or narrow band of 
acceleration above which drivers will experience 
discomfort. Acceleration rates that exceed this 
level are of little or no importance in traffic 
operations because many drivers would be hesitant to 
accelerate so rapidly. Any design criteria to be 
based on acceleration rates should use the rate that 
the average driver perceives as a reasonable or typ­
ical value. 

For the purpose of this study, however, it is 
convenient to compare full rates of acceleration 
determined from previous tests to the values deter­
mined from current tests. One reason is that full 
acceleration rates are less susceptible to variation 
from driver to driver but more dependent on the ca­
pabilities of the particular test vehicle. Should 
current full rates reflect inferior vehicle perfor­
mance when compared with rates from the past, it is 
logical to conclude that a decline in automotive 
acceleration performance has occurred. Once the 
relationship between the full rates from the orig­
inal and current tests has been established, it is 
then appropriate to evaluate the relevance of the 
design values of the normal acceleration rates from 
the original tests to the present time. 

Passing Sigbt. Distance 

Passing sight distance on two-lane highways for de-
sign purposes is determined on the basis of the 
length necessary to complete a normal passing ma-
neuver safely, The passing driver must be able to 
see enough of the highway ahead so that the vehicle 
can pass and return to the right traffic lane before 
it encounters oncoming traffic. 

Four elements are considered in the determination 
of passing sight distance: initial maneuver dis-
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tance, distance traveled during occupation of the 
left lane, clearance length, and distance traveled 
by the opposing vehicle, 

The acceleration capability of the passing auto­
mobile is incorporated in the calculation of the 
first element of safe passing sight distance, the 
initial maneuver distance. This distance is 
traveled while a driver accelerates and encroaches 
on the left lane, From the AASHO Blue Book, the 
distance (d) traveled during the initial maneuver is 

d = l .47t(v - m + at/2) 

where 

(7) 

t time of initial maneuver (s), 
a average acceleration rate (mph/s), 
v average speed of passing vehicle (mph), and 
m difference in speed between passing vehicle 

and passed vehicle {mph), 

Field studies of vehicle passing practices were 
conducted by the Public Roads Administration from 
1938 to 1941 (11). Their results for vehicle ac­
celeration rate;-during the initial maneuver period, 
as presented in the AASHO Blue Book, are given below: 

seeed (m:eh) 
Item 30-40 40-50 50-60 60-70 
Avg passing speed (mph) 34.9 43.B 52.6 62.0 
Avg acceleration 1.40 1.43 1.47 1.50 

(rnph/s) 
Time t (S) 3.6 4.0 4,3 4.5 
Initial maneuver 145 215 290 370 

distanced (ft) 
Total passing sight 101,; 14i;n '11 5 238() 

distance (ft) 

As shown above, the distances traveled during the 
initial maneuver period are only about 15 percent of 
the total passing sight distances, which incorporate 
three additional elements. Nevertheless, accelera­
tion capability is important in ensuring that a 
vehicle achieves the average passing speed during 
its occupation of the left lane. The distance 
traveled during occupation of the left lane is the 
single largest element of the total passing sight 
distance and is calculated by assuming a constant 
average passing speed. Therefore, no acceleration 
rate is included. 

Comparison of the acceleration rates given above 
with full rates from 1937 (below) and those from the 
present should provide a measure of the adequacy of 
the design values. Full rates for 1937 are listed 
below: 

Speed (mehJ Diot.incc (ft) 
0-30 222 

30-40 226 
40-50 364 
50-60 575· 
60-70 908 

Full rates for the present for a typical 1979 auto­
mobile and data collected for a poorly performing 
1981 automobile whose acceleration capability was 
the poorest observed are given below: 

Poorly 
Performing 

Tieical 1979 Automobile 1981 Automobile 
Speed Time Rate Distance Time Rate 

~ {S) (mEh/s) (ft) (s) (mEh/s) 
0-30 ~ 6.82 97 5.8 5,17 
30-40 2.5 4.00 128 3.3 3.03 
40-50 3.7 2.70 244 4.4 2.27 
50-60 4.9 2.04 395 5.8 1, 72 
60-70 7.4 1.35 705 8.2 1.22 
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Figure 3. Normal and full acceleration rates for range of speeds. 
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Figure 4. Distances traveled during full acceleration for range of speeds for 
average 1979 automobile. 
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For example, maximum acceleration rates of 1.5 mph/ s 
could be exceeded up to a speed of approximately 52 
mph in the 1937 full-acceleration design test, as 
shown in Figure 3. However, a typical 1979 auto­
mobile could exceed this acceleration rate until 
around 64 mph and a poorly performing 1981 car ex­
ceeded the rate until reaching 60 mph. Conse­
quently, the ability of these automobiles to main­
tain a given acceleration rate at a higher speed 
when compared with those used in the original tests 
has introduced an added safety factor in the 
passing-sight-distance design values. 

Length of Acceleration Lane 

The length of an acceleration lane is based on sev­
eral related factors. These factors include the 
speed at which drivers enter the acceleration lane, 
the speed at which drivers merge into the main traf­
fic stream, and the distance required to accelerate 
between these two speeds. The distance is a func­
tion of the acceleration capability of the auto­
mobile and the extent to which its driver makes use 
of that capability. 

The recommended lengths of acceleration lanes 
were determined by using test data that were com­
piled by the Bureau o f Public Roads in 1937 (12). 
The data used for design purposes are normal accel­
eration rates since full acceleration rates are 
seldom used by drivers in any particular situation. 
Nevertheless, the adequacy of the design criteria 

17 

may be tested by comparing the distances traveled 
under full acceleration rates then and now. If 
recent acceleration lengths are shorter than those 
determined by using 1937 data, the conclusion may be 
reached that the distances traveled under normal 
acceleration would be adequate and contain an addi­
tional safety factor. However, should lengths based 
on current data be greater than the lengths used for 
design purposes, it would be necessary to consider 
adjustment of the design data. 

The distances traveled under full acceleration 
over a range of spe eds as determined by the Bureau 
of Public Roads (12) were shown above. 

Full acceleration distances for an average 1979 
automobile, based on collected data, are presented 
above and in Figure 4. 

If we compare data from the two previous tabula­
tions, it is evident that the average 1979 auto­
mobile accelerates to a particular speed in a much 
shorter distance than the average 1937 vehicle. For 
the speed change from O to 70 mph, the total dis­
tance is in fact about 32 percent shorter for the 
1979 automobile than for the 1937 vehicle. Since 
these data reflect a considerable relative improve­
ment in performance for the more recent automobile, 
it is reasonable to conclude that the distances 
under normal acceleration used for design purposes 
are sufficiently large~ 

Trucks and buses require longer distances to 
accelerate than do passenger cars. Pignataro (!l_, 
pp. 15-16) stated that the rate of acceleration for 
trucks is only 2-3 ft/ s 2 as compared with 6-9 
ft/ s 2 for passenger cars. Wright and Paquette 
(14, p. 64) give a typical full acceleration rate of 
1-:S ft/s 2 for tractor-trailer trucks between O and 
30 mph. Therefore, to base acceleration-lane 
lengths in most cases on the rates for trucks is 
inappropriate, because the lengths required would be 
inordinately great. Nevertheless, in places where 
there is a large percentage of truck traffic, it may 
be suitable to lengthen the acceleration lane as a 
traffic safety measure. 

Sight Distance at Intersections 

An important design criterion involving acceleration 
rates must be considered at intersections controlled 
by stop signs. The driver of a stopped vehicle must 
have sufficient sight distance along the through 
highway so that the driver is able to accelerate and 
clear the intersection before a vehicle on the 
through highway arrives at the intersection. The 
distance that must be traversed by the crossing ve­
hicle is the sum of the distance from the front of 
the stopped vehicle to the near edge of the pavement 
plus the width of the through highway plus the over­
a ll length of the crossing vehicle. 

The crossing time used in design calculations is 
the sum of the time required to accelerate across 
the intersection plus driver perception-reaction 
time. From the AASHO Blue Book, a perception­
reaction time of 2 s is assumed. The acceleration 
time varies with the individual driver and vehicle. 
However, under no circumstances should the time 
required to traverse the intersection under full 
vehicle acceleration be more than the time necessary 
for a vehicle to cover the minimum sight distance 
along the through highway. 

The tests used in the AASHO Blue Book involving 
vehicle acceleration rates were conducted by the 
Bureau of Public Roads in 1937. The time-distance 
relationships as determined in its tests for both 
normal and full acce leration (curves A and C) are 
presented in Figure 5. As shown here for a given 
distance, acceleration times are approximately 15 
percent shorter under full acceleration than under 
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Figure 5. Relationship between accelerated time and distance traveled during 
normal and full acceleration. 
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normal acceleration. As noted in the AASHO Blue 
Book, most drivers accelerate at a rate faster than 
normal, although few drivers operate at the maximum 
capability of their automobiles. Therefore, the 
relation used in design calculations (curve Bl in­
corporates a slightly higher acceleration rate than 
normal. Hence, the design curve lies between the 
normal and full acceleration curves. 

Curves representing full acceleration for a 
poorly performing 1981 model (curve D) and a typical 
1979 automobile (curve E) are also included in Fig­
ure 5. These curves were computed by using the test 
data from selected magazines and the general-dynam­
ics formula for accelerated motion (Equation 2). It 
is evident that acceleration times under full 
throttle for both of these models are shorter than 
those from the 1937 tests. Furthermore, accelera­
tion times are 33 percent shorter for the typical 
1979 automobile over a given distance than for the 
assumed design passenger vehicle. Even for the 
poorly performing 1981 model, acceleration times are 
approximately 23 percent shorter than for the design 
vehicle. 

Consequently, since the full acceleration capa­
bility is greater for a typical 1979 automobile and 
a poorly performing 1981 model than for the design 
vehicle, it follows that the assumed curve for the 
design passenger vehicle is appropriate. If either 
of the recent curves had shown inferior performance 
when compared with the 1937 full-acceleration curve, 
a further investigation and possible revision of the 
design curve would have been appropriate. 

Accordingly, it is not recommended that the curve 
be upgraded to reflect an acceleration rate that is 
faster than the one currently used for design. Be­
cause of their relatively poor acceleration capabil­
ities, single-unit and tractor-trailer trucks, which 
are part of almost any traffic stream, must also be 
considered. Ivey (15) stated that the percentage of 
trucks in the traffic stream is expected to increase 
from 17 percent in 1978 to 34 percent in 1990. 
Therefore, it would be inappropriate to institute an 
upgraded design curve that would not be consistent 
with the projected increase in trucks on the high­
ways. 

In summary, the existing AASHO design criteria 
involving acceleration rates were found to be ade­
quate for current design use. Although there has 
been some deterioration in automotive acceleration 
performance during the past decade, it has not oc­
curred to the extent that the design criteria exceed 
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current vehicle capability and thus pose a safety 
hazard. In fact, the AASHO design criteria remain 
adequate because they are based on data prior to the 
1950s, a period distinguished by significant ad­
vancements in automotive technology and vehicle per­
formance • 

SUMMARY AND CONCLUSIONS 

The primary purpose of this study was to determine 
whether the acceleration capability of passenger 
vehicles had changed significantly over the past 
decade. The objectives of this study were to ana­
lyze AASHO Blue Book design criteria that involved 
acceleration rates and evaluate their relevance to 
current performance trends. 

The average American automobile has undergone 
significant changes in recent years. Sales of com­
pact and subcompact automobiles now exceed those of 
full-sized automobiles. Six-cylinder engines have 
now replaced V-8 engines as the most popular engine 
choice. Many other innovations have recently been 
incorporated into new automobiles, mostly in an ef­
fort to meet federal mandates and consumer demand 
for more fuel-efficient automobiles. 

The test data used in this study were extracted 
from popular magazines that regularly report auto­
motive performance data. A special effort was made 
to select data for vehicles that were believed to be 
equipped in a typical manner for each of the partic­
ular models being tested. Weighting factors were 
calculated based on model sales in an attempt to 
give emphasis to the most popular car models during 
a given year. The acceleration data were collected 
and weighted for two maneuvers: (a) acceleration 
from 45 to 65 mph and (b) acceleration from O to 60 
mph. 

From the analysis of the data collected in this 
study, the following conclusions can be made: 

1. Acceleration times required for two speed­
change maneuvers increased between 1971 and 1979. 
The time required for acceleration from 45 to 65 mph 
increased 18 percent, from 8.4 sin 1971 to 9.9 sin 
1979. The time required to accelerate from O to 60 
mph increased from 12.7 s in 1971 to 15.5 s in 
1979. Consequently, there has been a definite re­
duction in the acceleration capability_ of the aver­
age passenger vehicle during the past decade. 

2. The simple linear regression analysis showed 
that there was a significant relationship between 
acceleration time and the weight-to-horsepower ra­
tio. For model year 1979, there was a narrower 
range in these two variables than for 1971 or 1975. 
Therefore, it is reasonable to conclude that a trend 
toward more uniformly performing automobiles has 
emerged. This trend could possibly be attributed to 
the virtual disappearance of fast, h i gh-performance 
automobiles. 

3. Full acceleration rates at any given speed 
were greater for an average 1979 automobile and a 
poorly performing 1981 automobile than for the aver­
age of several models tested in 1937. Therefore, 
the acceleration rates used in calculating minimum 
passing sight distances are still adequate. The 
passing sight distance criteria of AASHO remain ap­
plicable to the current conditions. 

4. Distance traveled under full acceleration by 
an average 1979 automobile was 32 percent shorter 
for a speed change of 0-70 mph than for the 1937 de­
sign passenger vehicle. The greater acceleration 
capability of the modt!rn automobile indicates that 
the distances traveled under normal acceleration in 
1937 are amply large. Hence, the AASHO accelera­
tion-lane design criteria are still applicable to 
current vehicle performance characteristics. 
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5. The time required to travel a fixed distance 
under full acceleration was shorter for an average 
1979 automobile and a poorly performing 1981 model 
than for the assumed 1937 design passenger· vehicle. 
Over a given distance, the times were 33 percent 
shorter for the 1979 automobile and 23 percent 
shorter for the 1981 model than for the design pas­
senger vehicle. Thus, modern automobiles can ac­
celerate across and clear an intersection in less 
time than the 1937 automobile. Consequently, the 
intersection sight distance criteria given in the 
AASHO Blue Book remain appropriate for current use. 
However, the acceleration capability of new cars 
should be monitored at regular intervals in the 
future should vehicles powered by alternative fuels 
or energy sources become as popular as it has been 
widely projected. 
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Federal Government and Integrated Vehicle 
Development: U.S. Experience 
R. K. WHITFORD 

Three integrated vehicle-development programs sponsored by civilian mission 
agencies in the federal government are critically reviewed. A brief historical 
background and some critical reflections are provided for the Transbus, Experi­
mental Safety Vehicle, and Near-Term Electric Vehicle programs. The 
purpose of the assessment was to determine the lessons learned that might be 
applied in future programs. Funding limitations, relationships with industry, 
overly stringent specifications, lack of planning, competition (parallel con­
tracts). international participation, and government involvement in com­
mercialization are factors that are examined. Although all are important, 
planning the project following an in-depth requirements analysis and carrying it 
through under a cooperative partnership with industry appear to be the most im­
portant for future programs. 

Vehicle research and development (R&D) programs ini­
tiated by the federal government are sometimes 
viewed by the private sector with alarm and doubt. 
Three recent U.S. vehicle programs are critically 
examined in this paper in order to assess our sue-

cess in the programs and to determine from the expe 
rience what lessons might be applied to future 
programs. Each vehicle program chosen reflects gov­
ernment response to a different perceived public 
requirement or need. 

1. The Transbus program was initiated to gen­
erally improve bus aesthetics, passsenger amenities, 
and the special mobility needs of the elderly and 
handicapped by developing a bus with lower overall 
floor height and improved boarding and discharge 
capability. Because the government grants a signif­
icant percentage of the capital for new bus pur­
chases ( 50-80 percent) , it was planned to improve 
buses by using the federal grant power to aggregate 
the market demand and by requiring grant recipients 
to purchase buses according to Transbus specifi­
cations. 
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2. The Experimental Safety Vehicle (ESV) program 
and its follow-up program, the Research Safety Vehi­
cle (RSV), had as their primary goal the support of 
automobile safety rulemaking. Basically, the pro­
gram was initiated to determine whether crashworthi­
ness could be improved through integrated vehicle 
design and, if so, at what cost. The initial pro­
gram dealt with large cars; the following program, 
with small vehicles (less than 3000 lb). The latter 
program also dealt with concerns for reduced emis­
sions and enhanced fuel economy. 

3. The Near-Term Electric Vehicle program was to 
be one of several developments that, if successful, 
would help the U.S. citizen retain a high level of 
personal mobility and simultaneously meet the na­
tional goal of reducing petroleum use. Gasoline 
price control and perceived high technological risk 
kept commercial electric-vehicle R&D at a low ebb 
until Congress initiated a program in 1976 to push 
electric vehicles. The Near-Term Electric Vehicle 
program was one major portion of that R&D effort. 

The major results of this assessment are found in 
the concluding section of the paper, entitled Les­
sons Learned. These lessons should be taken into 
account in planning any new program of vehicle R&D 
leading to commercialization and public use. 

ROLE OF GOVERNMENT IN R&D 

The goals of R&D expenditures in the federal sector 
are considered here. Expenditures for near-term 
technology can be evaluated by standard benefit/cost 
methods. In contrast, longer-term R&D is less 
amenable to quantitative evaluation and depends on 
political values and insights at the time of author­
ization and appropriation. Furthermore, such pro­
grams in the civilian mission agencies are often 
funded on a year-to-year basis and must compete in 
each budget cycle with other priority programs, 
often new ones resulting from changes in political 
leadership. 

Federally financed R&D programs are usually de­
signed to meet one of five basic government fum:­
tions (!, pp. 305-333): 

1. They are intended to support operational ac­
tivities that are the direct responsibility of the 
federal government, e.g., national defense, surveil­
lance of the seacoast, and air traffic control. 

2. They support the regulatory process, either 
in determining the cost and effectiveness of promul­
gation or in developing the procedures, tools, and 
instruments ( such as the ESV) needed for effective 
enforcement. The studies and experimental measnre­
ments made before the automotive fuel economy regu­
lation or aircraft noise regulation were essential; 
compliance test procedures were necessary for the 
enforcement of automobile emission control regu­
lation. 

3. They undergird grants made to state and local 
governments by providing research and data to aid 
decisionmaking or by stimulating industry to provide 
needed developments. One example is the highway 
research carried out by states under the National 
Cooperative Highway Research Program (also the 
Transbus program). 

4. They augment private-sector investments to 
spur R&D in particular areas of national concern; 
e.g., recent direct investments in energy R&D and 
individual tax incentives for solar heating that 
created a market (also electric-vehicle research). 

5. They help meet general economic and social 
needs in areas where the major responsibility lies 
with the government and where the private sector 
lacks sufficient incentive and/or resources to make 
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adequate investment. The U.S. space 
basic and applied research programs 
scientific and engineering activities 
ties are examples. 

program and 
that support 
in universi-

The government uses a variety of mechanisms to 
achieve the desired result in each of these catego­
ries; basically these are contracts, usually fully 
funded, with full government specifications and with 
the R&D results made available to all who wish to 
use them. Some contracts, however, are of a cost­
sharing variety and allow for protection of propri­
etary development depending on the sharing arrange­
ment. For basic research, the government often 
grants the money to be used in a mo~e discretionary 
way. In addition, the government may also attempt 
to subsidize (often through tax structures) some R&D 
by rewarding the commercialization of a product or 
products. 

TRANSBUS 

Background 

Transbus, an UMTA R&D program, was initiated in 1971 
with the stated purpose to (a) improve passenger 
comfort and ride quality, (b) reduce operating and 
maintenance costs, and (c) provide special features 
to facilitate its use by the elderly and handi­
capped. The special features to be developed were a 
low floor, two-step entry, kneeling capability, ramp 
or lift to provide for wheelchair entry, increase in 
front door width, and provisions for wheelchair 
locks and turnaround. Other system-level improve­
ments included service life, curb visibility, and 
fire resistance. The desires of the transit agen­
cies were communicated to UMTA through the Bus Tech­
nology Committee of the American Public Transit 
Association. [Before 1965, General Motors Corpora­
tion (GMC) had a virtual lock on the bus market--an 
85 percent share. GMC's main competition, Flxible, 
accounted for the remaining 15 percent. Following a 
U.S. Department of Justice suit in 1965, GMC agreed 
to allow other companies to buy major bus components 
at interdivisional rates. AM General entered the 
bus-manufacture business in 1971.] Three contracts 
were awarded (to GMC, Flxible, and AM General) in 
1972 for the development of a prototype Transbus to 
be followed by 100 preproduction models for service 
testing. Nine prototypes (three from each manufac­
turer), as shown in Figure 1, were delivered in 
1974; demonstrations were held around the country in 
1975. There followed a month-long demonstration in 
revenue service in each of four cities. The pur­
chase of the 100 preproduction units was canceled in 
1975 when UMTA announced that, in lieu of design 
specifications, it would develop a performance spec­
ification for low-floor urban buses that would have 
performance requirements related to safety, accessi­
bility for the elderly and handicapped, low mainte­
nance, high performance, and economical operation. 
Hearings were held and specifications developed from 
1976 to 1978. 

In 1977, the Secretary of TraDsportation issued a 
Transbus mandate that all full-sized buses purchased 
with federal aid after September 1979 were to comply 
with Transbus specifications. In early 1979, three 
cities formed a consortium to obtain purchase bids 
on 530 buses to be built to meet Transbus procure­
ment specifications. [The Transbus Consortium in­
cluded the Southern California Rapid Transit Dis­
trict (Los Angeles), Metropolitan Dade County 
(Miami), and Southeastern Pennsylvania Transporta­
tion Authority (Philadelphia). Unfortunately, each 
transit authority had so many individual require­
ments that many potential advantages of the multiple 
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Figure 1. Prototypes for Transbus program. 
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bid were nullified (2).] No bids were received by 
May 1979, the bidding deadline. In August, a delay 
in the effective date for compliance with Transbus 
procurement specifications was issued. At this 
time, the Transbus Procurement Request has been per­
manently shelved. 

Although some costs are unknown, for example, 
those spent by industry in response to the mandate 
or in preparing for competition, about $30 million 
was spent by the federal government on the develop­
ment project for the nine buses. 

Reflections 

The Transbus program (]., p. 21) was for a vehicle 
design stimulated by the government in an attempt to 
solve a dual mandate of improved bus performance and 
improved accessibility for the elderly and the hand­
icapped. The first goal was already being consid­
ered by GMC and Flxible, which were in the process 
of introducing improvements in their existing "new­
look" bus designs. They were also involved (encour­
aged by UMTA) in an evolutionary product design 
called the advanced-design bus (ADB). 

The major departure in Transbus over the ADB was 
the low floor, which created potential problems in 
the technology of axle and drive-train design, tire 
design and wear, and obstruction clearance. In 
addition, the estimated Transbus cost represented a 
60 percent increase in purchase price over the "new­
look" bus and 50 percent over the estimates for the 
ADB, which in fact incorporated many of the pas­
senger amenities and safety and operating capabil­
ities desired in the Transbus. Relative to the ADB, 
Transbus as specified has one or two fewer seats, is 
about 2 percent less fuel efficient, and costs more 
to buy, operate, and maintain (.!, p. 10). 

The Transbus procurement request specified the 
use of several unproved, risky technologies. These, 
coupled with onerous warranty terms for which the 
bidders had to assume all the risk and including 
guarantee of service life and performance, were key 
reasons for the lack of bids. No doubt the unproved 
prov1s1on for the elderly and handicapped, which 
suggested the steep ramp design or lift operation, 
presented potential product liability. (To provide 
reasonable egress, the ramps had to be either too 
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long or too steep.) Foreign competition was also 
kept out of the bidding because of the buy-American 
policies that existed at that time. Finally, there 
was no indication that any advantage was taken of 
European experience with low-floor, low-entrance 
buses. 

The orderly process from prototype to production 
of a new product takes a predictably long time, 
especially when some development and extensive test­
ing of key subsystems and components are needed. If 
adequate tests are not planned early in the R&D 
phase of the program or are not carried out, the 
price must be paid in the operational phase. In 
Transbus, for example, the cancellation of a second 
phase, i.e., the purchase and extensive testing of 
100 preproduction models, caused a major gap in the 
orderly movement from R&D to production. 

In addition, the timing was inopportune in that 
the Transbus program occurred just at the time major 
manufacturers had completed, and were attempting to 
absorb, investments in their ADB product. These 
circumstances, coupled with uncertainty about sev­
eral changes in U.S. Department of Transportation 
(DOT) leadership, government regulations, and the 
nature of the bus business in general, provided a 
poor climate for any significant additional invest­
ment. 

Another inhibiting i tern was the relationship of 
the product to the real needs of the elderly and 
handicapped. Other potential alternatives did not 
provide for mainstream access for those of the 
elderly and handicapped not already using transit. 
Later market studies indicated that the Transbus 
capability did not guarantee the use of the system. 
Bus-stop waiting, fear of crime, and nonbus movement 
from bus stop to other destinations were equally 
significant deterrents to potential elderly and 
handicapped users. One study showed that the addi­
tional users of the system would represent only 4 to 
6 percent of the elderly and handicapped market. 
There was also political pressure. At one point, 
when UMTA stated that a low-floor bus could be 
introduced on an evolutionary basis, litigation was 
initiated by representatives of the elderly and 
handicapped lobby to reverse the decision. Ap­
parently missing at the outset was a valid study 
assessing the usefulness and cost-effectiveness of a 
variety of alternative ways to enhance the mobility 
of the elderly and handicapped. 

INTEGRATED SAFETY VEHICLES 

Integrated-vehicle R&D with specific safety require­
ments was initiated in 1968 under the ESV program. 
R&D continued through the late 1970s for a second 
vehicle, the RSV. Sponsored by NHTSA and its prede­
cessor agency, the National Highway Safety Board 
(NHSB) (NHSB became NHTSA in 1970) , the primary goal 
of both programs was to evaluate improved safety 
concepts, especially crashworthiness and occupant­
protection systems. 

Until 1962 safety standards for automobiles were 
not part of federal statutes. In 1962 and 1963 fed­
eral standards were enacted for brake fluids and 
seat belts, respectively. These were followed by a 
more complete set of standards. (Known as the 
Roberts Law, PL 88-515 resulted in 17 standards es­
tablished by the General Services Administration for 
government-purchased automobiles.) In 1966 PL 
89-563 enabled NHSB to issue standards for all motor 
vehicles. Twenty-two Federal Motor Vehicle Safety 
Standards (FMVSS) were issued, to be effective in 
1968. The law included a series of studies aimed at 
developing a research data base to support further 
rulemaking efforts. The vehicle program that was 
established was called the Family Sedan Experimental 
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Safety Vehicle program (better known as ESV). 
four basic objectives of the ESV program were 
A-7; 2_) 

The 
(~, p. 

1. To determine the technical feasibility of 
making significant "·quantum jump" advancements in 
automotive safety performance; 

2. To stimulate public awareness of the in­
jury reduction potential and associated economic 
advantages of advanced automotive safety; 

3. To encourage the automotive industry, 
both domestic and foreign, to increase its level 
and effort in motor vehicle safety research, and 
to accelerate the integration of advanced safety 
systems into production vehicles; and 

4. To establish a technical base for the de­
velopment of improved motor vehicle safety stan­
dards. 

The ESV program, 
1974, included the 
nu::i.n~a • 

which spanned the years 1968-
following significant develop-

1. Four U.S. companies provided family sedan 
prototype cars designed to meet stringent safety 
specifications, especially 50-mph front-barrier and 
rear-crash and 70-mph rollover protection. Major 
automobile companies, GM and Ford, provided ESVs for 
a contract cost of $1. Chrysler was a subcontractor 
to Fairchild. 

2. These vehicles underwent extensive testing in 
order to evaluate crash injury-reduction systems 
(without active restraints) and accident- avoidance 
technologies such as impr·oved braking, handling, and 
visibility. 

3. Because all cars required a 20 to 30 percent 
weight penalty to meet the specification, NHTSA was 
able to develop an improved understanding of the 
relationship of safety increases to f.uel consumption 
and vehicle costs. 

4. As a result of the fuel embargo, which oc­
curred during the ESV program, there was an in­
creasing interest in smaller, lighter cars as well 
as major concern about the safety of such cars. As 
a result, a shift from the family sedan ESV to the 
RSV (3000 lb or less) occurred in 1974. 

5. A series of international agreements for 
mutual cooperation were instituted between 1970 and 
1972 with Germany, Japan, the United Kingdom, Italy, 
France, and Sweden. International ESV conferences 
were held beginning in January 1971. In parallel 
with the u.s. program, some 14 foreign ESV-type 
models were built by companies in the six partici­
pating countries, often to less stringent specifica­
tions but with considerably improved safety. Sev­
eral countries also invested significant resources 
in test tracks and test facilities for evaluating 
safety 'Performance. The cost of the international 
program has been estimated at $150 million (7, pp. 
2.0-28 through 2.0-30). -

6. An estimated $25 to $30 million was spent in 
the united States, about halt in public :!'unds and 
half in private funds. 

The RSV program was initiated in 1974. It was to 
be R&D relevant to the cars of the 1980s and to re­
tain and expand the positive features of the ESV 
program. Practicality of design (exercised through 
mandatory weight limitation) was stressed. The 
early involvement and participation of the auto­
mobile i ndustry, lJuth uomeslic and foreign , was also 
to be sought. 

Its goals, similar to but broader than those for 
the ESV, included enhanced fuel economy, reduced 
emissions, and consumer consideration. They were 
based on a more thorough initial s tudy of traffic 
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accident causation and characterization. Studies 
also included a review of aggressiveness in colli­
sions and pedestrian/cyclist accidents. Engineering 
data from the evaluation and test of the RSV were to 
be used to assist in the development of FMVSS for 
the mid-1980s. 

Five companies received contracts to provide 
phase-1 data characterizing traffic projection and 
preliminary design for a range of possible vehicles 
(3000-lb maximum) to meet such traffic conditions. 
Two companies with vastly differing approaches were 
selected to design and fabricate models in the 
3000-lb range. One approach was more conservative 
and evolutionary (the Calspan/Chrysler team), 
whereas the other involved .more innovative features 
(minicars). The overall RSV program cost about $30 
million. 

Ten models of each vehicle have been delivered 
and have undergone or are undergoing testing, 
Unfortunately, no summary report is available at 
this time. The minicar approach resulted in a car 
weighing abOut 2200 lb and showed many unique advan­
tages and safety approaches in the use of very 
lightweight materials and design innovations. In 
addition, NHTSA had a six-passenger family sedan 
built that used essentially GM styling. That one 
prototype was used to attempt to stimulate the in­
dustry by showing what could be done with innovative 
technologies. 

Although the program had an overall negative re­
sult (that is, meeting the 50-mph crash-barrier cap­
ability necessitated severe weight penalties), the 
initial ESV program achieved the major benefit of 
focusing the automotive industry, both American and 
foreign, on a broad set of safety concerns. The ex­
penditure of more than $30 million has resulted in 
much improvement in vehicle safety and hence a re­
duced loss of lives. Although not due solely to the 
ESV program, since 1967 there has been a dramatic 
improvement in automobile-occupant protection as 
shown by tne sharp reduction in fatalities per acci­
dent per vehicle mile traveled (Figure 2). 

The RSV work added a new dimension, namely, the 
trade-off between safety and fuel consumption, par­
ticularly in smaller, lighter-weight cars. It is 
not clear, however, that the effort had much to do 
with rulemaking as such, except to show that there 
was at least one technology available where fuel 
economy improvements could be incorporated in cars 
that would have a higher degree of crashworthiness. 

The six-passenger lightweight vehicle, which used 
the minicar design, was apparently constructed pri­
marily for political purposes. It was used as an 
attempt to prod the automobile manufacturers. In­
dustry's reaction to that approad, probably helped 
to spell doom for the program in the current admin­
istration. At this time there is no further budget 
tor -the integrated-vehicle R&D program. Unfortu­
nately, the elimination of this program occurs at a 
time when such integrated-vehicle R&D could be 
important to -improve the safety potential of very 
small cars, especially in light of their poor safety 
performance (.!!_). Only an integrated, tot·al-vehicle 
approach will improve understanding of how to build 
maximum passive sa·fety capabil:ity into a small car. 

The ESV/RSV program was unique in that no previ­
ous single program had done -mote to advance auto­
mobile safety on an international basis. This is 
especially important when one considers the world­
wide construction of test facilities and test vehi­
~l P.s that ensued. 

ELECTRIC AND HYBRID VEHICLES 

In September 1976, Congress enacted Public Law 
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Figure 2. Safety data related to occupant fatalities. 
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94-413, the Electric and Hybrid Vehicle 
Development and Demonstration Act of 1976. 

68 69 

Research 
The act 

was to accelerate the development and to demonstrate 
the commercial feasibility of electric and hybrid 
vehicles through government-sponsored R&D, demon­
strations, and financial incentives. A major por­
tion of the program was the Near-Term Electric Vehi­
cle Program, whose goals were to (.~) 

1. Determine optimum overall electric-vehicle 
design, 

2. Assist industry in accelerating advancements 
in electric-vehicle technologies, 

3. Provide analytical and test methodologies and 
tools for application by industry to electric­
vehicle system technology, 

4. Identify areas requiring increased R&D atten­
tion, and 

5. Provide a national data base to enable deter­
mination of technology and standards of performance. 

Two contracts were placed for integrated test 
vehicles. Each contract brought together the three 
different disciplines of vehicle design, electric 
drive-train design, and electronic control. One 
major role of this program was the integration of 
these disciplines into an effective overall 
electric-vehicle system design. 

Vehicles were to include increased range between 
battery charges ( 50 percent over existing electric 
cars), meet existing U.S. safety standards, show 
contemporary styling, and have generally peppy per­
formance equivalent to that of subcompact cars. The 
vehicles, ETV-1 and ETV-2, were delivered in 1978 
and 1979, respectively. ETV-1 was built by a team 
consisting of the General Electric Company and the 
Chrysler Corporation (vehicle) and Glove Union (bat­
tery). The Garret/Budd team (ETV-2) included Garret 
Air Research, the Budd Company (body), Eagle-Picher 
Industries, Inc. (battery), Dynamic Science Inc. 
(safety), the Brubaker Group (styling), and All 
American Racers (supervision and brakes). 

Several advances in technology were demon­
strated. The aerodynamic design of ETV-1 was tested 
in the wind tunnel and showed some of the best over­
all aerodynamic characteristics of cars of its size 
tested to date (.!.Q_). Significantly improved battery 
and electric-system control capability, drive-train 
performance, load leveling, and integrated structure 
were also demonstrated. The General Electric/ 
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Chrysler entry (Figure 3) was based on the existing 
Omni-Horizon body design and achieved recognition as 
a practical design, with potential for the mid-1980s 
provided battery capability and cost problem·s could 
be solved. This car has been extensively tested and 
is now serving as a test bed for advanced battery 
concepts. The Garret/Budd entry, which was imple­
mented with 1990 technology, is a hybrid electric 
with a mechanical flywheel and battery (11). The 
flywheel, in effect, provides load leveling for the 
battery, reduces power demands, and thereby in­
creases effective range between charges. During the 
R&D phase, significant advancements were made both 
in flywheel design and control and in integrated 
vehicle structures. 

Before the building of ETV-1, the electric car 
was perceived as a small, golf-cart-type car, too 
small and too slow for use on the same road with 
gasoline-powered cars. ETV-1, by using existing 
technology for the most part, clearly changed that 
image. Its development showed that it was possible 
to build an authentic, market-responsive vehicle, 
provided the battery energy capacity or life (cost) 
problems or both could be solved. Its speed, han­
dling, and safety tests were proof that a regular 
car could be propelled with all-electric energy. 

It also proved that the engineers from the disci­
plines of power-train engineering, vehicle tech­
nology, and electronics could become an effective 
team involved in optimizing a design that would have 
market potential. 

ETV-1 and ETV-2 have provided a technology data 
base that was unavailable by other means. They have 
indicated the R&D needed at the component and sub­
system level for future electric vehicles (12,13). 
The automobile companies have reviewed the~tech­
nology used in the model, and the analytical work 
has been made available for their use. 

Except for the battery and control system and for 
drive-train packaging, the technologies used for 
improving aerodynamics, reducing rolling resistance, 
and reducing weight are equally applicable to 
internal-combustion cars. This means that the 
drive-train efficiency and cost for f .uture vehicles 
can be compared on a subsystem basis. (Spinoffs 
from vehicle R&D are not always as obvious as they 
are in ETV-1. The perfection of a low-cost, high­
powered switching transistor was accomplished and is 
now used by General Electric in other product lines.) 

Motor Trend, a magazine that is often critical of 
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Figure 3. GE/Chrysler near-term electric vehicle (ETV-1). 

government programs, especially those involving 
automobiles, had this to say about the ETV (Feb. 
1980) : "This project is one of the best uses of 
federal tax money in the field of energy, emissions 
and vehicle design •••• The ETV-1 is not only an eye 
catcher, it is a working mule, and it works well." 

VEHICLE RESULTS 

The following tentative conclusions regarding 
integrated-vehicle R&D at the federal level have 
been developed from this brief examination of three 
government programs. 

Transbus 

The real needs of the elderly and the handicapped 
are better understood because of the Transbus pro­
gram. The failure of industry to respond to the 
specification for purchase of 530 buses opened the 
eyes of many government officials to the real need 
for better government understanding of the financial 
risks and planning horizons of major businesses, 
particularly those in the automotive sector. 

Safety Vehicles 

Although it is difficult to separate the impacts of 
the specific parts of the NHTSA program, the ESV has 
probably done as much for integrating safety con­
cerns for both domestic and foreign producers of 
automobiles as any of these. The international 
participation by six countries and the development 
of elaborate testing facilities in several countries 
speak to that success. The ESV "weight problem" was 
a learning experience that caused co nside rable ef­
fort to be spent in system studies before the RSV 
program was begun. The results of the Calspan/ 
Chrysler effort suggest that some of the RSV safety 
features have found their way into the Omni/Horizon 
and probably into other cars as well. The minicar 
design has demonstrated the possibility of combining 
a very lightweight with a highly crashworthy struc­
ture for the automobile of the future. 

Electric Vehicles 

The electric-vehicle program did a tremendous amount 
to alter the image of the electric car from an ad­
vanced golf cart to a potentially stylish, peppy 
electric car that many of us would be willing to own 
( if the price were right). The program, however, 
has done little to improve the system infrastructure 
or to · determine the real service and use demand for 
an electric vehicle. 
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LESSONS LEARNED 

A major reason for this assessment was to develop an 
understanding of both the good and bad points of 
those lessons that were learned. Such lessons 
should be considered in any future vehicle program, 
as well as in other programs where commercialization 
and public use are the intended end result. 

There is insufficient political staying power 
(funding) to cover the span of adequate vehicle 
R&D. Vehicle programs never achieve the preproduc­
tion models needed to ensure commercialization. 
Early prototypes shown to Congress and demonstrated 
to the consumers and media lead to overselling the 
readiness of the product. This kind of result fur­
ther exacerbates the funding problems created by 
changing priorities or political leadership. Pre­
cious R&D money is often the only money quickly 
available to fund new program initiatives. For 
example, the omission of preproduction bus manufac­
ture and the service testing of 100 prototype vehi­
cles in the Transbus program reorientation left many 
unsolved technical problems and was a major reason 
companies chose not to bid. The RSV program today 
would be ready to tackle the most important question 
of very small car safety had it not been recently 
eliminated because of political initiatives in the 
safety program. 

Good relations and involvement with industry are 
necessa r y during the program. No government R&D 
program for vehicle development can be suitably ini­
tiated and carried on without considerable partici­
pation by the industry that will eventually put the 
vehicle or its improvements on the market. All pro­
grams suffered from the absence of industry interest 
or government and industry teamwork pledged to com­
pletion. By itself, participation in the program 
does not commit the corporation to commercializa­
tion. Companies have often participated in pro­
grams, as appears to be the case with the Transbus 
and the ESV programs, not because the companies 
agree with the program or even with its specifica­
tions, but because it is a corporate defensive 
strategy. 

To a certain extent, the lightweight RSV was used 
to prod U.S. automobile manufacturers into looking 
at new concepts, a fact that annoyed the industry. 
On the other hand, Calspan's work with Chrysler 
apparently caused some new safety ideas to be inte­
grated directly into the Omni/Horizon. The data 
from near-term electric vehicles built by GE/ 
Chrysler and Garret/Budd have been given to indus­
try. Low battery capability and high overall cost 
are still the major drawbacks to commercialization. 
However, the program showed that adequate perfor­
mance could be obtained from existing batteries and 
improved design of controllers. 

Government specifications are often too con­
straining. Wide-ranging social and political pres­
sures often lead to overspecification, which causes 
the product to be more expensive and, perhaps, to be 
engineered in a way less suitable for eventual move­
ment into the marketplace. The rear-barrier crash 
at 50 mph, side-pole crashworthiness at 30 mph, and 
rollover at 70 mph contributed significantly to the 
battle-tank weights of the ESV family sedan. The 
low-floor, step-design, and axle-weight requirements 
of the Transbus, because they were too constraining, 
required a new bus design rather than an evolution­
ary one. 

Planning, including the early establishment of 
program requirements, is crucial. In evaluating 
these three programs, it became apparent that the 
planning and requirements analysis was not always 
adequate. More preliminary study of alternatives 
for the elderly and handicapped could have created a 



Transportation Research Record 909 

different and more evolutionary Transbus program. 
Realistic safety requirements could have made the 
ESV more like a 1972 family sedan than tank. 

Competition is important. Conversations with 
participants in all programs revealed that the com­
petitive nature of the program was important. In 
the electric-vehicle and RSV programs, the chosen 
contractors (two for each program) explored dif­
ferent technologies: one looked at innovative ap­
proaches whereas the other looked at a more evolu­
tionary or nearer-term approach. 

International participation is important. The 
failure to seek international expertise for the 
Transbus was a negative factor. On the other hand, 
safety vehicle work has been greatly enriched by 
extensive foreign interest and heavy participation. 
The near-term electric vehicle program has enriched 
U.S. participation in international electric-vehicle 
conference and technical interchanges. 

The government's knowledge of the market and what 
it takes to stimulate it are lacking. Market stud­
ies by government are usually contrary to policy and 
thus any efforts toward conunercialization are seldom 
handled well. Since the government is often the 
purchaser of large numbers of vehicles, it could 
become a catalyst for commercialization in inte­
grated-vehicle programs. Thus it could share the 
risk and be involved in gathering important data on 
new-vehicle maintenance, operations, durability, and 
so forth. Unfortunately, for the three examples 
here, no such government involvement was devised 
and/or implemented. 

In summary, vehicle R&D programs, although seldom 
funded adequately enough to achieve commercializa­
tion, frequently have value in identifying critical 
R&D needs in the subsystem or component area. Two 
of the programs succeeded in showing that technology 
is available to accomplish some major program 
goals. It appears clear that public-sector involve­
ment should be stimulatory and at the same time one 
of partnership with industry. If the desire is to 
move technology and innovation at the fastest rate 
in order to achieve national goals, established in­
dustry is in a better posit i on to meet such goals 
and with products that will satisfy the market­
place. The poor but mixed results of our government 
programs underscore this need. 

A strong requirement analysis at the outset and 
government cooperation with industry as partners are 
fundamental to future programs. Where international 
experience and cooperation are available, they 
should be integrated into the program if for no 
other reason than to improve cost-effectiveness. 
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Moped Use by Visitors to Hawaii 
C. S. PAPACOSTAS AND WAYNE Y. YOSHIOKA 

The current definition of mopeds and the rules and regulations governing their 
ownership ~nd operation as enacted by the 1978 Hawaii Legislature are pre­
sented. The results of a study that determined the characteristics of an impor­
tant segment of the local rental market, i.e., visitors to Hawaii, and the attributes 
of their recreational excursions are also presented. The major findings obtained 
from an analysis of traffic accidents involving mopeds and reported by the 
Honolulu Police Department are included. 

The 1978 Hawaii Legislature defined the term "moped" 
and created a new section in the Hawaii Revised 
Statutes pertaining to special rules governing moped 
ownership and operation. A conference committee re­
port (.!) issued at the time stated that "because of 
the increased popularity and use of mopeds, regula­
tion and control is necessary in the interest of 
safety and traffic efficiency." 

The committee report claimed that the ma j ority of 
moped accidents involved rented equipment. For this 
reason, additional requirements "of maintaining in 
effect certain minimum amounts of property damage 
and liability insurance coverage" (.!) were placed on 
moped rental firms. 

This paper presents the major findings of a study 
<1> that 

1. Investigated the legislative background of 
moped use in Hawaii, 

2. Examined the trip attributes and the charac­
teristics of visitors to Hawaii who rented mopeds, 
and 

3. Compared the patterns of traffic accidents 
involving rented and privately owned mopeds. 

LEGISLATION 

Definitions 

The 1977 Hawaii Revised Statutes made no reference 
to the term "moped." However, a "device propelled 
by ••• motor power of one and one-half horsepower or 
less upon which any person may ride, having two tan­
dem wheels sixteen inches in diameter or greater" 
constituted one of three types of devices covered by 
the generic term "bicycle," which was excluded from 
the definition of motor vehicle. 

A motor-driven cycle, on the other hand, was de­
fined as a motor vehicle and included "every motor­
cycle, including every motor scooter, with a motor 
which produces not to exceed five brake horsepower, 
and every bicycle with motor attached, but excluding 
such bicycle with motor of one and one-half horse­
power or less." 

Thus, devices with a motor less than 1.5 hp were 
defined as bicycles, whereas those with more than 
1. 5 but less than or equal to 5 hp were defined as 
motor-driven cycles and were classified as motor ve­
hicles. The for11:er were generally covered by stat­
utes pertaining to bicycles, although there were 
certain differences between them and other types of 
bicycles. In such cases, they were referred to as 
motorized bicycles or bicycles equipped with a 
motor, but it remained unclear whether these terms 
also covered motor-driven cycles. 

The current definitions set forth by the 1978 
Hawaii Legislature provide for a new classification 
for the moped that is distinct from the bicycle and 
the motor scooter. The old definition for motor­
driven cycle was deleted and a new one for the motor 
scooter was added. The following definitions are 
currently in force: 

1. Bicycle: "Every device propelled solely by 
human power upon which any person may ride, having 
two tandem wheels sixteen inches in diameter or 
greater, and including any device generally recog­
nized as a bicycle though equipped with two front or 
two rear wheels." 

2. Moped: "A device upon which a person may 
ride which has two or three wheels in contact with 
the ground, a motor having a maximum power output 
capability measured at the motor output shaft, in 
accordance with the Society of Automotive Engineers 
standards, of one and one-half horsepower (one thou­
sand, one hundred and 19 watts) or less and, if it 
is a combustion engine, a maximum displacement of 
3.05 cubic inches (fifty cubic centimeters) and 
which will propel the device, unassisted, on a level 
surface at a maximum speed no greater than thirty­
five miles per houri and a direct or automatic power 
drive system which requires no clutch or gear shift 
operation by the moped driver after the drive system 
is engaged with the power unit." 

3. Motor scooter: "Every motorcycle which pro­
duces not more than five horsepower, and excludes a 
moped." 

Licensing Requirement 

A provision t ha t was not appl icable to the old class 
of bicycles equipped with a motor was added in 19781 
henceforth, a valid driver's license of any category 
became mandatory. At this time, there exist 10 such 
categories in Hawaiii the lowest three are driver's 
licenses for motor scooters, motorcycles and scoot­
ers, and cars and trucks 10 000 lb or less gross ve­
hicle weight. 

An earlier provision prohibiting any person under 
15 years of age from driving a bicycle equipped with 
a motor was deleted, and the rule amended to refer 
to mopeds was added. 

Liability 

Parents or guardians of minors who operate a moped 
and cause damage through negligence or misconduct 
are held jointly and severally liable. In addition, 
rental firms are required to carry minimum liability 
insurance coverage of $10 000 per person and $20 000 
per accident. 

Use ot Bikeway s 

The basic provisions of the 1977 statutes relating 
to the use of bikeways were twofold: 

1. No motor vehicle can use a bikeway unless it 
is executing a legal turn or is specifically permit­
ted to do so (e.g., an official vehicle while on of­
ficial duty) i and 

2, Vehicles in the vicinity of the bikeway must 
in some instances yield the right-of-way to bikeway 
users (e.g., a right-turning vehicle with a bikeway 
between it and the curb). 

Regarding the use of bikeways by bicycles, it was 
required that "whenever a usable path for bicycles 
h11s heen pr:ovided adjacent to or on a ro11dway ••• 
bicyclists shall use the path and no other portion 
of the roadway." An exception to this rule allowed 
counties with a population of at least 100 000 to 
post certain bikeways to prevent bicycles equipped 
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with a motor from using them. Of the four counties 
that make up the state of Hawaii, only one qualifies 
for this exception. 

The 1978 legislation left the above rules in­
tact. However, because of the distinction made be­
tween bicycles and mopeds, it was necessary to de­
lete all references to bicycles equipped with a 
motor and to create a new section entitled Special 
Rules for Mopeds, which require moped drivers to use 
bicycle paths and empower the director of the state 
department of transportation and the counties to re­
strict or prohibit the use of bicycle paths by 
mopeds. 

Other Rules 

Other rules applying to mopeds include the following: 

1. Prohibition of driving on sidewalks; 
2. Prohibition of passengers; 
3. Establishment of a maximum operating speed of 

35 mph; 
4. Requirement that mopeds be driven in single 

file; and 
5. Requirement that unless performing a legal 

maneuver or otherwise allowed, mopeds must ride as 
near to the right side of a roadway as practicable. 
In the case of one-way roadways with two or more 
lanes, riding on the left-hand side is also per­
mitted. 

VISITOR USE AND ACCIDENT PATTERNS 

Visitors to Hawaii constitute a significant segment 
of the local moped rental market. Because questions 
relating to rented mopeds played a prominent role in 
the legislative debate discussed above, a study was 
conducted to examine the characteristics of these 
renters and the attributes of their trips. An in­
vestigation of the patterns of traffic accidents in­
volving mopeds was also undertaken. The study drew 
on the following data sources: 

1. A user survey, 
2. A sample of rental agreements, 
3. A volume-count and movement survey, 
4. Available moped accident reports, and 
5. State of Hawaii Data Book (l). 

The first four of these sources are described below. 

User Survey 

A questionnaire was administered to renters over a 
period of three weeks in February 1978. The survey 
was conducted on the premises of a moped rental firm 
located in the Waikiki district of Honolulu, the 
major visitor destination in the state. The survey 
instrument was prepared in both English and Japanese 
and was structured in four parts as follows: 

1. Questions about the users, including age, 
sex, and place of residence; 

2. Questions about their visit to Hawaii, such 
as the type of travel arrangements and whether they 
were return visitors; 

3. Questions about their use of mopeds, includ­
ing the duration of rental, size of renting group, 
places visited, traffic violations, and warnings or 
citations issued to them, and other questions such 
as car rental, bus use, and foregone activities; and 

4. Two open-ended questions, one asking about 
problems encountered by the renter and the other 
seeking suggestions for the improvement of the 
street system. 
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Rental Agreements 

The agreements between renters and the moped rental 
firm for an entire month were made available to the 
researchers. From these contracts, the following 
data were obtained: number of mopeds per agreement, 
place of residence of renters, and number and type 
of road trouble calls. 

Volume-Count and Movement Survey 

An observer located at a fixed point in the Waikiki 
district conducted an 8-h volume-count and movement 
survey. The area visible from the observer's van­
tage point is shown in Figure 1. Each roadway lane, 
crosswalk, and sidewalk was uniquely coded as shown, 
and a number of special locations, such as a hotel 
parking lot entrance, were also identified. The 
coding system was used to specify the · movement of 
mopeds within the observation area. The information 
thus obtained included the number of mopeds in each 
observed group, the sex of the operator, their move­
ment paths, and the maximum number of mopeds abreast 
for each group. A convenient method of logging the 
above information was devised as follows: 

where 

M number of male drivers in a group; 
F number of female drivers in a group; 

Zi lane, sidewalk, or crosswalk code; 
Di direction of movement; 

S stop location, if any; and 
W maximum observed number of mopeds. 

Thus, an entry of 2/2/3E-4E-6N/H/2 means that a 
group of four mopeds driven by two males and two fe­
males entered the area under observation on Kalakaua 
Aveneue in lane 3 moving east (see Figure 1), 
changed to lane 4, made a left turn into Liliuoka­
lani, and entered the hotel parking lot. The maxi­
mum phalanx width observed was two mopeds. 

This complete description of movements facili­
tated the analysis of the data and also made possi­
ble the enumeration of any violations of the rules 
governing the operation of mopeds. 

Moped Accident Reports 

Seventy-one accident reports were obtained from the 
files of the Honolulu Police Department (HPD) that 
covered the period from October 1975 to June 1977. 
Hard copies of the reports are filed by HPD in 
chronological order and are identified by an acci­
dent report number. The contents of these reports 
are partly computerized by the Hawaii Department of 
Transportation (HOOT) (!-.§.> , but because the data 
items in the computer files were limited, it was de­
cided to obtain copies of the actual reports. Nor­
mally, because of problems in the definition of 
terms, this would have entailed many difficulties, 
especially when we attempted to identify from the 
computerized files those accidents that involved 
mopeds. Fortunately, the Motor Vehicle Safety Of­
fice of HOOT had compiled a list of moped accident 
report numbers, dates, and locations. Photocopies 
of these reports were obtained from HPD at a rate of 
about 15 reports per week. Data from these reports 
were coded and analyzed by using the Statistical 
Package for the Social Sciences (ll• 

STUDY FINDINGS 

User Profiles 

The sex profiles of the respondents to the user sur-
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vey and of those observed during the volume-count 
session are presented below: 

Survey 
User 
Volume-count 

Men (%) 
64 
74 

Women (%) 
36 
26 

In both cases, men outnumber women, but there appear 
to be differences in the proportions corresponding 
to the two samples. An explanation may be found in 
the fact that the moped users observed on the street 
were not drawn exclusively from the rental segment 
but also included individuals belonging to other 
categories of moped users. The volume-count propor­
tions are almost identical to those exhibited by 
University of Hawaii moped users as reported in a 
paper by Papacostas in this Record. 

With regard to age, the user survey revealed an 
average age of 27 for men and 22 for women; the cor­
responding medians were 25 and 21, respectively. 

Shown below is the distribution by country of 
residence of the visitors who responded to the user 
survey. Also shown is the distribution for party 
heads (excluding Hawaii residents) obtained from the 
sample of rental agreements and the overall split by 
country of origin of all visitors to Hawaii as re­
ported by the Hawaii Visitors' Bureau (1). 

Country of Residence (%) 
United 

Sample States Japan ~ Other 
Use survey 70 9 17 4 
Rental agree-

ments 59 7 32 2 
Visitors' 

Bureau (] ) 69 14 8 9 

A general conclusion can be drawn from this table: 
a higher proportion of Canadians is found among the 
moped renters as compared with their representation 
in the total visitor population. On the other hand, 
Japanese and other foreign visitors are underrepre­
sented. 

The results of the user survey also showed that 
two-thirds of the renters had never operated a moped 
before the day on which they were interviewed and 
that only 17 percent of the renters previously had 
visited Hawaii compared to the 40 percent return 
visitors claimed by the Hawaii Visitors' Bureau 

S 1 

(l ). Thus, for most renters the use of a moped con­
stituted a novel experience in an unfamiliar setting. 

T.r l.p Characteristics 

The average duration of moped rentals was estimated 
to be about 6 h, or a good part cf the day's activ­
ity. It was also possible to infer from the re­
sponses to the questionnaire that about one-third of 
the renters confined their journeys to the immediate 
Waikiki district. The majority of the remaining 
longer excursions involved travel along major arte­
rial streets. Most trips were taken for sight-see­
ing or joy-riding; only about 10 percent of the re­
spondents indicated that they undertook other recre­
ational activities, such as swimming. 

About half of the respondents said that they 
would not have visited the same places if a moped 
had not been available to them. Of the rest, about 
half cited the city bus system, 20 percent a rented 
car, 20 percent walking, and 10 percent hitchhiking 
as the mode they would use in lieu of a moped. In­
terestingly, about BO percent of those citing the 
bus as their alternative mode of travel had actually 
used the Honolulu bus system before, whereas the 
same proportion of those who cited other means of 
travel had not. 

One-fourth of the moped renters said that they 
had either rented a car or were planning to do so 
sometime during their stay in Hawaii. About 40 per­
cent had no plans to rent a car. The rest were not 
sure. 

When asked to identify any safety problems they 
encountered, reopondento to the uoer survey cited 
inadequate bikeway facilities, poorly maintained 
roadway surfaces, and inconsiderate motorists as the 
major sources of concern. 

Violations and Enforcement 

Thirty-five percent of the respondents said that 
they had ridden on a sidewalk for some portion of 
their trips; no one indicated receiving either a 
warning or a citation from the police. This level 
of tolerance of moped rule violations was also borne 
out from the volume-count and movement survey, dur­
ing which no rule breaker received the attention of 
the police. Ten percent of the observed moped users 
rode on a sidewalk, 8 percent drove in the wrong 

.. 
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direction of one-way streets, 16 percent of the 
total sample (or 26 percent of those traveling in 
groups) rode two or more abreast, and 22 percent of 
those not executing a left turn were seen in a lane 
other than the prescribed right-hand lane. However, 
it should be pointed out that whether strict con­
formance to the rules governing the operation of 
mopeds in Hawaii would improve or worsen their 
safety record is largely an open question and needs 
careful examination. 

Accident Patterns 

It should be made clear that the following findings 
relating to accidents involving mopeds were based on 
the accident-number method; the researchers were 
faced with the, unfortunately, all-too-common prob­
lem of inadequate exposure data for either moped 
users as a group or for the various moped user cate­
gories. 

Because it was claimed during the legislative de­
bate on moped regulation that the majority ·of moped 
accidents in Hawaii involve rented devices, the 
study tried to compare the accident patterns of 
rented versus privately owned mopeds. 

Of the 71 accidents analyzed, only 56 clearly 
identified the owner of the device involved. Con­
trary to the aforementioned claim, 43 of these (or 
77 percent) involved privately owned and not a 
rented moped. Moreover, with one exception, chi­
square comparisons at the 0.05 level of significance 
disclosed no differences between the characteristics 
of accidents involving privately owned mopeds and 
those with rented mopeds. The only exception was 
that renters were less likely than owners to be in­
volved in accidents occurring on multilane divided 
highways. 

With respect to accidents, five levels of which 
(ranging from no injury to fatality) are reported in 
Hawaii, the majority of the accidents analyzed were 
of the minor-visible-injury type. There was one 
fatality. No-injury cases were found to be infre­
quent, but this may be due to low reporting rates 
for these accidents. 

There was a noticeable lack of head-on collisions 
and a very small number involving a parked car. The 
remaining collision patterns were similarly repre­
sented; side-swipe and left-turn accidents showed a 
slight edge over rear-end, right-angle, and right­
turn collisions. 

Regarding the age of moped drivers, the most vul­
nerable group, in terms of total accidents, was be­
tween the ages of 16 and 20 years. 

Finally, it is of interest to note that only one 
accident report indicated roadway defects at the ac­
cident site. It we consider that moped users con­
sistently identify roadway defects as one of their 
major complaints, this finding may carry thEl impli­
cation that those who do not use mopeds, including 
members of the police force and perhaps transporta­
tion planners, tend to view and evaluate the pre­
vailing roadway conditions from the perspective of 
the motorist rather than the moped user. If true, 
this perspective may have as a consequence the 
unwillingness on the part of planners to consider 
seriously the investment of funds for the improve­
ment of special facilities used by mopeds. 

SUMMARY 

The 1978 Hawaii Legislature defined the term "moped" 
as constituting a new category of devices that are 
distinct from bicycles and motor vehicles. A limi­
tation of 1.5 hp measured at the motor output shaft 
and a maximum engine displacement of 50 cc were im­
posed. Earlier rules pertaining to a now-eliminated 
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category of bicycles equipped with a motor were up­
dated and consolidated into a special section of the 
Hawaii Revised Statutes. According to current pro­
visions of the state law, moped drivers must have a 
valid driver's license and must be at least 15 years 
old. Parents and guardians are considered to be 
jointly liable with minors, and moped rental firms 
are required to carry minimum damage and liability 
insurance coverage. 

Based on a user survey, a volume-count and move­
ment survey conducted in the Waikiki area of Hono­
lulu, and a sample of rental agreements, the study 
described here determined the characteristics of 
visitors to Hawaii who rented a moped and the attri­
butes of their moped excursions. The study also 
analyzed a number of traffic accidents involving 
mopeds as reported by HPD. 

The majority of the renters surveyed were found 
to be visitors from the rest of the United States. 
Canadians were more likely, whereas Japanese and 
other foreign visitors were less likely, to rent a 
moped as compared with their proportions in the 
overall visitor population. Male renters outnum­
bered females and were somewhat older. 

The average duration per rental was about 6 h. 
Almost all excursions were made exclusively for 
sight-seeing and joy-riding. Approximately 10 per­
cent of the trips involved another recreational ac­
tivity such as swimming. About one-third of the 
renters confined their trips to the immediate Wai­
kiki area. 

Approximately 25 percent of the renters indicated 
that they either had rented a car or were planning 
to do so during their stay in Hawaii. About 40 per­
cent said they had no such plans and the rest were 
not sure. 

The renters identified as major problem areas the 
need for more and better bikeways, the need for bet­
ter maintenance of roadways, and inconsiderate 
motorists. 

Based on total accidents, the study showed that a 
legislative finding that the majority of moped acci­
dents in 1:Iawaii involve rented devices was not ac­
curate. With a single exception, no significant 
differences were found in the accident patterns of 
renters versus owners of mopeds. The majority of 
the reported accidents involved minor visible injur­
ies and there was one fatality. The most vulnerable 
age bracket was between 16 and 20 years. 

Traffic violations by moped users are generally 
tolerated by the police, but the safety implications 
of this are unknown at this time. 

Finally, a significant difference in the percep­
tion of roadway conditions was found between moped 
users and police officers who completed the accident 
reports. Hence, a better awareness of special prob­
lems encountered by moped users is needed. 
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Motorcycle Trade Press Exposure Study 
CLINTON H. SIMPSOrJ, JR. 

To determine nationwide motorcycle rider characteristics, training, protective gear 
use, and riding patterns, the Motorcycle Safety Foundation conducted a question­
naire survey in cooperation with the motorcycle trade press. Seven motorcycle 
magazines ran the full-page questionnaire in their January 1981 issue: American 
Motorcyclist, Biker, Cycle, Cycle Guide, Cycle World, Road Rider, and Touring 
Bike. In addition, a New England motorcycle club newsletter reprinted the 
form. A total of 16 339 forms were returned and analyzed. These national expo­
sure data replicate the findings from an earlier observational exposure study by 
Hurt in such areas as motorcycle brand, engine size, motorcycle and helmet 
color, and respondent's sex and education. 

To determine nationwide motorcycle rider character­
istics, training, protective gear use, and riding 
patterns, the Motorcycle Safety Foundation (MSF) 
conducted a questionnaire survey in cooperation with 
the motorcycle trade press. Seven motorcycle maga­
zines ran the full-page questionnaire in their Jan­
uary 1981 issue: American Motorcyclist, Biker, 
Cycle, Cycle Guide, Cycle World, Road Rider, and 
Touring Bike. In addition, a New England motorcycle 
club newsletter reprinted the form. A total of 
16 339 forms were returned and analyzed. These na­
tional exposure data replicate the findings from the 
Hurt observational exposure study (l) in such areas 
as motorcycle brand, engine size, motorcycle and 
helmet color, and respondent's sex and education. 

RIDING PATTERNS 

Mileage Last Month 

The questionnaire appeared in the January 1981 issue 
of the trade press magazines. It appears that the 
magazines were received in December, because many 
respondents noted that their answers were for Novem­
ber. Therefore, half the responses for "last month" 
probably represent November and half December. 

Twenty-six percent of the respondents said they 
had ridden zero miles; only 8 percent claimed more 
than 1000 miles. The mean was 410 miles and the 
median was 200 miles. The highest mileage claimed 
was 8500 and only 55 respondents claimed more than 
3000 miles. The data from the question about dis­
tance ridden last month are as follows: 

No. of Percent of No. of Percent of 
Miles Res 12ondents Mile!! Reseonde nta 
-0-- 26. 1 701-800 3.9 
1-100 10. 9 801-900 1. 5 
101-200 15. 2 901-1000 5.8 
201-300 8. 5 1001-2000 6.7 
301-400 6. 2 2001-3000 0.8 

NO. of 
Miles 
401-500 
501-600 
601-700 

Percent of 
Responde nts 

8 . 3 

No. of 
Miles 
3001-4000 
4001-5000 
5000+ 

Percent of 
Reseondents 
0.2 

3.7 0.05 
2.1 0.07 

Annual Mileage 

Less than 1 percent of the r e spondents stated that 
they had not ridden last year, and 26 percent 
claimed 10 000 miles or more. The average number of 
miles ridden was 7110; the median was 6000 miles. 
The highest mileage reported was 85 000, although 
only 60 respondents claimed more than 30 000 miles 
(85 000 miles at an average of 50 mph is 1700 
h--there are only 8760 h in a year) • Mileage last 
year is summarized below (zero-mileage responses 
excluded): 

No. of Percent of No. of Percent of 
Miles Respondents Miles Reseondents 
0 0.9 6001-7000 6 . 5 
1-1000 5.5 7001-8000 7.1 
1001-2000 10.3 8001-9000 4.1 
2001-3000 10.0 9001-10 000 7.1 
3001-4000 9.9 10 001-20 000 16.9 
4001-5000 10.4 20 001-30 000 1.9 
5001-6000 9.0 30 001+ 0.4 

By Manufacturer 

The number of miles that respondents reported riding 
last year by manufacturer differed substantially 
only for BMW. As the table below shows, BMW owners 
reported an average of 2500 miles more than that 
reported by owners of the Harley-Davidson: 

Avg No. 
of Miles 
9940 
7440 
7090 
7070 
6490 

Manufacturer 
BMW 
Harley-Davidson 
Honda 
Suzuki 
Yamaha 

6410 Kawasaki 

fly Engine Size 

The number of miles last year reported for various 
sizes of bikes increased with larger engine sizes. 
Motorcycles with engines less than 400 cc traveled 
only about 3000 miles last year compared with those 



Transportation Research Record' 909 

that had 1100-cc engines, which averaged close to 
10 000 miles. Although the average number of miles 
reported last year was 7110, bikes with engines 1000 
cc and larger, which made up more than one-fourth of 
the bikes, had a reported annual mileage of more 
than 9000 miles. The number of miles ridden last 
year by engine size is shown below: 

Engine No. of Engine No. of 
Size !CC! Miles Size (cc) Miles 
1-100 2850 801-900 ~ 
101-200 3230 901-1000 9270 
201-300 3720 1001-1100 9860 
301-400 4920 1101-1200 7540 
401-500 6220 1201-1300 9080 
501-600 6650 1301-1400 78QO 
601-700, 6470 1401+ 9270 
701-800 7290 Unknown 5130 

By Age 

Comparing the miles ridden per year by different 
ages, shows a slight trend of increased mileage for 
older Eiders up to 60 years; then the annual mileage 
tapers off. 

Lending support to the quality of the data was 
the reported mileage for riders under 16, which was 
just 2680 miles; this figure is substantially lower 
than that for older riders, as would be expected. 

By State 

The highest reported mileage for a state was that 
for Arizona, in which the respondents indicated an 
average of 9200 miles; the second highest was that 
for California, 9050 miles. The area with the low­
est mileage was not Alaska ( the 31 Alaskan respon­
dents averaged 5110 miles) but Washington, D.C., 
which reported 4210 miles. Average mileage by state 
is summarized in Table 1. 

Those who took a rider-training course reported 
about 1000 more miles ridden last year than those 
who learned on their own--7920 miles as opposed to 
6970 miles. 

Months Ridden Last Year 

One-third of the respondents said that they ride all 
12 months. Only 10. 7 percent listed 5 or fewer 
months. The average was 8.94 months (8 months, 28 
days, 14 h). But if zero-mileage riders are ex­
cluded, the average comes up to 9.14 months. The 
median was 9 months and the most common response was 
all 12 months. The r.esponses are summarized below: 

No. of Percent of No. of Percent of 
Months Res122ndents Months ResJ22ndents 
0 2.2 7 10.3 
1 0.5 8 11. 7 
2 0.6 9 11. 2 
3 1.4 10 8.9 
4 2.2 11 4.1 
5 3.8 12 33.4 
6 9.7 

The five major motorcycle brands were all ridden 
about the same number of months. (They were within 
one week of each other.) Only BMW differed, with 
almost an additional month more than the others. 

The months ridden by the size of the motorcycle 
showed the same trend as the annual mileage; the 
smaller bikes were ridden for slightly fewer months 
than the larger ones. 

The number of months ridden by cyclists of vari­
ous ages has a similar pattern--the older the cy-
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clists, the more months they ride up to about 60 
years of age. 

Although cyclists who own helmets might be ex­
pected to ride more months of the year by using the 
helmet for protection from, the elements, this is not 
the case. The number of months ridden last year is 
almost identical for helmet owners and nonowners 
( 8. 9 months for helmet owners, and 8. 8 months for 
nonowners). 

Puerto Rico has the longest reported riding sea­
son, which averages 11.5 months; Hawaii's is next 
longest--11.0B months. The shortest riding season 
was not that of Alaska (which reported 7. 23 months 
of riding) but that of North Dakota, which r.eported 
only 6.61 months of riding last year (Table 1). 

Daylight Riding 

More than 97 percent of the respondents indicated 
that they ride in daylight half or more than half of 
the time. 

The respondents' average daylight riding was 79.2 
percent of the time; the median was ~O percent. 
Only 21.3 percent ride during the day more than 90 
percent of the time: 

Percentage of Percentage of 
Time in Time in 
Da2:light Reseonde nts Daylight Reseondent s 
0 0.5 51-60 6.4 
1-10 0 . 4 61-70 9.8 
11-20 0.3 71-80 28.3 
21-30 0.6 Bl-90 25.0 
31-40 1.2 91-100 21.3 
41-50 6.2 

City Riding 

The average amount of time spent in city riding was 
30.7 percent; the median was 25 percent. Only 1.2 
percent always ride in the city. A total of 15.9 
percent of the respondents indicated that 50 percent 
or more of their riding was in the city: 

Percentage of 
City 
Riding 
0 
1-10 
11-20 
21-30 
31-40 
41-50 

Suburban 

ResJ22nden t s 
3.8 

24.4 
18.6 
17.1 
10.0 
10.4 

Ridin9 

Percentage of 
City 
Riding 
51-60 
61-70 
71-80 
81-90 
91-100 

Reseondents 
4.6 
3.1 
4.9 
2.1 
1. 2 

The average amount of riding done in a suburban 
location was 40 . 29 percent; the median was 40 per­
cent. Only 2.2 percent of the respondents ride in a 
suburban setting more than 90 percent of the time. 
These data are summarized below: 

Percentage of Percenta9:e of 
Suburban Suburban 
Riding Reseondents Riding Reseondents 
0 3.6 51-60 8.2 
1-10 13.2 61-70 6.6 
11-20 13.0 71-80 8.1 
21-30 15.7 81-90 3.8 
31-40 12.4 91-100 2.2 
41-50 13.2 

Exe res sway Riding 

The average amount of expressway riding was 27.4 
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Table 1. Annual riding patterns by state. 
Avg N9_ 

State of Miles 

Alabama 7260 
Arizona 9200 
Alaska 5130 
Arkansas 7070 
California 9050 
Colorado 7030 
Connecticut 6210 
Delaware 7060 
District of Columbia 4210 
Florida 8310 
Georgia 8200 
Hawaii 7140 
Idaho 7220 
Illinois 6060 
Indiana 5810 
Iowa 6730 
Kansas 7300 
Kentucky 8130 
Louisiana 8880 
Maine o84U 
Maryland 7260 
Massachusetts 6270 
Michigan 6190 
Minnesota 6490 
Mississippi 6190 
Missouri 7100 
Montana 6240 

percent and the median was 20 percent. More than 
one-fourth of the respondents, however, indicated 
that they only ride expressways 10 percent or less 
of the time and more than three-fourths of the re­
spondents indicated that they ride expressways less 
tnan 40 percent of the time. 

The Hurt data (1) show that expressway accidents 
account for only 10 percent of all accidents. Com­
pared with our average exposure percentage of 27, 
expressways are underrepresented in accidents. 
These data are summarized as follows: 

Percentage of Percentage of 
Expressway Expressway 
Riding Respondents Riding Respondents 
0 9.2 51-60 5.0 
1-10 26.0 61-70 3.5 
11-20 15.8 71-80 3.5 
21-30 15.1 81-90 1.1 
31-40 10.0 91-100 0.3 
41-50 10.4 

Average Round Trips per Week 

Almost one-third of the respondents indicated that 
they <lu nut take ,my round trips. The average was 
5.13 round trips per week, and the median was 4. 
Only 2 percent indicated that they take more than 20 
round trips a week. 

There was a problem with this question on our 
form, and the responses are suspect. A percent sign 
appeared next to the blank, which gave the impres­
sion that the questlou WdS c1sk.lng what percentage of 
trips were round trips. Many of the returned forms 
had this question crossed off; other respondents 
wrote in such responses as "Every trip is a round 
trip if I'm still around to be filling out forms." 

Miles per Round Trip 

The average number of miles per round trip was 44.8; 
the median was 25 miles. An average round trip of 
more than 200 miles was claimed by 381 cyclists. 
The most common response was 20 miles per trip, 
which was given by 11 percent of the respondents. 
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No. of Avg No. No. of 
Months State of Miles Months 

9.89 Nebraska 6480 8.03 
10.88 Nevada 8390 10.47 

7.23 New Hampshire 6240 7.33 
9.30 New Jersey 6550 8.89 

10.54 New Mexico 6890 9.91 
9.22 New York 6250 7.99 
8.39 North Carolina 7960 10.27 

10.59 North Dakota 5090 6.61 
10.29 Ohio 6160 8.02 
10.66 Oklahoma 7740 9.75 
10.3 1 Oregon 7290 9.45 
11.08 Pennsylvania 6080 8.26 
8.48 Puerto Rico 5500 11.50 
7.80 Rhode Island 5600 8.28 
7.88 Sou th Carolina 7040 10.28 
8.Q7 South Dakota 6240 7.36 
9.35 Ttmnessee 6980 9.47 
8.77 Texas 8250 10.41 

10.58 Utah 6530 8.48 
6.85 Vermont 7000 7.10 
9.56 Virginia 7960 9.84 
7.96 Virgin Islands 6000 12.00 
7.14 Washington 7540 9.42 
6.83 West Virginia 6430 8.21 

11.02 Wisconsin 6360 7.44 
8.68 Wyoming 4750 7.55 
7 .19 No answer 5670 7.97 

Primary Trip Purpose 

Commuting was the most frequent response; 40.8 per­
cent gave this answer , Recreation was the only 
other sizable response (18 percent). Shopping, vis­
iting, and other pu:rposes totaled only about 5 per­
cent. Multiple responses made up 34.6 percent of 
the responses, al though the instructions requested 
the respondent to pick just one purpose. Apparently 
motorcycles are used for a variety of purposes and 
respondents wanted to show that. Trip purposes are 
summarized below: 

Trip Purpose 
Commuting 
Multiple response 
Recreation 
Visit friends 
Shopping 
Other 
No answer 

RIDER PROTECTION 

Helmets 

Ownership 

Percent of 
Respondents 
40.8 
34.6 
18.0 

2,3 
1.0 
2.0 
1.2 

Almost everyone ( 98. 05 percent) indicated that they 
owned a helmet. Only 128 respondents out of 16 339 
(0. 78 percent) &aid that they did not own a helmet 
(1.17 did not respond properly). This figure 
matches that from a survey by the American Motor­
cycle Association, Applied Science Associates, and 
MSF (2, p. 1435), which indicated approximately the 
same high level of ownership--96.9 percent. 

Excluding responses that were indecipherable or 
blank, 99.2 percent of the respondents indicated 
that they owned helmets and only O. 8 percent said 
that they did not. It is interesting to note that 
the percentage of those who missed this question or 
gave an illegible response was greater than the per­
centage of those who did not own helmets. 

. . 
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Relation to Brand of Motorcycle 

In a comparison of motorcycle brand and helmet own­
ership, Harley-Davidson owners made up only 5.5 per­
cent of the respondents but accounted for 27 percent 
of those without helmets. BMW owners, who made up 
almost 8 percent of the responses, accounted for 
only 3 percent of those who did not own helmets. 
This comparison is summarized below: 

Percentage by Manufacturer 

Item Honda Yamaha Suzuki Kawasaki 
Harley­

BMW Davidson 
7.9 5.5 Respondents 36.3 ~ 13.9 12.2 

Those with- 20.3 17.2 8.6 10.2 
out hel­
mets 

Relation to Education 

3.1 27.3 

Helmet ownership is also related to respondent's 
education. Those with college degrees accounted for 
30 percent of the responses but only 19 percent of 
the riders without helmets: 

Item 
Respondents 
Those without helmets 

Percentage 

College 
30.4 
18.8 

by Ed uc ation Level 
High School and 
Technical School 
33.9 
39.9 

Those who had graduated from high school and tech­
nical school, who accounted for close to 34 percent 
of the respondents, made up almost 40 percent of the 
riders without helmets. California accounted for 
one-fourth of the riders who do not own helmets but 
only about 14 percent of the respondents. Surpris­
ingly, there were 24 states in which all respondents 
said that they owned helmets. 

Color 

White helmets are the most common (30 percent), fol­
lowed by black (19.7 percent), red (11.4 percent), 
silver (10.7 percent), and blue (6.7 percent). 

Reflectorized Material 

About half the respondents indicated that their hel­
mets did not have any reflective material. Slightly 
more than one-fourth indicated that they had reflec­
torized material on both the sides and the back. 

According to the Hurt study (1), the most criti­
cal area for conspicuity is the- front of the hel­
met. Unfortunately, our questionnaire did not have 
a space to show whether reflectorized material was 
used on the front. The maximum percentage of hel­
mets that could have had such treatment on the front 
would have to be less than 30 percent (obtained by 
excluding those who had none or who had reflector­
ized material on the sides and back only). 

Use 

Only 1. 5 percent indicated that they never wear a 
helmet when riding. A total of 78 percent of the 
respondents indicated that they wear a helmet all of 
the time. The average helmet use indicated was 91.2 
percent of the time: the median was 100 percent. 

These figures include those from states with man­
datory helmet laws, where use approaches 100 per­
cent, as well as from states where helmet use is 
observed to be 50 percent. Combining data from 
states in which helmets are mandatory with data from 
those not requiring helmets is relatively meaning-
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less, except to report nationwide cyclists' claim to 
wear a helmet 91.2 percent of the time. Helmet use 
may be summarized as follows: 

Percentage of 
Helmet Use 
0 (never) 
25 (rarely) 
SO (half the time) 
75 (most of the time) 
100 (always) 
No answer 

Respondents 
1.5 
3.2 
2.5 

14.6 
78.0 
0.3 

MSF records indicate that at the time of the survey 
there were nine states without helmet laws (whereas 
some states do not require helmets for cyclists 
older than 18). The respondents in these nine 
states (California, Colorado, Connecticut, Illinois, 
Indiana, Iowa, Maine, Rhode Island, and Washington) 
reported using a helmet 88. 3 percent of the time. 
This self-reported use is much higher than direct 
observation has shown actual use to be. 

In the observation of helmet use, figures of 
47.8-68 percent have been obtained from states with­
out helmet laws (Colorado and California) or states 
with laws that require helmets only for those 
younger than 18 (Maryland, South Dakota, and 
Kansas). It is possible that motorcycle magazine 
readers really do wear their helmets more often than 
other riders. A more probable explanation is that 
the respondents are overestimating their own use of 
helmets. They may mean to wear their helmets 80-90 
percent of the time, but somehow the helmet is left 
behind. Observed helmet use for these five states 
is tabulated below: 

State Percent 
Colorado 56.6 
California 50 
Maryland 68 
South Dakota 57 . 3 
Kansas 47.8 

This difference between self-reported use of safety 
equipment and actual use shows up in seatbelt re­
search also. Although observed seatbelt use is 
about 9-12 percent, it is typical that they are 
reported to be worn far more often. 

Less than 5 percent of the respondents indicated 
that they rarely or never wear a helmet. Although 
only 4.7 percent of the respondents rarely wear hel­
mets, 22 percent of the Harley-Davidson riders indi­
cated this low use, whereas less than 2 percent of 
the BMW riders said that they rarely or never used 
helmets. 

The table below gives the distribution by manu-
facturer of those who say they never use a helmet 
and those who say they always wear one: 

Over- Use by Ma nufacturer (\ ) 
Level all Harley­

David-of Use 
~ .i!L_ Honda Yamaha Suzuki 
Never 1.5 1.0 1.2 1.0 
Al- 78 78.8 80.3 81.3 

ways 

Ka wasaki BMW _s_o_n __ 
1.2 0.7 8.6 

75.2 86 . 1 54 

Although more than three-quarters of the riders of 
foreign-made bikes indicated that they use their 
helmets all the time, only 54 percent of the Harley­
Davidson riders claim to always wear a helmet. 
(Remember that more than half of these data is from 
states, with helmet laws.) 

Education level is also related to reported hel­
met use: the higher the education, the greater the 
helmet use. 
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Helmet Use (%) 
Level of Education Never Always 
High school 2.2 72.5 
Trade school 2.5 74.5 
Less than two years of college 1.2 77.6 
More than two years of college 1.2 79.8 
College ·degree 1.3 84.3 
Professional degree 0,6 85.8 

Helmet use also increases with age. The lowest 
reported percentage of helmet use is that for the 
youngest group ( 16-20 years old) --only 50 percent 
report that they always use a helmet, despite the 
fact that more than three-fourths of the states man­
date helmets for this age group. 

It would seem reasonable to expect that respon­
dents who do not own helmets also do not wear hel­
mets. Yet more than half of those who do not own 
helmeLs indicated some helmet use and one-fifth of 
them indicate that they always use a helmet. 

The states with the lowest reported use were 
North Dakota (only 48 percent always wear helmets), 
Nebraska (49 percent always), and Utah (54 percent 
always) • States that have a mandatory helmet law 
report the greatest use of helmets. These data, 
however, are relatively meaningless since helmet use 
is probably more than 95 percent. California, which 
has never had a helmet law, has a surprisingly high 
reported use--77 percent indicated that they always 
wear helmets and only 1. 8 percent stated that they 
never do. 

Glove Use 

Although 1.6 percent never wear gloves, only 37 per­
cent indicated that they always wear gloves. The 
mean glove use was 69. l percent; the median was 75 
percent: 

Percentage of 
Glove Use Respondents 
0 1. 6 
25 
50 
75 
100 
No answer 

18.8 
18.2 
23.8 
37.0 
0.6 

The use of gloves showed the same tendency as helmet 
use but was more moderate. Glove use increased with 
education and age and was highest for BMW riders. 
Respondents who had taken a rider-training course 
used gloves slightly more often than those who had 
not taken a course (average, 77.5 percent versus 
67.3 percent). 

The highest glove-use state was Alaska--an aver­
age of 89 percent. Ca.lifornia again had a surpris­
ingly high use, 83 percent, especially considering 
the amount of fair weather there. The lowest aver­
age glove use was in Puerto Rico--31 percent. 

Boot Uoc 

About half the respondents ( 48 percent) indicated 
that they always wear boots; this was the most com­
mon response. The average use was 75.83 percent; 
the median response was 75 percent. Boot use is 
summarized below: 

Percentage of 
Boot Use Respondents 
0 4.1 
25 
50 
75 
100 
No answer 

10.7 
11.l 
25.4 
48.3 
0.3 
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Although Harley-Davidson riders indicated that 
they do not tend to use protective gear as fre­
quently as others do, they make much greater use of 
boots than anyone else. More than 68.5 percent of 
the Harley riders indicated that they always wear 
boots compared with BMW riders, of which about 58.4 
percent do. Boot use does not seem to be influenced 
by education: college graduates report about the 
same boot use as high school graduates. Boot use 
does seem to be associated with the size of the 
motorcycle. The use of boots climbs steadily from 
62 percent for 100-cc bikes to 88 percent for 
1200-cc bikes. 

Boot use, like helmet and glove use, increases 
with increasing age, from 55 percent for teenagers 
to more than 80 percent for those more than 35 years 
old. Alaskan cyclists have the highest boot use (85 
percent), whereas Puerto Rican cyclists have the 
lowest ( 67. percent.) • 

Brightly Colored Clothing 

Less than 10 percent of the respondents indicated 
that they always wear bright clothing. The average 
was only 44.7 percent of the time; the median was 50 
percent. (These figures, however, are not even 
close to what would be obtained with a direct­
observation study.) These data are shown below: 

Percentage of 
Bright­
Clothes Use 
0 
25 
50 
75 
100 
No answer 

Respondents 
10.0 
37.4 
24.5 
17.9 
9.2 
0.9 

The Hurt exposure data (which were collected by 
direct observation) indicated that only 5 .1 percent 
of the motorcyclists wear high-visibility jackets. 
The Hurt report found that cyclists wearing high­
visibility jackets were involved in significantly 
fewer accidents than those in average-visibility 
clothing. The use of bright clothing is a powerful 
countermeasure to avoid accidents, yet in the Hurt 
exposure data only about 5 percent of those observed 
were taking advantage of this benefit. 

In the collection of data on use of brightly 
colored clothes (as well as on helmets, gloves, 
boots, and headlights), respondents were restricted 
to using the following responses: zero percent, 
never; 25 percent, rarely; 50 percent, half the 
time; 75 percent, most of the time; and 100 percent, 
always. Very few respondents indicated zero percent 
or never on any of the questions, including this 
one. The next choice, 25 percent or rarely, was 
used by about 40 percent of the respondents and 
possibly reflects a figure more like 5 percent than 
25 percent. 

Harley-Davidson riders report the lowest use of 
bright clothes (33.8 percent), although the use of 
bright clothes was low for riders of all kinds of 
bikes. BMW riders did not come out highest on use 
of bright clothes. They reported 44 percent, 
whereas Honda riders claimed 47 percent. 

Comparing the rest of the questions to use of 
bright clothing does not really offer any revealing 
comparisons, probably because so few cyclists make 
use of highly visible clothes. 

Headlight Use 

More than three-fourths of the respondents indicated 
that they alwavs ride with their headlight on. The 
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average headlight use was 88.1 percent, but the 
median response was 100 percent. 

This finding is not really noteworthy; since 
1978, most headlights have been wired on. A number 
of the respondents, after checking 100 percent, also 
indicated that they do not have a ct)_9ice. For ex­
ample, one respondent wrote, "What else can I do? 
There's no switch!;' 

Because the . newer bikes come with the headlight 
wired on and most of the bikes in the survey were 
models from the late 1970s or 1980s, it was expected 
that the majority of the responses would be 
"always." This is the case for most of the motor­
cycle manufacturers except for Harley-Davidson, 
whose riders indicated that they have the headlight 
on (in the daytime) only about 68.2 percent of the 
time. The data are summarized below: 

Percentag e of 
Time with 
Headlight on Respondents 
0 3.9 
25 5.8 
50 3.0 
75 8.5 
100 78.2 
No answer 0.6 

MOTORCYCLE CHARACTERISTICS 

Number Owned 

Surprisingly, just about everyone indicated that 
they own at least one motorcycle ( 97. 5 percent) and 
40 percent indicated that they own more than one. 
The average was 1. 7 motorcycles per respondent al­
though the median was one bike per person. In all, 
the respondents indicated that they own 27 324 
motorcycles: 

No . Owned Respondents (%) 
0 2.5 
1 57.7 
2 24.2 
3 8.6 
4 3.6 
5 1.5 
6 0.9 
7 0.3 
8 0.2 
9+ 0.5 

Brand 

Honda, as expected, accounted for the greatest share 
of the bikes--36.3 percent. Next were Yamaha (18.3 
percent), Suzuki (13.9 percent), Kawasaki (12.1 per­
cent), and, surprisingly, BMW (7.9 percent). 
Harley-Davidson accounted for 5. 5 percent and other 
bikes made up 4.1 percent. 

This is slightly out of line with new-registra­
tion data, which give Honda 38 percent of the market 
and BMW less than 1 percent. Possibly those who 
ride Hondas subscribe to fewer motorcycle magazines, 
whereas BMW riders tend to read more motorcycle 
magazines (or at least return more survey forms). 

.Engine Size 

The largest motorcycle reported by more than one 
respondent had a 1600-cc engine. The average-size 
engine was 743 cc. The smallest was 50 cc. 

The most common engine size was 750 cc, reported 
by 20. 2 percent of the respondents. This matches 
the Hurt figure (!) of 21.2 percent for 750-cc 
engines almost exactly. 
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Color 

The most common color for a motorcycle is black 
( 31. 6 percent) , followed by red ( 24. 2 percent) , and 
blue ( 13. 3 percent) • No other color accounted for 
more than 10 percent. 

The oldest motorcycles reported by more than one 
person were made in 1905, followed by four 1907s; 
however, 98. 7 percent of the bikes were made since 
1960 and 97 percent were made since 1970. The most 
frequently reported year was 1980 ( 21. 6 percent) , 
followed by 1978 (19.3 percent), and then 1979 (18.5 
percent). The average year (1976.5) is meaningless, 
but the median response of 1978 indicates that half 
the bikes were made in 1978 or more recently. 

RIDER CHARACTERISTICS 

Training 

Only 15 .1 percent of the respondents had taken a 
rider-training course, whereas 83. 8 percent had not 
and 1.08 percent did not answer properly. This fig­
ure matches the Hurt-study figure of 15. 7 percent 
who indicated that they had learned from a course or 
from professionals. 

The percentage of respondents who had taken a 
rider-training course varied slightly by the bike 
they ride; 18 percent of the BMW riders indicated 
that they had taken a course, whereas only 12 per­
cent of the Harley riders indicated that they had. 

There were 2467 respondents who said they had 
taken a rider-training course. The average length 
of these courses was 18. 9 h; 88. 6 percent of the 
courses had a classroom portion and 72.2 percent had 
an on-cycle portion in an off-street setting. More 
than half the courses (53.2 percent) had an on­
street, on-cycle phase. 

The percentage of respondents who had taken a 
rider-training course increased slightly at higher 
levels of education, but this does not seem to be 
related to age (except for those less than 16, only 
7.8 percent of whom have taken a course). 

Surprisingly, 20 percent of the Alaskan cyclists 
indicated that they had taken a rider-training 
course, although MSF does not even list one course 
in Alaska. 

The states that had the highest percentage of 
respondents who indicated that they had taken a 
rider-training course were Hawaii and Rhode Island 
(which have legislation pertaining to motorcycle 
rider-training courses). In Hawaii, 51. 4 percent of 
the respondents had taken such a course. 

Rhode Island has a law requiring all first-time 
motorcycle license applicants to take a minimum 10-h 
motorcycle rider-training course. Minnesota also 
had a high percentage of respondents who had taken 
such a course (24.4 percent). The state has a 
rider-course law that requires riders under 18 to 
take a minimum of 14 h of training. 

The state with the lowest number of trained 
riders was Indiana; only 4.7 percent of the 297 
respondents had taken a course. Next were Massa­
chusetts (5 percent), West Virginia (5. 7 percent), 
Idaho (6.2 percent), and Kentucky (6.5 percent). 

Men accounted for 95. 9 percent of the respondents; 
women, 3. 7 percent; only O. 4 percent ( 68 respon­
dents) did not answer. Leaving these out brings the 
division to 96.3 percent men and 3.7 percent women. 
This compares closely with the Hurt study exposure 
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data, which reported 98. 4 percent men and 1. 4 per­
cent women observed riding. 

The average age was 35; the median was 33. Half of 
the respondents were between 21 and 35. The oldest 
respondent was 83 years old and 101 respondents were 
70 or older. 

Less than 2 percent of the respondents were 
younger than 17 years old, which supports the qual­
ity of the data. The age question was left blank by 
88 respondents. 

Compared with the Hurt-study riders, our respon­
dents are a little older; the median rider age in 
the Hurt exposure data was 26. 7 compared with our 
median of 33. 

High school degree alone was the education level 
most frequently indicated, by 21.3 percent. Next 
came college degree (17.l percent), two or more 
years of college (16.3 percent), professional degree 
( 13. 3 percent) , less than two years of college ( 13 
percent) , and technical school ( 12. 6 percent) • Re­
spondents who have attended at least some college 
made up 60 percent of the survey. 

Residence 

The most responses ( 13. 8 percent) were from Cali­
fornia, as might be expected. New York (6.2 per­
cent) and Illinois (5 . 7 percent) were the only other 
states with more than 5 percent response. 'l'exas, 
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Pennsylvania, and Ohio were next with 4. 7 percent 
each. 

CONCLUSION 

Perhaps the most interesting finding is that motor­
cyclists are so willing to participate in a study of 
this nature. More than 16 000 cyclists took the 
time to complete the form, address an envelope, and 
use their own stamp. This study showed that valu­
able information can be collected from a national 
(and even international) sample of motorcyclists 
with a minimal cost to the surveyor. 

A number of our findings duplicate or approximate 
the findings in the Hurt study. Although the Hurt 
study was only done in a portion of one state, our 
national figures help to show that the findings 
apply to the rest of the country. 
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Moped and Bicycle Use by University of Hawaii Students 
C. S. PAPACOSTAS 

The findings of two user surveys that attempted to determine the characteris­
tics of moped and bicycle users and their school trips are discussed. Among the 
items covered are the degree of use of these devices, modal shifts, impact on 
other modes, trip-length characteristics, and problem areas. Because school 
trips by college students represent a significant market share of bicycles and 
mopeds, the Information derived can add to the accumulating knowledge regard­
ing mopeds and bicycles and the competition between them. 

Recent increases in bicycle and moped use for both 
utility and recreational travel have stimulated the 
allotment of considerable attention to these modes. 
In Hawaii as elsewhere in the nation, an accelerated 
rate of construction of special facilities has oc­
curred. In addition, the 1978 State Legislature de­
fined mopeds and bicycles as separate categories of 
devices distinguished from motor vehicles and re­
vised the rules and regulations governing their use. 

A paper by Papacostas and Yoshioka in this Record 
describes the legislative background of moped and 
bicycle use in Hawaii and presents the findings of a 
study that has analyzed the characteristics of mo­
peds renters in Honolulu, their trips, and their ac­
cident patterns. 

This paper concentrates on another significant 
market segment, University of Hawaii students and 
their school trips. The scope of the study was ini-

tially envisioned to be confined to moped users. 
However, during the early stages of the study it be­
came evident that a significant portion of current 
moped users had shifted from bicycles. Consequent­
ly, the scope of the study was expanded to include 
bicyclists in an attempt to also discern tha reasons 
behind the decision not to shift from bicycles to 
mopeds. 

STUDY APPROACH AND DATA SOURCES 

The study consisted of conducting and analyzing two 
similar user surveys. Bicycle and moped users were 
interviewed at various locations on the university 
campus. The questionnaires employed were divided 
into three sections. The first section elicited in­
formation about the responde'nts such as age and 
sex. The second section concentrated on the attri­
butes of school trips and included items relating to 
the respondent's previous mode of travel and the 
reasons for shifting to the current mode. The last 
section sought information about the highway system 
from the perspective ot the respondents and asked 
for suggestions for improvement. 

In addition to the interviews, a series of counts 
of parked devices were taken throughout the campus 
at various times of the day in order to ascertain 
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the relative numbers of bicycles and mopeds in use 
by students for their school trips. To arrive at an 
estimate of the absolute numbers of these devices, 
approximately 450 students were approached and asked 
to indicate the mode by which they traveled to 
school. This information was used in conjunction 
with enrollment data to arrive at an estimate of the 
number of bicycle and moped commuters. 

STUDY FINDINGS 

Degree of Ose 

The counts of stationary devices made on different 
days and times, which reveals a constant ratio of 
about nine bicycles for every moped, are listed be­
low: 

No. of No. of 
Day and Time Mopeds Bicycles 
Thursday a.m. 40 326 
Thursday p.m. 20 274 
Friday a.m. 48 410 
Friday noon 47 441 
Friday p.m. 31 260 

In order to estimate the absolute numbers of bi­
cyclists and moped users, 454 students were ap­
proached randomly and asked to indicate their mode 
of travel. The resulting frequencies are given be­
low. Multiplication of the total enrollment at the 
university by the sample frequencies gave an esti­
mate of the total market share of each of the modes, 
these values are also included: 

Relative 
Sample Frequency Estimated 

Mode Fre9:!!ency !%) Total 
Walking 100 22.0 4400 
Bicycle 37 8.2 1630 
Moped 5 1.1 220 
City bus 83 18.3 3660 
Car (driver) 159 35.0 7000 
car (passenger) 68 15.0 3000 
Motorcycle 2 0.4 90 

Considering the sample size, the ratio of bicyclists 
to moped users shown is consistent with the earlier 
counts. According to the table above, approximately 
220 students travel to school by moped and 1630 by 
bicycle. The most common mode of travel is the 
automobile, which, including both drivers and pas­
sengers, accounts for 40 percent of the total. Walk­
ing is next with a 22 percent share, followed by the 
city bus system, which attracts approximately 18 
percent of the students. Taken together, bicycles 
and mopeds account for a little more than 9 percent. 

Age and Sex 

The average ages of 23 for bicyclists and 22 for 
moped users were not found to be different at the 
0.05 level of significance. The two groups also ex­
hibited similar profiles with respect to sex, but 
these were found to be quite different from the 
characteristics of the overall enrollment. The 
table below indicates that men have a greater pro­
pensity than women to use either device, the com­
puted confidence intervals at the 0.95 level re­
vealed that the proportion of male bicyclists ranges 
from 62 to 88 percent and the proportion of male mo­
ped users from 60 to 84 percent in contrast to their 
50.4 percent representation in the overall popula­
tion of 20 051 students. Women make up 49.6 percent 
of the overall population. 

~ 
Bicycle (N = 40) 
Moped (N = 50) 

Previous Mode 

Percentage of Ose 
Men 
75 
72 

Women 
25 
28 

37 

The responses to a question that elicited the mode 
used prior to shifting to the currently used device 
are given below. A considerable shift from bicycles 
to mopeds is evident, 28 percent of current moped 
users came from bicycles. As stated earlier, this 
finding raised the question of why other bicyclists 
were not shifting to mopeds, which led to the con­
duct of the second survey. 

Bicycle !N = 40! Moped (N = 50! 
Previous Mode No. Percent No. Percent 
Walking 26 65 13 26 
Bicycle l 3 14 28 
City bus 8 20 7 14 
Automobile 5 12 16 32 

By using the proportions implicit above, the hy­
pothesis that the proportions of the two groups that 
had shifted from buses were the same could not be 
rejected. On the other hand, a similar hypothesis 
regarding previous automobile users was rejected at 
the 0.05 level but could not be rejected at the 0.01 
level of significance. Consequently, further inves­
tigation of this question is warranted. Because a 
much greater number of bicyclists have shifted from 
the automobile, the effect of this device on the re­
duction of car use is much greater in comparison 
with mopeds. 

Of the 21 students who reported that they shifted 
to their respective devices from the automobile, 11 
had been riders and 10 indicated that they used to 
drive to school. A comparison of these responses 
with the overall driver/passenger split tabulated 
earlier reveal that automobile passengers are more 
likely to be attracted by either bicycles or mo­
peds. This finding carries important implications 
regarding the ability of the two types of devices to 
affect a reduction in the use of automobiles. 

Reasons for Current Modal Choice 

Both bicyclists and moped users were asked to give 
the reasons for their choice of mode. The responses 
to this open-ended question are summarized below. 
The categories shown in the table were established 
during the analysis phase of the project, and this 
necessitated a certain amount of judgment. For ex­
ample, responses relating to the cost of gasoline 
were placed under the economy category, whereas 
those that emphasized the need to conserve energy on 
grounds of principle or philosophy were considered 
to constitute environmental concerns. This classi­
fication also applies to the information contained 
in the next three tabulations. 

Reason Bicycle Moped 
Speed 23 17 
Economy 20 25 
Exercise 18 
Comfort 17 19 
Environmental concern 2 4 
Total 80 65 

With respect to the principal reasons that en­
couraged their current mode choices, both groups em­
phasized speed, economy, and comfort. Speed was 
cited more frequently by bicyclists and economy 
headed the moped users' list. Environmental con-
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cerns were found to be relatively unimportant as in­
centives for the choice of device. It is interest­
ing to note that environmental concerns emerged as 
reasons given for the decision not to use a given 
mode (see below). The bicycle was frequently cited 
as a means for physical exercise. 

As mentioned earlier, a significant number of mo­
ped users had shifted from bicycles. The reasons 
given by the 13 respondents as underlying this trend 
are listed below: 

Reason Frequenc y 
Speed 7 
Comfort 5 
Economy 2 
Other 2 
Total 16 

Aqain speed, comfort, and economy were the main rea­
sons for this decision. In order to discover the 
factors that inhibited other bicyclists from shift­
ing to mopeds; the bicycle survey i nqui red about t he 
respondents' plans relating to the acquisition of a 
moped. Only two bicyclists indicated that they were 
contemplating this move. The vast majority of bi­
cyclists said that they had no plans whatsoever to 
obtain a moped. When asked the reasons for this, 34 
respondents specified cost as the most prevalent 
reason followed by the lack of opportunity to exer­
cise and environmental considerations: 

Reason 
Cost 

Frequ e ncy 
16 

Exercise 11 
Environmental concern 10 
Availability of other mode 7 
Other 10 
Total 54 

Recall that economy was ranked second following 
speed as an incentive for obtaining a bicycle and 
that exercise was one of the major reasons favoring 
this mode. Environmental concerns, especially 
noise, which were not cited as major reasons sup­
porting the use of bicycles, came to the respon­
dents' minds quite often as a reason against the use 
of mopeds. This finding implies that students are 
more concerned with maximizing their mobility and 
level of service (speed, comfort) within their eco­
nomic constraints and less concerned with indirect 
effects such as environmental pollution. 

Those who did shift to mopeds were consistent 
with the entire moped group in identifying economy, 
comfort, and speed, although the order in which 
these factors were ranked was reversed. Finally, 
the availability of alternative modes for their 
total travel needs, including the bicycle, con­
tributed to the decision not to invest in a moped. 

Other Modal Shifts 

The matrix uf the tal.Jlt! bt!low presents the two most 
frequently cited reasons given for all modal shifts 
observed in the samples: 

Mode Shifted 
From 
Walking 
Bicycle 
City bus 
/\utomobile 

Reason for Shift to 
Bicycle 
Speed, exercise 
Not applicable 
Economy, speed 
Economy, exercise 

Moped 
Speed, economy 
Speed, comfort 
Economy, speed 
Economy, comfort 

It is noteworthy that intermodal movements from 
walking to bicycle and moped as well as from bicycle 
to moped consistently give priority to service im­
provement (i.e., speed). In contrast with this phe-
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nomenon, shifts from buses and automobiles con­
sistently rank economy first. Taken together, these 
two attributes imply that there exists a general 
trend toward the better level of service provided by 
modes of higher technology subject to cost con­
straints. Consequently, a campaign by public 
authorities to induce a reduction in automobile use, 
at least on the part of college students, would 
stand a better chance of succeeding by emphasizing 
cost savings rather than other considerations such 
as environmental impacts or congestion, even though 
the latter may be the motives for the campaign. In 
the case of the decision between bicycle and moped, 
a trade-off between exercise and comfort is also 
evident. 

Impact on Other Modes 

The table below represents a preliminary estimate 
(based on limited data) of the collective effect of 
bicycles and mopeds on the utilization of other 
modes in the case of school trips bj,• college stu-
dents. 

Mode 
Walking 
City bus 
Automobile (passenger) 
Automobile (driver) 

Diversion 
(%) 
20 

9 
4 
2 

Approximate 
Round Trips 
per Day 
1200 

370 
150 
150 

Walking was affected to the highest degree both in 
terms of the percentage of walkers diverted and the 
total amount of trip reduction. Bus ridership among 
students showed a 9 percent reduction due to bi­
cycles and mopeds. The corresponding reductions 
among automobile passengers and drivers were found 
to be 4 and 2 percent, respectively, each corres­
ponding to about 150 round trips between home and 
school per day. 

Trip Le ngth 

The preceding discussion does not pinpoint other 
trip attributes that may be central to the modal 
preferences identified. For example, it is reason­
able to expect that trip length is closely related 
to the need for improving speed, the highest-ranked 
incentive for shifting from bicycles to mopeds. 

Figure 1 shows the cumulative trip length and 
frequency distributions corresponding to bicyclists 
and moped users derived from information regarding 
the residential location of interviewees. Also 
9hown with dashed lines is the distribution corres­
ponding to those who have shifted from bicycles to 
mopeds and are also included among all moped users. 

Figure 1. Distributions of trip length and frequency. 
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Figure 1 shows the size of the tributary areas 
from which bicyclists and moped users are drawn. 
This information may be of assistance to those in 
charge of providing the physical facilities for 
these devices. Bicyclists appear to be drawn from a 
maximum distance of approximately 3 miles from their 
school destination. On the other hand, moped use is 
seen to extend to a distance of 7 miles. The 85th 
percentiles corresponding to the two modes are found 
to be 1.5 miles for bicycles and 3.2 miles for 
mopeds. It is also of interest to note that the 
trip lengths of those who had shifted to mopeds 
exhibited a closer resemblance to the moped 
distribution than to the distribution corresponding 
to bicyclists. About 25 percent of those who 
shifted modes reside outside the 3-mile radius that 
defines the bicycle tributary area and about half 
reside at a distance farther than the 85th per­
centile. Thus trip length is an important determi­
nant that should be used judiciously to interpret 
the more general responses discussed earlier. The 
above quantification of this attribute can offer 
guidance to those responsible for providing special 
facilities for bicycles and mopeds, at least in 
terms of project sequencing. 

Problem Areas 

The responses to an open-ended question that elic­
ited suggestions for the improvement of the travel 
experience of the interviewees are summarized below: 

Percenta11e of Answers 
Bicyclists Moped Users 

Problem (N = 79) (M = 82) 
Bikeways 

(more, wider, separate) 46 49 
Road surface 

(bumps, drainage) 26 33 
Inconsiderate motorists 

(car, bus, taxi) 14 6 
None 3 1 
Other 11 11 

The two groups were found to be in general agreement 
with respect to the top-ranked problem areas, i.e., 
the need for additional and better-designed facili­
ties, the improvement of roadway surfaces, and the 
need to make other motorists more sensitive to bi­
cyclists and moped users. Only a small percentage 
of respondents found the transportation system ade­
quate. These findings agree with those discovered 
by a study of moped renters . reported by Papacostas 
and Yoshioka in this Record. 

SUMMARY AND CONCLUSIONS 

The analysis of responses to two user surveys aug-
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mented by normalizing data where available revealed 
the following about the use of bicycles and mopeds 
by college students in Honolulu for their school 
trips. 

A little more than 9 percent of the student body 
(or about 1850 students) travel between home and 
school by either bicycle or moped; bicyclists out­
number moped users by a ratio of 9 to 1. 

Preliminary estimates of the resultant reductions 
in the use of other modes show a 20 percent reduc­
tion in the case of walking to school, a 9 percent 
decrease in bus use by college students, a 4 percent 
reduction in automobile ridership, and a 2 percent , 
decrease in automobile driving. These percentages 
represent about 1200, 370, 150, and 150 students, 
respectively, out of a total enrollment of 20 000. 

A higher proportion of previous walkers was found 
among the current bicyclists as compared to moped 
users and a significant proportion of the latter had 
switched from bicycles. Both groups considered 
speed, economy, and comfort to be the major incen­
tives for their choice of mode. The opportunity to 
exercise was also ranked high by bicyclists. These 
findings must be viewed in relation to the attri­
butes of the mode used previously. 

Speed, comfort, and economy ( in that order) were 
the major reasons cited by those who shifted from 
bicycles to mopeds. On the other hand, cost, the 
opportunity to exercise, environmental concerns, and 
the availability of other modes of travel were given 
most frequently as the reasons inhibiting the pur­
chase of a moped. 

The maximum trip lengths for bicycles and mopeds 
were found to be 3 and 7 miles, respectively, and 
the corresponding 85th percentiles were 1.5 and 3.2 
miles. Trip length appears to be an important cri­
terion for mode choice in general and the choice be­
tween bicycles and mopeds in particular. 

Level of service (i.e., speed) was the major fac­
tor favoring higher-technology modes, whereas cost 
was found to exert an opposing influence. In the 
case of the choice of bicycles vis-a-vis mopeds, a 
secondary trade-off between physical exercise on one 
hand and comfort on the other was detected. As 
stated earlier, trip length played a part in this 
phenomenon. 

Finally, the two groups agreed that the lack of 
special facilities, the condition of roadway sur­
faces, and insensitivity on the part of motorists 
are major problems faced by bicycli.~ts and moped 
users. 

Publication of this paper sponsored by Committee on Motorcycles and Mopeds. 




