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Attachment

Summary of Studies of Truck Driver Age and Crash Risk

Ages of
Author, year Outcome  Study population Number of drivers Study design  young drivers Magnitude of risk Comments
Jones and Stein, 1987; Crashes  Tractor-trailer 300 drivers in crashes, Case-control 30 or 1.5-fold increased risk Adjusted for other risk
Stein and Jones, 1988 drivers on interstate 576 drivers not involved study younger if truck drivers were factors for truck crash
highways in in crashes, 1984-86 30 or younger involvement; matched by
Washington state location, day of week, and
time of day
Frith, 1994 Crashes  Drivers of large 199 drivers in crashes, Case-control ~ Younger >2-fold increased crash Matched by location, day
trucks in New 1988-90 study than 20; risk among truck drivers of week, and time of day
Zealand 20-24 24 or younger
199 drivers not involved
in crashes, 1992-93
Campbell, 1991 Fatal Drivers of large 24,119 drivers of large Cohort study  Younger 4.3 to 6.2-fold increased Controlled for large truck
crashes trucks in United trucks involved in fatal than 21, fatal crash risk among mileage; younger drivers
States crashes, 1980-84 21-26 truck drivers younger overinvolved in daytime

5,000 owners of large
trucks (probability
sample), 1985

than 21

1.5 to 2.2-fold increased
risk if drivers were ages
21-26

and nighttime crashes on
all types of roads
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FATAL ACCIDENT INVOLVEMENT RATES BY
DRIVER AGE FOR LARGE TRUCKS

KENNETH L. CAMPBELL
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Abstract-Survey. data on large trucks involved in fatal accidents and on the travel of large
trucks provide estimates of fatal accident involvement rates by driver age. The analysis is focused
on the implications of lowering the minimum age for drivers of commercial trucks operating
interstate from 21 to 19 years. Fatal accident involvement rates for drivers of large trucks are
found to increase with decreasing driver age. The younger drivers are over-involved until about
age 27. Drivers under the age of 21 are over-involved by a factor of 6 in comparison to the
overall rate for ail drivers. Other factors known to have significant influences on the probability
of involvement in a fatal accident were examined to determine their association with the over-
involvement of younger drivers. The general pattern of over-involvement for younger drivers
pervades virtually every combination of factors examined. Thus, it is concluded that the basic
trend with driver age shown in the aggregate data is primarily associated with age and is not
associated with the other factors examined. The results of this analysis substantiate an elevated
risk of fatal accident involvement for younger drivers of large trucks.

| NTRODUCTI ON

The minimum age for drivers of commercial vehicles engaged in interstate commerce is
currently 21 years. Previous studies have examined accident rates of passenger vehicles
in relation to the age of the driver. Williams (1985) focused on the involvement rates
of teenage drivers in fatal accidents using the data from the 1977 National Personal
Transportation Study conducted by the Bureau of the Census and from the National
Highway Traffic Safety Administration (NHTSA) Fatal Accident Reporting System
(FARS) files for 1976-1978. Male drivers under 19 had fatal accident involvement rates
(involvements per hundred million miles) about 4-6 times the overall rate. Rates for
male drivers aged 19-20 were 2-3 times the overall rate. Younger male drivers continued
to be over-involved until about age 25. Williams also examined driving at night. Nighttime
rates for young males are about 4 times the daytime rates, and young males did somewhat
more of their driving at night as compared to older males. Young females were also
over-involved in fatal accidents, and the pattern of over-involvement was very similar
to that for males. However, the fatal accident involvement rates for young females were
about half those of young males. All of these rates were developed for drivers of passenger
vehicles only (cars, light trucks, and vans).

The probability of fatality in an accident involving a large truck is about twice as
high as in accidents not involving large trucks (Eicher, Robertson, and Toth 1982). This
is a direct consequence of the weight of large trucks in general and the disparity in
weight between large trucks and the passenger cars that are most commonly the other
vehicle involved in the accident. If the risk of fatal accident involvement for young males
when they are driving commercial trucks is as high as when they are driving passenger
vehicles. then the Williams study cited above indicates that, if the minimum driving age
were lowered to 19, these new drivers of commercial trucks would be expected to have
fatal accident involvement rates 2-3 times the overall rate for commercial truck drivers.

Information is not available in the literature on the relationship of the age of com-
mercial vehicle drivers to their accident experience. One might expect younger drivers
to do better when they are employed to drive, particularly since their elevated rates in
passenger vehicles are associated so some extent with nighttime driving and alcohol
consumption. The basic question is the extent to which the risk of accident involvement
for younger drivers of large trucks is improved in comparison to their risk as drivers of
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288 K. L. CAMPBELL

passenger vehicles. The Center for National Truck Statistics (CNTS) at the University
of Michigan Transportation Research Ingtitute (UMTRI) has collected survey data on
fatal accidents involving large trucks and on large truck travel that will support calculation
of fatal accident involvement rates by driver age. This paper describes the data. methods.
and results of an analyss carried out by the author for the Federal Highway Adminis-
tration (Campbell et al. 1988h).

METHOD

Cdlculation of fatal accident involvement rates by driver age requires data on the
age Of drivers Of large trucks involved in fatal accidents for the numerator and the
mileage traveled by large trucks broken down by the age of the driver for the denom-
inator. Over the past severa years, UMTRI has conducted national surveys of fatal
accidents involving large trucks and of the travel of large trucks. These survey files
provide the necessary data for this analysis of fatal accident involvement rates by driver
age. Each is described briefly in the following paragraphs.

In 1981, a survey of al large trucks involved in fatal accidents in the United States
was initiated, with 1980 being the first year covered. This survey combines information
from the NHTSA Fatd Accident Reporting System (FARS) with accident data from
the MCS 50-T report submitted to the FHWA Office of Motor Carriers by interstate
carriers, the original police accident reports, and comprehensive telephone surveys con-
ducted by UMTRI taff to produce the data file called Trucks Involved in Fatal Accidents
(TIFA). Essentialy, the file has the data elements from both FARS and the MCS
50-T form with complete national coverage of both interstate and intrastate carriers.
Pickup trucks are excluded from the survey. as are al passenger vehicles (vans, utility
vehicles, buses. and ambulances) and fire trucks. Otherwise, al trucks with a gross
vehicle weight rating greater than 10,000 pounds are included. Trucks involved in fatal
accidents in Alaska and Hawaii are excluded. The TIFA files are currently complete for
five years, 19804984. More than 25,000 large trucks were involved in fatal accidents
over that period. A more complete description of the TIFA files is provided by Carsten
and Pettis (1987), along with one-way tabulations of every variable in the five-year file.

In 1985, the National Truck Trip Information Survey (NTTIS) was initiated. For
this survey, the owners of nearly 5,000 large trucks were contacted four times over a
12-month period to obtain detailed information on the use of the truck. The information
collected includes the configuration, cargo, actual weight, and the route the truck fol-
lowed. The NTTIS began with a probability-based sample of trucks registered in the
United States as of July 1, 1983. The sample was drawn from registration records main-
tained by R. L. Polk and Company, Cincinnati division.

For each survey-day, the owner was asked to describe every trip made by the selected
truck. Trips were split by time of day into day and night, and each trip was mapped on
special atlases prepared by UMTRI. These maps show the boundaries of every urban
area having a population over 5,000 based on FHWA definitions obtained from each
state. Roads are classified as limited access, other major or primary highways (largely
U.S. and state routes), and other roads (mostly county roads and city streets). By
mapping out the travel. each mile is characterized by the actual loading and configuration
of the vehicle including the driver age. Each mile is aso categorized by road type, rural/
urban area, and day/night. Travel estimates are computed from the trip-level files by
summing across trips and across the categories defined by the levels of each of the desired
factors (vehicle type, carrier type, road type, etc.). A complete description of the NTTIS
data is provided by Blower and Pettis (1988). The combination of the accident data in
TIFA with miles traveled from NTTIS provides estimates of fatal accident involvement
rates.

The “relative risk” is used for this analysis to facilitate comparisons.. Relative risk
is caculated by dividing the raw rates (fatal accident involvements per hundred million
vehicle miles) for every subset by the overdl raw rate. The overall relative risk, then,
IS 1.0. Subsets with a relative risk less than 1 .O are under-involved in comparison to the
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overall rate. and subsets with a relative risk greater than 1.0 are over-involved. The
relative risk is also equal to the proportion of involvements for the subset divided by
the proportion of travel for the subset. For example, if a subset has 10% of the involve-
ments and 5% of the travel. the relative risk is 10/5, or 2.0. The actual number of
involvements. estimated travel. and raw rates for each category are shown in the tables
in this report.

The rates are based on the five-year TIFA file (1980-1984) and the NTTIS file.
Since the travel survey was mostly conducted in 1986, the time period for the exposure
does not match the time period of the accidents, although the vehicle population in
terms of distribution by model year is fairly comparable for the 1980-1984 TIFA and
the NTTIS files. Obviously, it would have been more desirable to have travel data for
the same period of time as the involvements, but the availability of funding and other
problems preclude a better match at this time. It will be another year before the 1986
TIFA file is complete, and several years of accident data are needed to produce sufficient
sample sizes. When considering possible conclusions based on the results of these anal-
yses, the reader must remember the mismatch in time periods between the involvements
and the travel. The author believes that the percent distributions across the factors
presented are quite stable over time. Although the raw rates may vary, the relative risk
should be more stable.

FINDINGS

The relative risk of fatal accident involvement for large trucks of all types is shown
in Fig. 1 by driver age group. It should be noted here that nearly 98% of the drivers of
large trucks involved in fatal accidents from 1980-1984 were male. Although the females
were not actually excluded from the tabulations, the results essentially describe the
experience of male drivers. Except for the first and last group. ages have been combined
into two-year groups to provide sufficient sample sizes. The overall trend shown in this
figure, and in particular the over-involvement of younger drivers, is very similar to the
findings of Williams (1985) cited earlier. Drivers under the age of 19 are over-involved
by a factor of 4, and drivers aged 19-20 are over-involved by a factor of 6. Drivers of
large trucks continue to be over-involved through age 26. The only difference that one
notices in comparing the trend in Fig. 1 with Williams’s (1985) findings for drivers of
passenger vehicles is that Fig. 1 shows the under-19 group to be somewhat lower than
the 19-20 age group rather than continuing the upward trend expected. Even when
combined into a three-year group, the sample sizes for drivers of large trucks under age
19 are very small. This group accounts for less than .2% of the travel and less than .8%

RELATIVE RISK
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Fig. 1. Risk of fatal accident involvement by driver age.
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Table 1. Fatal accident involvement rates by 28 truck driver age
groups for all truck types—NTTIS and 1980-84 TIFA Files

Driver Age 108 Columr Involve Columin Raw Relative®
Group VMT Percent| ments Percen{ Rate Risk
Under 19 092 0.18% 187 0.78% | 40.45  4.39
19-20 202 039 574 2.39 56.72  6.16
2 |-22 10.12 1.94 1049 4.37 20.72  2.25
23-24 19.11  3.66 1420 5.91 14.86 1.61
25-26 2427 465 1632 6.79 13.45 1.46
2738 40.14  7.69 1716 7.14 8.55 093
29-30 3851 738 1585 6.60 823 089
3132 2544 7.15 1541 6.42 8.26  0.90
33-34 44.81 487 1466 6.10 11.53 1.25
35-36 cee- 859 1438 5.99 642  0.70
37-38 34.05 652 1283 5.34 754 082
3940 3486  6.68 1280 5.33 7.34  0.80
41-42 28.93  5.54 1160 4.83 8.02 087
4344 20.10 385 1059 4.41 10.54 1.14
4546 3011 577 992 413 6.59 072
4748 21.30  4.08 888 3.70 834 091
49-50 25.02 479 844 351 6.75 073
51-52 2016  3.86 810 3.37 8.04 087
53-54 1127 2.16 805 3.35 14.28 1.55
55-56 17.39 333 649 2.70 746 081
5758 9.13 1.75 496 2.07 10.86 1.18
59-60 8.57 1.64 415 1.73 9.68  1.05
61-62 7.12 1.37 278 1.16 780 085
63-64 278 053 179 0.75 12.89 1.40
65-66 122 023 90 0.37 14.78 1.61
67-68 142 027 74 0.31 10.39 1.13
69-70 277 053 48 0.20 347 038
Over 70 300 058 60 0.25 400 043
Total 52191 100.00% | 24018 100.00% 9.20  1.00

‘Relative Risk =(% of Involvements)/(% of Travel)

of the fatal accidents, as shown in Table 1. Drivers aged 19-20 accounted for only .4%
of the travel and 2.4% of the fatal accidents. With these small sample sizes, such dif-
ferences are not likely to be statistically significant. These statistics underscore the per-
vasiveness of the current minimum driving age.

Having prepared Fig. 1 showing the overall relationship of driver age to fatal accident
involvement rates for large trucks of all types, the next objective was to examine the
extent to which other factors were associated with driver age in general and the younger
drivers in particular. A previous analysis of large truck fatal accident rates (Campbell
et al. 1988a) has shown substantial differences in the probability of involvement asso-
ciated with factors such as time of day (day as 6:00 a.m. to 9:00 r.m. and night as 9:00
P.M. to 6:00 a.m.), truck type (single-unit versus combination), and road type (limited-
access versus nonlimited). For example, on rural limited-access roads, the probability
of fatal accident involvement is three times higher at night than in the day. For rural
daytime travel, the probability of fatal accident involvement is five times higher on non-
limited-access roads as compared to limited-access. If factors such as these are associated
with the driving experience of younger drivers, they might contribute to, or be partially
responsible for, the apparent over-involvement of the younger drivers. These factors
were examined separately and in combination by partitioning the data according to the
levels of the factor, or combination of factors, and then calculating fatal accident in-
volvement rates in each age group. Comparison among the age groups can be made
within each level and combination of levels of the factors defining the subgroup. The
overall rate for the subgroup is indicative of the risk associated with the subgroup itself.

The relative risk of nighttime versus daytime operation is shown by driver age group
in Fig. 2. For this analysis, the age groups were expanded to five years to maintain
sample size except for the first two groups, under 25, and the last group. Figure 2 and
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Fig. 2. Daytime vs. nighttime risk of fatal accident involvement by driver age.

Table 2 illustrate that overall, the fatal accident rate is more than double at night as
compared with daytime. The over-involvement of the younger drivers is comparable in
both the daytime and the nighttime. As an aside, it is interesting that the older drivers
are not further over-involved at night. One might have expected the generally poorer
nighttime visual acuity of older drivers to be reflected in these accident rates. Mortimer
and Fell (1988) found males over 65 to be over-involved in fatal accidents at night as
drivers of passenger vehicles. but under-involved as drivers of large trucks. Apparently,

Table 2. Fatal accident involvement rates by 12 driver age groups for
day vs. night—NTTIS and 1980-84 TIFA Files

Driver Agg 108 Column Involve Column Raw Relative’
Group VMT Percent] ments Percent Rate Risk
DAY (6AM-9PM)
Under 19 086 0.18% 157 0.66%| 36.39  3.78
19-20 1.87 0.38 465 1.96 (49.71  5.16
21-24 25.07 5.10 1641 7.77 (14.69 1.52
25-29 63.06 12.82 2920  12.32 9.26  0.96
30-34 74.19 15.08 2594  10.95| 6.99 073
35-39 70.81  14.39 2235 9.43 6.31  0.66
4044 58.64 11.92 1871 7.89 6.38  0.66
4549 4553  9.25 156 1 6.59 6.86 071
50-54 4037 821 1344 5.67 6.66  0.69
55-59 23.66 481 933 3.94 7.89 082
60-64 1192 242 458 1.93 7.69  0.80
Over 64 6.66 135 221 0.93 6.64  0.69
SUBTOTAL 422.64 85.91 16600  70.05 7.86  0.82
NIGHT (9PM-8AM)
Under 19( 0.00  0.00% 29 0.12% - -—
19-20 0.00 0.00 96 0.41 — 400
1224 8.03  0.68 1593 3.06 3885 3.09
30-34 9.98 203 1135 4.79 2274  2.36
35-39 13.74 279 1075 4.54 1565  1.62
4044 1154 235 961 4.06 (16.66 1.73
4549 8.54  1.74 714 3.01 16.71 1.73
50-54 7.28 1.48 664 2.80 1824  1.89
60-64 473  0.96 421 1.78 17.80  1.85
Over64 2.09 0.33 04300 17846 0750.19|2813 1701 2917
SUBTOTAL| 69.30 14.09 7099  29.95 2049  2.13
GRAND
TOTAL 4 9(1.94 100.00% [ 23699 100.00P6 9.63 1.00

BRelative Risk = (% of Involvements)(% oOf Travel)
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among older truck drivers, other factors compensate for decreased nighttime visual acuity
and other age-related factors.

The next factor examined individually was the type of truck. The relative risk of
fatal accident involvement is shown by driver age group separately for single-unit trucks
and combinations in Fig. 3. Single-unit trucks are those without trailers. Tractors without
trailers (bobtails) are included in this group. Combination trucks are those with trailers,
and this group includes both tractors and straight trucks pulling one or more trailers,
Twelve driver age groups are used in this figure. Drivers under 21 are over-involved by
about a factor of 6 when driving either single-unit or combination trucks. About 60%
of the travel by drivers under 21 was in a single-unit truck, and only 40% was in
combination trucks. Overal, combination trucks accounted for amost 70% of the large-
truck travel.

The over-involvement of an age group relative to a subgroup can be obtained by
dividing by the relative risk for the subgroup. From Table 3, it can be seen that single-
unit truck drivers aged 19-20 have a relative risk of 4.82 (relative to the rate for al large
trucks shown as 1.00 at the bottom of Table 3). Single-unit trucks as a group have a
relative risk of 0.80, so that the risk for drivers aged 19-20 of single-unit trucks relative
to that for al single-unit trucks is 4.82/0.80, or 6.03. The risk for drivers aged 19-20 of
combination trucks relative to the rate for al drivers of combination trucks is 9.00/1.09,
or 8.99. Thus, the over-involvement of younger drivers of both single-unit and combi-
nation trucks, 6.03 and 8.99, is quite similar when compared to the overdl rate for the
respective vehicle type.

Other factors were aso examined. Eight travel categories were formed from all
possible combinations of three two-level travel factors. They are road type (limited-
access vs. non-limited-access), area type (rurd versus urban). and time of day recoded
into “day” (6:00 A.M.=9:00 p.m.) and “night” (9:00 p.M.—6:00 A.m.). AN examination
of the distribution of travel for younger drivers across the eight travel categories reveaed
that they traveled somewhat more on non-limited-access roads during the day, but
somewhat less on limited-access roads at night. Adjusted rates were calculated to remove
these differences from the comparison of younger drivers to al drivers. However. the
adjusted rates are not appreciably different from the origina rates. For drivers under
25, the adjusted rate was 2.17 as compared with the unadjusted rate of 2.15. This
calculation indicates that differencesin the type of travel of younger driversis not
responsible for their over-involvement in the aggregate data. Relative risks were aso
compared for each of the eight travel categories. The younger drivers were over-involved
in each driving environment. :

Ancther factor examined was the split between interstate carriers and intrastate
carriers. For this tabulation, the eight travel categories have been reduced to four by
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Fig. 3. Single-unit vs. combination truck risk of fatal accident involvement by driver age.
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Table 3. Fatal accident involvement rates by 12 driver age groups for
single-ynir. and combination trucks—NTTIS and 1980-M TIFA Files

Driver Age ms Column Involve Columip Raw Relative®
Group VMT Percent [ments Percent|Rate Risk
SINGLE-UNIT
Under 19 0.36 0.07% 120 0.51% | 66.56  7.31
19-20 1.3s 0.27 306 1.29 4391 482
21-24 13.99 2.69 944 3.9s 1745 148
25-2s 28.63 5.51 1066 451 573 082
30-34 29.85 5.74 856 3.62 0:63
35-3s 22.72 4.37 683 2.89 6.01  0.66
4044 18.26 3.51 524 221 574  0.63
4549 13.99 2.69 473 2.00 6.76  0.74
50-54 14.89 2.86 408 1.72 5.48  0.60
55-5s 9.55 1.84 293 1.24 6.14  0.67
60-64 4.79 0.92 174 0.74 726 0.80
Over 64 6.30 1.21 133 0.56 422 046
SUBTOTAL| 164.72 31.68 5980  25.28 7.26.  0.80
COMBINATIONS
Under 19 0.56 0.11% 62 0.26% | 21.98 241
19-20 0.57 0.11 255 1.08 89.24  9.80
2 1-24 14.85 2.86 1482 6.26 19.96  2.19
25-29 47.24 9.09 3023 12.78 19.64 141
30-34 59.55 11.45 2871 1213 8.09 1.06
35439 65.11 12.52 2633 1113 v 089
40-44 56.41 10.85 2293 9.69 8.13 089
4549 43.34 8.34 1800 7.61 831 091
50-54 34.75 6.68 1606 6.79 9.24  1.02
55-5s 20.39 3.92 1061 4.48 1041 114
60-64 10.28 1.98 460 1.94 895  0.98
Over 64 2.11 0.41 133 0.56 1260 1.38
SUBTOTAL | 355.16 68.32 17679 7472 994  1.09
GRAND
TOTAL 519.87 100.00% | 23659 100.00% | 9.10  1.00

*Relative Risk = (% of Involvements)(% of Travel)

omitting the rural/urban split. In order to maintain sample sizes, ages were combined
into five groups: under 25, 25-34, 35-44, 45-54, and over 54. These, in turn, are shown
for four subsets: single-unit trucks in interstate operation, single-units in intrastate op-
eration, combination trucks in interstate operation, and combinations in intrastate op-
eration. The inter- vs. intrastate distinction is made at the level of the carrier, or owner.
If any of the carrier’s trucks operate interstate, then all of the travel of the trucks operated
by that carrier is designated as interstate. Conversely, all of the trucks operated by an
intrastate carrier operate within a single state.

Combination trucks in interstate operation are the largest of the four major divisions
and account for almost 60% of all large truck travel. Combinations in intrastate operation
account for about 12% of the large truck travel, a group comparable in travel to each
of the single-unit groups. The results for the under-25 age group can be summarized for
the four major divisions by aggregating the rates for this age group across the four travel
categories in each truck type/operation and calculating the relative risk with respect to
the overall rate for the truck type/operation, as described previously. When summarized
in this way, the over-involvement of the under-25 group by truck type/operation is as
follows:

Single-unit/interstate 2.06
Single-unit/intrastate 2.45
Combination/interstate 2.33
Combination/intrastate 1.75

Overall. these results do not vary appreciably from the 2.15 rate for the aggregate.
The overall trend of over-involvement pervades every type of vehicle and operation
examined.
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Information on the driver is carried over from the NHTSA FARS files to the TIFA
file. Tabulations of these variables were prepared comparing the drivers under 21 with
truck drivers of al ages. For the years 1980-1984. there were a total of 24.119 drivers
of large trucks involved in fatal accidents that were included in the tabulations. Of these.
747 (3.1%) were under 21. Twice as many of the drivers under 21 had an invalid license
as compared with al drivers. That is. 12.4% of the drivers under 21 did not have a valid
license at the time of the accident as compared to 5.3% of al truck drivers involved in
fatd accidents. About 25% of the drivers under 21 were charged with a violation in
connection with the accident as compared with only 15% for truck drivers of al ages in
fatal accidents. The types of violations the younger drivers were more frequently charged
with included speeding. other moving violations. and violations of unknown type. How-
ever. only 2.4% of the drivers under 21 were identified as “had been drinking” as
compared to 3.3% of al truck drivers. Perhaps the most suggestive variable available
is the one identifying driver-related factors. Overal. no driver related factor is coded
for 60% of the truck drivers. whereas no factor is coded for 45% of the drivers under
21. Mogt of the factors coded are grouped as **miscellaneous causes.” These include
following improperly. falure to keep in lane (and ran off road), reckless operation.
driving too fast. and many others. One of these miscellaneous causes was coded for 45%
of the drivers under 21 as compared with 31% for al drivers. The available accident
data do not identify the underlying causes of the over-involvement of younger drivers.
However. the factors that are associated with the younger drivers suggest alack of
maturity and judgment.

DISCUSSION

The mogt significant finding is the pervasive nature of the over-involvement of young
drivers. Williams (1985) described the effectiveness of curfews in limiting’ nighttime
driving among teens in passenger vehicles. Nighttime is associated with a higher risk of
fatd accident involvement for drivers of al ages and for al types of vehicles. Limiting
nighttime driving may be an appropriate countermeasure for teenage drivers of passenger
vehicles, since driving after dark may be less essentid and it carries the greatest risk.
Although curfews are effective in that they reduce the exposure in the high risk periods.
they do not in any way modify the genera over-involvement of this group when they
do drive. If one is considering lowering the minimum driving age for commercia vehicles.
then the significant finding of this analysis is that the younger drivers are over-involved
in virtudly al of the conditions examined in this study. They are over-involved in the
day just as much as at night, on dl types of roads, and in both rura and urban aress.
Furthermore, younger drivers are over-involved as drivers of commercid vehicles to
about the same degree as when they are drivers of passenger vehicles. The fact that they
are employed to drive commercia vehicles apparently does not dter the essentid pattern
of over-involvement that is shown when they drive passenger vehicles.

Adjustment of the rates by age category for road type. day/night, and rura/urban
area did not appreciably dter the pattern of over-involvement. Since this trend was not
found to be a consequence of travel factors known to have rather large effects individ-
ualy. and since the trend was exhibited in every subset examined, the author concludes
that it is appropriate to regard the rates by age group in the aggregate data as primarily
associated with age and not the other factors examined here. The advantage of aggre-
gaing the data for al large trucks is that sample sizes are increased for the younger age
groups of interest here.

The fatd accident involvement rates calculated from the UMTRI survey data for
large truck drivers aged 19-20 are about doubl e the rates presented by Williams for
male drivers of the same age. This result is consistent with the dtatistics reported by
Eicher et a. (1982) indicating that the probability of fatality in accidents involving a
large truck is about double that of accidents not involving a large truck. The results of
this andysis. then. indicate a risk of fatal accident involvement for young drivers of large
tréthkls that is consstent with their pattern of over-involvement as drivers of passenger
vehicles.
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In closing. it should be pointed out that although these findings substantiate a high
risk for young drivers of large trucks. they do not identify the fundamental causes of
this risk. It would seem that the driving situation for young drivers of trucks would be
much different than for young drivers of passenger vehicles. The nighttime driving with
peers and associated alcohol consumption that characterizes teenage passenger car use
is much less likely be a part of their truck driving. However, truck driving is a more
demanding task. Training and experience may be more important. Unfortunately, years
of experience is not coded in the accident files used for this analysis. Although this
analysis does not shed any light on the fundamental causes of the over-involvement of
younger drivers, it does illuminate the likely consequences if the minimum age for
commercial drivers is lowered without addressing this fundamental problem.
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Crash Involvement of Large Trucks by Configuration:
A Case-Control Study

HowaRrD S. STeIN, MS, AND IaN S, JoNEs, PHD

Abstract: FOr a two-year period, large truck crashes on the
interstate System in Washington State were investigated using a
case-control method. For each large truck involved in a crash, three
trucks were randomly selected for inspection from the tragic stream
at the same time and place as the crash but one week later. The effects
of truck and driver characteristics on crashes were assessed by
comparing their relative frequency among the crash-involved and
comparison sample trucks. Double trailer trucks were consistently

overinvolved in crashes by a factor of two to three in both single and
multiple vehicle crashes. Single unit trucks pulling trailers also were
overinvolved. Doubles also had a higher frequency of jackknifing
compared to tractor-trailers. The substantial overinvolvement of
doublesin crashes was found regardless of driver age, hours of
driving: cargo weight, or type of fleet. Younger drivers, long hours
of driving, and operating empty trucks wer e also associated with
higher crash involvement. (Am J Public Health 1988; 78:491-498.)

I ntroduction

Large trucks (10,000 Ibs gross vehicle weight or greater)
are amajor safety problem on the nation’s highway.!-? They
areinvolved in about 6 per cent of al police-reported crashes
but account for 12 per cent of all fata crashes.? Each year,
about 4,800 people die in truck crashes, and amost 75 per
cent of these fatalities are to people in avehicle other than the
truck.* Trucks are overrepresented in severe crashes, but on
aper-mile basis trucks appear to have fewer crashes than cars
because they travel predominantly on interstate highways,
which are low-risk roads’ However, when car and truck
crashes are compared on similar roads, trucks have higher
crash rates.’ In recent years, both the number of crashes and
the percentage of fatal crashes involving large trucks have
been increasing.5’

Although the involvement of large trucks in crashes has
been extensively studied, little is known about the relative
involvement of different truck configurations or the role
played by factors such as load, type of cargo, or driver
characteristics.!* The influence of truck size, configuration,
and weight has become an important issue because the 1982
Surface Transportation Act authorized the use of heavier,
wider, and longer trucks and permitted double-trailer truck
combinations to operate, on certain roads, in every dtate.
Prior to the Act, 14 states had prohibited double trailers.*

The relative safety of double trailers has been an issue
for some time; however, most studies that attempted to
compare the crash rates of different truck configurations have
used mileage estimates as measures of exposure to risk and
were unable to adjust these estimates for the variation in
travel patterns among different truck configurations. Because
of these differences, the crash rates computed in many
studies for doubles and tractor-trailers were not readily
comparable.® The most reliable studies with more compara-
ble exposure measures concluded that doubles had higher
crash involvement rates than tractor-trailers.® 101!

The potential problems in operating doubles are well
documented in studies reporting significant handling prob-
lems related to the inherent instability of a second trailer. 213
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Relatively small tractor steering movements (e.g., in a lane
change maneuver) are magnified by the second trailer and can
reach unmanageable levels, producing exaggerated sway and
subsequent rollover of the rearmost trailer. The same steering
maneuvers do not produce rollover in tractor-trailers. The
increased trailer sway and rollover potential of doublesisaso
evident in crash data that indicate significantly higher pro-
portions of rollover in fatal crashes involving double or triple
combination vehicles.' Poor handling and stability were also
reported in several driving studies and surveys of drivers,!3:1
which al concluded that driving doubles requires greater
alertness and concentration than driving singles.

Nonetheless, there has been no reliable estimate of the
overinvolvement of doubles in crashes relative to other truck
configurations that is based on comparable exposure mea
sures. Because doubles carry more volume than tractor-
trailers, fewer are needed to transport a given amount of
freight, and it has been claimed that this greater carrying
capacity more than compensates for their potential over-
involvement in crashes.® Moreover, doubles are used on
longer trips, travel more at night, are more likely to have been
fully loaded, and have been used predominately in western
states.? Other factors such as driver characteristics also may
vary among truck types.

A research approach that can adjust for differences in
exposure is the case-control method. The present study was
designed to compare the vehicle and driver factors of large
trucks involved in crashes with those of a comparison group
on the interstate highway system in Washington State.

Method

Washington State has allowed a diversity of truck
configurations including western doubles, Rocky Mountain
doubles, and truck-trailers as well as tractor-trailers, tractors
(bobtails), and single unit trucks to operate on all its roads
(see Figure 1) for more than 25 years. The state provides a
wide variety of climate and terrain ranging from the temper-
ate coastal region through the Cascade Mountains to the
desert areas in the eastern part of the state. Our study was
conducted primarily on Interstate 5, which carries north-
south traffic, and on Interstate 90, which has east-west traffic.
Data were collected over a two-year period from June 1984
through July 1986.

Truck data were collected by the Commercia Vehicle
Enforcement Section (CVES) of the Washington State Pa-
trol. Approximately 100 officers are responsible for the
weight enforcement and inspection programs in the state,
which includes weigh stations on interstates and other major
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FIGURE 1—Truck Configurations. NOTE: Western doubles were defined as a
tractor with two trailer units with the first trailer 35 feet or less in length; nearly
all had two 28 foot trailers. Rocky Mountain doubles were tractors hauling two
trailers with the first trailer greater than 35 feet in length; the majority had s first
trailer of 40 feet with second trailers of various lengths.

routes as well as port-of-entry weigh scales. The officers
conduct detailed inspections of truck equipment including
brakes, steering, tires, and other mgjor systems. They aso
provide assistance to the Washington State Patrol in the
investigation of truck crashes. Truck inspections followed
the procedures detailed by the Commercia Vehicle Safety
Alliance (CVSA) and the National Uniform Driver-Vehicle
Inspection Manual. '*

Study Design

The study included all crashes involving trucks with
gross vehicle weight rating (GVWR) greater than 10,000
pounds that occurred on the interstate highway system (see
Methods) and involved property damage of at least $1,500 or
personal injury. Each crash-involved truck was inspected by
a CVES officer to check the condition of the major truck
components including brakes, steering, and tires. Where
possible, quantitative measures of performance were used;
for example, brake adjustment was measured from pushrod
travel and tire condition from the tread depth. Truck weight,
size, and configuration; driver age and experience; and the
type of trip were also recorded.

One week after each crash, the CVES officers conducted
a random roadside truck inspection at the crash location. For
every crash-involved truck, three trucks were selected for the
comparison sample: one approximately 30 minutes before the
time of the crash, one at the time of the crash, and one 30
minutes later. The only criterion for selection of comparison

sample trucks was that they have a gross vehicle weight rating.

of 10,000 pounds of greater. Because of safety and convenience
considerations, the inspection site was usualy at the next
interchange, weigh scale, or rest area. Each comparison truck
selected was ingpected following the same procedures used for
the crash-involved trucks. If the inspection was at the roadside,
truck weights were obtained using portable scales or estimated
from shipping papers. The inspection was typically completed
within 30 minutes, which allowed the officers to select the next
truck at the appropriate time.

This sampling procedure could not aways be followed;
some crash locations did not have sufficient area at the
roadside to conduct an inspection or a convenient aternate
site before the next interchange. In these cases, the inspec-
tion site was moved to an appropriate location as near the
crash site as possible, and the inspecting officers confirmed
that the selected truck had passed the crash location. Be-
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cause of very severe weather or because the officers were
investigating other crashes, a small number of the compari-
son sample inspections were conducted two or three weeks
after the original crash. In addition, some comparison in-
spections were omitted because the crash had occurred in
congested areas (e.g., downtown Seattle), where it was not
possible to apply the sampling procedure satisfactorily.
Crashes that occurred on ramps were not analyzed in this
paper because of the difficulty and hazards of selecting
comparison trucks. The study analyzed 676 crashes involving
734 large trucks that occurred between June 1984 and July
1986. Almost 85 per cent of the crash-involved trucks were
successfully matched with sample trucks, and only these
cases were used in the subsequent analyses of relative
involvement.

DataAnalysis

Truck configurations were classified as shown in Figure
1. The variables used in these analyses included truck
configuration, age of driver, weight of load, hours of driving,
truck body type, and fleet size (number of trucks operated by
a given company). Variables with continuous ranges, such as
driver age or hours of driving, were classified into three
groups of equal size (i.e., low, medium, and high) based on
the comparison sample. If avariable of interest was unknown
for a crash-involved truck, then both crash and comparison
trucks were excluded from the particular analysis. In the
small number of cases (typically 3 per cent or less) where the
vaue of a variable for one of the comparison trucks was
unknown, a representative value was randomly assigned
based on the distribution of this variable by truck configura-
tion in the rest of the comparison sample.

To determine whether particular factors were .
overinvolved in the crash vehicles, contingency tables were
constructed using the crash and comparison samples.® The
statistical analyses were performed using the CATMOD
procedure of the SAS Ingdtitute” To present the effect of
particular factors on crash involvement, involvement ratios
were computed by dividing the percentage of trucks with that
particular characteristic in the crash group by the percentage
of trucks with the same characteristics in the comparison
group. An involvement ratio greater than 1.0 indicated that
the particular factor was overinvolved in the crash sample,
and an involvement ratio of less than 1.0 indicated it was
underinvolved.

Analyses were also performed stratifying the data by the
study design parameters, which included crash type (single
vehicle or multiple vehicle), day/night, route, and roadway
alignment. In these analyses, the comparison sample was
adjusted to include only those inspections corresponding to
the specific parameter under study. For example, in analyz-
ing the involvement of trucks in single vehicle crashes, the
comparison sample included only those trucks sampled at the
sites of single vehicle crashes. However, extraneous factors,
such as weather, are randomly distributed throughout the
sample of trucks, and it would have been inappropriate to
match the cases by these factors.

To examine the simultaneous effects of the various study
factors, a matched logistic regression model was used to
estimate the adjusted odds ratio for each of the factors
included in the model.? The odds ratio is the odds of crash
involvement given a particular factor divided by the odds of
crash involvement in the absence of that factor. To fit the
model, the logistic regression procedure MCSTRAT from the
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TABLE 1—Distribution of Crash-invoived Trucks snd Control Sample Trucks by Configuration and Crash Typo

Per Cent Distribution of Truck Configurations

Rocky Total’
Single Tractor Tractor- Truck- Western Mountain Number of
Crash Type Unit Only Trailer Trader Double Double Trucks
All crashes
Crash Invoived 8 4 59 9 18 3 604
Comparison Sample 23 5 59 5 6 1 1.612
Single Vehicle
Crash Involved 9 3 52 9 25 3 222
comparison sample 21 5 62 4 6 1 666
All Multiple Vehicle
Cmsh Involved 6 4 62 9 14 2 362
Comparnison Sample 25 5 57 6 5 1 1.146
Rear End”
Crash Invoived 9 6 64 7 13 1 104
Comparison sample 24 6 51 6 7 1 312
Sideswipe”
Crash Involved 7 4 67 6 14 1 106
Companson Sample 27 4 59 6 3 1 324

*Some totais do not equal 100 per cent due to rounding
**Truck struck other vehicie

SAS Users Group International (SUGI) Supplemental Li-
brary was used.?

Note that the involvement ratio bears a direct relation-
ship to the odds ratio. If the crude odds are computed with
respect to tractor-trailers, for example, the involvement
ratios could be transformed to odds ratios by dividing each
involvement ratio by the ratio for tractor-trailers.

With a case-control study of this type, it is only possible
to compute relative involvements, which cannot be convert-
ed into crash rates. Consequently, these results cannot be
directly compared to other studies that compute crash in-
volvement rates on a per-miles-traveled basis. Also, because
the crash-involved trucks were compared with randomly
sampled trucks, if one value of a variable (e.g., a particular
truck configuration) is overrepresented in the crash sample,
some other values of the same variable must be under-
represented. By definition, every overinvolvement in the
crash sample must be balanced by underinvolvement. Thus
overinvolvements or underinvolvements are relative to the
overall involvement of large trucks in crashes on the inter-
state highway system. Consequently, the results from this
study cannot be compared directly with the crash involve-
ment rates of other vehicles.

Results
Truck Configuration

Table 1 provides an overview of the data sets that were
analyzed, and it shows the distributions of the crash-involved
trucks and comparison sample trucks by configuration.
Tractor-trailers were involved in 59 per cent of al crashes,
doubles (including Western and Rocky Mountain doubles) in
21 per cent, truck-trailersin 9 per cent, and single unit trucks
in 8 per cent. Corresponding figures for the comparison
sample are 59 per cent tractor-trailers, 7 per cent doubles, 5
per cent truck-trailers, and 23 per cent single unit trucks.
Thus, among large trucks, the crash experience of tractor-
trailers parallels their exposure on the road, whereas doubles
and truck-trailers are substantialy overrepresented in the
crash sample and single unit trucks are underrepresented.

Involvement ratios by truck configuration are given in
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Figures 2 and 3 for al single vehicle and multiple vehicle
crashes, respectively. Compared to tractor-trailers, doubles
were overinvolved in both types of crashes, although their
overinvolvement was greatest in single vehicle crashes.

Although truck configuration plays a magjor role. crash
involvement is affected by other factors. The factors of
interest were separated into three major categories.

e truck operating characteristics (load, Aeet size),

e driver characteristics (age, hours of service), and

e environmental/road conditions (day/night, curve/grade).
These various factors were anayzed in conjunction with
truck configuration and the results are presented in Figures
4-7. Although many other factors affected crash involve-
ment, truck configuration was the dominant effect and the
other factors, in general, had less effect. Note that although
al truck configurations were analyzed, only the results for
the three configurations with the largest samples--single unit
trucks, tractor-trailers, and doubles (Western and Rocky
Mountain)—are presented.

Truck Operating Characteristics: Body Type, Load, and Fleet Size

Figure 4 gives crash invoivement both by truck config-
uration (expressed as a percentage of the truck’s GVWR),
and by load. Compared to fully loaded trucks, empty trucks
were overinvolved in crashes and partialy loaded trucks
were underinvolved. Load did not appear to have as large an
effect for single unit trucks or tractor-trailers as for doubles.
Doubles were overinvolved in all crashes, but empty doubles
were move involved than partialy or fully loaded doubles.
An analysis of crash involvement by truck body type (i.e.,
van trallers, flatbeds, tankers, etc.) showed that no one
particular body type was consistently overinvolved or
underinvolved. Fleet size was not related to the crash
involvement of tractor-trailers (Figure §), but there was a
trend of increasing involvement with decreasing fleet size for
doubles and single unit trucks. However, irrespective of fleet
size, doubles were always overinvolved in crashes.

Driver Characteristics: Age and Hours of Driving

Figure 6 gives the effect of driver age as a function of
truck configuration. Compared to older drivers, young driv-
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FIGURE 2—Involvement of Trucks in Single Vehicle Crashes by Truck Configuration

ers are significantly overinvolved in crashes independent of
truck configuration. Just as important, the Figure also shows
that doubles are overinvolved in crashes irrespective of the
ages of their drivers.

Figure 7 shows the effect of hours of driving on crash
involvement. Drivers with six or more hours driving prior to
their crash were more involved in crashes than those with
fewer hours. Single unit trucks and tractor-trailers were less
affected by driving hours than were doubles. Doubles showed
an overinvolvement that increased steadily as the number of
driving hours increased. There was a particularly high crash
involvement if the doubles' driver had been driving six or
more hours.

Environmental and Road Conditions

The involvement ratios for daytime (daylight conditions
including dusk and dawn) and nighttime (dark) crashes as a
function of truck configuration are shown in Table 2. Doubles
were overinvolved in crashes compared to tractor-trailers,
but for al configurations nighttime involvement ratios were
generaly lower than daytime ratios.

Table 2 aso shows that the involvement ratios for single
unit trucks and doubles were greater on curves or grades than
straight level roads but that the involvement ratios for
tractor-trailers were lower on curves or grades.

The crash involvement ratios were comparable on In-
terstate 5 and Interstate 90. These ratios further confirm the
basic finding that single unit trucks were underinvolved, and

TABLE I--Truck Configuration Crash Invoivement Ratios by Time of Day,
Highway, ® nd Roadway Alignment

Singb Vehicle Crashes Multiple Vehicle Crashes

Singb Tractor- Single Tractor-
Factor Units Trailer Doubles Units Trailer Doubles

Time of Day

Day 0.6 0.6 49 0.4 11 2.9

Night 0.2 0.9 25 0.2 1.0 2.0
Roadway Alignment

Straightevel 0.3 1.0 2.6 0.3 1.2 2.4

Curve/Grade 0.6 0.8 33 0.4 1.0 2.9
Interstate Route

5 0.5 0.9 25 0.4 11 2.6

90 0.2 0.7 3.6 0.4 0.9 2.5

doubles were overinvolved in crashes relative to tractor-
trailers, regardiess of route.
Relative Risk of Crash Involvement by Various Factors

The various two-way analyses that have been presented
suggest the possibility of interaction effects although with the
current sample size the effects could not be reliably assessed.
To examine the simultaneous effects of these study factors
(body type, load, fleet size, driver age, driving hours), a
matched logistic regression model was used without interac-
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FIGURE 3—Involvement of Trucks in Muitiple Vehicle Crashes by Truck Configuration
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tion terms. Table 3 gives the crude and adjusted odds of crash
involvement by the various study factors. Truck configura-
tion is the dominant effect; after adjusting for the other study
factors, the relative crash risk for doubles was more than
three times that for tractor-trailers. Type of carrier operation
(interstate versus intrastate), driver age (<30), driving hours
(>6), and load (empty versus full) all showed higher adjusted
odds.

Table 4 gives the adjusted odds computed separately for
single vehicle crashes and multiple vehicle crashes. For
single vehicle crashes, the relative risk of crash involvement
for doubles increased to 4.8 from 3.2 for al crashes. The odds
for the driver age and carrier operation variables were
similar, and those for load and driving hours were reduced.

5.0

In multiple vehicle crashes, the adjusted odds for truck
configuration, load, driver age, and carrier operation were
about the same as for al crashes, however, the odds for
driving hours (>6) were higher, suggesting a stronger rela-
tionship between hours of driving and overinvolvement in
multiple vehicle crashes.

Traikr Stability: Rollover, Jackknifing, and Trailer Separation
Table 5 gives the frequency of rollover and jackknifing in
single vehicle and multiple vehicle crashes as a function of
truck configuration. Doubles were involved in a higher
proportion of single vehicle crashes (49 per cent) compared
with tractor-trailers (30 per cent). An obvious question is
whether this occurred because the doubles configuration with
the two trailers is more prone to rollover or jackknifing than
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the tractor-trailer combination with one trailer. The propor-
tion of rollover in single vehicle crashes was the same for
doubles and tractor-trailers (about 45 per cent), but it was
higher for truck-trailers and single unit trucks. The risk of
injury was higher when rollover occurred: 49 per cent of
single vehicle crashes with rollover involved injury, com-
pared to 33 per cent without rollover. In multiple vehicle
crashes truck-trailers, single unit trucks, and doubles al had
a higher frequent of rollover than tractor-trailers.

Jackknifing of doubles occurred frequently in both single
vehicle crashes (75 per cent) and multiple vehicle crashes (37
per cent), Truck-trailers jackknifed less frequently than
doubles but more than tractor-trailers. In single vehicle
crashes, jackknifing was amost twice as frequent on wet
roads as on dry roads.

Table 5 also gives the frequency of trailer separation
following a crash. Separation of units occurred in nearly 40
per cent of single vehicle crashes involving doubles and in 12
per cent of their multiple vehicle crashes; it was amost as
frequent for truck-trailer crashes. Trailer separation gener-
aly occurred as a result of the crash athough there are some
cases reported where the separation of the second trailer
precipitated the crash. Trailer separation was rare for tractor-
trailers.

Discussion
Previous studies have documented the inherent stability
problems of double trailer configurations.'*-13-15 The findings

of this study suggest that trailer instability is one of the causes
of the overinvolvement of doubles in crashes. Truck-trailers,
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TABLE 3—Crude and Adjusted Odds of Crash Involvomont-All Truck Crashes

95% 95%
crude odds Confidence Adjusted Confidence
Study Variable Ratio Interval Odds Ratio Interval
Configuration (N = 604)
Single Unit 0.35 (0.25. 0.48) 0.48 (0.32,0.71)
Doubles 292 (2.20, 3.87) 3.17 (2.33. 4.31)
Others 1.18 (0.87, 1.60) 1.40 (0.99, 1.97)
(Tractor-Trailers)™* (1.0) {(1.0)
Load
Empty 1.37 (1.10, 1.70) 1.05 (0.79, 1.38)
Partial 0.63 (0.51, 0.78) 0.83 (0.64, 1.08)
(Full) (1.0) (1.0)
Driver Age (N = 604)
<30 121 (0.98, 1.49) 151 (1.20, 1.92)
(>30) (1.0 (1.0)
Hours Driving (N = 555)
(1-2) (1.0) (1.0)
3-5 1.43 (1.12, 1.63) 1.25 (0.96, 1.62)
>6 1.49 (1.13,1.97) 1.32 (0.99. 1.76)
Carrier Operation (N = 603)
Interstate 2.02 (1.61, 2.64) 1.54 (1.17. 2.02)
(Intrastate) (1.0) (1.0)
Carrier Type (N = 603)
Private 0.48 (0.38, 0.60) 0.86 (0.66, 1 14)
Contract 1.78 (0.91, 1,52) 1.34 (1.01. 1.77)
(Common) (1.0) (1.0)
d logistic 554 matched cases in adiusted model.

Roimmqroupugmnnpamnhm the odds ratios are computed within each group.

which have one coupling point less than doubles, were
nevertheless overinvolved in crashes athough less so than
doubles. Similarly, tractor-trailers*’ had a lower involvement
than truck-trailers but were more involved in crashes than

*Tractor-trailers and truck-trailers both have one coupling point, but the
fifth wheel connection of a tractor-trailer has more roll and yaw stability than
the pintlc hook arrangement used on truck-traikrs.

TABLE 4—Adjusted Odds of Crash involvement for Single Vehicie and
Muttiple Vehicle Crashes

Single Vehicle 9 5 % Muttiple Vehii 95%
Odds Ratio Confidence Odds Ratio*

Study Variable (N = 177) Interval (N = 350) interval
Configuration
Single Unit 0.56 (0.27, 1.16) 0.41 (0.26, 0.67)
Doubles 476 (2.91, 7.63) 2.45 (1 .64, 3.67)
Others 212 (1.16, 3.90) 1.15 (0.76, 1.75)
(Tractor-Trailers)” (1.0) (1.0)
Load
Empty 1.02 (0.62, 1.66) 1.06 (0.75, 1.49)
Partial 0.96 (0.61, 1.51) 0.75 (0.54, 1.04)
(Full) (1.0) (1.0)
Driver Age (years)
<30 1.58 (1 .04, 2.40) 1.52 (1.13, 2.03)
(>30) (1.0) (1.0)
Hours Driving
(1-2) (1.0) 1.0)
3-5 1.06 (0.67, 1.66) 1.39 (1.01,1.97)
=6 0.82 (0.50, 1.35) 1.68 (1.17, 2.41)
Carrier Operation
(Intrastate) (1.0) (1.0)
Interstate 1.64 (0.98, 2.75) 1.48 (1.07. 2.06)
Carrier Type
{Common) (1.0) (1.0)
Private Q77 (0.47, 1.25) 0.92 (0.66, 1.29)
Contract 1.86 (1.11,3.11) 1.14 (0.81, 1.61)
*Matched logistic regression

Mmmnwmm the odds ratios are computed within each
group.
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single unit trucks. The high crash involvement of empty
doubles may reflect the fact that when doubles are lightly
loaded sway problems are worse and their braking perform-
ance is also reduced.®'¢2* Doubles were particularly
overinvolved on curves.

Although the proportion of rollover in single vehicle
crashes was similar for doubles and tractor-trailers, the
frequency of doubles in single vehicle crashes and thus their
rollover frequency was much higher than for tractor-trailers.
It was not possible to determine whether the high single
vehicle crash involvement was the result of a tendency of the
second trailer to rollover or whether rollover was the result
of aloss of control crash. In nearly 40 per cent of single
vehicle crashes involving doubles, trailer separation oc-
curred. This high proportion of trailer separation has been
noted by other researchers.

The present study has shown that doubles have a much
higher crash frequency than other truck configurations.
However, a net benefit might be realized if this increase in
crash frequency could be offset by substantial decreases in
truck traffic because doubles greater cargo carrying capacity
reduces total truck mileage. The National Research Council
study of double trailers estimated that their increased use
would reduce combination truck mileage by about 10 per
cent.® This reduction in mileage clearly does not compensate
for the up to threefold increase in crash involvement of
doubles over tractor-trailers.

The strength of the current results stems from the study
design, which compared different truck configurations oper-
ating under similar conditions; this comparison is extremely
difficult using conventiona mileage-based methods. For
example, a recent study used Fatal Accident Reporting
System, Bureau of Motor Carrier Safety, and Truck Inven-
tory Use Survey data to compute accident rates per 100
million miles of travel.?® Unfortunately, that study suffers
from the same data and method limitations as previous
studies-rates for doubles and singles were not compared
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TABLE 5—Frequency of Rollover, Jackknifing and Traller Separstion in Singie Vehicle and Multipie Vehicie Crashes by Truck Configuration

Percentage of Single Vehicle crashes Percentage of Multipie Vehicle Crashes

Invoiving Involving
Separa- Number Separa- Number
Truck Roll- Jack- tion of of Roll- Jack- tion of of

Configuration over knife units Trucks** over knife units Trucks**
Single Und 73 22 12 18 41
Tractor-trailer 43 51 0 129 5 37 2 308
All Doubles 48 75 39 89 11 12 73
Truck-Trailer 81 87 29 21 15 24 11 48

*More than one crash event may have ocgurred for a specific crash invoived truck.
**Inciudes a// crash-invoived trucks.

7. Cerreli EC: Current Trends in Heavy Truck Accident Fatalities(1980-84).
Washington, DC: Nationa Highway Traffic Safety Administration (DOT
HS-866896), November 198S.

National Research Council, Transportation Research Board: Twin Trailer
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under similar conditions. The study concluded that overal
, crash involvement rates of the two configurations were
similar but that 70 per cent of doubles crashes were on 8
divided roads compared to 52 per cent of tractor-trailer
crashes. However, the authors noted that per-mile crash

rates are substantially lower on divided highways, thus “the 9
accident picture is not quite as favorable to the current 10
doubles as appears at first glance, since the doubles chiefly
travel on relatively safe divided highways.”

Although doubles have been operated in Washington
State for more than 25 years, their crash involvement is much
higher than that of other truck configurations. When the crash
involvement of doubles was compared to that of tractor-
trailers operating under similar conditions, doubles were

involved in crashes two to three times more often. If the use
of doubles becomes more widespread throughout the inter-
state highway system and connecting roads, an inevitable
result will be increased numbers of truck crashes.

1L

12.
13.

1984. Washington, DC: Federal Highway Administration, May 1986.
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A CASE CONTROL STUDY OF HEAVY VEHICLE DRIVERS
WORKING TIME AND SAFETY

WJ. Frith
Land Transport Safety Authority. New Zealand

Thismaterlal may be protected by
copyright law (Titie 17 U.S. Code).

SUMMARY

Throughout the world there is concern regarding the effect on crash risk of the long periods
behind the wheel, often combined with potentially disruptive rest patterns, which are
common in the lives of drivers of long distance heavy vehicles. In New Zealand heavy
vehicle drivers carry log-books in which details of their driving hours must be recorded. It
was decided to use this information to carry out a study on the risk of crash with respect to
driving hours and other time intervals related to the drivers working lives. In the study a
‘case’ group of heavy vehiclesinvolved in crashes (for which details of drivers hours were
known from their log-books) was compared with a ‘control* group of vehicles. The control

group was selected by Police going to the scenes of crashes on an anniversary of the crash,
at the same time of day as the crash and stopping a heavy vehicle. Where possible a vehicle
was selected which was travelling in the same direction as the crash vehicle and which was
of a smilar configuration. This was to provide a group as close as possible to the crash group
in terms of immediate exposure to risk and vehicle configuration. The driving hours details
of the vehicle' s driver were then taken along with some other vehicle and driver details. The
crash group and control group were then compared. Evidence was found of an increased risk
of crash in those cases where driving hours since the driver’'s last compulsory 10 hour off-
duty period (as recorded in the log book) exceeded about eight. There were no other
significant differences between the two groups with respect to other time intervals related
to driving habits. Thisisin line with literature findings that driving time since the last long

rest period is the most important variable. There was a significant difference between the
age distribution of the crash and control drivers with the crash drivers generally younger.
The major policy implication is that even with the relatively short distances driven in New
Zealand, length of time behind the wheel is having an effect on the crash rate of trucks and
enforcement of driving hours restrictions has merit as a road safety measure.

Gold Coast, Queensland, 15-19 August 1994; Australian Road Research Board Ltd (ARRB),
500 Burwood H ghway, Vernont South, Victoria, 3133, Australia
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INTRODUCTION

1. The threatening presence of heavy vehicles on the road is a cause for concern
world-wide. In New Zealand the long distance freight industry was deregulated in 1983.
This resulted in an increase in the amount of freight carried by road against a background
of increased competition. Concern has been expressed in the industry and community
that safety standards should not be compromised by long distance drivers becoming
excessively fatiqued through inadequate rest periods or excessively irregular working
hours. Equally there is concern that driving hours should not be excessively regulated SO
that industry productivity or the life-styles of drivers are adversely affected without
commensurate safety benefits. Industry representatives generally desire flexibility within
aframework of limits based on safety criteria. These concerns have ﬁrovoked this study
which investigates whether and to what extent drivers hours behind the wheel are linked
to crashes in the New Zealand situation.

THE INTERNATIONAL LITERATURE

2. Thereisonly avery imperfect relationship between number of hours driven and the
risk of crash involvement. Road safety depends on three major el ements: the driver, the
road and adjacent environment, and the vehicle.

3.  Mgor factors affecting the safety of the professional driver are:

o experience (of both the driving task and of “fatigue” situations),
o« menta attitude,

. O?hysical aptitude and strength,

. driving schedule vis-avis circadian rhythms.

Many studies have indicated increased crash risk or evidence of fatigue symptoms after a
certain time driving heavy motor vehicles.

4. Harris and Mackie (1972) studied the driving and crash records of an American
interstate freight company. They found an increase In risk beginning after about 5 hours
driving and asymptoting very steeply by the 10 hour mark. The study also concluded that
single vehicle heavy truck crashes were almost 2.5 times more frequent between the
hours of midnight and 8am than would have been expected on the basis of driver
exposure.

5. Fuller (1984) studied professiona drivers of heavy trucks in Ireland, over four
consecutive days, each day including one eleven hour driving shift. The measure of
driving performance used was time headway between vehicles. The results showed that
the on 3/ measured variable affecting time headway and its variability was the number of
hours driven. Overall though, there was no measurable evidence of driver impairment as
a function of ﬁrolonged riving hours. Risk taking did increase as the driving shift
continued, although only a small proportion of time headways could be described as
'risky' by the observers.

6. Linklater (1980), after conducting interview surveys of New South Wales heavy
truck drivers, concluded that truck drivers were more likely to be involved in a crash if
they spent more than 55 hours per week driving. An American study (Mackie and Miller
1978) reported that fati%;ue effects become evident after 8 hours on regular shifts, and
earlier if shifts are irregular.

7. The American National Transportation Safety Board (1990) published a report

analysing human factors involved in heavy truck crashes, using on-site crash
nvestigation techniques. Of 186 fatal-to-the-driver heavy truck crashes, fatigue was
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8.  Jones and Stein (1987), using a method broadly similar to this study, studied the
crash involvement of tractor-trailers on the interstate system in Washington State by
configuration and some other variables. They found that drivers who drove more than3
hours on end were at increased crash risk.

9.  Lin, Jovanis and Yang (1993) modelled the effect of American heavy freight
driver service hours on crash risk using time dependent logistic regression. They found
that driving time had the strongest effect on crash risk. While the first four hours were
indistinguishable, there was then a 50% increase up to 7 hours. The 8th and Sth hours
then showed further increases to 80% and 130% respectively, above the 4 hour level.
They aso found a generally elevated collision risk at night.

10. Many researchers state that the role of fatigue is often under-estimated. Drivers
tend to down-play the role of fatigue in any crash for fear of incrimination. To partialy
circumvent the driver response problem, one of the more recent fatigue involvement
studies (Haworth, Heffeman and Home, 1989), used Coroners' records. This yielded
estimates of the involvement of fatigue in Victorian heavy motor vehicle crashes of
between 9.1% (based on the Coroners' judgements) and 19.9% (based on the authors
judgements of the evidence available in the reports).

THIS STUDY

INTRODUCTION

11.  Heavy motor vehicle crashes in New Zealand are recorded in the Land Transport
Safety Authority’s Traffic Accident Report (TAR) database. This covers all reported
motor vehicle crashes involving injury and can be manipulated to obtain very detailed
crash information such as cause factors, weather, road and vehicle conditions. There is
also a data-base of crashes held in the Authority from which the crash data for this study
were taken. This contains TAR and logbook information on a set of heavy motor
vehicle crashes considered serious enough by Police to be reported to members of the
Police Commercia Vehicle Investigation Unit (CVIU). The CVIU is a 40 strong nation-
wide unit which specialises in the enforcement of laws relating to commercial vehicle
operation. Approximately 650 heavy motor vehicle crashes dating back to 1987 are
present in this database. This paper describes an attempt to mount a case control study of
the risk of driving heavy motor vehicles with respect to various work related variables.
The project was carried out jointly by the then Land Transport Division of the Ministry
of Transport (now the Land Transport Safety Authority) and the CVIU.

THE CASE CONTROL METHOD

12.  This method, used very widely by epidemiologists, compares a “case” group (in
this instance the sample of crash involved vehicles and drivers) with a “control” group
operating under similar conditions. It has been used in the road safety area before,
notably the landmark Grand Rapids study of the risk involved in driving with acohol in
the blood stream. (Borkenstein, Crowther, Schmate, Ziel and Zylman, 1964). The
method was aso used by Stein and Jones (1988) to study the crash involvement of large
trucks on the interstate system in Washington State, by configuration and some other
variablesincluding drivers hours.
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RELEVANT FACTS REGARDING HEAVY MOTOR VEHICLE OPERATION
IN NEW ZEALAND

13.  In New Zealand a heavy motor vehicle is defined as one of over 3500 kg gross
laden mass. In New Zealand 10 hours continuous rest is required in each 24 hour period.
A maximum of 11 hours daily driving is allowed, with a maximum working day of 14
hours. A break of 30 minutes is required after 5.5 hours continuous driving. The
maximum working week is 70 hours, with maximum weekly driving of 66 hours.

THE SURVEY METHOD

14.  The objective of this survey method was to achieve as closely as possible a case
sample of crash-involved heavy motor vehicles and a control sample matched for
location, time of year, time of day, day of week and configuration of the vehicle. |t was
impractical to match for other variables such as weather, speed and behaviour of other
motorists. To carry out the study, officers of the CVIU visited sites of crashes as close as
possible to an exact anniversary of the crash (adjusted so that the day of the week was the
same). The sites visited were, as it happened, evenly split between urban and rural
areas. They then examined log-book details of the first heavy vehicle of a similar
configuration to the crash involved vehicle which came along in the same direction. If,
after an hour of waiting, no suitable vehicle came they were instructed to take a vehicle
of adifferent configuration. Matching by configuration was possible in 143 out of 199
useable pairs. Similarly, they could take a vehicle going in the opposite direction if none
were available in the right direction. In 150 cases out of the 182 cases where the survey
vehicle' s direction was reported by the Police, the survey vehicle was travelling in the
same direction as the accident vehicle. This selection process was to ensure that the
vehicle sampled was as close as possible in exposure to risk of crash to the crash
involved vehicle. The crash dates ranged from 1988 through to 1990 so the anniversaries
used ranged from the fourth down to the second. Details of driving and working hours
from the log-book and discussions with the driver were then recorded, along with some
information about the driver and the vehicle. In no case did the discussion result in
driving hours different from those in the logbook being recorded. Thus henceforth these
observations can be considered log-book observations.

STUDY PERIOD
15.  The study was carried out over the period June 1992 to July 1993.

REFUSAL RATES

16. There were no refusals. The Police have the power to require the furnishing of
such information. Any stopping instances in which data was not available were due the
exemptions from the carrying of 10g-books. Any bias due to this would also have been
present in the crash sample.

THE TIME LAG BETWEEN CRASH AND CONTROL SURVEY

17.  This varied between two years and four years tending towards the shorter time lags.
It is not considered that the time lag involved is such that any significant change in
driving habits or the driving environment would have happened which could invalidate
the results of the study. Given present economic pressures, any move to shorter times
behind the wheel in the interim period is unlikely. Thus, any possible biases in the
driving hours of the control group vis-avis the crash group are likely to affect the results
In a conservative direction.
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ACCURACY OF LOG-BOOK ENTRIES

18.  Asin other countries where such systems operate, the drivers' log-book systemin
New Zealand is open to falsification. There are no scientific data available on the extent
of such falsification in New Zealand. Such falsification would naturally result in changes
from illegal working period durations to legal working period durations. In this study
there were very few observations in which hours restrictions were violated. This
suggiests that falsification may have occurred. The probable effect of this in the data
would be to shift, in both groups, some data which should rightly appear in illegal cells,
into marginally legal cells. This effect may be greater in the crash sample than the
control sample. Its effect on the major result Is discussed in paragraph 30 .

STATISTICAL TESTING

19. Thesymbol Z is used to denote the standard normal variate and a value of p<0.05
denotes a tatistically significant difference.

RESULTS

CONFIGURATION OF VEHICLES

20. The Police were requested as far as possible to match the crash vehicles and the
control vehicles by configuration. However this was not always possible. The
configurations of the two samples are shown in figure 1.

AGE DISTRIBUTIONS OF DRIVERS

21.  Agedistributions of drivers are shown in figure 2. Using the sign test, (Siegel,
1956) there was a significant difference (Z= 2.43, p< 0.015) between the two groups,
with the crash group obviously the younger. This is in line with the general tendency for
younger people to be at greater risk on the road than the middle aged.

WORKING HABITS OF DRIVERS (OVERALL ANALYSIS)

22.  Five quantities related to working habits were abstracted from the |og-books with
accuracy to the nearest 15 minutes. These were :

The total elapsed time since the driver’s last 24 hour off duty period (Note : total time
includes driving, on duty, off duty and rest period time).

On-duty hours worked since the driver’s last 24 hour off duty time.
Driving hours worked since the driver’s last 24 hour off duty time.
On-duty hours worked “today” since the driver’s last 10 hour off duty time.
Driving hours worked “today” since the driver’'s last 10 hour off duty time.

“Driving hours” include the statutory 30 minute break where required.

23.  The responses from the two groups were compared, in the first instance, using the
normal approximation to the simple paired sample t test’ details of which are available in
any simple statistics text (e.g. Roscoe, 1975). The normal approximation was used as the
final number of pairs available (199) was sufficient for use of this approximation under
the central limit theorem. The test used was a one-tailed test’ with null hypothesis that
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the mean difference between the observations for matched pairs (i.e. the log-book time .
for the crash driver and his’lher matched control driver) was not greater than zero. The
dternative hypothesis was that the mean difference between the observations for the
pairs was greater than zero.

24.  The following results were found:

Total elapsed time since the driver’s last 24 hour off duty period.
Means:

Crash group: 4 1.78 hours
Control group:  50.35 hours

Mean difference between crash group hours and control group hours (one-tailed test):
-8.59 hours Z=-1.87p<0.9376

On-duty hours worked since the driver’s last 24 hour off
duty time.

Means:

Crash group: 20.38 hours
Control group:  19.88 hours

Mean difference berween crash group hours and control group hours (one-tailed test):
0.60 hours Z=0.48 P<0.6297

Driving hours worked since the driver’s last 24 hour off duty time.

Means:

Crash group: 15.09 hours
Control group:  14.05 hours

Mean difference between crash group hours and contirol group hours (one-tailed test):
1.12 hours Z=1.10 P<0.2734

On-duty hours worked “today” since the driver’s last 10 hour off duty time.
Means:

Crash group: 5.51 hours
Control group:  5.27 hours

Mean difference between crash group hours and control group hours (one-tailed test):
0.34 hours Z=0.75 P<0.4545
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Driving hours worked “today” since the driver’s last 10 hour off duty time.

Means :

Crash group: ~ 4.38 hours
Control group:  3.64 hours

Mean difference between crash group hours and control group hours (one-tailed test):
0.80 hours Z=3.2 P<0.0015

25. These results conform with overseas findings that driving time since the last
significant rest period is the strongest effect. Given this and the strong level of
significance of this effect, it was decided to further analyse driving hours since the last
10 hour rest period.

FURTHER ANALYSIS OF DRIVING HOURS SINCE THE LAST 10 HOUR
REST PERIOD.

Proportion of crash group and control group > 8 hours since last rest:
26. The following proportions were calcul ated

Crash group: 13.1%
Control group:  5.1%
Difference: 8.0%

This difference is significant, using a one-tailed normal test for proportions. The null

hypothesis is that the difference between the crash proportion and the control proportion
IS not greater than zero, and aternative hypotheses that it is greater than zero (Z=2.79

P<0.0029).
Variation Of Risk By Driving Hours

27.  This was investigated using methods developed by Allsop (1966) to analyse data
from the Grand Rapids study (Borkenstein et a, 1964).

Let:
a, = the number of crash involved drivers in driving hours class i.

¢,= the number of control driversin driving hours class .
t= driving hours (since last 10 hour break).

i refersto the interval i-1<t<i where i
is an integer greater than or equal to 1.

28.  Allsop (1966) defines avariable r, = %‘%"which he refers to as the relative crash
0%i

rate for the interval i-1<e<i .

This expression may be rewritten thus: r, = :'/ z'
0 0
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29. From the above it may be readily seen that its function is to compare the ratio of
crashinvolved driversin the interval i-I<¢<i to control driversin the same interval with
the similar ratio for the interval 0<¢<Il. This produces an index of relative risk of the
crash group vis-a-vis the control group in various intervals to that in the interval g<¢<1.

30. Figure 3isabar chart of relative risk against time interval. It is apparent that the
relative risk increases markedly after about 8 hours behind the wheel. However, there are
few observations in the area of the curve relating to longer times behind the wheel, so the
shape of the risk curve in these regions is not well established. Also, any fasification of
log-book entries would be likely to involve the movement of actua driving times from
theillegal (>11 hours? into the legal region, and involve the crash samPIe to a greater
extent than the control sample. Thisis unlikely to affect the shape of figure 3 as the
highest category in the figure (9 hours driving and over) includes both illegal driving
hours and the upper reaches of legal driving.

(4]
T
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Fig. 3 - Risk compared with driving up to 1 hour
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Analysis Of Pairs Where The Crash And Control Vehicles Were Of The Same
Configuration.

31. For two vehicle configurations, single unit trucks and truck and trailer units there
were enough pairs matched by configuration (respectively 63 and 77) for statistical
anaysis to be worthwhile. The results of these analyses are presented as follows:

(a) Single unit trucks

Driving hours worked “today” since the driver’s last 10 hour off duty time.

Means:

Crash group:  4.45 hours
Control group: 3.05 hours

Mean difference between crash group hours and control group hours (one-tailed
test) :

1.40 hours Z=3.08 P<0.003 5

Proportion of crash group and control group > 8 hours since last rest.

Crash group: 17.39%
Control group: 4.34%
Difference: 13.04%

This difference is marginally significant using a one-tailed normal test for
proportions.@= 1.95P<0.057)

(b) Truck and trailer units

Driving hours worked “today” since the driver’slast 10 hour off duty time.

Means:

Crash group:  4.77 hours
Control group: 3.98 hours

Mean difference between crash group hours and control group hours (one-tailed
test):

0.87 hours Z= 1.97 P<0.053

Proportion of crash group and control group > 8 hours since last rest:

Crash group:  12.1%
Control group: 5.3%
Difference: 7.0%

This difference is not significant using a one-tailed normal test for proportions
(Z=1.27pP<21).

32. Itisinteresting that the matched groups exhibit greater increases in risk with time
?ent since the last rest period than the overall analysis reveals. This indicates that larger

Ifferences may have been obtained overall had better matching been attained. It is also
interesting that the differences appear larger for the smaller rigs. This may be connected
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with greater use of smaller rigs under more congested conditons such as urban operation.
In such conditions the tired driver would have greater exposure to crash risk than one
working in less congested conditions thus amplifying the differences. Further research
would be necessary to confirm the above speculations.

COMPARISON OF THE RESULTS WITH THOSE OF OTHER
INVESTIGATORS

33. Indtrictly scientific terms, case control studies such as this are specific to the areas
in which they are carried out. This is particularly relevant in the area of driving hours
where there are many geographically linked confounding variables such as the cultural
habits of drivers, the terrain and the length of haul. It is thus highly interesting that:

. These results, notwithstanding the differences in vehicle size in the samples, are close
to those of Stein and Jones.

. Although derived differently, they aso correspond well with those of Lin et d.

It may thus be that the relationship between the safety of driving heavy vehicles and
driving hours is relatively robust to other influences.

CONCLUSIONS
34. The study indicates that:
« Younger truck drivers tend to be involved in crashes more than older truck drivers.

. Crash involvement increases significantly after about 8 driving hours worked from
the last 10 hour rest period.

. Crash involvement tends to increase more steeply for smaller rigs than larger rigs.
This may possibly reflect greater use of smaller rigs by tired drivers in congested
environments.

35 The above factors suggest the possibility of an interaction between youthful risk-
taking behaviour and longer driving hours increasing the risk of crash occurrence.

36.  The lengths of the following time periods related to drivers' work were not found
to be statistically significantly related to crash risk.

. Thetotal elapsed time since the driver's last 24 hour off duty period
«  On-duty hours worked since the driver’'s last 24 hour off duty time.

. Driving hours worked since the driver’'s last 24 hour off duty time.
«  On-duty hours worked “today” since the driver’s last 10 hour off duty time.

However, there were indications of a rough progression towards statistical significance
as the work-related Periods measured became more immediately related to the final
driving period. Signiticant chan%es in some of the above measurements may have been

detected had a larger scale study been possible.
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37.  The similarity of this study’s results to those of studies carried out using overseas
data suggeststhat the relationship between the. safety of driving heavy vehicles and
driving hours may be relatively robust to other influences such as the cultural ethos of
. the drivers and the environments in which .they drive.

38. The policy implications are that :

« Even with the relatively short distances driven in New Zealand, driving hours worked
IS having an effect on the crash rate of trucks and enforcement of driving hours

restrictions has merit.

« With the young being over-represented in the crash group, targeting of the young
with education, public?ty and enforcement could well be useful.
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