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Abstract

The association between teenage passengers and crash risks among young drivers may be due to risky driving behavior. We investigatec
the effect on two measures of risky driving in the presence of young male and female passengers. Vehicles exiting from parking lots at 10
high schools were observed and the occupants were identified by gender and age (teen or adult). At a nearby site, the speed and headway c
passing traffic were recorded using video and LIDAR technology. Teenage drivers drove faster than the general traffic and allowed shorter
headways, particularly in the presence of a male teenage passenger. Both male and female teenage drivers allowed shorter headways (relativ
to no passenger or a female passenger) in the presence of a male teenage passenger, while the presence of a female teenage passenger rest
in longer headways for male teenage drivers. Overall, the observed rate of high risk driving (defined aslspeth or more above the
posted speed limit and/or headway-0f.0 s) for the teen male driver/male passenger condition was about double that of general traffic. In
conclusion, the presence of male teenage passengers was associated with risky driving behavior among teenage drivers.

Published by Elsevier Ltd.
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1. Introduction bility is that the presence of teen passengers may alter teenage
driving behavior.

Crash involvement rates per mile driven are several times  Teen passengers may cause actual distraction by their ac-
greater for teenage than that for middle-age drividiSTSA, tions in the vehicle, such as talking, altering the radio or CD
2000. Fatal and non-fatal crash rates for 16- or 17-year-old player, moving about, or touching the driver. In studies of
drivers are particularly elevated in the presence of teen pas-adolescent risk behaviors, it is indicated that teens are an im-
sengersChen et al., 2000; Doherty et al., 1998; Preusser et portant source of social influendér{nett and Bauman, 1994;
al., 1998; Regan and Mitsopoulos, 2001; Ulmer et al., 1997; Jaccard et al., 2005; Simons-Morton et al., 2004d peer in-
Williams and Ferguson, 20Q2particularly for speed-related  fluence may also be a factor in driving. Peer influences may
fatal crashesWilliams, 200). While the increased risk of  include direct and intentional encouragement of risky driving
teen passengers on crash rates among teen drivers is welbehavior, for example, by urging the driver to drive fast, catch
documented, the underlying reasons that teen passengers indp with, or pass another vehicle. Peer influences may also be
crease teen driving risk are not well understood. One possi-indirect and unintended. Accordingly, a teenage driver may

be inclined to drive in a more or less aggressive, risky, or care-
. lessway because he or she perceives that the teen passenger(s)
* Corresponding author. Tel.: +1 301 496 674; fax: +1 301 402 2084. . . . .
E-mail addressesMortonb@mail.nih.gov (B. Simons-Morton), would view such driving behavior as desirable or expected.

LERNER1@westat.coom (N. Lerner), jeremiahsinger@westat.com AlthOUQh itis clegr that the presence of teenage passengers is
(3. Singer). an independent risk factor for crashes among teenage drivers
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this relationship could be due in part to time of day, trip loca- licensed at older ages and may in other ways be different from
tion and purpose, alcohol use, or other factor common to bothdrivers in the United States.
teenage passengers and crashes by teenage dbadrsrfy The purpose of the present study was to examine driv-
et al., 1998. Although there has been considerable study of ing behavior of teenage drivers in the presence of teenage
the statistical association between passenger characteristicpassengers. Vehicles were observed exiting from high school
and teenage driver crash risk, there has been relatively lit- parking lots at dismissal time and an observer was stationed
tle research on the effects of passengers on teenage drivewithin a few yards of the exit such that he or she could easily
behavior and only one study has been reported in which andetermine the number, sex, and relative age of the passen-
effect of passengers on young driver behavior was actually gers. Complete information (presence, age, gender) for all
observed. vehicle occupants was recorded for more than 97% of ve-

McKenna et al. (1998provided the only data so far re- hicles exiting the lots and partial information (age or gen-
ported on the observed effect of young passengers on theder unknown, rear seat passenger presence unknown) was
driving behavior of young drivers in a natural driving en- recorded for more than 99% of vehicles. In this way, the
vironment. Specifically, McKenna et al. conducted a set of study was able to capture a large number of drivers with very
observational studies to assess the effects of young passerhigh confidence that those who appeared to be youthful were
ger presence on young driver behaviors, including speed,indeed teenagers. Vehicle speeds and headways were then
following distance, and gap acceptance. Accordingly, rela- recorded at nearby locations, where roadway conditions al-
tive to young drivers with no young passenger, mean speedlowed meaningful opportunities for speeding or tailgating.
was greater for both male and female drivers when a male Vehicles at these measurement sites were then matched with
passenger was present. However, with a female passengeinformation about the vehicles previously obtained as they
present, mean speed was greater for male drivers, but not feexited the school lot. The behavior of teenage drivers could
male drivers. Gap distance was less for both young male andthen be compared with the behavior of general traffic, and
female drivers in the presence of young male passengers andhe effects of passenger presence could be assessed. The ex-
greater in the presence of a young female passenger. Overallperiment provides an opportunity to confirm the passenger
McKenna et al. provided the first data showing that in the effects on risky driving behavior observedidgKenna et al.
presence of male young passengers, risky driving behavior(1998)with a US population of high school students.
was greater for both young male and young female drivers,
while in the presence of young female passengers, risky driv-
ing among young male drivers was less. 2. Method

The study by McKenna et al., however, was limited in
several ways. Importantly, determinations of driver and pas- 2.1. Design
senger age were based on the judgment of a remote, hidden
observer viewing into a moving vehicle that they were less  Field observations of vehicle traffic in the vicinity of pub-
than 25 or greater than 25 years of age. In pilot efforts related lic high schools were conducted and data on speed and frontal
to the present project, observers were unable to confidentlyheadway were obtained from relatively unobtrusive roadside
classify passengers according to age and sex using both direcording equipment. Observers standing within a few feet
rect observation and video recordings from distances as closeof the exit from each school parking lot recorded the descrip-
as 15ft from moving vehicles. Windshield glare, shadows, tions of exiting vehicles and the characteristics (age, sex)
tinted windows, varying vehicle heights and configurations, of drivers and passengers. At a site some distance from the
and other variable real-world conditions prevented observersschool (¥ to 3/4 mile), passing traffic was assessed using a
from making confident judgments about occupant age androadside recording system, including a video camcorder and
sex in moving vehicles. We concluded that only proximal ob- LIDAR. LIDAR is a laser device that measures the speed
servation of occupants in stationery vehicles would provide of vehicles and their distance and is commonly used in po-
accurate assessments. The “gap acceptance” experiment dfce speed enforcement. The manufacturer-certified accuracy
McKenna et al. might also be improved upon. For McKenna, of the system used in this study 4s1 mph for speed and
gap acceptance was recorded as vehicles were turning fromt1 ft for distance. From this recording, the speed and head-
a “junction, which gave access to a 30 mph urban road.” The way (distance from front of preceding vehicle to front of tar-
time that the merging vehicle’s rear bumper reached a crite- get vehicle) of each vehicle could be derived. By matching
rion point on the main road and the time the following vehi- the vehicle information from the school exit to the vehicles
cle’s front bumper reached the criterion point were recorded, recorded on the roadway, each vehicle could be categorized as
and the time between vehicles was considered the “gap” thathaving a teenage driver, an adult driver, or as “general traffic”
the driver accepted. Actually, the gap (available time to make (not from the school). These data permit an analysis of two
the maneuver) is not known. The measure is really a safetymeasures of risky or aggressive driving — speed and headway
clearance interval that reflects both gap size and the speed- as a function of driver and passenger characteristics.
with which the driver completed the merging maneuver. Fi- Data were collected at 13 roadway sites in the vicinity
nally, the study was conducted in England, where drivers areof 10 different public schools (two different sites meeting
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the criteria were used at three of the schools on different hicle to front of target vehicle) or following headway (time
days) in the greater Washington, DC suburban area. Highfrom arrival of rear of lead vehicle to front of target vehicle),
schools were selected for observation if school officials pro- although the measures are highly related.

vided approval and if the school and a nearby road site metthe

following criteria: two-lane undivided road near the school; 2.3.2. Independent measures

moderate, moderate traffic volume; no nearby traffic control ~ The observer recorded the following independent vari-
devices that could impede traffic flow; substantial number of ables on each vehicle exiting the parking lots: driver age (teen
teenage drivers entering the traffic stream; safe roadside lo-or adult); driver sex (male or female); teen passenger pres-
cations for researchers; dry road and no precipitation at time ence (none, front seat, rear seat), age (teen or adult), and sex;
of observation. vehicle category (car, SUV, van, pickup truck, other).

2.2. Procedure 2.4. Data management and analyses

The data collection team of three observers set up prior  After completion of the field observation, coders reviewed
to school dismissal. Observer #1 was located within a few the video and audio (Observer #1 commentary) portions of
yards from the parking lot exit to verbally record (via a wire- the videotape of vehicles exiting the school parking lots and
less microphone transmitter) the age and sex of the driverentered the data on each vehicle into a Microsoft Access
and passenger and vehicle type and color. Observer #2 waslatabase so that these vehicles could be matched to those
located across from the lot with the video camera to record passing the LIDAR site. Next, this information was com-
the vehicle for future identification. Observer #3 was located bined with that from the LIDAR site video and vehicles that
on a nearby road segment operating a LIDAR unit and 8 mm had exited from the parking lot were matched. Thus, each
video camcorder. The data recording system was comprisedvehicle was classified as having a teen driver, an adult driver,
of a Stalker LIDAR unit, a camcorder, a PC, a videocassette or as being part of the general traffic at the site (driver age not
recorder, and a gas-powered generator. The LIDAR unit andknown). Overall, about 63% of vehicles observed exiting the
camcorder were mounted to a tripod and set up to observeschools were also observed at the LIDAR sites. Although ef-
vehicles as they traveled away from the school at speed. Theforts were made to select sites where traffic dilution would be
system was positioned well off the roadway and aimed toward minimal, some vehicles left the observed road before reach-
traffic approaching from the direction of the high school. LI- ing the LIDAR site. Because of the varying traffic patterns
DAR data were output to the PC, where a custom software at the different sites, the matching rates varied substantially
program corrected distance and speed measurements to rebetween sites. It is also possible that a very small percentage
flect the road offset. The corrected data were fed to a video- of unmatched vehicles did pass the LIDAR site but were not
titler unit, which stamped time, speed, and range data ontodetected during the video review, due to obscuration (e.g., by
the video feed from the camcorder. The video and speed dataa pedestrian passing the camera) or other viewing problems.
were recorded to a VHS cassette inthe VCR unit. Duringdata  Non-passenger vehicles, such as trucks, buses, motor-
recording, Observer three monitored the system and also aucycles, or commercial vehicles, were excluded from the
dio recorded notes on vehicle color and type, partial license database, along with aberrant data, such as LIDAR beam
plate numbers of passing vehicles to aid in later matching ve- obstructed by a pedestrian. Vehicles were categorized as
hicles at the LIDAR site to those exiting the school, and any “teenage drivers” observed at the school exit, “adult drivers”
unusual events that might affect the quality or interpretation observed at the school exit, and “general traffic” that did not

of data. match vehicles exiting from the school lot. “General traffic”
includes some unknown number of teenage drivers. To the ex-

2.3. Measures tent teenage drivers were also represented in the general traf-
fic, this would weaken observed driver group effects, since

2.3.1. Dependent measures the characteristics of the teen drivers (e.g., higher speeds)

The risk-related driving measures used in this study were would contribute to the mean of the general traffic group as
vehicle speed and headway. Speed was observed using a Liwell. The complete database was then screened to identify er-
DAR unit. The spot speed recording was typically made at a roneous data (e.g., by searching for extreme outliers and other
distance of 150—-300 ft from the LIDAR unit. Vehicle head- suspicious values), which were then corrected by reviewing
way was derived from the video recording of traffic. The time the original video data.
that the front of each vehicle reached a criterion location was  To allow for meaningful analyses across the various sites,
recorded. Vehicle headway was defined as the temporal la-which differed in terms of posted speed, general traffic speed,
tency (in seconds) between successive vehicles as they passeghd other aspects, the data for each vehicle were transformed
this fixed point on the roadway. Using this method, headway based on mean data for the site. Thus, for speed, the mean
was recorded as the latency from the front of a lead vehicle speed of general traffic was computed for the particular site.
to the front of a following vehicle. Note that this is not the This mean was then subtracted from the speed for each indi-
same as following distance (distance from rear of lead ve- vidual vehicle, so thatindividual vehicle speed was expressed
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as a difference from the mean of general traffic. For exam- of about 160 ft, or roughly 10 vehicle lengths of following
ple, if the mean speed of general traffic for a given site was distance.
35.3 mph, and a particular vehicle was traveling at 37.8 mph,  Analyses of variance were based on these transformed
the transformed speed for that vehicle would be +2.5 mph. A speed and headway scores. Various other means of conduct-
similar transform was done for headway. The mean headwaying these analyses were evaluated, to address concerns of
of general traffic was computed for each site, and each indi- non-normal distributions, high variance, unbalanced design,
vidual vehicle’s headway was then transformed by subtract- and other assumptions of the analysis model. These included
ing this value. Therefore, the transformed speed and headwayaw and log-transformed speed and headway data and the
data are actually expressed as deviations from site generalnclusion of site as a covariate. None of these approaches
traffic means. substantially or systematically changed the observed test out-
In actual traffic, some vehicles will be grouped together comes. Since the transformation of speed and headway based
in a platoon and some vehicles will be relatively distant from on the mean of general traffic at each site provides a simple
other vehicles. Drivers in a platoon do not have full discretion and intuitive way to describe the findings, this was used for
regarding their speed; they cannot go faster than the vehiclethe primary analyses. Chi square tests were used to test bi-
ahead. A criterion headway value of 3s was used to di- variate comparisons of proportions.
chotomize individual vehicles into a platoon or non-platoon
situation. Three seconds was selected as a reasonable crite; Results
rion based on both general driver behavior and data from this

study. Headways less than 2 s are generally considered to be The posted speeds across the 13 sites ranged from 25
“close car following.” Also, a scatter plot of raw speed versus to 50 mph. Combining all sites, over 3000 passing vehicles
headway data from this study indicated that speeds werewere recorded, of which 2251 were qualifying vehicles in
relatively constant at headways from 3s on and there wasgeneral traffic and 471 were teen drivers (245 male and
also a clustering of headways in the 1-2.5 srange (suggesting26 female). There was no passenger present in 232 of the
platoons). Therefore, a value of 3s appears as a reasonabléeen vehicles and one or more passengers present in 239
criterion level for classifying platooning. If the headway was of the teen vehicles. Among teenagers, over 80% drove
>3, the vehicle was considered to be non-platoon and couldcars, 14% vans or SUVs, and 3.4% pickups, while 60% of
be used for speed analysis. If the headway was, the  general traffic drove passenger cars, 33.8% vans or SUVs,
vehicle was considered to be car-following and could be usedand 5.3% pickups. Forty-six percent of observed vehicles
for headway analysis. With traffic speeds averaging approx- had headways of less than or equal to 3s and therefore
imately 40 mph, a nose-to-nose headway of 3 s is equivalentwere studied in analyses of headway. Fifty-four percent
to about 176 ft. Assuming a typical vehicle length of about of observed vehicles had headways of greater than 3s and
16 ft, this translates into a tail-to-nose following distance therefore were studied in analyses of speed. On average,
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Fig. 1. Distribution of nose-to-nose headways for general traffic, teenage male and femaleMoiteePercentages with different letters (a, b, c) are significantly
different (p<0.05) from each other (comparisons within each headway bin, not between headway bins).
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Fig. 2. Teen driver transformed headway by driver type and passengerNgpe Driver-passenger category percentages with different letters (a, b) are
significantly different from each othep € 0.05).

vehicle headways were smaller at sites with greater traffic driversis about0.17 s shorter (about 10 ft at 40 mph) than that

volumes. for general traffic. There is little difference in the headways

of male and female teenage drivers, except in the presence of

teenage passengers, where the presence of a female passen-

ger is associated with longer headways and the presence of a
Shown inFig. 1 are the distributions of vehicles with  male passengeris associated with shorter headway3.1L9,

very short €1s), short £2s), moderate (2-5s), or long d.f.=2234p<0.05). The presence of a female passenger for

(>5s) headways by driver category. Teenagers represenboth male and female teen drivers resulted in significantly

fewer cases in the long headway category and more cases igreater headway compared with all other driver/passenger

the short headway (chi square =14.92, d.f. §4;0.01) and conditions, as indicated iRig. 2

very short headway (chi square =15.08, d.f. $2;0.001)

(differences between male and female teens were not sig-3.2. Speed comparisons among driver groups

nificant). A 1s nose-to-nose headway is equivalent to a

tail-to-nose following gap of only about 0.73s (assuming Because short headways are likely to be associated with

a speed of about 40mph and a vehicle length of about more congested traffic, and long headways with light traffic

16 ft). andincreased opportunity to set one’s own speed, it was antic-
ANOVA technigues were used to examine the effects of ipated that speed would increase with longer headwags3

driver and passenger type on headway among vehicles with ashows the mean transformed speed for vehicles at different

headway of <3s. The experimental hypothesis is, given thatheadways from the preceding vehicle, where the zero line in-

the subject vehicle is in relative proximity to the lead vehicle, dicates the mean speed of general traffic and vehicle speed is

do driver and passenger characteristics relate to the choice oexpressed as the mean difference. As the figure suggests, the

headway? An initial ANOVA on raw headway measures indi- main effects of driver typeH{=3.08, d.f. =2, 2618y < 0.05),

cated main effects for driver (teen versus general traffic) and headway F =47.06, d.f. =2, 2618 < 0.0001), and their in-

site, but no site-by-driver interaction. Given that there was no teraction F=5.87, d.f. =4, 2618y)=0.0001) were all statis-

interaction between driver category and site, the subsequentically significant. Accordingly, mean speeds for all groups

analyses of teenage passenger effects were conducted usinigcrease sharply as headways lengthen from 1-2 up to 3—4s,

3.1. Headway comparisons among driver groups

the pooled transformed headways for all sites.

and then flatten. The increase for teenagers is significantly

The effect of teenage passengers on transformed headwaypigher than that for general traffic from 2—-3 to 4-5s and is

for vehicles with <3 s headway is shownkig. 2. Accord-

ingly, each driver's headway is a signed difference, in sec-

onds, from the site mean (represented by zero valk&jir)

particularly elevated for teenage females up to 5-s headways.
Mean transformed speed for teenage driver and passen-
ger combinations is presented Kig. 4 As shown, the

of generaltraffic. As shown, the mean headway for allteenagemean transformed speed for all teenage drivers is about
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Fig. 3. Mean transformed speed as a function of headway, for driver groups (general traffic, teen males, teen KotealEisg increase in speed for teen
males and females is significantly greater than that for general traffic for 2-5 s hegu@p5).

1.3mph faster than that for general traffic and teenage The percentages of passenger vehicles with headway of
males drove slightly faster than teen females (+1.81 mph ver->3 s and speeding by group, where speeding was defined as
sus +0.77 mph), though this difference was not significant exceeding the posted speed limit By15 mph, are shown
(F=0.90, d.f.=1192p=0.34). Compared to the no passen- in Fig. 5. As indicated, there was little difference between
ger condition, speeds were much higher when there was athe general population and teenage drivers or between male
male teenage passenger and somewhat slower when therand female teenage drivers, except in the presence of male
was a female front seat teenage passenger present. While sulteenage passengers (chi square =11.58, d.fp=A).01).
stantial, due to the small sample sizes and large variances, th&ubsequent tests found that the rate of such speeding for
effect of passenger type fell short of the conventigraD.05 the teenage drivers with teenage male passengers differed
significance levelf =2.90, d.f. =2192p=0.057). significantly from the rate for teenage drivers with female
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Fig. 4. Teen driver transformed speed by driver type and passenger\gpe.Comparison between male driver/male passenger and male driver/female
passenger{=2.90, d.f.=2p=0.057).
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Fig. 5. Percent of cases where speed was at least 15 mph above the posted spaé¢atdirbifferent letters (a, b) indicate significant differencps(0.05).

teenage passengers (chi square=5.14, d.f.p=40.05), senger subgroup (chi square =8.20, d.f. §¥0.01). For

teenage drivers with no passengers (chi square=7.50teenage male drivers, there was a significant effect of pas-

d.f.=1, p<0.01), and general traffic (chi square=8.75, senger presence with higher risky driving in the presence of

d.f.=1,p<0.01). a male passenger than in the presence of a female passenger
Inrelated analyses, teenagers drove faster when more tharfchi square =5.02, d.f.=1p<0.05). Risky driving among

one teenage passenger was in the vehicle, except for the caseenage female drivers was significantly higher in the pres-

where a male driver was accompanied by a female front seatence of a female passenger.

passenger. However, given the small number of such cases,

these differences were not statistically significant. Interest-

ingly, among adult drivers leaving high school parking lots 4. Discussion

with teenage passengers speeds were faster with teenage male

passengers than with teenage female passengers, +0.5mph The effect of teenage passengers on teen driver crash risk

for adultfemale drivers and over 2.5 mph for the small sample is well established from analyses of crash statistics, but the

of adult male drivers, although this effect was not statistically reasons for this effect are less clear. In this study, we in-

significant, given the small sample size. vestigated the effect of teenage passengers on teenage risky

3.3. Overall incidence of risky behavior Table 1
Percent of vehicles showing high speed and/or short headway for driver and

passenger groups

The findings for headway and speed just presented were

analyzed independently, although they may not be indepen-Prver/passenger group N % Showing risky

dent. Close following headways may constrain speed; fast - driving behavior
driving may result in close following. Since risky driving ~&eneraltraffic 2186 9.6
may be expressed in either high speed or short headway, it isTeen drivers
of interest to ask how frequently some form of risky driving _'F‘:eza:;‘i%zrssenger 21951 T
was observed. Criterion values for risky driving were taken . 2° .~ passenger 126 11
as nose-to-nose headways-0f.0s and speeds 15 mph or _ X
more over the posted speed linilable 1presents the fre- Teen male driver 228 1e
. o . . . No passenger 107 ®
quency of risky drlvmg behfa\{lpr for various driver and pas- Male passenger 60 o
senger groups. By this definition, slightly less than 10% of Female passenger 55 55
general _traffic showed some risky driv_ing behavior, com- Teen female driver 213 15
pared with 14.9% of teenage male drivers and 13.1% of g passenger 108 @
teenage female drivers (chi square =8.21, d.f.p20.02). Male passenger 31 @
Compared with general traffic, the rate of risky driving was Female passenger 71 55

higher for male teenage drivers for both the no passen- * p<.05in chi square comparisons with general traffic.
ger (chi square=5.15, d.f.=p<0.05) and the male pas- * p<.0lin chisquare comparisons with general traffic.



DTD 5

8 B. Simons-Morton et al. / Accident Analysis and Prevention xxx (2005) XXX—XXX

driving behavior. The findings indicate that teenage drivers is what made them more likely to be in proximity to vehicles
engaged in greater risky driving behavior than general traffic, ahead.
particularly in the presence of a male teenage passenger. The When the occurrence of either speeding or tailgating was
findings show that teenage drivers tended to allow somewhatconsidered, a higher frequency of risky driving behavior was
shorter headways and drive at somewhat higher speeds thaseen for teenage drivers. The teenage male driver/male pas-
general traffic, and these effects were greater in the presencaenger condition had a rate of risky driving behavior that was
of a male teenage passenger. greater than double the rate of the general traffic group. The
The presence of a male teenage passenger resulted imemaining teenage drivers had a rate about one-third higher
shorter headways (relative to no passenger or a female pasthan the general traffic group.
senger), while the presence of a female teenage passenger re- Our study sought to improve on the methodology em-
sulted in longer headways for both male and female teenageployed byMcKenna et al. (1998n the only previous study
drivers. This difference in headway of 0.3 s for male and about to observe speed and headway behavior as a function of young
0.15s for female teenage drivers is substantial. At typical driver gender and passengers. While McKenna et al. relied
driving speeds of around 40 mph, a 0.3 s difference is equiv- on remote judgments of “young drivers” (judged to be age
alent to traveling slightly more than one car length closer to <25 or >25 by remote roadside observers), the design of our
the vehicle ahead. Given that the analysis of headway datastudy allowed greater assurance that the drivers wer@
was confined to vehicles with nose-to-nose headways of 3.0 syears old, allowing for specific comparisons of teenage and
or less, this is a potentially meaningful difference in safety older drivers. Also, McKenna et al. did not compare young
performance. driver groups with general traffic. Moreover, our measure
Speed, like headway, was influenced most strongly by pas-of close following is a refinement on the method employed
senger gender. Teenagers, as a group, drove slightly fasteby McKenna et al. Nonetheless, given that both are obser-
than general traffic, and male teenagers drove slightly fastervational, naturalistic studies of young drivers, it is of inter-
than female teenagers, but much faster in the presence of ast to compare the findingBig. 6a and b plot the observed
male teenage passenger. Among male teenage drivers, theffects for each conditiorfig. 6a shows that both studies
difference in speed between the male passenger and femalebserved longer headways for male drivers when a young
passenger conditions was almost 5 mph, a large shift in aver-female passenger was present and shorter headways in the
age speed. The interpretation of speed findings is complicatedpresence of a young male passengay. b shows that both
because speed is related to following distance. Those driversstudies observed increased speeds when a male passenger
who choose to drive particularly fast may be most likely to was present, for both young male drivers and female drivers
come upon a leading vehicle and hence find themselves in a(i.e., speed in the male driver/male passenger condition was
“platoon” situation where their speed is constrained. Thus, it higher than that in the male driver/no passenger condition, by
may be the fastest drivers who are unable to express their dethe amount shown in the bar chart). McKenna et al. observed
sired speed and earlier we reported that teenage drivers wera substantially lower speed when a young female passen-
more likely than general traffic to be in short headway situ- ger was present with a young male driver, while the present
ations. To the extent, this reflects faster vehicles running up study observed very minimal difference. Both studies ob-
on slower vehicles, this would have weakened the observedserved minimal difference when a young female driver was
differences in speed that might otherwise appear in uncon-in the presence of a young female passenger. While the pas-
strained travel. senger effects in McKenna et al. and the present study were
Neither close following nor speed is a “pure” measure of not entirely consistent, they both provide evidence that male
risky driving behavior because their occurrence is dependentpassengers increase risky driving while female passengers
to some extent on the presence and actions of other traffic.decrease risky driving among young drivers.
When the rate of “short” nose-to-nose headways was exam- The naturalistic observational design employed in the
ined for vehicles within 3.0 s (thus having an opportunity to present study allowed for comparisons among driver groups
tailgate), about 40% of teenage drivers adopted headways ofunder real-world conditions. However, this design has possi-
less than 2.0 s and about 7-8% adopted headways of less thahle limitations, the most important of which are confounding
1.0s (about double the rate for general traffic). When speed-and selection. A given dependent variable in the study may
ing (>15 mph over the posted speed limit) was examined for be correlated with other important but unmeasured or uncon-
those vehicles assumed to have the opportunity to choosetrolled variables, thus confounding the results. For example,
their speed (headway >35s), teenagers showed higher ratesdlriver gender or passenger presence may be correlated with
of speeding only when there was a male teenaged passengedactors, such as the vehicle characteristics, proximity to
present. With a male passenger present, one-fourth of teenagschool, time of day, and extent of driving experience. Also,
drivers exceeded the speed limit by at least 15 mph (versusthe study subjects may not be representative of the general
less than 10% of general traffic). Furthermore, teenage driverspopulation. For example, teenage drivers most likely to trans-
were more likely to be within 3 s of the vehicle ahead. While port male passengers may be different from other teenage
these “platoon” drivers were excluded from the speed anal- drivers in ways that would alter driving behavior regardless
ysis, it is quite possible that the propensity to greater speedof the actual presence of teenage passengers. Measurement
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Fig. 6. (a) Comparison of findings froMcKenna et al. (19983and current study for teen driver and passenger effects on headway. (b) Comparison of findings
from McKenna et al. (19983nd current study for teen driver and passenger effects on dgetiM, male; F, female.

reliability is always a research concern. The use of LIDAR we did not attempt to observe the presence, age, or sex, of
permitted accurate speed measurement (within about 1 mph)passengers in vehicles in the general traffic condition. There-
and the use of frame-by-frame video analysis permitted fore, we were not able to determine if there may have been
accurate time headway estimates. Judgments of vehiclean effect of teen passengers on the driving behavior of adult
occupant type (teen or non-teen, male or female), while drivers.

subjective, were facilitated by close-up observation while  To gain a better understanding of the extent to which the
the vehicle was stopped or moving slowly at the school exit. findings can be generalized, additional research is needed
Also, the design allowed only for the observation of effects of that includes a larger sample, a wider range of driving con-
teenage passengers on teenage risky driving behavior, but didlitions over more extended driving periods, a wider range of
not allow for examination of what about teenage passengers measures of risky driving behavior, and information on the
other than gender, may have influenced driving behavior. characteristics of the driver, such as amount of driving experi-
Finally, because remote observations can be unreliable,ence. Given the variability of speeds and headways observed
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