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Road accidents represent a major societal problem and
road users’ behavior is a key causal factor behind the ma-
jority of these accidents (Sabey & Taylor, 1980). In par-
ticular, various aspects of drivers’ risk-taking propensity
are known to relate to accident involvement(Elander, West,
& French, 1993), and it is therefore important to under-
stand drivers’ risk-taking behavior.

There are a number of different techniques available to
researchers for measuring drivers’ risk-taking behavior.
These range from roadside observational studies to in-
car techniques to laboratory-based driving simulators
and questionnaire surveys (see Elander et al., 1993, for a
review), all of which differ in ecological validity, exper-
imental controllability, and practicality. For example,
roadside observations allow for real-world behavior to be
measured, but experimental control and detail of data are
both limited. On the other hand, questionnaires allow
highly detailed and controlled data to be collected, though
the measures of driving behavior have low ecological
validity and are indirect, often relying on drivers’ self-
reports of their own behavior. Nevertheless, drivers’ self-
reported risk-taking behavior has been found to (1) relate
to their actual risk-taking behavior, (2) be stable over time,

and (3) be reliable (West, Elander, & French, 1991; West,
French, Kemp, & Elander, 1993).

A recent attempt to combine ecological validity with
experimental control involved laboratory-based video
simulation (Horswill & McKenna, 1999a). Video images
of real road scenes were presented to participants,who had
to indicate their intended speed in each situation. This
measure was found to predict drivers’ speed-related acci-
dent rates and known demographic differences, indicating
some degree of external validity (Horswill & McKenna,
1999a).

The aim of the present research was to investigate the
use of an alternative medium for investigatingrisk-taking
behavior: the Internet.A number of authors have suggested
that the expansion of the Internet offers an opportunity for
behavioral research (Hewson, Laurent, & Vogel, 1996;
Schmidt, 1997; Senior & Smith, 1999). The main advan-
tages of the Internet include easy access to a potentially
vast participant pool, a high degree of convenience, and
low cost. A number of studies have directly compared the
performance of Internet questionnaires with their equiva-
lent paper-and-pencil versions (Buchanan & Smith, 1999;
Krantz, Ballard, & Scher, 1997; Pasveer & Ellard, 1998;
Smith & Leigh, 1997; Stanton, 1998). These have all,
using a variety of statistical techniques, demonstrated a
degree of equivalencebetween the two mediums in terms
of the pattern of participants’ responses and the psycho-
metric properties of the scales used. Some differences in
demographic profile between the Internet and traditional
samples were found (Internet respondentswere more likely
to be older and male than the undergraduate student sam-
ples generally used in the paper-and-pencil tests). How-
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The Internet has been exploited successfully in the past as a medium for behavioral research. This
paper presents a seriesof studies designed to assess Internet-basedmeasuresof drivers’ risk-taking be-
havior. First, we compared responses from an Internet sample with a traditional pencil-and-paper sam-
ple using established questionnaire measures of risk taking. No significant differences were found. Sec-
ond, we assessedthe validityof new Internet-basedinstruments, involving photographs and photographic
animations, that measured speed, gap acceptance,and passing. Responses were found to reflectknown
demographic patterns of actual behavior to some degree. Also, a roadside survey of speeds was car-
ried out at the locations depicted in the photographic measure of speeding and, with certainexceptions,
differences between the two appeared to be constant. Third, a between-subject experimental manipu-
lation involving the photographic animation measure of gap acceptance was used to demonstrate one
application of these techniques.
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ever, Pasveer and Ellard (1998) did suggest that the demo-
graphic profile of their Internet sample was more similar
to that of psychology undergraduates than to that of typ-
ical Internet users.

Stanton (1998) found that Internet survey data con-
tained fewer missing values and incorrect responses than
the equivalent paper-and-pencil survey, presumably be-
cause the response format can be made more structured.
In the studies by Stanton (1998) and Pasveer and Ellard
(1998), there was a tendency for greater variability in the
web-based scores, which, as Stanton noted, has been de-
scribed as an indication of higher data quality by some
psychometric researchers.

Buchanan and Smith (1999) have pointed out the need
to validate all test instruments stringently. They cite Cron-
bach’s (1990) view that researchers should not assume
that computerized and conventionalversions of the same
test are measuring the same construct: “Whether the com-
puter version is ‘the same test’ must be questioned with
each instrument in turn psychologically”(Cronbach,1990,
p. 48). The present series of studies also takes this line.

Experiment 1 involvedcomparing a questionnaire im-
plemented on the Internet with the same questionnaire
given as a traditional paper-and-pencil test. Both estab-
lished and new measures of risk taking were used. Ex-
periment 2 investigated the validity of new web-based
instruments to measure risk taking that would be impos-
sible to implement using a paper questionnaire. These in-
cluded the use of animated and static photographic simu-
lations, designed to take advantage of both the ecological
validityof video simulationsand the convenienceand wide
participant pool of an Internet survey. An independent-
samples experimental manipulation was tested. Experi-
ment 3 involvedcomparing the Internet photographicmea-
sure of speed to a roadside observation study of driving
speed at the same locations depicted in the photographic
measure.

EXPERIMENT 1

Experiment 1 was designed to compare drivers’ re-
sponses about risk taking via the Internet with an equiv-
alent paper questionnaire. If the two methods of data col-
lection yield sufficiently similar results, the Internet is
likely a viable method of collecting data on risk-taking
behavior. “Sufficiently similar” was defined as no signif-
icant difference being detected between the paper and In-
ternet versions of each instrument when there was suffi-
cient power to give a high (.85%) chance of detecting a
medium-sized effect (0.5 of the population standard devi-
ation). In addition, we contrasted the demographic char-
acteristics of the samples gathered using the different data
formats.

Three established risk-taking instruments were tested.
(1) We used a measure of drivers’ speed choice (French,
West, Elander, & Wilding, 1993; West et al., 1991; West
et al., 1993), which has been found to relate to drivers’
observed speeds and accident history, as well as age and

gender characteristics. The speed questionnaire was also
found to have a high retest reliability (r = .70) over a 2-
year interim. (2) We used a measure of propensity to
commit driving violations (Parker, Reason, Manstead, &
Stradling, 1995). This has been shown to predict accident
history and age and gender differences and to be reliable
over time. (3) Finally, we also included a measure of gen-
eral sensation seeking (Kraft & Rise, 1994), which was
a shortened version of Zuckerman’s Sensation Seeking
Scale Form 5 (Zuckerman, Eysenck, & Eysenck, 1978).
In addition, we used a new questionnaire measure that in-
volved drivers estimating their absolute speed choice over
a range of different road types.Further detailsof these four
measures are given below.

One problem of running Internet surveys is the possi-
bility of receiving multiple responses from a single indi-
vidual (Pasveer & Ellard, 1998; Schmidt, 1997; Smith &
Leigh, 1997), though as Buchanan and Smith (1999)
have pointed out, traditionalquestionnairesurveys are not
immune from this. The techniques used to minimize this
problem in the present study are outlined in the Procedure
section.

Method
Sample

Two groups of drivers with full U.K. licenses were sampled. The
59 respondents in Group 1 were asked to complete a paper-and-
pencil questionnaire. The mean age of Group 1 was 31.08 years
(SD = 10.870), their mean mileage was 7,885 miles (SD = 8,358),
and the mean time since they had passed the U.K. driving test was
11.08 years (SD = 9.39). There were 25 males (42%) and 34 females
(58%). Two of the participants in Group 1 drove a company car as
their usual vehicle (3%). The 124 respondents in Group 2 were re-
cruited over the Internet using e-mail circulars and a link on the uni-
versity web site. They were asked to complete and submit an elec-
tronic version of the same questionnaire given to Group 1. The mean
age of Group 2 was 34.41 years (SD = 10.871), their mean mileage
was 11,443 miles (SD = 10,075), and the mean time since they had
passed the U.K. driving test was 14.25 years (SD = 9.92). There
were 65 males (52%) and 59 females (48%). In Group 2, 25 partic-
ipants (20%) drove a company car as their usual vehicle. A power
analysis indicated that the sample sizes obtained gave an 87%
chance of detecting a difference of 0.5 of a population standard de-
viation between the means of the two conditions (which Cohen, 1988,
p. 26, has suggested as an operational def inition for a medium ef-
fect size).

Materials
The questionnaire presented to both groups was virtually identi-

cal except for the response medium. In the electronic version, par-
ticipants either marked their response in the appropriate check box
or typed a reply in the space provided. Once the form was complete,
participants could submit their responses over the Internet. The
paper-and-pencil version was essentially a printout of the electronic
form, onto which participants could tick, circle, or write in their re-
sponses. The only other difference was that the electronic form re-
quired respondents to submit their e-mail address to allow us to send
them confirmation of their submission and an explanation of the
study.

The questionnaire contained the following sections: (1) Respon-
dent demographics and driving history, (2) details of respondents’
usual vehicles, (3) self-report inventories of speeding and driving
violations, and (4) sensation-seeking propensity. There were other
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sections relating to vehicle characteristics that are not relevant to
the present study (see Horswill & Coster, in press, for further de-
tails). As an incentive, respondents in both groups were asked to
select a charity, out of a given list of four, to which a donation was
made on their behalf.

Respondent demographics and driving history . Participants
were requested to give details of their age, gender, and the number
of years since they had passed the U.K. driving test. They were also
asked to estimate their mean annual mileage (advice on how this
could be estimated was provided).

Details of respondents’ usual vehicles. Participants were asked
to give the make and model of their usual vehicle, together with its
engine size and age. Participants were asked whether this vehicle
was a company car.

Self-report inventories of speeding and driving violations .
Three measures of driving-specific risk taking were used. The first
was a three-item questionnaire of drivers’ speeding intentions
(French et al., 1993; West et al., 1991; West et al., 1993). The items
were as follows: How often do you (1) exceed the 70-mph (113-km/h)
speed limit during a motorway journey? (2) drive fast? and (3) ex-
ceed the speed limit in built-up areas? Drivers responded to all three
questions on 6-point scales (never or very infrequently to very fre-
quently or always). The speed questionnaire score was an average
of drivers’ responses to the three questions. For the second mea-
sure, drivers were also asked to indicate the absolute speed in miles
per hour they would travel at when driving their usual vehicle over
a range of different road types (motorway, rural, and urban roads).
Respondents’ judgments for the different road types were averaged
to give an overall measure of driving speed. The third measure was
an eight-item questionnaire of driving violations (Parker et al.,
1995). Responses were made on a 6-point frequency scale ranging
from never to nearly all the time. The items were as follows: How
often do you do each of the following? (1) Drive especially close to
the car in front as a signal to its driver to go faster or get out of the
way? (2) Become impatient with a slow driver in the outer lane and
pass on the inside? (3) Cross a junction knowing that the traffic
lights have already turned against you? (4) Angered by another dri-
ver’s behavior, give chase with the intention of giving him/her a
piece of your mind? (5) Disregard the speed limits late at night or
very early in the morning? (6) Drive even though you realize you may
be over the legal blood-alcohol limit? (7) Have an aversion to a par-
ticular class of road user and indicate your hostility by whatever
means you can? (8) Get involved in unofficial “races” with other dri-
vers? The score was taken as the mean of drivers’ responses to the
eight items.

Sensation-seeking propensity. A shortened version (Kraft &
Rise, 1994) of Zuckerman’s Sensation-S eeking Scale Form 5
(Zuckerman et al., 1978) was used. This involved 18 pairs of state-
ments. One sentence from each pair was designed to reflect a greater
sensation-seeking tendency than the other. Respondents were asked
to select the sentence out of each pair with which they agreed the
most. The final score was the total of sentences chosen by respon-
dents that reflected a greater sensation-seeking tendency.

Procedure
We obtained paper-and-pencil questionnaire responses by setting

up a desk in the university students’ union and asking passers-by
whether they had a U.K. driving license and if so whether they
would be willing to take part in the study. A donation to a charity
on behalf of the respondents was offered as an incentive. Participants
were given the option of completing the questionnaire on the spot or
mailing it back to us. Further responses were obtained by persuad-
ing contacts in industry to circulate the questionnaire to colleagues.
For the Internet sample, e-mail letters were sent both to contacts in
industry and colleagues in the university requesting people to visit
a website where the electronic version of the questionnaire could be

assessed. In addition, an advertisement was placed on the main uni-
versity web page.

Upon submission of the online questionnaire, respondents were
automatically sent a confirmation e-mail. This served the purpose
of verifying the validity of each response: Nonfunctioning e-mail
addresses generated a mail server error that bounced the conf irma-
tion e-mail back to us. Responses generating such errors were ex-
cluded from the data set.

RESULTS

Measurement and
Transformation of the Variables

The information obtained about respondents’ usual
vehicleswas matched to car manufacturers’ specifications
(Fowler, 1999; Rendell, 1999; Robinson, 1993) to allow
us to estimate the maximum speed, brake horse power, ac-
celeration (0–60 mph), and engine size for each vehicle.
Vehicle performance was calculated by summing the
standardized scores for top speed, acceleration (scale in-
verted), and brake horsepower. Of all the continuousvari-
ables involved in the analysis, only the driving violations
measure and annual mileage were found to have a skew
of greater than 1, indicatingthat in general they were likely
to differ significantly from a normal distribution (SPSS
for Windows, 1998). A logarithmic transformation was
found to reduce the skew of driving violations from 1.590
to 0.692, and so all analyses involvingthe violationsmea-
sure use this transform. Likewise, a square root transfor-
mation was found to reduce the skew of annual mileage
from 1.665 to 0.295, and this transformationwas also used
in all the relevant analyses.

Differences in Demographics, Driving
Exposure, and Usual Vehicle Type Between
the Internet and Paper-and-Pencil Samples

Respondents in the Internet sample were marginally
older [F(1,180) = 3.74, MSe = 118.17, p = .055] and
had passed the U.K. driving test significantly earlier
[F(1,180) = 4.17, MSe = 95.16, p = .043; see preceding
sample section for means]. The Internet sample also had
significantly higher annual mileage [F(1,180) = 5.526,
MSe = 91,311,296, p = .020]. The proportion of females
to males was not significantly different in the two groups
[Pearson c2(1) = 1.61, p = .204]. However, there were
significantly more respondents with a company car as
their usual vehicle in the Internet sample [Pearson c2(1) =
6.95, p = .008].

The usual vehicles of Internet respondents were sig-
nificantly more powerful than those of paper-and-pencil
respondents [F(1,170) = 4.47, MSe = 8.07, p = .036].

Differences in Self-Reported Risk Taking
and Sensation Seeking Between the Internet
and Paper-and-Pencil Samples

Univariate general linear models were constructed to
identify any differences in risk-taking behavior and sen-
sation seeking between the Internet and paper-and-pencil
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groups when annual mileage, usual vehicle performance,
and number of years since U.K. driving test were con-
trolled for. Whether respondents’usual vehiclewas a com-
pany car or not was included as a discrete variable. Age
was not included as an independent variable since it cor-
related highly with number of years since U.K. driving
test (r = .90, n = 181, p , .001) and therefore may have
created multicollinearity problems. Gender was not in-
cluded either since the proportionsof females to males did
not differ significantlybetween the two groups. The Type 3
method for calculating the sum of squares was used (all
effects were adjusted for all other effects). The results can
be seen in Table 1. There were no significant differences
between the Internet and paper-and-pencil samples for
any of the risk-taking measures or the sensation-seeking
questionnaire.These differences remained nonsignificant
even when the other independentvariables were removed
from the equations (Table 2).

Discussion
The experiment failed to detect any significant differ-

ence between the responses given to the Internet ques-
tionnaire as compared with the responses given to the
pencil-and-paper questionnaire, despite there being suf-
ficient power to give a high probability of detecting a
medium effect size (0.5 of the population standard devia-
tion). We argue that this indicates a sufficient similarity
in responses between the two mediums, suggesting that
they were measuring the same constructs.

Respondents in our Internet sample were older, more
experienced at driving, and drove more powerful vehi-
cles. The vehicles of our Internet respondents were more
likely to be company cars. In fact, the demographic pro-
file of our Internet sample was more similar to that of
the general driving population. For example, in the U.K.
from 1991 to 1993, 81% of males possessed a full car
driving license as compared with 53% of females (De-
partment of Transport, 1994). There were no gender dif-
ferences, as in previous studies (Smith & Leigh, 1997).
This might reflect the finding that the Internet is becom-
ing less male dominated (e.g., Georgia Tech’s Graphics,
Visualization, and Usability Center’s WWW user sur-
veys, 1999, indicate that while only 5% of Internet users
were female in January 1994, this proportion had in-
creased to 33% by October 1998). However, it should be

noted that the demographicprofile of our Internet sample
is likely to have been influenced by our recruitment pro-
cedure, so these conclusions are only tentative.

EXPERIMENT 2

Given that Experiment 1 provided support for the via-
bility of using Internet-based assessment in measuring
drivers’ risk-taking behavior, Experiment 2 was designed
to develop, assess, and apply more ecological Internet-
based measurement tools than would be possible to im-
plement using paper questionnaires. Neisser (1978) has
argued the importance of ecologicallyvalid stimuli in ex-
perimental work, though some (Banaji & Crowder, 1989)
have made the point that the pursuit of greater realism
should not be at the expense of experimental control.
Horswill and McKenna (1999a) argued that one way to
achieve both realistic stimuli and high experimental con-
trol was to use video simulation. They found that a video-
based method of measuring drivers’ speed choice related
to drivers’ speed-related accident history, indicating ex-
ternal validity.Participantswere shown a range of real dri-
ving situationson video, filmed from the drivers’ point of
view, and asked the extent to which they would travel
faster or slower than the camera car. This type of video-
based methodology has been used to investigate the in-
fluence of auditory feedback (Horswill & McKenna,
1999a), perceived control (Horswill & McKenna, 1999c),
and cognitive interference (Horswill & McKenna, 1999b)
on drivers’ risk-taking behavior.

However, these video-based methods still require per-
suading drivers to come to the laboratory and hence make
the testing of nonstudent populations costly and time-
consuming. One way to access nonstudent populations
more easily might be to present these stimuli on the Inter-
net, though there are technological difficulties with
showing high-qualityvideo on-line due to the bandwidth,
processing power, and memory required. One potential
solution to this, which is addressed in the present study,
is to use photographic measures.

Three photographic measures of drivers’ risk-taking
were developed: speed choice, passing, and gap accep-
tance. Speed choicewas assessed using static photographic
stimuli, while passing and gap acceptance were assessed
using photographic animations.

Drivers’ speed choice has been found to be one of the
most important predictors of accident involvement

Table 1
Univariate General Linear Models, With the Risk-Taking
Measures and Sensation Seeking as Dependent Variables,

Usual Vehicle Performance, Years Since Passed Driving Test,
and Mileage as Covariates, and Company Car and Medium

of Questionnaire as Discrete Independent Variables

Main Effect of
Dependent Variable Questionnaire Medium Significance

Questionnaire speed F(1,160) = .128, MSe = 1.158 p = .721
Driving violations F(1,161) = 1.487, MSe = 0.011 p = .224
Absolute speed choice F(1,159) = .003, MSe = 28.779 p = .959
Sensation seeking F(1,128) = 1.512, MSe = 10.617 p = .221

Table 2
Univariate General Linear Models, With the Risk-Taking

Measures as Dependent Variables and the Medium
of Questionnaire as the Discrete Independent Variable

Main Effect of
Dependent Variable Questionnaire Medium Significance

Questionnaire speed F(1,179) = 1.970, MSe = 1.267 p = .162
Driving violations F(1,180) = 2.622, MSe = 0.013 p = .107
Absolute speed choice F(1,178) = .162, MSe = 30.053 p = .688
Sensation seeking F(1,144) = .458, MSe = 11.476 p = .500
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(Quimby & Watts, 1981; Wasielewski, 1984; West et al.,
1993; Wilson & Greensmith, 1983). Passing propensity
has been found to relate to accident involvement. Wilson
and Greensmith found, during an in-car assessment of 50
drivers with no accidents and 50 drivers with two or more
accidents, that the accident-involved drivers tended to
pass other vehicles more frequently. Passing behavior is
notoriously hard to measure in the real world due the rel-
ative unpredictability and infrequency of passing events
compared with speeding, though there have been some
attempts (Crawford, 1963; Farber, 1969). This makes the
possibility of measuring passing behavior in an artificial
setting particularly attractive.

Gap acceptance refers to drivers’ judgments of the
length of gap they are willing to pull out into when merg-
ing with a stream of traffic. We considered this important
to measure given that most accidents in the U.K. occur
within 20 m of a junction (Department of the Environ-
ment, Transport, and the Regions, 1997, p. 95) and traffic
conflicts at junctions (arguably created by inappropriate
gap acceptance behavior) predict accident rates (Older
& Spicer, 1976).

In order to assess the photographicmeasures of speed-
ing, overtaking, and gap acceptance, demographicdiffer-
ences were compared with those found in the real world.
Roadside studies have shown that younger drivers travel
faster (Horswill & Coster, in press) and pull out into smaller
gaps in traffic (Bottom & Ashworth, 1978). Also, males
have been found to drive faster than females (Horswill &
Coster, in press; McKenna, Waylen, & Burke, 1998), but
there is no genderdifference for gap acceptance (McKenna
et al., 1998). Passing is harder to assess because road-
side observation studies involving this have not involved
the analysis of demographic variables, though Wilson
and Greensmith (1983) found gender differences in pass-
ing propensity in their in-car study. However, if passing
behavior in the photographic simulation correlates with
other measures of driver risk taking, it would at least indi-
cate the possibilityof some common behavioral construct.

A second issue addressed in Experiment 2 was how
the photographic measures could be used to run experi-
mental work that would be difficult to perform using tra-
ditional surveys. It was decided to design two versions of
the animated gap acceptance task to create a between-
subject manipulation.A common scenario for motorcycle
accidents is when another vehicle fails to see an oncom-
ing motorcycle when emerging from a junction (Hole,
Tyrrell, & Langham, 1996). This has generated a debate
regarding motorcycle conspicuity, based on the assump-
tion that the main reason that drivers fail to see motor-
cyclists is that they are harder to see. However, there has
also been some debate as to whether conspicuity is the key
factor that might cause drivers to give motorcyclists less
room than other road users (Hole et al., 1996). Other fac-
tors might include (1) the relative infrequency of motor-
cycles compared with other road users, leading to a lower
expectancy; (2) drivers’ beliefs about the braking char-

acteristics of motorcycles compared with other vehicles;
(3) perceptual differences in time-to-collisionestimations;
or (4) differing risk perception (e.g., an oncoming truck
might be more alarming than a motorcycle approaching
at the same speed).

In the photographic animation of gap acceptance used
in the present study, the approach speed of the oncoming
vehicle and its conspicuitywere not factors. In one version
of the measure, the oncoming vehicle was a car, and in the
other version, the oncoming vehicle was a motorcycle.
All other factors (e.g., distance to oncoming vehicle,
background, and the presence of other road users) were
controlled for. If a difference in gap acceptance distance
was found between the motorcycle and car conditions, it
would indicate that there were factors affecting drivers’
gap acceptance behavior before oncoming motorcycles
that did not involveconspicuity, expectation,and velocity-
related cues. Alternatively, if a difference was not found,
it would indicate that these factors might well be impor-
tant (assuming there was sufficient power to be able to
detect a difference).

Method
Sample

One hundred thirty-six participants who stated that they pos-
sessed full U.K. driving licenses, submitted an Internet question-
naire. One respondent’s data was excluded at the outset because he
reported 11 accidents within the previous 3 years, which was
21.18 SD from the mean accident frequency of the rest of the sam-
ple. There were 67 males and 68 females in the remaining sample
of 135 drivers. The mean age of the sample was 33.39 years (SD =
11.77), with 4 individuals not completing the item on age. Mean
annual mileage was 8,993 miles (SD = 7,489) and mean time since
respondents had passed the U.K. driving test was 14.02 years (SD =
10.80). Each of these variables contained 1 missing value. One hun-
dred and three respondents reported no accidents within the previ-
ous 3 years (in which they were driving, and there was damage to
property or persons), 28 reported one accident, and 4 reported two
accidents. There were two different versions of the questionnaire,
described in the Materials section (oncoming car gap acceptance
task or oncoming motorcycle gap acceptance task). Sixty-six re-
spondents completed the first version (oncoming car gap accep-
tance task), and 69 respondents completed the second version (on-
coming motorcycle gap acceptance task).

Materials
An Internet-based questionnaire was designed, which included a

speed choice measure involving static photographs and measures
of passing and gap acceptance involving photographic animations.
To ensure that Internet respondents were viewing equivalent out-
puts, the web pages were accessed from a wide variety of computers,
ranging from 486s running Windows 3.1 in 256-color low (640 3
480) resolution on a 15-in. monitor to a Windows 98 Pentium 3 450-
MHz system running in high (1,024 3 768) resolution on a 17-in.
monitor in 32-bit “true color.” The web pages were programmed in
HTML and JavaScript so that any images to be displayed were down-
loaded before the main text, thus reducing the likelihood that users
could not see the photographs. Further, the pages were tested on a
range of the most popular web browsers (Microsoft Internet Explorer,
Version 3.0, 1997; Microsoft Internet Explorer, Version 5.0, 1999;
Netscape, Version 2.0, 1996; Netscape Communicator, Version 4.06,
1998) to ensure that all features would work on all browsers. Equiv-
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alent machines with different connection speeds (from 28.8K /sec to
10 MB/sec) were also tested. As a final check on the system, re-
spondents were asked to skip the photographic animation sections
if the animations failed to work.

Photographic speed choice measure. Speed choice was mea-
sured using four static photographs of different road situations (a
motorway/freeway, a rural road, and two urban residential roads).
The original photographs were digitally manipulated to remove ob-
vious roadway hazards such as other road users and road works
(Paint Shop Pro, Version 5.01, 1998). Respondents were asked to
indicate the speed at which they would normally travel in each of
the scenes depicted. The final measure was an average of respon-
dents’ speed choice across the four scenes.

Photographic animation of passing. Video footage was taken
of a driver’s-eye view of a single-lane road, in which the camera car
was following a car in front and there was opportunity for passing.
As the scene progressed, passing became more risky (another ve-
hicle appeared, traveling from the opposite direction). Seventeen
sequential static images from this footage were captured and digi-
tized. A JavaScript program was used to present the images in a se-
quence that could be animated by respondents. As a cursor was
dragged along an adjacent bar, different images were displayed so
that the passing task became more or less risky. Respondents were
asked to imagine that they had been following the car in front for
15 min, driving at 20 mph, and that they wanted to pass. They were
also told that the speed of the oncoming vehicle was 35 mph. They
were asked to indicate the most risky passing situation they would
tolerate by selecting the appropriate image and clicking the bar at
that point. Their responses were recorded as the number of the
image they had selected (the higher the number, the more risky the
passing situation).

Photographic animation of gap acceptance . Video footage
was taken of a driver’s-eye view from a road junction, as if the dri-
ver was pulling out from a minor road to join a stream of traffic on
a major road. The view was of a single oncoming vehicle on the
major road. A series of 11 still images were taken from the video
and digitized. As with the passing measure, a JavaScript program
was used to present the images in a sequence that could be animated
by respondents. As a cursor was dragged along an adjacent bar, dif-
ferent images were displayed so that the impression received was
that the oncoming vehicle came into view and drew closer until it
passed the junction. Respondents were asked to select the image
that best represented the shortest gap in front of the oncoming ve-
hicle that they would be willing to pull out into, assuming the vehi-
cle was traveling at 30 mph. The score was the number of the image
selected (the higher the number, the smaller the minimum gap ac-
cepted). Two different versions of the gap acceptance task were
used. In the first, the oncoming vehicle was a car, and in the second,
the oncoming vehicle was a motorcycle. The images in the first ver-
sion were chosen and digitally edited to match the corresponding
images in the second version in terms of background (all other vis-
ible road users were removed) and in terms of the distance away of
the oncoming vehicle for each individual image. There were there-
fore two versions of the questionnaire: The first included the on-
coming car gap acceptance task and the second included the on-
coming motorcycle gap acceptance task. The questionnaires were
otherwise identical.

Other risk-taking measures . The previously validated mea-
sures of questionnaire speed (French et al., 1993; West et al., 1993)
and driving violations (Parker et al., 1995) used in Experiment 1
were also included. As in Experiment 1, the driving violation items
(Parker et al., 1995) and the questionnaire speed items (French
et al., 1993; West et al., 1993) were both averaged to give an over-
all score for each measure.

Arnett’s sensation-seeking scale . A new sensation-seeking
scale was used in the present study because there were some prob-
lems arising from the version of the Zuckerman Sensation Seeking

Scale Form 5 used in Experiment 1. Many participants reported a
lack of face validity due to both the nature of the forced-choice re-
sponse and the language used, and this may have accounted for a
higher rate of missing values than with the other measures (in Ex-
periment 1, 37 of 183 participants did not complete all the items in
the Zuckerman Sensation Seeking Scale, compared with 1 out of
183 participants for the violations questionnaire). Other reasons for
failing to complete the Zuckerman scale could include (1) the high
number of items (18) in the Zuckerman scale compared with the
other measures, (2) the possibility that the Zuckerman scale was
more difficult to complete (in addition to having low face validity),
or (3) that the Zuckerman scale was placed toward the end of the
questionnaire. A more recent sensation-seeking scale developed by
Arnett (1994) avoided some of these problems, and so a 10-item
intensity-seeking subscale from this was used in place of Zucker-
man’s scale in Experiment 2 (Arnett’s scale also included a 10-item
novelty subscale, but this was not used since [1] novelty seeking
was unlikely to influence driving and [2] we wanted to minimize the
number of items).

Demographic and driving information . At the beginning of
the questionnaire, respondents were asked to give their age, gender,
annual mileage, and the time since they had passed the U.K. driving
test. They were also asked to give details of their usual vehicle
(make, model, engine size, vehicle age, and vehicle type). At the
end of the questionnaire, respondents were asked the number of ac-
cidents they had been involved in as a driver within the previous
3 years, in which there was damage to property or persons. They
were also asked if they possessed an advanced skills driving license,
a heavy goods vehicle license, a motorcycle license, or a public ser-
vice vehicle license. This was in order to exclude motorcyclists
from the car/motorcycle manipulation without sensitizing respon-
dents to the importance of the motorcycle.

Procedure
The questionnaire was set up as an Internet site, and the address

of the site was advertised both passively (e.g., a link to the site was
placed on the university’s main web page) and actively (e.g., e-mail
messages requesting drivers to participate were sent to companies
and Internet news groups). Respondents with a U.K. driving license
were invited to access the Internet site, complete the questionnaire,
and submit their responses via a CGI program. Respondents were
required to submit their e-mail addresses to allow us to send a con-
firmation of their responses and to discourage multiple and joke re-
sponses, as in Experiment 1. They were also sent the results of the
study once it had been completed and, for reasons of confidential-
ity, these e-mail addresses were removed from the data set at the
end of the study. As an incentive, all respondents were invited to se-
lect a charity (from a given list of four) to which a donation was to
be made on their behalf.

The two different versions of the questionnaire (oncoming car
gap acceptance task or oncoming motorcycle gap acceptance task)
were posted on the web site in rotation so that respondents had an
approximately equal chance of accessing either version. Respon-
dents were not informed of the manipulation.

Results
Measurement and
Transformation of the Variables

As in Experiment 1, the information obtained about re-
spondents’ usual vehicleswas matched to car manufactur-
ers’ specifications (Fowler, 1999; Rendell, 1999; Robin-
son, 1993) to allow us to estimate the maximum speed,
brake horse power, acceleration (0–60 mph), and engine
size for each vehicle.Vehicle performance was calculated
by summing the standardized scores for top speed, ac-
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celeration (scale inverted), and brake horsepower. Of all
the continuous variables to be used in the analysis, only
annual mileage had a skew of greater than 1 (skewness =
1.136), indicating that the distribution was likely to dif-
fer significantly from a normal distribution (SPSS for
Windows, 1998). A square root transformation was found
to reduce this skew to .119, and so this transformationwas
used in all subsequent analyses. The fact that 97.7% of
all respondents completed the passing photographic ani-
mation and 94.8% completed the gap acceptance photo-
graphic animation suggests that the JavaScript code used
was reasonably robust.

The Experimental Manipulation
of Gap Acceptance: Oncoming Car
Versus Oncoming Motorcycle

This analysis was carried out only on those respon-
dents who stated that they did not possess a motorcycle
license (n = 118). There were no significance differences
between the two conditions in age, gender, usual vehicle
performance, and years since respondents had passed the
U.K. driving test, though there was a marginally signifi-
cant difference in annual mileage [F(1,116) = 3.87, MSe =
1,629.54, p = .052]. A univariate general linear model
was used to compare the two experimental conditions
(oncoming car vs. oncoming motorcycle), where mileage
was included as a covariate to increase the power of the
test. There was no significant difference in minimum gap
acceptance distance between the conditions [F(1,108) =
.31, MSe = 5.45, p = .579]. There was no significant ef-
fect of mileage, either. Given the lack of a significant
difference between the two experimental conditions, the
manipulation was not included as a variable in any sub-
sequent analyses.

Relationships Between the Photographic
Measures and the Questionnaire Measures
of Risk Taking and Sensation Seeking

Pearson correlations between the three photographic
measures (speed choice, passing, and gap acceptance)
and the questionnaire measures of risk taking (speed and
driving violations) and sensation seeking are shown in
Table 3. All significant correlations are positive, indicat-
ing that the higher risk taking is in one measure, the higher
it is in the correlated measure. The completion rate of the
Arnett Sensation Seeking Scale was 98%, which was con-
siderably higher than the completion rate of the 18-item

Zuckerman scale used in Experiment 1 (80%). This sug-
gested that the Arnett scale was more acceptable to par-
ticipants.

Relationships Between the Photographic
Measures and Age and Gender

There were significant correlations between age and
usual vehicle performance (r = .295, n = 125, p = .001)
and age and mileage (r = .326, n = 130, p = .001), indi-
cating that older drivers drove more powerful vehicles and
had higher annual mileage. Partial correlations between
age and the photographic measures were therefore calcu-
lated, controlling for both usual vehicle performance and
mileage (Table 4).

There were no significant differences between males
and females in age, usual vehicle performance, and an-
nual mileage. Univariate general linear models were
constructed with gender as the independent variable and
the photographic measures as the dependent variables.
There were no significant gender differences for photo-
graphic speed [F(1,132) = .721, MSe = 21.89, p = .397],
photographic passing [F(1,130) = 1.165, MSe = 9.02, p =
.282], and photographicgap acceptance [F(1,126) = .581,
MSe = 5.376, p = .447].

Correlations Between the
Photographic Measures of Risk Taking

The photographic speed measure correlated signifi-
cantly with photographic gap acceptance (r = .505, n =
128, p , .001), but not with photographic passing (r =
.115, n = 131, p = .190). Photographicgap acceptancecor-
related with passing (r = .281, n = 127, p = .001).

Discussion
The animated photographic measure of gap accep-

tance appeared to map onto real-world findings the best.
The correlation between age and length of gap found by
Bottom and Ashworth (1978) was replicated (younger
drivers accepted shorter gaps). There was no gender dif-
ference in gap acceptance, replicating McKenna et al.
(1998). The photographic measure of gap acceptance
correlated with previously validated questionnaire mea-
sures of driving violations (Parker et al., 1995) and speed
(French et al., 1993;West et al., 1993). On these bases, the
measure could be argued to have some mapping onto dri-
vers’ real-world gap acceptance and risk-taking behavior.

The photographic measure of speed correlated with
age (younger drivers chose faster speeds), replicating the
relationship found in roadside data (Horswill & Coster,

Table 3
Pearson Correlations Between the Photographic

Measures and the Questionnaires Measures
of Risk Taking and Sensation Seeking

Photographic Measure

Questionnaire Medium Speed Overtaking Gap Acceptance

Driving violations r = .486*** r = .258** r = .414***
Speed r = .614*** r = .027, n.s. r = .236**
Sensation seeking r = .221* r = .108, n.s. r = .169, n.s.

*p , .05; **p , .01; ***p , .001.

Table 4
Partial Correlations Between Age and the

Photographic Measures, Controlling for Usual
Vehicle Performance and Annual Mileage

Photographic Measure

Speed Overtaking Gap Acceptance

Age 2.349*** 2.168, n.s. ( p = .064) 2.269**

**p , .01; ***p , .001.
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in press). It also correlated positively with the estab-
lished questionnaire measures of speed and violations.
However, the gender differences found in roadside studies
(Horswill & Coster, in press; McKenna et al., 1998) were
not replicated. Speed was the only photographic measure
to correlate with the general sensation-seeking scale. The
absence of the expected gender difference will be ad-
dressed more closely in Experiment 3, though otherwise
the measure appeared to perform well.

It is more difficult to assess the validity of the ani-
mated photographic measure of passing due to a lack of
recent observational work on passing. The presence of a
relationship with the photographic gap acceptance mea-
sure and the questionnairemeasure of violationssuggests
that the measure was at least tapping some common con-
struct between the risk-taking variables. However, no gen-
der differences in passing propensity were found, in con-
trast to Wilson and Greensmith’s (1983) real-road study.

The failure to detect any difference between the motor-
cycle and car conditions in the gap acceptance manipula-
tion indicates that controlled factors such as conspicuity,
expectation,and velocity-related cues might be more im-
portant in accounting for why cars might inappropriately
pull out in front of motorcyclists. This manipulation also
demonstrates a possible experimental application of the
photographicmeasures. We have conducted a highly con-
trolled experiment, using real-world stimuli, on a large
group of drivers who would probably not have consented
to come to our laboratory for the incentive offered.

EXPERIMENT 3

Although Experiment 2 offered some assessment of
the external validity of the photographicmeasures of risk
taking, there was no direct comparison between drivers’
self-reported responses and how they might behave in
the real world. In Experiment 3, a roadside survey of dri-
vers’ speeds at two of the sites depicted in the photo-
graphic speed measure was conducted.This allowed a di-
rect comparison of absolute speeds between the roadside
data and the photographicself-report data. Some distortion
between the roadside and photographic self-report data
would be expected since many different factors are likely
to affect a driver’s choice of speed at any given place and
time. However, it is important to know the nature of this
distortion and whether it is systematic or not.

Hypotheses are (1) that there will be similar patterns
of age and sex differences in roadside speeds and photo-
graphic self-report speeds, and (2) that any difference in
absolute speed between the roadside and Internet data will
be reasonably systematic.

Method
Sample

Five hundred sixty-eight complete sets of observations were ob-
tained. Three hundred and forty-five male and 223 female drivers
were observed. There were 148 drivers judged to be under 30 years
of age and 420 drivers estimated to be 30 years or over. This road-

side sample was combined with the sample of 136 drivers in Ex-
periment 2.

Procedure
Drivers were observed on the two roads that were used as photo-

graphic stimuli for the two urban residential scenes in Experi-
ment 2. On one of the roads, two measurement sites were used, be-
cause of the commencement of road work at one end of the road.
Both roads had a speed limit of 30 mph (48 kph). Two observers
were seated in the back of a parked car at the side of the road. One
observer operated a radar speed detector (Muni Quip K-Gp model)
and the other recorded car details using an unobtrusive video cam-
era (Sony “Handycam Vision” Video Camera Recorder, Model
CCD-TRV312 NTSC). The activity of the observers was concealed
from passing road users.

The following vehicles were excluded from observation: (1) all
professional vehicles such as taxis, vans, and trucks; (2) vehicles
that were following other vehicles (on the assumption that they
might not be traveling at their preferred speed); (3) vehicles that were
engaged in maneuvers along the section of road being monitored;
(4) all two- and three-wheeled vehicles; and (5) learner drivers.

The following details of all observed vehicles were recorded:
(1) its observed speed across the section of road being monitored;
(2) the make, model, number of doors, and age of the vehicle;
(3) other features that might aid identif ication of vehicle perfor-
mance, such as engine size and fuel type (if such information was
visible); and (4) the probable age and gender of the driver. Cars
were monitored on the same section of road, at approximately the
same time of day (between 11 a.m. and 1 p.m.), over the course of
10 weeks (July to September 1999).

In the Experiment 2 sample, each respondent reported his/her
speed choice on both of the roads on which observational data were
collected. In order to make the two samples compatible, each Ex-
periment 2 respondent was included in the data set twice: once for
each of the two roads. This was considered acceptable because we
were not increasing the chances of a Type 1 error. Therefore, in the
overall data set, each data point should be regarded as an observa-
tion rather than as a particular participant (even in the roadside data,
it is possible that the same driver was recorded more than once).

Results
The observed data on the make, model, number of

doors, age, engine size, and fuel type of observed vehicle
was matched to car manufacturers’ specifications(Fowler,
1999; Rendell, 1999; Robinson, 1993) to allow us to esti-
mate the maximum speed, brake horse power, acceleration
(0 to 60 mph), and engine size for each vehicle. Vehicle
performance was calculatedby summing the standardized
scores for top speed, acceleration (scale inverted), and
brake horsepower. This was the same procedure used to
determine respondents’ usual vehicle performance in Ex-
periment 2. Driver age was converted into a dichotomous
variable (under 30 years old vs. 30 years and older) in
order to minimize the effect of possible inaccuracies in
the estimation of drivers’ ages in the observed data. None
of the continuousvariables involved in the analysis (speed
and vehicle performance) were found to have a skew of
greater than 1, indicating that in general they were unlikely
to differ significantly from a normal distribution (SPSS
for Windows, 1998).

A univariate general linear model was constructed in
order to determine the degree to which the photographic
self-report measure of speed choice mapped onto real-
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world observed speed choice. Speed choice was entered
as the dependent variable. Observed versus photographic
self-report, gender, age group, and road (first location vs.
second location) were entered as discrete independent
variables. Vehicle performance was entered as a contin-
uous independent variable. All higher order interactions
were entered in the model (including interactions with
vehicle performance). The Type 2 method for calculating
the sum of squares was used (all effects were only adjusted
for other effects that did not contain them). There were
818 observations in the analysis. Cell means and counts
are given in Table 5.

None of the five-way, four-way, or three-way interac-
tions were significant or even marginally significant (all
ps . .10). Two of the two-way interactions were signif-
icant. Observed versus photographic self-report by road
was significant [F(1,786)= 19.13,MSe = 26.82,p , .001],
and this interaction is shown in Figure 1. Looking at the
simple effects, the difference between observed and pho-
tographic self-reported speed choice was significant for
the first location [F(1,358)= 78.89,MSe = 23.33,p , .001;
observed speed choice was slower than photographic
self-reported speed choice], but there was no significant
difference for the second location [F(1,464) = 1.79,
MSe = 31.28, p = .182]. This indicated that the degree to
which the self-report data reflected the observed data de-
pended on the specific location. Possible factors that
might account for this variability will be discussed later.

The interaction of observed versus self-report and ve-
hicle performance was also significant [F(1,786) = 4.01,
MSe = 26.82, p = .046]. This interaction is shown in Fig-
ure 2, where the continuousvehicle performance variable
was converted into a dichotomous variable for the graph
(data were categorized using the 50th percentile to give
approximately the same number of observations in each
of the two vehicle performance categories). The simple ef-
fects of speed and vehicle performance were analyzed by
use of Pearson correlationsgiven that both variables were
continuous. For the observed speeds, there was a signif-
icant correlation between speed and vehicle performance
(r = .16, n = 568, p , .001); higher speed was associated
with higher vehicle performance, but there was no corre-

sponding correlation for photographic self-report speeds
(r = 2.02, n = 258, p = 725). This indicates that the pho-
tographic self-reported speed choice measure is less sen-
sitive to the effect of the performance of drivers’ vehicles
on speed choice.

None of the other two-way interactions were signifi-
cant. The interactionsbetween gender and age group and
the observed versus photographicself-report variable were
as follows: Gender 3 observed versus photographicself-
report, F(1,786) = 2.55, MSe = 26.82, p = .111; age group
3 observed versus photographic self-report, F(1,786) =
0.66, MSe = 26.82, p = .416. This indicates that the pat-
tern for the photographic self-report data replicates the
pattern for age/gender results found in the observed data.

The main effect of observed versus self-report speed
was significant [F(1,786) = 37.60, MSe = 26.82, p ,
.001], indicating that drivers reported that they drove
faster than was the case in the real setting. The main effect
of age group was significant [F(1,786) = 14.00, MSe =
26.82, p , .001], indicating that young drivers chose
faster speeds than did older drivers. There was also a main
effect of location [F(1,786) = 5.96, MSe = 159.78, p =
.015], indicating that drivers traveled more slowly in the
first location than they did in the second. The main effect
of vehicle performance was significant [F(1,786) = 9.00,
MSe = 26.82, p = .003], indicating that those drivers with
more powerful vehicles drove faster. The main effect of
gender was marginally significant [F(1,786) = 3.06, MSe =
26.82, p = .081; males drove faster than females].

Discussion
The absence of significant interactions involvingeither

age or gender indicated that the patterns of age and gen-
der were equivalent for the observed and photographic
self-report measures of speed. Also, there was a main ef-
fect of age, reflecting previous findings.

The significant interaction between location and ob-
served versus photographicself-report measures indicates
that the degree to which the Internet measure reflects ac-
tual driver behavior might depend on the photographic
stimuli and the situation at the location used. As previ-
ously mentioned, there were some problems with road-

Table 5
Cell Means for General Linear Model Comparing

Observed Speeds With Photographic Measure of Speed Choice

Roadside Speeds Photographic Self-Reported Speeds (mph)

Male Female Male Female

Driver Age mph SD n mph SD n mph SD n mph SD n

First Location
Young (,30 years) 30.5 5.0 26 30.3 4.5 20 34.7 5.9 27 35.96 7.5 27
Old ($30 years) 30.2 4.2 103 30.0 4.3 82 34.4 4.4 36 34.7 5.1 35

Second Location
Young (,30 years) 35.6 7.1 59 32.2 5.8 43 33.9 5.0 27 33.83 4.8 27
Old ($30 years) 32.45 5.3 157 30.6 5.3 78 32.4 4.3 36 33.4 4.6 35
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work at the first location used in this study, and the means
indicate that observed speeds were slower than the pho-
tographic self-report speeds. One explanation for the dif-
ference in speeds could be that drivers in the observed
sample were aware of the commencementof the roadwork
and slowed down accordingly,while those in the Internet
sample would have been unaware of this factor.

The significant interaction between vehicle perfor-
mance and the roadside versus photographicmeasures in-
dicates that the influence of vehicle performance on
speed is poorly reproduced by the photographicmeasure.
One possibility is that drivers may not be wholly aware of
the effect that vehicle performance has on their speed and

that therefore this would not be reflected in their self-
report judgments.

GENERAL DISCUSSION

The present series of studies has demonstrated the
usefulness of the Internet for investigating important as-
pects of behavior such as drivers’ risk taking. Experi-
ment 1 indicated no significant differences between In-
ternet and pencil-and-paper samples of drivers in their
responses to established questionnaire measures of dri-
ver risk taking (despite there being sufficient power to
detect a medium effect size). In Experiment 2, we devised

Figure 2. Vehicle performance by observed versus self-report interaction.

Figure 1. Location by observed versus self-report interaction.
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new tests for measuring driver behavior on the Internet,
involving animated (gap acceptance and passing) and
static (speed) photographic stimuli. We compared the re-
sults from the tests with data from previous roadside stud-
ies. Younger respondents and female respondents were
found to accept shorter gaps when pulling out into traf-
f ic in the photographic animation of gap acceptance.
This mirrors roadside data (Bottom & Ashworth, 1978;
McKenna et al., 1998). Younger respondents were also
found to choose faster driving speeds in the photograph-
based measure of speed choice, as in roadside data (Hor-
swill & Coster, in press). However, sex differences in speed
choice found in roadside data (Horswill & Coster, in press;
McKenna et al., 1998) were not replicated in the photo-
graphic speed results. The passing photographic anima-
tion did not replicate Wilson and Greensmith’s (1983)
finding of sex differences in passing propensity.All three
measures correlated significantly with an established
measure of driving violations that is known to predict ac-
cident involvement (Parker et al., 1995). In summary, the
results indicate that there is some correspondence be-
tween responses to our photograph-based Internet mea-
sures and real-world risk-taking behavior. This is partic-
ularly true of the gap acceptance measure, though for the
speed and passing measure the correspondence is not
ideal given the failure to replicate gender effects.

Experiment 3 involved a further test of the validity of
the photographic speed measure. Roadside observations
of speed were collected at two of the sites that had been
photographed for the photographic speed measure. This
allowed the speeds chosen by Internet respondents to be
directly contrasted with actual speeds of drivers at those
locations. The differences between observed speeds and
intended speeds were found to be largely constant (there
were no significant age or gender interactions with the
roadside vs. photographicspeed variable). However, a sig-
nificant interaction between vehicle performance and the
roadside versus photographicspeed variable indicated that
the data from Internet respondents was not reproducing
the effect that vehicle performance is known to have on
speed choice (see Horswill & Coster, in press).

An experimental manipulation involving a between-
subject comparison between a motorcycle and a car ver-
sion of the gap acceptance photographic animation mea-
sure demonstrated the usefulness of this technique in
being able to display highly controlled realistic stimuli to
a large sample of drivers (see Experiment 2). Thoughmost
Internet-based work in the refereed literature has involved
questionnaire surveys, some researchers have also used
the Internet as a means of running such experimental stud-
ies. Senior, Phillips, Barnes, and David (1999) conducted
a face perception experiment using the Internet and con-
cluded that results were “not necessarily biased by the
medium” (p. 341). Van Veen, Bulthoff, and Givaty (1998)
conducted a number of psychophysical experiments over
the Internet and concluded that the Internet was best used
for brief experiments where accurate response timing was
not required and precise homogeneity of stimuli charac-

teristics (as required for low-level psychophysics) was
not critical.

One disadvantageof using the Internet is that the sam-
ple obtained may not be representative of the general
population. However, this criticism has been leveled at
psychological research in general (Sears, 1986), which
has a tendency to use university undergraduate students
as experimental participants. In fact, there are indications
that Internet samples provide an opportunity to access
more heterogeneous samples than typically used in be-
havioral research (Pasveer & Ellard, 1998). Also, Senior
et al. (1999) have argued that the population sampled by
the Internet is becoming more representative of the gen-
eral population. The importance of this bias will clearly
depend upon the domain and objectives of the research
though; since respondents can be asked to provide rele-
vant demographic information, the bias can be monitored
and taken into account if necessary. For example, the de-
mographic profile of our Internet sample in Experiment 1,
though presumably reflecting our recruitment procedures
to some extent, matched the profile of the U.K. driving
populationmore closely than the paper-and-pencilstudent
sample in the same study.

Other disadvantages of using Internet samples must
be borne in mind. For example, the time needed for par-
ticipants to complete the study ought to be kept to a min-
imum; Van Veen et al. (1998) reported that recruitment
rates decreased substantiallywith longer Internet studies.
In addition, we found that less powerful computers or
computers with slow connections took an unacceptably
long time to download forms that included more than a
couple of our photographicanimation measures, thus set-
ting a limit on the number of such measures that could be
included in any one study. Concerns raised by other re-
searchers (e.g., Schmidt, 1997) about the possibility of
multiple submissions were addressed by asking respon-
dents to supply an e-mail address to which both confirma-
tion letters and study results were mailed (these addresses
were deleted from the data set when the study was com-
plete). Clearly, it would be possible for an individual to
supply more than one valid e- mail address, but it seems
unlikely that many people would be motivated to go to
these lengths to submit more than one form. In addition,
responses were individually checked for outlying data
(on the assumption that if a respondent wanted to give a
joke response, there would be no point in being subtle
about it). In practice, only 1 respondent in the present re-
search was removed for this reason (see Experiment 2).

In conclusion, the present experiments have demon-
strated that drivers’ risk-taking behavior can be mea-
sured via the Internet, using complex ecological stimuli.
Previously, presentation of such stimuli would have been
restricted to a laboratory setting and involved time-
consuming and expensive testing, especially if nonstudent
samples were required. The instruments presented were
compared with previous real road findings and established
measures of risk taking, and the speed measure was di-
rectly contrasted with roadside data. While some distor-
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tions between the real world and the laboratory measures
were found, there was nevertheless a quantifiable degree
of correspondencebetween the two. Future research could
involvedirect comparisons between our Internet measures
and established laboratory video-based tests (e.g., Hor-
swill & McKenna’s, 1999a, video speed choice test).
Also, other driving behaviors known to predict accidents,
such as propensity to commit driving violations,could be
measured using similar Internet measures involving an
ecological context. Indeed, these techniquescould be em-
ployed in other domains where behavior occurs against a
complex visual context likely to influence that behavior.

What possibilitiesdoes this type of approach open up to
behavioral researchers in the future? One potentialavenue
to explore would be to use timed video clips as experi-
mental stimuli (this could be done via JavaScript), espe-
cially as personal computers become ever more power-
ful. This would allow an increasingly dynamic context
against which to measure behavior. In the future, it may
even become possible to run high-fidelity simulators over
the Internet, allowing the collection of detailed human
performance and behavioral data from populations that
might otherwise be difficult to access.
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