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Summary: This study examined the reliability and validity of the Checkpoints
Risky Driving Scale (C-RDS) in relation to the Dula Dangerous Driving Index
(DDDI) and an objective measure of risky driving. Naturalistic and survey data
were collected over an 18-month period from 42 newly-licensed teenage drivers.
Kinematic Risky Driving was operationally defined as the rate of elevated
gravitational-force events per 100 miles obtained from accelerometers and global
positioning systems. Two self-report measures of risky driving, the C-RDS and
the DDDI, were assessed at 6-months, 12-months, and 18-months after licensure.
Reliability was examined for each measure with correlations and autoregressive
models over three time points. Validity was assessed by correlations between the
measures and cross-lagged autoregressive models of the longitudinal association
of self-reported measures with Kinematic Risky Driving and vice versa. Both the
C-RDS and DDDI measures demonstrated substantial stability over time and were
highly correlated with each other. The C-RDS measure was significantly
associated with Kinematic Risky Driving. The findings provide evidence for the
reliability and validity of C-RDS.

INTRODUCTION

Risky driving is implicated in crashes, particularly among young drivers. Analyses of the Fatal
Accident Reporting database indicate that teenagers have extremely high fatal crash rates relative
to experienced adults (Ouimet et al., 2010). Teen crashes tend to involve high speeds, late night,
and multiple teenage passengers (Williams, 2003). Teenagers drive faster and allow shorter
headway than older drivers (Simons-Morton et al., 2006; McKenna et al., 1998) and make many
errors (McKnight & McKnight, 2003).

Generally, population prevalence estimates of risky driving employ self-reported measures of
risky driving (McCartt, Shabanova, & Leaf, 2003; Mayhew et al., 2003), although prevalence of
risky driving can be inferred from crash analyses datasets (Williams, 2003; Braitman, et al.,
2008; Curry et al., 2011). The reliability and validity of self-report measures have relied on other
self-reported measures such as traffic violations, reported motor vehicle crash involvement, and
archival police-reported driver history records (Shope & Bingham, 2002; Dula & Ballard, 2003,
Willemsen et al., 2008). No studies have compared self-report measures with objective measures
of risky driving using instrumented vehicle data, presumably because there have been few
naturalistic driving studies due to their complexity and expense.
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The Naturalistic Teen Driving Study (NTDS) provided a unique opportunity to assess the
reliability and validity of C-RDS with objective measures of risky driving. The purpose of this
paper is to report the relationships over time between the C-RDS and a widely used self-reported
measure of risky driving, Dula Dangerous Driving Index (DDDI), and an objective measure of
risky driving.

METHODS

A data acquisition system was installed in the vehicles of 42 newly-licensed teenage drivers 16
years old during their first 18 months of independent driving. It consisted of cameras,
accelerometers, Global Positioning System (GPS), various other sensors, and a computer with
removable hard drive. Questionnaires administered at 6-months, 12-months, and 18-months
included the C-RDS and DDDI self-report measures.

Measures

Kinematic Risky Driving. Accelerometers continuously assessed gravitational-force (g-force)
events and GPS data enabled the calculation of events per mile/kilometer. Kinematic Risky
Driving was defined by the combined rates per 100 miles of g-force events (1 g = 9.8 m/s?) at the
following thresholds: longitudinal deceleration/hard braking (< -0.45 g), longitudinal
acceleration/rapid starts (> 0.35 g), lateral negative/hard left turn (< -0.50 g) and lateral
positive/hard right turn accelerations (> 0.50 g), and yaw (£ 6 degrees within 3 seconds). The
individual items were associated with the composite measure (hereafter referred to as Kinematic
Risky Driving), with correlations ranging from r = 0.60 to 0.84, providing reasonable internal
consistency, [standardized Cronbach’s a (hereafter referred to as a) = 0.78]. Kinematic Risky
Driving was correlated with crash/near crash rates (r = 0.60; p < 0.001). Previous analyses
indicated that higher Kinematic Risky Driving in the previous month predicted the likelihood of
a crash or near crash in the following month and an area under the curve of 0.74, indicating high
measurement sensitivity (Simons-Morton et al., 2012). Kinematic Risky Driving was nearly 4
times higher for novice teenagers than adults over the first 18 months of teen licensure (Simons-
Morton et al., 2011). Kinematic Risky Driving was aggregated over 18 months and also over 6-
month periods to correspond with the self-report assessments at 6-months (T1), 12-months (T2),
and 18-months (T3).

Checkpoints Risky Driving Scale (C-RDS). The C-RDS, employed in a number of studies (Hartos
et al., 2002; Simons-Morton et al., 2006), consists of 19 items that ask about the prevalence of
speeding, aggressive driving, and other risky driving behaviors. A list of items is provided in
Table 1.

Table 1. Checkpoints Risky Driving Scale Questionnaire

In the last 7 days, how often did you do each of the following (when you had the occasion to):

11 Went through an intersection when the light was red

1 Exceeded the speed limit in residential or school or just turning red

zZones

2 Drove 10-19 miles per hour over the speed limit 12 Went through a stop sign without stopping completely
3 Drove 20 or more miles per hour over the speed 13 Drove after drinking alcohol or using illegal drugs
limit

4  Purposely tailgated or followed another vehicle very 14  Changed lanes without signaling
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closely
5  Switched lanes to weave through slower traffic 15
6  Changed lanes with very little room between 16
vehicles
7 Cutin front of a vehicle to turn 17
8 Pulled out into traffic without waiting for a large 18

space between vehicles

9 Made an illegal U-turn 19

10  Went through an intersection when the light was
yellow or just turning yellow

Played the radio so loudly you wouldn’t be able to
hear other vehicle horns or sirens
Drove without wearing a seat belt

Raced another vehicle, even just for a short distance

Read, ate, talked on a cell phone, put on makeup,
horsed around with passengers, or other such
activities while driving

Drove in a way to show off to other people

The scale is: NA (0 — coded to missing when analyzing the data); Never (1); Rarely (2); Some-times (3);

Often (4); and Always (5).

DULA Dangerous Driving Index (DDDI). This 28-item measure was designed to assess the
frequency (5 point scale from never to always) of deliberately aggressive (7 items), risky (12
items; constituting the risky driving subscale), and negative-emotion (9 items) driving that
endangers the safety of the driver and other road users (Dula & Ballard, 2003). In previous
research the measures demonstrated good internal consistency (o = 0.83-0.93) and temporal
stability (r = 0.55-0.73) (Dula & Ballard, 2003; Willemsen et al., 2008). Willemsen and
colleagues (2008) reported that both the total score and the subscales discriminate between
traffic offenders and non-offenders. Richer and Bergeron (2012) reported significant associations
between the DDDI and several criterion measures, including traffic fines, self-reported
collisions, and maximum speed in simulated driving. Both the DDDI and the DDDI risky driving
subscale were included in this study. The total DDDI score (a.=.91, .91, and .86 at T1, T2, and
T3) and DDDI risky driving subscale (12 items; o.= .86, .83, and .76 at T1, T2, and T3) were
found to have good internal consistency at all three time points.

Analyses

Intra-class correlations (Cronbach’s alpha coefficients) were calculated to assess internal
consistency of the self-report scales at each time point and the 18-month Kinematic Risky

Driving measure.

Pearson correlations were calculated between C-RDS at each time point (T1, T2, and T3) and the
corresponding measures of DDDI and Kinematic Risky Driving as well as with the 18 month
measure of Kinematic Risky Driving. Auto-regressive cross-lagged models were created to
assess temporal stability of C-RDS, DDDI and Kinematic Risky Driving across the three time
points and relationships between C-RDS and DDDI with Kinematic Risky Driving from T1 to
T2 and from T2 to T3. Auto-regressive models are a form of time series analysis that accounts
for the linear correlation of variables measured at multiple time points. The betas provided by the
cross-lagged comparisons are interpreted in the same manner as in all regression analyses.
Statistical analyses were performed using SAS 9.2 and Mplus 7.
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RESULTS

C-RDS and DDDI. Good internal consistency of the C-RDS was demonstrated at all three time
points (alphas at T1, T2, and T3 = 0.90, 0.90, and 0.89). As shown in the correlation matrix in
Table 2, C-RDS at each time point (T1, T2, and T3) was significantly associated with DDDI and
DDDI Risky Driving Subscale measured at the same time points (T1, T2, and T3).

C-RDS and Kinematic Risky Driving. As shown in Table 2, C-RDS at T1, T2, and T3 was
significantly associated with overall 18-month Kinematic Risky Driving, and C-RDS at T2 and
T3 was significantly associated with Kinematic Risky Driving at T2 and T3. In auto-regressive
cross-lagged analysis (Figure 1), Kinematic Risky Driving at T1 was significantly associated
with Kinematic Risky Driving at T2, and Kinematic Risky Driving at T2 was significantly
associated with Kinematic Risky Driving at T3. Similarly, C-RDS at T1 was significantly
associated with C-RDS at T2, and C-RDS at T2 was significantly associated with C-RDS at T3.
However, no significant cross-lagged associations between C-RDS and Kinematic Risky Driving
were found.

DDDI and Kinematic Risky Driving. As shown in Table 2, only the T1 assessment of the DDDI
was associated with 18-month Kinematic Risky Driving. The DDDI risky driving subscale
measure at T1, T2, and T3 was significantly associated with overall 18-month Kinematic Risky
Driving, and the measure at T2 and T3 was significantly associated with Kinematic Risky
Driving at T2 and T3, all at higher levels than the correlations between DDDI and Kinematic
Risky Driving. As shown in Figure 2, in auto-regressive cross-lagged analyses DDDI at T1 was
significantly associated with DDDI at T2 and DDDI at T2 was significantly associated with
DDDI at T3. However, no significant cross-lagged associations between DDDI and Kinematic
Risky Driving were found.

Table 2. Correlation between Kinematic Risky Driving and self-reported measures of risky driving

1 2 3 4 5 6 7 8 9 10 11 12 13
1 18mKRD 1

2 T1KRD 0877 1

3 T2KRD 096" 0777 1

4 T3KRD 0.93™ 0707 0897 1

5 T1DDDI 036" 021 031" 037 1

6 T2DDDI 027 014 028 029 08771

7 T3 DDDI 025 013 028 026 0817 085 1

8 T1DDDIRD 0407 020 0407 0427 0837 0717 0607 1

9 T2DDDIRD 0507 028 0547 0517 0777 082" 060 086 1

10 T3DDDIRD 049" 026 055 0497 078" 078" 0.787" 0807 086" 1

11 T1C-RDS  0.44™ 028 0417 046 0747 0.69™ 067 0747 0777 078 1

12 T2C-RDS 0417 025 045 0407 0627 07777 0677 0647 080" 0.817 083" 1

13 T3C-RDS 035 023 0407 035 0707 078" 0.85 0527 060" 0.75 0737 0.80™ 1

"p<.05 " p<.01, " p<.001

Notes: 18m KRD= 18 month Kinematic Risky Driving (g-force events rate); T1 = 6 months; T2 = 12 months; T3 = 18
months; DDDI = DULA Dangerous Driving Index; DDDI RD = DDDI risky driving subscale; C-RDS = Checkpoints
Risky Driving Scale.
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Figure 1. Results of cross-lagged model (Kinematic Risky Driving vs. Checkpoints Risky Driving
Scale). The cross-lagged Bs stand for the left lines. Model fit indexes are RMSEA = 0.059, 95%CI:
<.001, 0.247, AIC=836.7, BIC=876.7, and adjusted BIC=804.7
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Figure 2. Results of cross-lagged model (Dula Dangerous Driving Index vs. Kinematic Risky
Driving). The cross-lagged Bs stand for the left lines. Model fit indexes are RMSEA = 0.167, 95%Cl:
<.001, 0.321, AIC=755.2, BIC=795.1, and adjusted BIC=723.1

DISCUSSION

C-RDS was highly correlated over time with the DDDI and the DDDI subscale on risky driving.
C-RDS was also highly correlated with the T2, T3, and 18-month Kinematic Risky Driving
measures. The DDDI Risky Driving Subscale was associated with Kinematic Risky Driving at
similar levels to the C-RDS and at higher levels and more consistently than the DDDI.

The advantages of self-report measures of risky driving include their low cost and ease of
administration, which allows researchers to collect data on large samples to assess prevalence
and individual variability. Despite their popularity, surprisingly little research has been
conducted on the reliability and validity of existing measures of self-reported risky driving. The
DDDI is perhaps the best studied self-report measure and is the only measure that has been
evaluated cross-culturally (Willemsen et al., 2008). While the full DDDI has often been used, its
interpretation is uncertain because it includes aggressive, risky, and negative emotion driving
tendencies. Therefore, it may particularly useful for measuring risky driving temperament or
propensity. Not surprisingly, we found that the DDDI risky driving subscale was more highly
associated with the C-RDS and with Kinematic Risky Driving. C-RDS focuses exclusively on
the prevalence of risky driving behaviors and appears to measure this construct reliably and with
validity. Additional research is needed on these measures, but based on the findings reported
here, we conclude the following:

® C-RDS is areliable and valid instrument for prevalence surveys;

® DDDI Risky Driving Subscale may be a more useful measure of risky driving than the
full DDDI.
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