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Abstract

Background: Retrospective feedback that provides detailed information on a driver’s
performance in critical driving situations at the end of a trip enhances his/her driving behaviors
and safe driving habits. Although this has been demonstrated by a previous study, retrospective
feedback can be further improved and applied to non-critical driving situations, which is needed
for transportation safety.

Objectives: To propose a new retrospective feedback system that uses driver identity (i.e., a
driver’s name) and to experimentally study its effects on measures of driving performance and
safety in a driving simulator.

Method: We conducted a behavioral experimental study with 30 participants. “Feedback
type” was a between-subject variable with three conditions: no feedback (control group),
feedback without driver identity, and feedback with driver identity. We measured multiple
aspects of participants’ driving behavior. To control for potential confounds, factors that were
significantly correlated with driving behavior (e.g., age and driving experience) were all entered
as covariates into a multivariate analysis of variance. To examine the effects of speeding on
collision severity in driving simulation studies, we also developed a new index - momentum of
potential collision - with a set of equations.

Results: Subjects who used a feedback system with driver identity had the fewest speeding
violations and central-line crossings, spent the least amount of time speeding and crossing the
central line, had the lowest speeding and central-line crossing magnitude, ran the fewest red
lights, and had the smallest momentum of potential collision compared to the groups with
feedback without driver identity and without feedback (control group).

Conclusions: The new retrospective feedback system with driver identity has the potential to
enhance a person’s driving safety (e.g., speeding, central-line crossing, momentum of potential

collision), which is an indication of the valence of one’s name in a feedback system design.
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1. Introduction

Road traffic crashes are consistently one of the top ten causes of death worldwide,
leading to more than 1.27 million deaths in 2004 and between 20 and 50 million non-fatal
injuries annually (Peden et al. 2004, World Health Organization 2009). Importantly,
approximately 92% of traffic accidents result from a violation of at least one traffic law
(Rothengatter 1991). For example, speeding (defined as exceeding the posted speed limit,
racing or driving too fast for conditions) is one of the most prevalent contributing factors
in traffic crashes. In 2009, speeding contributed to 31% of all fatal crashes in the United
States, which resulted in the loss of 10,591 lives (National Highway Traffic Safety
Administration 2009). In addition to these speeding-related accidents, head-on collisions
(due to an unsafe central-line crossing or lane changing) and accidents involving
pedestrians were identified as another two major types of fatal traffic crashes, and each
account for around 11% of all fatal crashes in the United States (NHTSA 2009). Many
strategies and systems have been proposed to prevent a driver from violating traffic laws
and help him/her form safe driving habits; the feedback system is one of these strategies.

In a driving context, feedback is the information about the driver’s, vehicle’s, and
environment’s state that is available to the driver. The driver can receive real-time or
concurrent feedback at the moment an event occurs. Such feedback has the potential to
raise a driver’s awareness of his immediate driving performance and environmental
changes. Also, concurrent feedback improves a person’s driving safety by modulating
his/her distracting activities (e.g., interacting with a global position system, GPS) (Horrey
and Wickens 2006). The literature has reported on the effects of concurrent feedback on
driving performance and one’s engagement with distractions (Brookhuis and de Waard
1999, Levick and Swanson 2005, Donmez et al. 2007, McGehee et al. 2007, Donmez et
al. 2008, Toledo et al. 2008, Van Nes et al. 2008). For example, intelligent speed
adapter/assistance (ISA) is a concurrent feedback system that informs a driver about the
speed limit when he/she drives above it. ISA systems have proven to be effective at
improving speed management in various countries.

A driver can also receive retrospective or post-hoc feedback after an event occurs. For

example, information on the frequency of running red lights can be presented after a trip
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is completed. Retrospective feedback has several strengths compared with concurrent
feedback. The first and the most obvious advantage is that retrospective feedback does
not interfere with immediate driving performance. Second, retrospective feedback helps a
driver understand how safe his/her driving is by refreshing his/her memory of the last
trip. Accordingly, the driver is made aware of certain situations where incidents may
occur, and may eventually change their long-term driving behavior (Donmez et al. 2008).
Third, retrospective feedback that displays a report after a trip can convey detailed
information about prior incidents without time or resource constraints. In this way, a
driver can better assess and modulate his/her overall driving behaviors according to the
feedback. In fact, only one existing study on retrospective feedback systematically
reports its influence on driving performance. Donmez et al. (2008) examined the effects
of retrospective and combined (i.e., both concurrent and retrospective) feedback on
driving performance and distraction engagement. These authors were interested in a
safety-critical scenario in which participants followed a leading vehicle that braked
periodically; here, a change in behavior is needed to decrease the chance of an imminent
collision. Retrospective feedback about the number of incidents that occurred (e.g., the
time to collision with the leading vehicle and the number of lane deviations), along with
the driver’s distraction level and the incident’s severity level, was provided to a driver at
the end of each trip. Interestingly, both feedback conditions resulted in a faster response
to lead-vehicle braking events, with combined feedback resulting in longer glances to the
road.

Although Donmez and colleagues (2008) explored the effects of retrospective
feedback on driving performance, to our knowledge, no experimental study has been
conducted to assess how retrospective feedback affects a person’s driving performance in
a more general scenario. Specifically, the previous study of retrospective feedback
attempts to enhance a driver’s behaviors in an emergency (such as an imminent, rear-end
collision). In reality, these collisions (or safety-critical scenarios) occur rarely compared
with general moving violations (i.e., speeding or central-line crossing). Thus, a driver is
expected to benefit more from a new retrospective feedback that reports global measures
of human factors that have been identified as significant factors in fatal traffic crashes

(e.g., speeding, crossing the central line to changing lanes, running a red light). However,
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it might be more difficult for a driver to accept retrospective feedback in a general
scenario where the moving violation may not lead to a collision than it would be in a
safety-critical scenario. For example, the NHTSA conducted a survey in 2002 and found
that 80% of all drivers had exceeded the posted speed limit during the month before the
survey was taken (Royal 2003). Because speeding is common (or even universal) and
may not result in an accident, the potential value of retrospective feedback for modulating
a driver’s unsafe driving behaviors in non-critical driving situations needs further
investigation.

According to social psychology’s triangle model of responsibility, giving a driver
feedback on his/her driving performance is considered an attempt to strengthen the sense
of responsibility that connects the rules and goals for performance to the actions and
consequences of the performance (Schlenker et al. 1994). The triangle model of
responsibility is a major social psychological theory, and it offers a coherent framework
for understanding the determinants and effects of responsibility (Britt 1999). The model
consists of three elements: identity (i.e., a person’s characteristics, roles, and qualities),
prescription (i.e., the rules or goals for performance) and event (i.e., the actions and
consequences of performance). Responsibility is the psychological adhesive that joins the
three elements and provides a basis for judgment and sanctioning (Schlenker et al. 1994).
According to this model, existing feedback enhances the rule-action linkage. Probably,
providing a driver with feedback about his/her performance on the last trip informs
him/her a clear and salient set of rules that should be applied to his/her actions (e.g.,
longer fixations on the road). However, existing feedback systems do not consider
identity and its two connections, the identity-rule link and the identity-action link, which
decreases the overall strength of connections and responsibility. In contrast, this study
presents a new retrospective feedback system that takes a driver’s identity (and therefore
the whole triangle model of responsibility) into consideration. We reasoned that mention
of a driver’s identity in the feedback would raise a driver’s awareness of the
responsibility, which will eventually regulate his/her unsafe driving behaviors, such as
speeding.

From a psychological perspective, identity refers to a person’s sense of who or what

he/she is. ldentity consists of several dimensions, with name being one of the major
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dimensions. In general, names serve as a symbolic representation of the person we
present to others. Snyder and Fromkin (1980) proposed that names were “uniqueness
attributes” through which individuals can differentiate themselves from other people. The
relationship of the name to an individual’s sense of personal identity has been explored
by a variety of psychologists and sociologists (Kuhn and McPartland 1954, Gordon 1968,
Montemayor and Eisen 1977). Additionally, previous studies suggest that people are
especially attentive to events that are emotional significant to them because of the
salience of names in one’s spontaneous self-concept. For example, people can hear
someone mention their name in the midst of a noisy cocktail party and while they are
sleeping (Moray 1959, Allport and Willard 1961). This phenomenon reflects the
attention-eliciting value of names and indicates that an individual’s name has a higher
priority than other information that he/she attends to (Deutsch and Deutsch 1963, Wood
and Cowan 1995, Kawahara and Yamada 2004). Therefore, we assumed that mention of
a driver’s name at the beginning of retrospective feedback would attract his/her attention
to such feedback with considerable power.

Other dimensions in addition to a person’s name (such as one’s gender or occupation)
have also been shown in the literature to have an association with one’s identity, self or
attention (e.g., Brewer and Gardner 2004). Compared to these categories, a person’s
name is the most salient and characteristic category (Howarth and Ellis 1961); however,
all of the aforementioned categories inevitably involve personal privacy. Therefore, we
had to consider how to protect driver privacy when designing our current feedback
system. Recently, public opinion polls find that a majority of people are concerned about
threats to their personal privacy (Phelps et al. 2000). If we were to present too much a
driver’s private information to at once, he/she may feel uncomfortable and eventually
refuse to use the system. Thus, the current study only presented a driver’s name when
conveying feedback information to him/her.

Although separate lines of research exist on both retrospective feedback and names, it
is not clear whether a new retrospective feedback system that adds a driver’s full name at
the beginning of the trip report will be better than current systems. Therefore, the

purposes of this study are to compare and assess the effects of both types of retrospective
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feedback systems (i.e., with vs. without driver names, hereafter referred to as “driver

identity””) on safety-related driving behavior variables in a simulated driving task.
2. Methods

2.1. Participants

We studied 30 native English speakers (13 males and 17 females), whose average age
was 29.1 years (range = 22-44, SD = 7.9), in a driving simulator. Participants were
screened to ensure that they had good visual acuity and hearing. Additionally, all
participants were right-handed, had valid US driver licenses and had driven within the

last six months.
2.2. Experimental design and feedback system

We used a mixed factorial design with feedback type as a between-subject variable:
no feedback (control group, 10 subjects), feedback without driver identity (10 subjects)
and feedback with driver identity (10 subjects). Each participant completed 3 consecutive
drives: drive 1 (without feedback), drive 2 (after one instance of feedback) and drive 3
(after a second instance of feedback). As a result, drive serves as a within-subject
variable.

The driving scenario was a 9-mile, two-lane (in each direction) local environment.
Four types of driving events were included: a pedestrian crossing the road, an intersection
with traffic lights, a speed limit and a vehicle. First, we designed two types of pedestrians
to cross the road: a target and a non-target. Initially, pedestrians were displayed 2 feet
from either the left or right roadway edge line. When the driver was within 200 feet of the
pedestrian (target), it began to cross the road at a constant speed of 2 feet per second. To
reduce learning effects, stationary pedestrians (non-targets) were also displayed with an
exact ratio of 1:3 (target: non-target). Second, two types of intersections with traffic
lights were included: target and non-target. Target traffic lights turned from green to
yellow when the driver was within 200 feet of the intersection. The light then stayed
yellow for a total of 3 seconds before turning red. Non-target traffic lights remained
green and occurred 3 times as often as target traffic lights. Third, speed limit signs with

different speed limits (range = 20-60 mph) were displayed 1000 feet in front of the driver.
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Participants were instructed to adjust their speed and follow the speed limit throughout
the task. Finally, an approaching vehicle in the other lane appeared 1000 feet from the
driver every 1000 feet he/she travelled. There were approximately 15 approaching
vehicles, which always followed the speed limit, during each 3-mile section.

Additionally, there was an intersection with a traffic light at miles 3 and 6. When
participants were within 200 feet of these 2 intersections, the traffic light turned red for 1
min. After a participant’s vehicle was fully stopped, the feedback system displayed
his/her driving performance during the previous section’. In this way, the session was
segmented into three separate drives, and the three types of driving events were evenly
and randomly distributed throughout each drive without overlap.

Drivers in the control group stopped at these two 1-min-long red lights but did not
receive any feedback. In contrast, drivers in the other two groups received a trip report
while they were waiting for the red light to change. If there were no accidents or
incidents in the previous section, drivers received positive feedback (see Fig. 1a), which
was designed to increase their acceptance of the trip report (Brandenburg and Mirka
2005, Donmez et al. 2008). If both accidents and incidents occurred in the previous
section, accidents (such as the frequency of hitting a pedestrian or colliding with a
vehicle) were displayed first (see Fig. 1b). Next, a few major incidents such as speeding
(frequency and duration), crossing the central line (frequency and duration), driving too
close to a simulated pedestrian (frequency only) and running a red light (frequency only)
were presented if they occurred, and this report was followed by detailed information
about each incident type, which was illustrated using figures or video animation’ (see
Fig. 1c-1f). Drivers could also receive positive feedback if they had better driving
behaviors in the current drive than in the last one: “According to your driving
performance in the previous section, your driving behavior has improved but is still
relatively unsafe compared with other drivers. Please drive carefully for your own safety

and other people’s safety. Thank you”.

L All participants stopped in front of these two intersections in the experiment.
2 The red-light violation feedback was presented via a video clip that animated the act of passing through
the traffic light as it turns from yellow to red.
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Dear Mr. XXX Dear Mr. XXX

Congratulations! You crashed with an
You drove safely in the approaching vehicle | time
previous section

Dear Mr. XXX

You were involved in several

major incidents

You drove too close to a pedestrian
times

ylid

Central Line Crossing!

Your driving speed was over the
speed limit <5 seconds

e f
Fig. 1. Samples of the trip report (a. Positive feedback for no accidents or incidents; b.
Information on accidents; c. Information on major incidents; d. Information on the frequency
of driving too close to a pedestrian; e. Information on central-line crossing frequency; f.
Information on speeding duration)

You crossed the central line © times

8
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In addition to the features mentioned above, the feedback system with driver identity
displayed a driver’s name at the beginning of the trip report (see Fig. 1a for a case in
which there are no accidents or incidents in the previous sections, Fig. 1b for a case in
which there are accidents and Fig. 1c for a case in which there are incidents). A driver’s
name did not appear when displaying the detailed information about each type of
incident. All names were pre-recorded by an experimenter before the formal driving task,

and all feedback information was given in both the visual and auditory modalities.

2.3. Apparatus

The driving task was completed using a STISIM® driving simulator (STISIMDRIVE
M100K). The STISIM simulator was installed on a Dell Workstation (Precision 490,
Dual Core Intel Xeon Processor 5130 2 GHz) with a 256 MB PClex16 NVIDIA graphic
card, Sound Blaster® X-Fi™ system, and Dell A225 Stereo System. The driving scenario
was presented on a 27-inch LCD with 1920%1200 pixel resolution. The driving simulator
also included a Logitech Momo® steering wheel with force feedback, a gas pedal and a
brake pedal.

The trip report was displayed on a 12.1 inch ELO screen, which was located 50 cm
from the participants’ right hand and 91 cm from their eyes. The visual angle of the touch
screen was 13.1 degrees and controlled by a Dell PC (OPTIPLEX 745), which was

connected to the driving simulator via a Labjack® system.
2.4. Experimental procedure

Upon arrival, we asked participants to sign a consent document and fill out a set of
self-report measures before engaging in the driving task. These questions were designed
to capture information about each participant’s demographic characteristics (e.g., age and
gender) and driving history (e.g., their estimated annual driving mileage and the year
their first US driver license was issued to them).

Participants then completed five consecutive practice blocks of the driving task to
familiarize themselves with the driving simulator and the different road events. Each
practice block lasted for 15-20 min. This relatively long period of practice (1.5-2 hours in

total) was expected to control confounding learning effects on driving behaviors.

2.5. Measurement
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Several major behavioral measures from the driving simulator were examined and
can be grouped into two categories: accident or incident. In terms of accidents, two types
could have occurred in the simulated driving environment. First, a pedestrian-related
accident was when a driver did not respond quickly enough and therefore hit a simulated
pedestrian who was crossing the road. Second, a vehicle-related accident was any
collision with a vehicle on the road. Incidents were defined as a traffic violation with
relatively minor importance or severity compared with an accident. Incidents measured
the frequency of running red lights, speeding and central-line crossing (for speeding and
central-line crossing, the magnitude and duration were also measured).

Frequency of running a red light. This measure reflects the number of times a driver
crossed the stop line for a traffic light while the traffic light was red.

Frequency of speeding. This measure indicates the number of times a vehicle’s speed
exceeded the posted speed limit.

Duration of speeding. This measure provides the amount of time (in seconds) that a
driver spent above the posted speed limit.

Magnitude of speeding. This measure reports the speed deviations (in miles per hour)
from the speed limit.

Momentum of potential collision. This measure indicates the severity of a potential
collision (in KN per second) due to a speeding violation.

Frequency of central-line crossing. This measure reflects the number of times the
wheels of the driver’s vehicle made contact with the other side of the roadway.

Duration of central-line crossing. This measure captures the amount of time that the
wheels of the driver’s vehicle made contact with the other side of the roadway.

Magnitude of central-line crossing. This measure indicates the lateral distance away
from the roadway dividing line that the wheels of the driver’s vehicle deviated onto the
other side of the roadway.

Frequency of driving too close to a pedestrian. This measure reflects the number of
times a vehicle drove too close to a simulated pedestrian. This incident’s threshold was
estimated from the median distance between our drivers’ vehicles and a pedestrian in

both the lateral and longitudinal directions, which was recorded in a previous driving
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study (Zhao et al. 2010). We used a lateral distance of 8.3 feet and a longitudinal distance
of 5.2 feet in this study.

2.6. Data analysis

Analysis of variance (ANOVA) was used to examine group differences in
demographic factors (i.e., age and education level) and driving history (i.e., the year a US
driver’s license was obtained). A chi-square analysis was used for categorical variables
(i.e., gender and annual mileage). We then conducted a multivariate analysis of
covariance (MANCOVA) with the driving behavior variables serving as dependent
variables. Significant findings were followed-up with a Tukey’s test to compare

differences in feedback from the first to last drive.
3. Results

3.1. Descriptive analysis

One-way ANOVAs were conducted to compare group differences on demographic
variables and driving history (see Table 1). There were significant differences among the
three feedback groups for age (F(2, 27) = 6.44, p = .005), annual mileage (Pearson x°(8)
= 21.75, p = .005), and the year their license was first obtained (F(2, 27) = 5.26, p
=.012). No significant group difference was found for gender or education level.

Descriptive statistics (sample means and standard deviations) were provided to
describe the main features of the sample for each measurement (see Appendix I).
Descriptive statistics of the number of speeding and deviations from the speed limit were
shown to give a sense of the frequency and magnitude of speeding under different speed

limit conditions (see Appendix I1).

11
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Tablel. The means and standard deviations for demographic and driving history variables

Feedback with Feedback without

No(Le:fg;ck driver identity driver identity
(n=10) (n=10)

Demographic Factors

Age (years) 33(8.2) 31.5(8.2) 229 (1.1)

Gender (% Male) 50 40 40

Education (years) 15 (2.0) 14.2 (2.1) 16.1 (0.3)
Driving History

Years licensed (years) ® 17 (7.0) 11.1 (8.7) 6.8 (2.0)

Annual mileage (miles) * 4 (0.6) 2.7 (1.6) 2.6 (0.8)

“Year licensed” refers to the number of years since a driver obtained his/her first valid US driver license;
“Annual mileage” is a self-reported measure on a scale of 5 categories (e.g., less than 5,000 miles, 5,000 to
7,500 mile, etc).

& A significant difference among three feedback groups (p’s < .05).

3.2. MANCOVA

MANCOVA was performed with feedback type as a between-subjects factor and
drive as a within-subject factor. Ten driving behavioral variables served as dependent
variables: frequency, duration and magnitude of speeding; frequency, duration and
magnitude of central-line crossing; frequency of running a red light; frequency of driving
too close to a pedestrian; frequency of hitting a simulated pedestrian; and frequency of
hitting a simulated pedestrian. No drivers collided with an approaching vehicle on the
road during the formal test; therefore, frequency of colliding with a vehicle was not
entered as a dependent variable. In addition, age, annual mileage and the year a subject
obtained his/her first license were significantly different among the three feedback
groups; therefore, we entered these three factors into the MANCOVA as covariates to
control their potential effects on driving variables. In the overall MANCOVA, the
interaction of feedback type x drive was significant (Wilks’ 1 = .49, p = .009), as was the
main effects of feedback type (Wilks’ A = .39, p < .0001) and drive (Wilks’ 1 = .51, p
<.0001).

3.2.1 Frequency of central-line crossing
A significant feedback type x drive interaction was revealed for the frequency of

central-line crossing (see Fig. 2) (F(4, 78) = 2.85, p = .029). Pair-wise comparisons

12
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showed that drivers using the feedback system with driver identity were the least likely to
cross the central line compared to those who used the other two feedback systems on
drives 2 and 3 (see Table 2). We found no significant difference in the frequency of
central-line crossing among the three systems when there was no feedback on drive 1.
Moreover, feedback type had a significant main effect on the frequency of central-line
crossing (F(2, 78) = 14.25, p < .0001). However, the main effect of drive was not

significant for this measurement.

500 Feedback Type

W Yo feedback
Feedback without driver identity
[] Feedback with driver identity

4.001

3.009

v

2.009

Mean Frequency of Central-line Crossing

=1
=]
1

Fig. 2. Frequency of central-line crossing, which showed a significant interaction between

feedback type and drive (error bars indicate +1 standard error)

Table 2. Pair-wise comparisons for the frequency of central-line crossing

Pair-wise comparison p-value i-j (95% CI)
Drive 1 (no feedback) NS
Drive 2 (after 1* feedback)

No feedback vs. Feedback without driver identity NS

No feedback (i) vs. Feedback with driver identity (j) p=.028 2.0 (.19, 3.81)

Feedback without (i) vs. Feedback with driver identity (j) p=.003 2.7 (.89, 4.51)
Drive 3 (after 2" feedback)

No feedback vs. Feedback without driver identity NS

No feedback (i) vs. Feedback with driver identity (j) p =.004 2.7 (.83,4.57)

Feedback without (i) vs. Feedback with driver identity (j) p=.003 2.8 (.93, 4.67)
Between drive 1 and drive 3

No feedback vs. Feedback without driver identity NS

No feedback (i) vs. Feedback with driver identity (j) p=.001 1.67 (.64, 2.7)

Feedback without (i) vs. Feedback with driver identity (j) p <.0001 1.83 (.8, 2.86)

13
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3.2.2 Duration of central-line crossing

The main effect of feedback type was significant for the duration of central-line
crossing (F(2, 78) = 3.57, p = .033) (see Fig. 3). Further analysis indicated that drivers
benefited from the feedback system with driver identity, which led to the shortest time
period of central-line crossing compared to those who used the feedback system without
driver identity (95% CI: -4.73 (-7.51, -1.94), p < .0001) and the system without feedback
(95% CI: -4.92 (-7.7, -2.14), p < .0001). There was no significant difference between the
feedback system without driver identity and no feedback system. The main effect of drive

and the feedback type x drive interaction were not significant for this measure.

10.00-

§.007 -|_

6.00-

4.005

Mean Duration of Central-line Crossing (sec)

2.00- l
0.00 T T T
Mo feedback Feedback without  Feedback with
driver identity driver identity
Feedback Type

Fig. 3. A comparison of the duration of central-line crossing for the three feedback systems (error

bars indicate +1 standard error)

3.2.3 Magnitude of central-line crossing

There was a significant feedback type x drive interaction for the magnitude of
central-line crossing (see Fig. 4) (F(4, 78) = 3.66, p = .009). Pair-wise comparison
showed that drivers using the feedback with driver identity made the smallest lateral
deviations from the roadway dividing lines compared to those who used the other two
systems on drive 2. No significant difference was found in the magnitude of central-line
crossing among the three systems on drive 1 or 3 (see Table 3). Moreover, we found a

significant main effect of feedback type for the magnitude of central-line crossing (F(2,

14
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78) = 4.18, p = .019). However, the main effect of drive was not significant for this

measurement.

Feedback Type

W Yo feedback
_| A Feedback without dviver identity
1407 [ Feedback with driver identity

1.209

1.00 |
%

Z

NN

%

NN
Y

AN

N

LN

0.50

0.50-

Mean Lateral Deviation from the Central Line (m)

-
%
-

4 7

2 3

Drive

Fig. 4. The magnitude of central-line crossing, which showed a significant interaction between

feedback type and drive (error bars indicate +1 standard error)

Table 3. Pair-wise comparisons for the magnitude of central-line crossing

Pair-wise comparison p-value i-j (95% CI)
Drive 1 (no feedback) NS
Drive 2 (after 1* feedback)
No feedback vs. Feedback without driver identity NS
No feedback (i) vs. Feedback with driver identity (j) p =.004 45 (.13, .76)
Feedback without (i) vs. Feedback with driver identity (j) p=.022 .36 (.05, .67)
Drive 3 (after 2" feedback)
No feedback vs. Feedback without driver identity NS
No feedback (i) vs. Feedback with driver identity (j) p=.013 .37 (.07, .67)
Feedback without (i) vs. Feedback with driver identity (j) NS
Between drive 1 and drive 3
No feedback vs. Feedback without driver identity NS
No feedback (i) vs. Feedback with driver identity (j) p <.0001 3 (.14, .45)
Feedback without (i) vs. Feedback with driver identity (j) p=.011 .2 (.04, .35)

3.2.4 Frequency of speeding
The main effect of feedback type was significant for the frequency of speeding (see
Fig. 5) (F(2, 78) = 8.93, p < .0001). Pair-wise comparisons indicated that drivers from

15
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both the feedback system with driver identity (95% CI: -3.1 (-4.7, -1.5), p < .0001) and
the system without driver identity (95% CI: -1.6 (-3.2, -.01), p = .049) exceeded the speed
limit less often compared to those in the control group. There was no significant
difference for the frequency of speeding between the two feedback systems. Moreover,
the main effect of drive and the interaction effect of feedback type x drive for the

frequency of speeding were not significant.

10.004

8.00 T
- -
-
& 1
E 600 L
o
£ T
: T
=]
2 400
@
T
=
200+

0.00 T T T
No feedback  Feedback without — Feedback with
driver identity drrver identity

Feedback Type

Fig. 5. A comparison of the frequency of speeding for the three feedback systems (error bars

indicate £1 standard error)

3.2.5 Duration of speeding

We found a significant feedback type x drive interaction effect for the duration of
speeding (see Fig. 6) (F(4, 78) = 3.16, p = .018). Pair-wise comparisons revealed that
drivers using the feedback system with driver identity had shorter speeding durations
compared with drivers who used the other two systems on drive 3 (see Table 4). There
was no significant difference for the duration of speeding among the three systems on
drive 1 or 2. Further, there was a significant main effect of feedback type for the duration
of speeding (F(2, 78) = 4.1, p = .02). However, the main effect of drive was not

significant for this measure.
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Fig. 6. Duration of speeding, which showed a significant interaction between feedback type and

drive (error bars indicate +1 standard error)

Table 4. Pair-wise comparisons for the duration of speeding

Pair-wise comparison p-value i-j (95% CI)
Drive 1 (no feedback section) NS
Drive 2 (after 1¥ feedback section) NS
Drive 3 (after 2" feedback section)
No feedback vs. Feedback without driver identity NS
No feedback (i) vs. Feedback with driver identity (j) p=.001 59.7(22.86,96.54)

Feedback without (i) vs. Feedback with driver identity (j)  p <.0001
Between drive 1 and drive 3

No feedback vs. Feedback without driver identity NS

No feedback (i) vs. Feedback with driver identity (j) p =.008

Feedback without (i) vs. Feedback with driver identity (j)  p =.009

65.64 (28.8, 102.48)

28. 21 (6.24, 50.18)
28.08 (6.11, 50.04)

3.2.6 Magnitude of speeding

The main effect of feedback type was significant for the magnitude of speeding (see

Fig. 7) (F(2, 78) = 9.69, p < .0001). Pair-wise comparisons showed that drivers using the

feedback with driver identity had the shortest speed deviations from the speed limit
compared to those in the control group (95% CI: -2.12 (-4.06, -.18), p = .029) and those
using the feedback without driver identity (95% CI: -2.26 (-4.2, -.32), p = .018). There

was no significant difference in the magnitude of speeding between the control group and
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the group that received feedback without driver identity. Moreover, the main effect of
drive and the interaction effect of feedback type x drive were not significant for the
magnitude of speeding.

§.00

7.00

T
T

4.00- T
3.00- l

Mean Speed Deviation from the Speed Limit (mph)

r
=1
=]

| | |
No feedback Feedback without  Feedbaclt with
drwver identity drwver identity

Feedback Type

Fig. 7. A comparison of the magnitude of speeding for the three feedback systems (error bars

indicate £1 standard error)

The severity of a potential collision due to speeding was examined by taking the ratio
of the deviation from speed limit and the posted speed limit. A set of mathematical
equations were then developed to calculate the effect of speeding on collision severity,
followed by an analysis on a new index - momentum of potential collision (see Appendix
1).

3.2.7 Frequency of running a red light

There was a significant main effect of drive on the frequency of running a red light
(F(2, 78) = 10.42, p < .0001). Pair-wise comparisons indicated that people ran the fewest
red lights on drive 3 compared to drive 1 (95% ClI: -1.43 (-2.23, -.64), p < .0001) and
drive 2 (95% CI: -1.07 (-1.86, -.27), p = .005). No significant difference for this measure
was found between drive 1 and drive 2. The main effect of feedback type and the

interaction effect of feedback type x drive were also not significant.
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3.2.8 Frequency of driving too close to a pedestrian

The main effect of feedback type was significant for the frequency of driving too
close to a pedestrian (see Fig. 8) (F(2, 78) = 4.29, p = .017). However, pair-wise
comparisons did not indicate any significant differences among the three feedback
systems. Moreover, the main effect of drive and the interaction effect of feedback type x

drive were not significant.
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Pedestrian

T T |
No feedback  Feedback without  Feedbacl wnth
driver identity driver identity
Feedback Type

Fig. 8. A comparison of the frequency of driving too close to a pedestrian for the three feedback

systems (error bars indicate +1 standard error)

Finally, there was no significant interaction effect or main effects for feedback type or

drive on the frequency of hitting a simulated pedestrian.
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4. Discussion

The aim of this study was to assess the effects of a new retrospective feedback system
that uses driver identity on driving variables during the performance of a simulated
driving task. Feedback type served as a between-subject variable with three conditions:
no feedback (the control group), feedback without driver identity, and feedback with
driver identity. The feedback with driver identity displayed a driver’s name, which was
pre-recorded by an experimenter, in both the visual and auditory modalities at the
beginning of the trip report. Several aspects of participants’ driving behavior were
collected. This study found that drivers gained a great benefit from the feedback system
that used driver identity. Specifically, drivers using this system had the shortest time
period and magnitude of central-line crossing and speeding, and they were the least likely
to cross the central line, exceed the speed limit or run a red light than those who used the
feedback system without driver identity and those who used the system without feedback
between drive 1 and drive 3.

Although age, annual mileage and the number of years since a driver obtained his/her
first valid driver license were significantly different in the three feedback groups, these
three factors were all entered into the MANCOVA as covariates to control their potential
effects on driving variables (Zhao et al. 2010). In our experimental design, drivers in
each group went through the same driving condition, and all road events were evenly and
randomly distributed throughout each drive without overlapping. Consequently, we
believe that the different effects of two feedback systems on a driver’s behaviors are a
result of the design of this new retrospective feedback system, in which a driver’s identity
is embedded, rather than the influences of other group differences.

According to the current findings, retrospective feedback that mentions a driver’s
name benefits driving performance. This phenomenon might be explained by the triangle
model of responsibility and the attention-eliciting value of names. The triangle model of
responsibility suggests that responsibility is the psychological adhesive that joins the
three elements: identity (i.e., a person’s name), prescription (i.e., the rules or goals for
performance) and event (i.e., the actions and consequences of performance) (Schlenker et
al. 1994). Previous retrospective feedback without driver identity only enhances the rule-

action linkage by informing a driver a set of rules that should be applied to his/her
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actions. In contrast, mention of a driver’s name in the retrospective feedback attempts to
enhance three linkages together to increase the overall strength of connections and
responsibility. Specifically, when a driver’s identity is mentioned in the feedback, the
identity-rule linkage becomes strong because he/she cannot distance himself/herself from
responsibility by arguing that the rules do not apply to him/her. Also, the identity-event
linkage becomes strong because the driver has personal control over the event, such as
intentionally bringing about a particular consequence of action. In short, mention of a
driver’s name in the feedback (and therefore the whole triangle model of responsibility)
strengthens the sense of responsibility for his/her own safety and other people’s safety.
Additionally, when a driver’s name is mentioned, he/she is more likely to attend to the
feedback with considerable power and recognize that the report reflects his/her own
(rather than someone else’s) driving performance (McGuire et al. 1979, Wood and
Cowan 1995, Kawahara and Yamada 2004).

Compared to the feedback system that uses driver identity, existing feedback systems
without driver identity do not seem to have as great a value for reducing unsafe driving
behaviors (such as speeding or crossing the central line) as one might expect. According
to the current findings, there are no significant differences between a feedback system
without driver identity and no feedback system for all measures except the frequency of
speeding. In contrast, Donmez et al. (2008) examined the effects of retrospective
feedback (without driver identity) on driving behaviors. They found that a driver
benefited from feedback as they responded faster to leading vehicle braking events and
looked at the road longer. The reason may result in part from the different driving
scenarios. Donmez and colleagues (2008) conducted an experiment where all participants
were asked to follow a leading vehicle that braked periodically. These authors were
therefore focused on a safety-critical scenario where a change in behavior was needed to
avoid an imminent collision. This safety-critical scenario increases the power of feedback
for attracting a driver’s attention and his/her acceptance of feedback. However, the
present study uses a more general driving scenario in which violating a traffic law may
not cause a collision. In this case, a driver may be used to some risky behaviors and does
not attend to feedback (e.g., a person sticks to driving 5 mph over the speed limit and

believes that he/she will not get a speeding ticket), which eventually decreases the
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effectiveness of the retrospective feedback and results in no difference between the
driving performance of the group with traditional feedback (without driver identity) and
the control group.

In this study, only the driving behavior of running a red light improved from the first
to last drive as indicated by a significant main effect of drive. Drivers, on average, ran
fewer red lights in drive 3 compared to drive 1 and 2 across the three feedback systems.
This pattern indicates that previous retrospective feedback without driver identity
(developed by Donmez and colleagues) had a benefit on the red light violation in drive 3.
One possible reason for this is that red light violations are more likely to be caught and
given a greater penalty in reality. In contrast, speeding violations are quite common, and
a driver may not receive a speeding ticket when exceeding the speed limit by a small
magnitude. Therefore, a driver may pay more attention to running a red light, which
increases the effectiveness of the feedback without driver identity.

In practice, this new retrospective feedback with driver identity enhances driving
performance under a general driving scenario. Although it seems more difficult for a
driver to accept feedback in such a general scenario, mentioning a driver’s identity (i.e.,
name) in the feedback has proven to be a promising approach for improving retrospective
feedback design. This method could also be applied when designing other feedback
systems (e.g., concurrent and combined feedback systems) or an in-vehicle intelligent
system (IVIS). Specifically, as mechanical sensors, GPS, video and other technologies
become available in vehicles, the current retrospective feedback is easy to implement in
the real world. These in-vehicle sensors and technologies are able to measure dynamic
vehicle variables (such as speed and lance position) and environmental variables (such as
the current posted speed limit). Then a global measure of performance (such as speeding)
is recorded over time and displayed at the end of a trip. In addition, this new retrospective
feedback can be made mandatory for a driver with a relatively poor driving history.

It is important to note that, in addition to a person’s name, other personal dimensions
(such as one’s gender or occupation) are suggested to have a close connection to one’s
identity, self or attention (Brewer and Gardner 2004). However, this study added only
one’s name to the new retrospective feedback system due to its unique and the most

salient attribute (Howarth and Ellis 1961). In fact, all aforementioned categories related
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to identity inevitably touch upon personal privacy. It is not valuable to add all self-
relevant information to increase the effectiveness of a feedback system by sacrificing a
person’s personal privacy. This new feedback system provided both visual and auditory
information. If a driver selects the visual feedback information, it can be seen by only
them, which protects their privacy. If there are no passengers in the car, then privacy is
not an issue; moreover, when there are passengers in the car, they usually know a driver’s
name already (the exceptions being taxi or public transportation drivers). Further, when
there are passengers in the car, a driver may drive more safely, as dictated by social norm
theory (Parker et al. 1995).

Additionally, we conducted another small experiment in which we defined a speeding
violation as the exceedances of the posted speed limit by 5 mph. We found that the
retrospective feedback with driver identity was still working even if we defined a
speeding violation as the exceedances of the posted speed limit by a larger magnitude.
Also, the feedback system did not cause drivers to monitor the speedometer more
frequently than they are used to in reality (see Appendix V).

This study has limitations that need to be addressed in future work. For example, the
effects of the current feedback system with driver identity on modulating a driver’s long-
term driving behaviors and enhancing driving safety was not examined in the current
experimental setting, as we note above. A real road testing using such a feedback system
may be needed. In addition, the current study artificially designed two 1-min traffic lights
so that a driver had to stop and wait, which gave time for the feedback information of the
last trip to be displayed. In reality, it is impossible to always convey the feedback
information at the end of a trip because the length of a trip is unknown, and a driver may
forget what occurred in the last trip. Therefore, when and where to provide a driver with
such feedback information, as well as the length of each trip report, needs further

investigation.
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Appendix I. The Descriptive Statistics of Dependent Variables

Table 1. The means and standard deviations for dependent variables

No feedback (control

Feedback without driver

Feedback with driver

group, n=10) identity (n=10) identity (n=10)
Drive Drive Drive Drive Drive Drive Drive Drive Drive
1 2 3 1 2 3 1 2 3

Egﬁ?;?”lfze(’f 2.7 3 29 24 37 3 2.4 1 2
crossing (1.49) (L76) (129) (97) (L77) (258) (19) (1.33) (42)
Ee‘:]rt?gfﬂrfg 75 804 739 731  7.93 71 624 171 22
cossing (5 @89 (815) (431 @7)  (321) (572 (532 (245) (54)
Magntudeof 407 11 108 8 L0195 1 65 71
cossing () 1) (14 (18) (1) (2) (19 (2D) (42 (4D
Frequency of 8.3 77 8.2 6.6 6.4 6.4 6.6 4.4 3.9
speeding (1.34) (2.67) (329) (165 (324) (2.8) (L.78) (2.67) (2.85)
Durationof ~ 101.76 98.62 11331 92.48 10156 11925 96.11 79.36 53.61
speeding (s)  (29.9) (39.89) (20.96) (20) (28.06) (39.2) (41.53) (45.13) (36.55)
L\"Zggi';“de of 566 551 552 578 577 556 635 197  2.02
(&ph) g (1.82) (259) (453) (2.92) (3.19) (3.34) (3.05) (295 (1.86)
fdﬁﬂ:*r?”‘;yrgg 23 23 17 25 27 1 27 1.4 5
light 9 (142) (142) (164) (53) (1.34) (149) (1.34) (7) (.97
Frequency of
driving too 4 4 3 2 3 3 2 2 0
close to a (57  (6)  (42) (21) (43) (38 (32 (22 (0)
pedestrian
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Appendix 1. The Descriptive Statistics of Frequency and Magnitude of Speeding

Table 2. The means and standard deviations of the frequency and magnitude of speeding

for each speed limit

No feedback (control

Feedback without driver

Feedback with driver

group, n=10) identity (n=10) identity (n=10)
Drive  Drive  Drive Drive Drive Drive Drive Drive  Drive
1 2 3 1 2 3 1 2 3
Frequency of speeding
20 mph 2.3 2.4 3 2.2 2.1 2.3 1.9 1.7 1.2
.77y (1.26) (1.89) (1.23) (990 (1.06) (1.2 (.95) (.92)
30 mph 2.3 2.3 2.4 1.9 1.8 1.9 1.6 1.4 1.2
(1.34) (@.77) (135  (.88) (.79) (.74) (7N 17 (79
40 mph 1.7 1.2 1.6 1.3 1.2 1.2 2 8 8
(.82) (92) (117) (.82 (.92) (.79) (.82) (.79) (.63)
50 mph 11 9 7 T T 6 6 3 4
(.57) (.74) (.67) (.67) (.67) (.:52) (.:52) (.48) (.:52)
60 mph 9 9 5 5 6 4 5 2 3
(.57) (.88) (.53) (.53) (.7 (.52) (.53) (.42) (.48)
Magnitude of speeding (mph)
20 mph 9.63 8.83 9.09 9.98 8.96 9.13 9.71 2.76 3.03
(2.15) (3.13) (3.75) (2.71) (369 (42) (382 (258 (2.62
30 mph 6.93 7.72 7.47 8.28 8.45 8.37 7.49 2.56 2.53
(252) (3.18) (3.14) (2.09) (433) (3920 (27 (2.46) (2.19)
40 mph 6.28 5.34 5.59 5.72 5.77 5.27 6.95 3.01 2.26
(244) (3.02) (3.79) (3.04) (3.07) (2.7) (266) (2.81) (2.12
50 mph 3.41 2.95 3.12 3.39 3.02 3.24 4.87 .89 1.32
(1.52) (3.78) (4.73) (3.82) (2.69) (3.82) (3.66) (.87 (1.6)
60 mph 2.04 2.71 2.36 1.52 2.64 1.8 2.73 63 .97
(1.7 (337 (411) (266) (1920 (220 (281 (.93 (119
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Appendix I11. The Development of Momentum of Potential Collision
In physics, the severity of a collision is directly related to the momentum (p), which is
the product of the mass (m) and an object’s velocity (v) regardless of the collision

position:
p=mxvy (1)

Because the velocity is equal to the current speed limit plus the speed deviation (Av)

from the limit (vy;), the momentum can be further developed in Equation 2:
p:mX(AV+VSI) (2)

If we take the ratio (R = v/vy) into account, the momentum is expressed by Equation

p=mxv,x(R+1) (3)

According to Equation 3, collision severity cannot be determined by either vy or R
independently. Therefore, we developed a new equation to describe the total potential
severity of the crash (which we call the Momentum of Potential Collision) as a function
of the magnitude of speeding (Av;), speed limit (vy;) and frequency of speeding (f;), and »
was the number of speeding:

ptatal :me(Avixﬁ—f_vsli) (121’27’1) (4)

i=1

We performed the analysis for this new measurement (assuming that the vehicle
weight is 1200 kg). The main effect of feedback type on the magnitude of speeding was
significant (see Fig. Al) (F(2, 78) = 3.28, p = .046). Pair-wise comparisons showed that
feedback with driver identity led to the smallest momentum compared to no feedback
(95% ClI: -26.01 (-47.6, -4.43), p = .014) or feedback without driver identity (95% CI: -
23.94 (-45.52, -2.35), p = .026). There was no significant difference in momentum
between the control group and the group of feedback without driver identity. Neither the
main effect of drive nor the interaction effect between feedback type and drive on

momentum was significant.
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Appendix IV. A New Experiment and Results

We conducted one more experiment (n=12; 6 male and 6 female) with the same
experiment settings and driving tasks. Their average age was 28 years (range = 22-35, SD
= 4.45). Six drivers were not provided feedback information (control group) while the
other six drivers (feedback group) were provided feedback with driver identity given two
types of speeding criteria: 1) The original speeding criteria (used the posted speed limit;
see the main text) and; 2) The new speeding criteria (used the posted speed limit plus 5
mph). These two criteria’s run order was counterbalanced.

Compared to the control group, drivers in the feedback group with the new speeding
criteria improved their driving performance in terms of the frequency of speeding (Mann-
Whitney Test U = 2.0, Z = -2.58, p = .009), duration of speeding (U = 3.0, Z =-2.402, p
=.015), and magnitude of speeding (U = 1.0, Z = -2.722, p = .004) from the first to last
drive. There were no significant differences between the feedback (with driver identity)
that used the original speeding criteria and the feedback that used the new speeding
criteria in the frequency of speeding (U = 14.5, Z = -.561, p = .589), duration of speeding
(U=12.0,Z=-.961, p = .394), and magnitude of speeding (U = 17.0, Z=-.16, p = .937).
This indicated that the feedback system with driver identity was still working even if we
defined a speeding violation as the exceedances of the posted speed limit by a larger
magnitude.

Frequency and duration of eye fixation on the speedometer were also recorded and
measured by an eye-movement recording system in this new experiment. No significant
differences were revealed between the feedback with the original speeding criteria and
the control group (no feedback) in terms of frequency of speedometer checking (U =
15.0, Z = -.48, p = .699) or duration of speedometer checking (U = 16.5, Z = -.245, p
= .818). Similarly, there were no significant differences between the feedback with new
speeding criteria and the control group in terms of frequency of speedometer checking (U
=15.5, Z =-.401, p = .699) or duration of speedometer checking (U = 11.5, Z =-1.063, p
= .31). These results suggested that drivers using the retrospective feedback did not
check the speedometer more frequently than those who did not use the feedback system.
In other words, the feedback system does not distract drivers in checking the
speedometer.
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