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Abstract: Rear-end crashes are a common crash scenario, which contribute to many traffic related
injuries and fatalities. A performance driving center offers adult car control classes focused on
defensive driving skills, which include both classroom and behind-the-wheel instruction on a closed-
road course. One focus of the class is activation of the anti-lock braking system (ABS), which was
designed to help drivers during emergency braking situations. In the classroom, participants learn
what ABS is as well as how and when it functions. On the closed-road course, participants learn
how to activate ABS and how the system feels when it is activated. The goal of this study was to
understand how knowledge of and experience with ABS prior to the class relates to a driver’s ability
to activate ABS. The participants’ ability to activate ABS was evaluated by the driving instructor
using a behaviorally anchored rating scale. Participants completed a survey before and after the class
to gain knowledge of and experience with ABS. The results of the study showed that participants
who previously knew what ABS felt like or had prior practice/training activating ABS performed
significantly better activating ABS than those who simply knew what ABS means or had previously
experienced ABS activation during their first of multiple attempts.

Keywords: adult drivers; emergency braking; post-license training; braking performance; anti-lock
braking system training; closed-road track

1. Introduction

Traffic crashes are one of the primary causes of injuries and fatalities around the
world [1]. Most of today’s crashes in the US can be attributed to driver error (94%),
primarily consisting of recognition (41%), decision (33%) and performance errors (11%) [2].
As technology has advanced over time, the capabilities of vehicles have evolved over time.
This shift has been observed in braking technology, where brakes not only serve to stop the
vehicle, but also to assist the driver during emergency braking situations.

1.1. Background
1.1.1. Anti-Lock Braking System Overview

The anti-lock braking system (ABS) was developed to assist drivers during panic
braking by preventing skidding or loss of control caused by locked wheels or a wheel that
cannot rotate and is sliding [3]. When the wheels are locked, the driver does not retain
control of the steering and thus cannot steer the vehicle even when turning the steering
wheel. ABS was introduced on passenger vehicles in the 1980s with the hope of reducing
the number of crashes [4]. Vehicles with conventional (pre-ABS) brakes required the driver
to “pump” the brake pedal, or to rapidly press and release the brake pedal, during an
emergency braking situation. Drivers often had a difficult time pumping the pedal at the
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correct frequency, which if performed incorrectly can cause the vehicle’s wheels to lock and
the driver to lose control of steering and braking of the vehicle. ABS automated this action
for the driver by holding and releasing the brakes, which optimizes the brake pressure and
prevents the wheels from locking and skidding. Since ABS quickly holds and releases the
brake pressure, the driver experiences a vibration or “thumping” in the pedal when ABS is
engaged. A benefit of ABS activation is the driver remains in control of the braking and
can steer the vehicle [4].

The National Highway Traffic Safety Administration (NHTSA) investigated crash
records to see if there was a benefit of ABS. NHTSA’s initial report showed that even though
there was a reduction in fatal multi-vehicle crashes on wet roads, there was a significant
increase in the number of fatal single vehicle run-off road crashes [4]. As a result of these
findings, ABS was not required as standard safety equipment and NHTSA launched the
Light Vehicle ABS Research Program to investigate why ABS was not effective in reducing
all types of crashes [5]. The Light Vehicle ABS Research Program found that drivers did
not understand the purpose of ABS, did not know when ABS was functioning, or if their
vehicle was even equipped with ABS. Another major finding was that when ABS was
activated, the vibration (thumping) feedback from the pedal was not understood by some
drivers. This misunderstanding of the pedal vibration feedback could lead to dangerous
reactions from drivers such as releasing the brake pedal [6]. Though ABS began appearing
on vehicles in the 1980s, it first appeared in the luxury vehicle segment before trickling
down into the higher volume economy cars in the early 1990s. This initial evaluation of
ABS examined traffic crashes between 1989 and 1993, which consisted of vehicles up to
model year 1992 [4]. NHTSA conducted a second, multi-year observational study on ABS,
spanning from 1995 to 2007 with a larger pool of vehicles equipped with ABS, where a
similar trend of a decrease in multi-vehicle crashes on wet roads and an increase in run-off
the road crashes was observed [7].

In 2012, the functionality of ABS became standard safety equipment on all new
passenger vehicles in the US as part of the Electronic Stability Control (ESC) system [8],
due to ESC’s reduction in crashes, especially those involving light trucks and SUVs [9–11].
ESC was created to help prevent loss of traction resulting in rotation caused by steering
input that ABS cannot eliminate. Like ABS, ESC automatically makes braking adjustments
at the individual wheels, but ESC also reduces engine output by comparing inputs from
the driver (steering wheel angle) with the vehicle’s motion (speed of the individual wheel,
yaw rate and lateral acceleration) [12]. ESC has been estimated to reduce fatal rollovers by
approximately 59.5% in cars and 74.0% in light trucks and SUVs as well as reducing other
fatal single vehicle crashes by approximately 31.3% in cars and 45.5% in light trucks and
SUVs [9].

Though there have been improvements in vehicle technology and safety systems from
an engineering perspective, a disproportionately high number of rear-end crashes still
exist. In 2015, there were over two million rear-end collisions in the US, which account
for 33.4% of all crashes, 6.8% of all fatal crashes, 32.4% of all injury causing crashes and
33.9% of crashes that resulted in property damage only [13]. In 2017, 39% of all fatal
crashes in the US involved collisions with other vehicles, where 7.2% of all fatal crashes
were rear-end crashes [14]. Even though ABS is required on vehicles and there is a high
number of rear-end crashes in the US, ABS activation is not required during the license
test to obtain a driver’s license in the US (e.g., [15–18]. Some states may ask drivers to stop
quickly (e.g., [15,18]), but there is no specification for an ABS stop.

Few researchers have investigated the effects of ABS training on braking performance.
Mollenhauer, Dingus, Carney, Hankey and Jahns [19], investigated a low-cost training
method involving drivers who had no previous experience with ABS. The drivers were
divided into two groups, where one group of drivers was shown a pamphlet explaining
the correct brake activation technique and the other was not. All participants drove on an
icy track where they were asked to stop as quickly as possible. The results of the study
showed that the drivers that reviewed the pamphlet used the correct activation technique
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and stopped an average of 35 ft sooner when traveling in a straight line compared to
participants that did not review the pamphlet. The study included curved and surprise
braking events, but there were no differences observed between the groups on either.
Petersen, Barrett, and Morrison [20] investigated brake performance as a result of a two-
day post-license training program. One group of drivers was enrolled in the program and
the other group, a control group, received no training. The group enrolled in the program
received ABS training using a two-phase braking technique, which was taught because it
could be used in vehicles with and without ABS. The two-phase braking technique required
the driver to first depress the pedal quickly near the maximum travel of the pedal, then,
for the remaining distance of pedal travel, the driver applies pressure steadily until the
pedal is fully depressed. The results showed that the group enrolled in the program did
not rely on ABS as much as the control group to stop; therefore, the program group had
smoother braking profiles. As a result, the program group took a full car length distance
more to stop than the control group.

In order to provide ABS training and other defensive driving skills in the hopes of
reducing driver error in controlled environments, post-license driving programs have
emerged in the US. The programs vary drastically, from some that cater to new drivers
with little experience, take place in parking lots, and are taught by volunteers who are
driving enthusiasts to courses that cater to performance driving on closed road courses
for individuals with racing experience. Regardless of the platform, the common goal
between all programs is the desire to improve drivers’ ability to control the vehicle using
behind-the-wheel instruction in a controlled environment. Many of these programs include
ABS exercises, with the goal of giving students the opportunity to activate ABS (e.g., https:
//www.guardyourlifechallenge.com/, https://putonthebrakes.org/, http://raceschool.
com/, https://bondurant.com/ (accessed on 18 November 2020)). Even though multiple
programs are available, there is limited data on the impact of these courses on drivers’
knowledge of ABS as well as their ability to activate ABS.

1.1.2. Performance Driving Center Classes

The performance center collaborated with the research team to study driver ABS skills
in a facility housing classroom and a closed-road course (https://bmwperformancecenter.
com, (accessed on 18 November 2020)). The center offers multiple classes for all driver’s
ages and skill levels, ranging from novice to advanced drivers. Some of the most popular
courses are the teen and adult car control classes, which provide both classroom and behind-
the-wheel instruction focused on defensive driving skills using a variety of exercises on
the closed-road course. These classes are either one or two full days. Drivers enrolled in
these classes gain knowledge on proper driving behaviors, such as where and how far
ahead to look when driving, optimal seating, as well as proper feet and hand positioning.
Other goals of these classes are an improved understanding of vehicle safety systems like
ABS and ESC, as well as experience performing emergency maneuvers including skid
recovery and emergency lane changes. For additional details about the class, please see
Mims et al. [21].

One key aspect of both the one and two-day classes is gaining hands-on experience
using ABS. During the classroom instruction, the instructors provide an explanation of how
ABS works, how to activate ABS and what drivers will experience while on the closed-road
course during the ABS exercise. Drivers are instructed to slam on the brake pedal as hard
as possible and hold the pedal until the vehicle comes to a complete stop. The instructors
explain that due to the rapid engagement and release of the ABS system the drivers should
expect to feel a vibration or “thumping” in the brake pedal. After the classroom portion, the
participants move to the closed-road course for behind-the-wheel instruction (see Figure 1).
There are typically a maximum of 16 individuals enrolled in a class. At the beginning of
the class participants are divided into two groups, with a maximum of four vehicles per
group. With up to two people per vehicle, the individuals are assigned to either drive first
or be the passenger first.

https://www.guardyourlifechallenge.com/
https://www.guardyourlifechallenge.com/
https://putonthebrakes.org/
http://raceschool.com/
http://raceschool.com/
https://bondurant.com/
https://bmwperformancecenter.com
https://bmwperformancecenter.com
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Figure 1. Aerial view of the closed-road course (ABS exercise area in red). 

Drivers slowly drive through the course and are instructed to brake at a designated 
set of cones and come to a complete stop before receiving feedback from the instructor. 
Participants are reminded to stomp on the brake pedal as quickly as possible and hold it 
all the way down until the vehicle came to a complete stop. As part of the instruction 
while driving through the course, the class participants stop near the cones and estimate 
the distance to stop at multiple speeds. The instructor then shows the actual distance 
needed to stop to help gain an understanding of how the distance needed to stop changes 
at different vehicle speeds. 

Next, the drivers are instructed to accelerate to a given speed then activate ABS when 
reaching a designated set of cones (see Figure 2). Drivers begin the ABS exercise driving 
30–35 miles per hour and with each run continuously increase their speed up to 55–60 
miles per hour (mph). The area of the closed-road course where the exercise occurs has a 
turn near the end (Figure 2). As the speed of each practice run increases, the distance it 
takes the driver to stop dramatically increases. Once the driver is traveling around 50 
mph, the drivers must steer while they are braking. Each driver typically has six to seven 
runs, with the speed increasing on each run to a maximum of 60 mph. After each run, the 
drivers receive feedback from the instructor standing on the side of the course via a two-
way radio (the driver’s radio is located in the driver’s door storage area). Once the first 
group of drivers completes the exercise, the drivers and passengers switch seating posi-
tions, and the exercise is repeated. 

  
Figure 2. Map of the ABS exercise. 

A previous study investigated the drivers’ views of the class, where a pre and post-
test survey was conducted with several one-day teen and adult classes [21]. The results 
suggested that both the teens (N = 80) and adults (N = 177) identified ABS braking as one 

Figure 1. Aerial view of the closed-road course (ABS exercise area in red).

Drivers slowly drive through the course and are instructed to brake at a designated
set of cones and come to a complete stop before receiving feedback from the instructor.
Participants are reminded to stomp on the brake pedal as quickly as possible and hold it all
the way down until the vehicle came to a complete stop. As part of the instruction while
driving through the course, the class participants stop near the cones and estimate the
distance to stop at multiple speeds. The instructor then shows the actual distance needed to
stop to help gain an understanding of how the distance needed to stop changes at different
vehicle speeds.

Next, the drivers are instructed to accelerate to a given speed then activate ABS
when reaching a designated set of cones (see Figure 2). Drivers begin the ABS exercise
driving 30–35 miles per hour and with each run continuously increase their speed up to
55–60 miles per hour (mph). The area of the closed-road course where the exercise occurs
has a turn near the end (Figure 2). As the speed of each practice run increases, the distance
it takes the driver to stop dramatically increases. Once the driver is traveling around
50 mph, the drivers must steer while they are braking. Each driver typically has six to
seven runs, with the speed increasing on each run to a maximum of 60 mph. After each
run, the drivers receive feedback from the instructor standing on the side of the course via
a two-way radio (the driver’s radio is located in the driver’s door storage area). Once the
first group of drivers completes the exercise, the drivers and passengers switch seating
positions, and the exercise is repeated.
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Figure 2. Map of the ABS exercise.

A previous study investigated the drivers’ views of the class, where a pre and post-
test survey was conducted with several one-day teen and adult classes [21]. The results
suggested that both the teens (N = 80) and adults (N = 177) identified ABS braking as one of
the most important topics taught during the class. The teens and adults reported increased
competence in their ability to stomp on the brakes to activate ABS and steer while braking.
On average teens and adults reported not feeling competent (average score of 3.2 for the
teens and 3.6 for the adults out of 6, where 6 was fully competent to perform without
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further training) before the class and reported feeling more competent (average score of 5.6
for the teens and 5.4 for the adults out of 6) in their ability to activate ABS directly after
the class. In regard to their ability to steer and brake simultaneously, the teens and adults
did not feel competent prior to the class (average score of 2.8 for the teens and 3.5 for the
adults), but once again felt more competent directly after the class (average score of 5.5
for the teens and 5.3 for the adults). The adults had the opportunity to participate in a
follow-up phone interview six months after the class; they reported that ABS braking was
one of the most used skills on the road from the entire class and ABS braking was the most
frequently used skill from the class to avoid a crash.

The results from the previous study [21], suggested that both teen and adult drivers
considered the information about ABS and the experience activating ABS to be of high im-
portance, which supports the hypothesis that many drivers did not have prior knowledge
or experience with ABS. This is consistent with the observations from Mazzae, Garrott
& Snyder [6], that drivers did not understand the purpose of ABS. This study investi-
gates drivers’ understanding and ability to activate ABS based on professional driving
instructors’ performance ratings.

2. Methods
2.1. Participants

Participants in this study were drivers enrolled in a one-day performance driving class
at a local closed-road course facility. Ninety participants were enrolled in the study. Eleven
participants were dropped due to either missing instructor ratings or survey data. Of the
remaining 79 participants, drivers’ ages ranged from 18 to 78 years (M = 45.4, SD = 14.1),
including 61 males and 18 females. There were 12 participants between the ages of 18 to 29,
15 participants between the ages of 30 to 39, 18 participants between the ages of 40 to 49,
21 participants between the ages of 50 to 59, 10 participants between the ages of 60 to 69,
and 3 participants between the ages of 70 to 78. Participants received a $25 VISA gift card
in exchange for their participation.

2.2. Survey and Rating Scale

A pre-test survey assessed each participant’s demographic information, knowledge
of ABS and previous experience with ABS, see Table 1. A post-test survey consisted of
questions targeted to the participants’ experience during the class (Table 1).

To have the instructors quantify the participants’ performance when attempting to
activate ABS, a behaviorally anchored rating scale (BARS) was developed to measure
performance [22]. The development of BARS relies on the involvement of subject matter
experts, who provide behavior-based examples of varying levels of performance for a
task. Three driving instructors that regularly lead the ABS exercise collaborated with the
research team to develop this scale. The scale consists of five ratings, where a rating of
1 represents no ABS activation, 2 represents brief activation, 3 represents some activation,
4 represents activation throughout most of the stop, and 5 represents full ABS activation
throughout the entire stop, see Table 2 for a detailed description of each rating which
includes a description of the driver’s actions as well as what the instructor would observe.
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Table 1. Pre- and post-test survey questions. Items in parentheses are requirements to participate in the study and/or
examples of correct responses.

Survey Question Response Option

Pre-test

What is your age? (Must be a minimum of 18 years old) Open-ended

What is your gender? Open-ended

Do you have a US driver’s license? (Must have a US or international driver’s license) Yes/No

What does ABS stand for? (Correct response: anti-lock braking system) Open-ended

If you had to describe the purpose of ABS to someone else, what would you say?
(Examples of correct responses: keeping the wheels from locking up, automatically
pumping the pedal, retaining the ability to steer, etc.)

Open-ended

What do you feel when ABS is activated? (Examples of correct responses: vibration of
the vehicle or brake pedal, etc.) Open-ended

Have you ever used ABS? Yes/No

- If yes, what did you experience? Open-ended

- If yes, the first time this happened to you, what did you think was going on? Open-ended

- If yes, at that moment, did you immediately know what was happening? Yes/No

- If yes, describe the environment. Open-ended

Have you ever practiced using ABS? Yes/No/I don’t know

Did you take driver’s education when you were learning to drive? Yes/No

Have you taken any additional driver’s training courses (excluding driver’s education)? Yes/No

- If yes, did you get behind the wheel experience with ABS? Yes/No

Post-test

What was the hardest part about the ABS exercise? Open-ended

Has today’s class changed your understanding of what ABS is, how it works, or what
the driver feels? Yes/No

- If yes, what do you know now that you did not know before? Open-ended

Table 2. Description of each rating including what action the driver took and what the vehicle does or what the instructor sees.

Rating Level of Activation Driver Action Instructor Sees/What the Vehicle Does

1 None Does not press the brake pedal hard enough to
lock the wheels, thus not activating ABS

No rise or dive of the nose, wheels are
continuously rolling

2 Brief

Presses the brake pedal hard enough to lock
the wheels and activate ABS momentarily, the
pedal pressure is not consistent or enough to
sustain ABS

The wheels momentarily lock and ABS releases the
wheels causing what appears to be a ratcheting
effect, the nose of the vehicle is pointing
downward briefly

3 Some (three common
scenarios)

A. Slams on the brake pedal to activate ABS
then releases the brake pedal’s pressure, so
ABS is no longer activated through the
remainder of the stop

A. The nose of the vehicle dives down and the
wheels show the ratcheting effect, as pedal
pressure is released the nose of the vehicle slowly
rises and the wheels no longer are ratcheting

B. Eases onto pressing the brake pedal, but not
initially pressing hard enough to activate ABS,
steadily applies enough brake pedal pressure
to eventually activate ABS and sustain ABS
through the rest of the stop

B. The nose of the vehicle slowly moves down up
to the point where ABS and the ratcheting effect of
the wheels begin, until the vehicle comes to a stop

C. Combination of both scenarios A. & B.
where eases onto the brake pedal and releases
the pedal at the end of the stop

Combination of both A. & B. with the gradual
downward motion of the nose of the vehicle until
the ratcheting effect begins and the nose of the
vehicle begins to rise near the end of the stop
because ABS is no longer activated therefore the
ratcheting effect disappears before the driver
comes to a complete stop
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Table 2. Cont.

Rating Level of Activation Driver Action Instructor Sees/What the Vehicle Does

4 Most (two common
scenarios)

A. Releases the pressure from the brake pedal
at the very end of the stop

A. The nose of the vehicle slowly rises as the
vehicle comes to a stop, ratcheting of the wheels
stops

B. Eases onto the brake pedal at the very
beginning of the stop

B. The nose of the vehicle moves down at the
beginning of the stop until ABS is activated and
the ratcheting of the wheels begins

5 Full
Slams on the brake pedal and holds the
pressure on the brake pedal until the vehicle
comes to a complete stop

The nose of the vehicle dives at the very beginning
of the stop, the ratcheting (locking and releasing)
of the wheels begins and continues until the
vehicle comes to a complete stop, the nose of the
vehicle jumps upward when the vehicle comes to a
stop

2.3. Procedure

Participants were recruited by a researcher in the order they arrived at the facility
before the class began. All subjects read the consent form and provided their written
approval prior to participating in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee
at Clemson University. After providing consent, each participant was given a folder
containing the pre-test survey and post-test survey, which was left at their table in the
classroom throughout the day. Participants completed the pre-test survey before the class
began. Once the pre-test was complete, participants returned the pre-test to their folder.

The beginning of the classroom portion of the class included an introduction as well as
group, vehicle, and driver assignments. Individuals were assigned to a group as well as a
specific car. Each car had up to two individuals, one person was assigned to drive first and
the other to be a passenger first, before switching roles. Typically, there was a maximum of
16 drivers per class, so each group had up to four vehicles with eight individuals. During
the driving portion of the class, participants were tracked by their group, car and driver
number assigned during the classroom portion.

After the completion of the classroom and warm up driving exercise, one group
performed the ABS exercise while the other group drove through a different exercise on
another part of the course. The instructor communicated with the individuals in each
group over two-way radios. The researchers and instructor each had two radios, one for
communication with the drivers and one for communication between the instructor and
researcher. While the instructor took the class through the exercise and demonstration
of ABS at different speeds, the researchers positioned themselves in a vehicle off the
closed-road course, but with an excellent view of the exercise.

After the instructions and demonstrations were complete, the instructor took their
place near the stopping point, so they were able to see the driver. Drivers were instructed
when to start the exercise and what speed to drive over the radio. The target speed
for the driver to achieve was determined by the instructor and was the driver’s goal to
reach before braking. In some instances, the instructor was very systematic starting at
30 mph regardless of the experience level of the class members while in other instances the
instructors adjusted the speed based upon the drivers’ level of experience. For the first run,
the instructor suggested 30, 35, 40 or 45 mph. Speeds increased as drivers completed more
runs of the ABS exercise, starting at a minimum of 30 mph and increasing to a maximum
of 60 mph. For the final run (i.e., run 7), the instructor suggested 55 or 60 mph. Once
instructed, the driver sped up to the desired speed and then attempted to activate ABS by
braking near the designated cones. Once the driver came to a stop, the instructor provided
feedback over the radio to the driver then provided the rating to only the researcher. The
driver never heard the ratings provided to the researcher. The instructor provided the
driver’s speed and their 1 to 5 rating using the research radio while the driver traveled
back to the starting line. During pilot testing the most common instructor feedback: “Press
the brake harder or Press the brake as hard as you can”; “Press the pedal and keep it
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pressed until the vehicle comes to a complete stop”; “Slam the pedal from the start instead
of easing onto it”; “Look where you want the vehicle to go”; and “Begin braking at the
cones, not before them” were entered onto the data sheet so they did not need to be typed
each time. As the speed of the exercise increased, drivers needed to look in the direction
of the path they intended to follow to steer in the correct direction. The instructors only
communicated to the researchers if the driver was looking in the direction of the path they
intended to go by saying “yes” or “no”. All drivers completed a minimum of six runs while
the majority of drivers had seven runs. After all drivers finished their runs, the driver and
passenger switched roles and started the exercise over. After that group of individuals had
experienced the ABS exercise as both the driver and passenger, the groups switched places
on the course, and the process was repeated with the new group of drivers and passengers.

After the driving portion of the day, the participants returned to the classroom for
the conclusion of the class, where the participants completed the post-test survey. Each
participant filled out the post-test stored in their folder and when complete, placed the
post-test back in their individual folder. The folders were collected after the class concluded.

Data Organization and Analysis

Many of the survey questions were open-ended requiring sorting, then grouping
similar responses together to form categories. For example, the response category of
pulsating or vibration of the brake pedal/vehicle included responses like pulsating brake
pedal, vibration in foot, and shuddering in the brake pedal. After the categorization for
each question was complete, the number of responses were tallied.

For the closed-road course data, the drivers’ performance was examined using the
instructor’s ratings for the ABS runs. Much of the analyses focused on the initial ABS run
since a driver on a road would only have one chance to use ABS in an emergency situation.
Exploratory t-tests were conducted using survey responses to group drivers to explore
if ABS performance varied based upon previous knowledge or experience with ABS. To
identify potential differences between the ABS runs, an analysis of variance was performed.
This analysis determined if the participants’ performance changed with more practice and
approximately how much practice was necessary.

3. Results
3.1. Overview of the Initial Run of the ABS Exercise

During the ABS exercise, the participants had multiple attempts to activate ABS
by slamming on the brake pedal at various speeds. The first run of the ABS exercise
(30–45 mph) was the participants’ initial attempt to activate ABS on the closed-road course.
The instructor ratings for the initial ABS run ranged between a 1 (no ABS activation) to
5 (full ABS activation) with an average of 3.86. First, the survey responses associated with
knowledge of ABS and prior experience using ABS were investigated using independent
samples t-tests. An independent samples t-test was conducted to explore if participants
who correctly answered a question, or responded with a yes, differ from participants who
incorrectly answered, or responded with a no, for the initial run of the ABS exercise, see
Table 3. There were no meaningful differences on instructor ratings between the groups
who did and did not previously use ABS, know what ABS stands for or understand
the purpose of ABS. Instructor ratings were significantly higher when participants knew
what ABS feels like when activated prior to the class with an average rating of 4.14
in comparison to a rating of 3.33 for those with no prior knowledge, t(45.19) = 2.02,
p = 0.05, Cohen’s d = 0.50. Having additional driver training beyond driver’s education
(M = 4.43) resulted in significantly higher instructor ratings than no additional training
(M = 3.63; t(55.64) = 2.39, p < 0.05, d = 0.55). The 9 participants who had behind-the-
wheel experience as part of their additional training (M = 5.00), had significantly higher
ratings than the 12 individuals who did not receive behind-the-wheel training as part
of their experience (M = 4.00; t(11) = 2.57, p < 0.05). The largest difference between
the groups was observed between participants who reported previously practicing ABS
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(M = 4.85) having significantly higher ratings than those who did not report prior practice
(M = 3.43; t(63.44) = 5.12, p < 0.05, d = 1.10).

Table 3. Average instructor ratings for run one for all participants based on their knowledge of ABS and previous experience
using ABS.

Survey Response

Yes No
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Did the participant previously use ABS? 3.98 1.59 62 3.38 1.67 16 0.60 1.35 76 0.18 0.37 0.26

Did the participant know what ABS stands for? 3.89 1.60 57 3.76 1.70 21 0.13 0.32 76 0.75 0.08 0.06

Did the participant know the purpose of ABS? 4.09 1.47 53 3.36 1.82 25 0.73 1.76 39.30 0.09 0.44 0.43

Did the participant know what ABS feels like when
it is activated? * 4.14 1.47 51 3.33 1.78 27 0.81* 2.02 45.19 0.05 0.50 0.55

Did the participant have any additional driver’s
training? * 4.43 1.12 21 3.63 1.73 56 0.80* 2.39 55.64 0.02 0.55 0.56

- If yes, did that that training include ABS
experience? * 5.00 0.00 9 4.00 1.35 12 1.00* 2.57 11.00 0.03 Er Er

Did the participant ever practice using ABS? * 4.85 0.61 26 3.43 1.72 47 1.42* 5.12 63.44 0.00 1.10 1.00

* Significant difference between the two groups (p < 0.05).

A total of 48 participants received a rating of 5 on their first run, demonstrating a
stop with full ABS activation (see Figure 3). Fourteen participants were given ratings of 1,
indicating there was no ABS activation during their initial run. Six participants received
a rating of 2 indicating only brief ABS activation, five participants received a rating of 3
indicating some ABS activation, and five participants received a rating of 4 indicating ABS
activation throughout most of the stop.
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Figure 3. Number of participants that received each rating during the initial run where 1 is no ABS
activation, 2 is brief ABS activation, 3 is some ABS activation, 4 is ABS activation throughout most of
the stop, and 5 is full ABS activation throughout the entire stop.
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As a result of the large number of individuals who received an instructor rating of 5
on the first run, for data analysis, participants were split into two groups to explore the
survey responses, a “pass” group that included drivers who received an instructor rating of
5 or a “fail” group that included drivers who received a 1 through 4 instructor rating. The
pass group included 48 participants while the fail group included 30 participants. Table 4
shows each item and the percentage of participants that fell within the pass or fail group.
For example, gender is split into male and female, where 67.2% of the 61 males received an
instructor rating of 5, or a pass, during the first run while 31.1% of the males received an
instructor rating of 1 to 4 for the first run, thus falling into the fail group.

Table 4. Characteristics of participants that passed (instructor rating of 5) or failed (instructor rating of 1 through 4) during
the first run of the ABS exercise.

Number of Participants
(N = 79)

Pass Fail Difference
(Pass–Fail)

48 30 18

Gender
Male (N = 61) 67.2% 31.1% 36.1%

Female (N = 18) 38.9% 61.1% −22.2%

State what ABS stands for. Accepted response: anti-lock
braking system

Correct (N = 56) 64.3% 37.5% 26.8%

Incorrect (N = 23) 52.2% 39.1% 13.0%

Describe the purpose of ABS. Accepted responses: keeping
the wheels from locking up, automatically pumping the
pedal, retaining the ability to steer, etc.

Correct (N = 53) 66.7% 31.5% 35.2%

Incorrect (N = 23) 52.2% 47.8% −4.4%

Describe what you feel when ABS is activated. Accepted
responses: vibration of the vehicle or brake pedal, etc.

Correct (N = 51) 70.6% 29.4% 41.2%

Incorrect (N = 28) 42.9% 53.6% −10.7%

Previously used ABS
Yes (N = 62) 67.7% 32.3% 35.5%

No (N = 17) 35.3% 58.8% −23.5%

- If yes, what did you experience?

Pedal/vehicle vibration
(N = 34) 76.5% 23.5% 52.9%

Braking in slick/slippery
conditions (N = 6) 66.6% 33.3% 33.3%

Vehicle stopped (N = 6) 66.6% 33.3% 33.3%

- If yes, the first time this happened to you, what did
you think was going on?

ABS was activating (N = 30) 66.6% 33.3% 33.3%

Problem with the vehicle
(N = 8) 62.5% 37.5% 25.0%

Brakes malfunctioning (N = 7) 71.4% 28.6% 42.8%

- If yes, at that moment, did you immediately know
what was happening?

Yes (N = 40) 70.0% 30.0% 40.0%

No (N = 16) 68.8% 31.3% 37.5%

- If yes, describe the environment

Snow covered or icy road
(N = 16) 62.5% 37.5% 25.0%

Wet road/raining (N = 15) 60.0% 40.0% 20.0%

Emergency stop was necessary
(N = 11) 54.6% 45.4% 9.0%

Previously practiced using ABS *
Yes (N = 26) 92.3% 7.7% 84.6%

No (N = 47) 46.8% 53.2% −6.4%

Any additional driver’s training outside of driver’s
education

Yes (N = 22) 72.7% 22.7% 50.0%

No (N = 56) 55.4% 44.6% 10.7%

- If yes, ABS experience part of the additional training **
Yes (N=11) 81.8% 0.0% 81.8%

No (N = 11) 63.6% 36.4% 27.2%
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Table 4. Cont.

Number of Participants
(N = 79)

Pass Fail Difference
(Pass–Fail)

48 30 18

Experiencing the ABS exercise as a driver versus
passenger first

Driver first (N = 40) 55.0% 42.5% 12.5%

Passenger first (N = 39) 66.7% 33.3% 33.3%

Group order (first or second group to experience ABS
exercise)

First (N = 42) 71.4% 26.2% 45.2%

Second (N = 37) 48.6% 51.4% −2.7%

What was the hardest part about the ABS exercise?

Maintaining pedal pressure
until the vehicle stopped
(N = 18)

50.0% 50.0% 0.0%

Pressing the pedal hard
enough (N = 15) 60.0% 40.0% 20.0%

Looking where you want the
vehicle to go (N = 10) 60.0% 40.0% 20.0%

Has today’s class changed your understanding of what ABS
is, how it works, or what the driver feels?

Yes (N = 46) 54.3% 43.5% 10.9%

No (N = 31) 67.7% 32.3% 35.5%

- If yes, what do you know now that you did not know
before?

How ABS works (N = 8) 50.0% 50.0% 0.0%

How ABS feels when activated
(N = 6) 66.7% 33.3% 33.3%

Ability to steer (N = 6) 33.3% 66.7% −33.3%

* Note: Six participants reported not knowing if they had previously practiced using ABS. ** Note: Data collection error where instructor
rating was not recorded for two participants.

In comparison to drivers who failed their first ABS run (received an instructor rating
of 1 through 4), the drivers who passed (received a rating of 5) had higher percentages for
knowing what ABS stands for (64.3%), accurately describing the purpose of ABS (66.7%),
and accurately describing what the driver feels when ABS is activated (70.6%). Those who
passed the first run had more previous experience with ABS (67.7%) where most described
experiencing pedal or vehicle vibration. Some of the greatest differentiators of those who
passed versus those who did not pass were previous experience practicing ABS (92.3%),
additional driver’s training beyond driver’s education (72.7%), and additional training
that included ABS experience (81.8%). Participants described where and/or who they
practiced with; the pass group answers consisted of post-license driving courses like the
car control class (27.3%), in a parking lot (22.7%) or with family/friends (22.7%). Only
two participants who reported practicing using ABS were in the fail group, where one
participant described their practice as a car club class and the other participant practiced
on their own and in driver’s education. The research team was curious if observing the
ABS exercise prior to driving or completing the ABS exercise or a different exercise would
dramatically increase the pass rate of the latter opportunity, but neither case appeared to
be dramatically more beneficial.

3.2. Overview of Runs One through Seven

On run one, the instructors gave target speeds of 30, 35, 40 and 45 mph, with an average
of 32.3 mph (SD = 5.2 mph). The majority of participants completed seven runs during
the ABS exercise (see Table 5. To investigate if run number influenced ABS performance,
a two-way analysis of variance was conducted. The results show that the run number
had a significant impact on performance where ABS ratings increased with run number
(F(6, 529) = 9.17, p < 0.05, η2 = 0.09). Games-Howell post-hoc comparisons were used
because equal variance was not assumed. The average rating for run one (M = 3.86) was
significantly lower than runs three (M = 4.66), five (M = 4.68), six (M = 4.85) and seven
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(M = 4.71). The average ratings on run two (M = 4.46) and run four (M = 4.48) were
significantly lower than run 6 (M = 4.85).

Table 5. The target speed provided by the instructors (which varied between drivers, therefore the range, average speed,
standard deviation (SD) are included as well as the instructors’ average ABS rating and standard deviation. Since the
sample size varied slightly for each run, the sample size is also included.

Run

Instructor Suggested Speed
(mph) Average

Speed (mph) Speed SD
Average ABS

Instructor
Rating

ABS
Instructor
Rating SD

Sample Size

Min Max

1 30 45 32.3 5.24 3.86 1.62 78

2 40 50 41.0 2.45 4.46 1.00 78

3 40 50 45.7 2.08 4.66 0.71 79

4 45 55 50.1 1.26 4.48 0.88 77

5 45 60 54.6 2.29 4.67 0.82 78

6 50 60 58.7 2.46 4.85 0.43 78

7 55 60 59.8 0.87 4.71 0.69 68

Next, the distribution of the drivers’ performance was explored by graphing the
percentage of drivers who received each of the 5 possible ratings. First, the distribution of
all 79 drivers is shown in Figure 4a with the percentage of 1 through 5 ratings that compose
each of the seven runs. Since 25 drivers received an instructor rating of 5, demonstrating
a stop with full ABS activation on all 7 runs, those 25 individuals’ data were removed
from Figure 4b which shows the same distribution of 1 through 5 ratings for all seven
runs for the remaining 54 drivers. On Figure 4b, 56.6% of the participants received a
1–4 instructor rating (fail) on run one, 43.3% received a 1–4 rating on run two, 33.3%
received a 1–4 rating on run three, 48.1% received a 1–4 rating on run four, 28.3% received
a 1–4 rating on run five, 18.9% received a 1–4 rating on run six, and 25.0% received a
1–4 rating on run seven. In comparison to the other runs, run one had the largest percentage
of instructor ratings of 1 and 2 with 26.4% and 11.3%, respectively (see Figure 4b). Run
four had the highest percentage of both 3 and 4 rating compared to the other runs with
15.4% and 26.9%, respectively.

There were 24.1% of the participants who received an instructor rating of 5 on all of
the runs except one run, 12 participants received all but two ratings of 5 on all runs, four
participants received all but three ratings of 5 on all runs, 15 participants received all but
four ratings of 5 on all runs, and three participants received all but five ratings of 5 on all
runs. One participant never received a rating of 5.

While the majority of participants (48) were able to fully activate ABS during their first
run, other participants needed multiple runs in order to improve their skill and receive an
instructor rating of 5, see Figure 5. A total of 14 participants needed two runs, 8 participants
needed three runs, five participants needed four runs, two needed five runs, one needed
six runs and the final driver was unable to gain a rating of 5 within seven runs, this
participant’s maximum instructor rating was 4.
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3.3. Instructor Feedback

During the exercise, drivers received feedback on their performance after each run.
While all drivers received feedback after each run, only constructive comments were
recorded. The feedback fell into five topical areas, the instructors provided each of the five
comments from 56 to 27 times (the number of total times each type of feedback was given
is in parentheses, see Table 6): “Press the pedal and keep it pressed until the vehicle comes
to a complete stop” (56); “Look where you want the vehicle to go” (53); “Press the brake
harder or Press the brake as hard as you can” (49); “Slam the pedal from the start (of the
stop) instead of easing onto it” (31); and “Begin braking at the cones, not before them” (27).
While the number of comments decreased as the number of runs increased, the type of
feedback given to the participants also changed as the number of runs increased. Run one
had the highest number of “Press the brake harder or Press the brake as hard as you can”
(21) and “Begin braking at the cones, not before them” (11). As the number of runs and
speed increased (runs three through six), the feedback changed to include “Press the pedal
and keep it pressed until the vehicle comes to a complete stop” (56) and “Look where you
want the vehicle to go” (53).
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Table 6. Feedback given to drivers during each run.

Feedback
Instructor Suggested
Target Speed (mph) Avg. Speed

(mph)
Press the Pedal and Keep It

Pressed until the Vehicle
Comes to a Complete Stop

Look Where You
Want the Vehicle to

Go

Press the Brake
Harder or as Hard

as You Can

Slam the Pedal from
the Start Instead of

Easing onto It

Begin Braking at
the Cones, Not

beforeMin Max

Comment
Count for
Each Run

1 30 45 32.3 4 1 21 9 11 46
2 40 50 41.0 6 3 10 6 5 30
3 40 50 45.7 10 10 6 7 1 34
4 45 55 50.1 9 8 5 6 2 30
5 45 60 54.6 12 13 3 0 3 31
6 50 60 58.7 8 11 1 1 3 24

R
un

7 55 60 59.8 7 7 3 2 2 21
Count for each type of feedback 56 53 49 31 27
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4. Discussion

The goal of this study was to increase the body of literature regarding drivers’ ability
to activate ABS and determine if prior knowledge and/or experience impact drivers’
performance activating ABS. Seventy-nine participants ranging in age from 18 to 78 years
with an average age of 45, were recruited from car control classes that focused on defensive
driving skills, with classroom and behind-the-wheel instruction on a closed-road course
from professional driving instructors. Gaining knowledge and experience activating the
anti-lock braking system (ABS) is one focus of the class. Based on a previous survey
study [21], having the opportunity to practice activating ABS on the closed-road course
was reported as one of the most important and most used skills on the road after the class.
To further explore drivers’ understanding and ability to activate ABS, instructors rated
drivers’ ability to activate ABS on the closed-road course in addition to the participants
completing of pre- and post-test surveys. The pre-test survey aimed to gain participants’
knowledge of ABS as well as their previous experience activating ABS. During the behind-
the-wheel instruction, ABS activation was rated by the instructors using a 1–5 behaviorally
anchored rating scale focusing on the driver’s ability to activate ABS, where a rating of 1
indicated no ABS activation and 5 indicated that ABS was fully activated throughout the
entire stop. The post-test survey targeted participants change in understanding of ABS
after the class. Since individuals enrolled in the car control classes are often enthusiasts
of the BMW brand and/or driving, unlike the typical US driver, some of the participants
enrolled in the car control class may have more driving experience and knowledge than
the typical driver. The participant population had a broad age span and varying levels of
prior experience with ABS, these characteristics are not observed in other studies [19,20].

In a real-world driving scenario, a driver would only have one chance to activate ABS,
therefore the results of the initial run of the ABS task was analyzed separately from all
7 runs. For the initial run, a total of 48 of the 79 participants (60.8%) received an instructor
rating of 5, indicating full ABS activation during the entire stop. While it is unknown
what percentage of the entire driving population can achieve full ABS activation during
an emergency stop, it is likely this level of success (60.8%) is greater than the general
driving population due to the participants who self-select to attend courses such as the car
control classes. To better understand the attributes of the participants that were able to fully
activate ABS on the first run, participants were divided into two groups, pass (instructor
rating of 5) or fail (instructor rating of 1 to 4). Responses from the pre- and post-test survey
responses were explored for both the pass and fail groups. The participants in the pass
group had more experience with ABS, including 92.3% of participants reported previously
practicing using ABS, 72.7% of participants had additional training outside of driver’s
education, and 67.7% of participants previously experienced ABS. For the participants in
the pass group, 70.6% accurately described what the driver feels when ABS is activated,
66.7% correctly stated the purpose of ABS, and 64.3% correctly identified what ABS stands
for. The combination of the instructor ratings plus the survey data, demonstrated that
both previous knowledge of ABS and experience using ABS were associated with full ABS
activation (instructor rating of 5) during the first run.

Next, regardless of performance on run one, participants who reported previous
experience using ABS on their pre-test survey were asked follow-up questions. There were
49 participants that reported previously experiencing ABS prior to the class. Forty-two
of the 49 participants who reported previous ABS experience, were in the pass group for
run one. First, participants were asked what they experienced when ABS was activated.
For those that reported experiencing pedal/vehicle vibration, 76.5% were members of
the 42 pass group participants in the present study. When asked if they knew what was
happening the first time they activated ABS, 68.7% of those who said no were members
of the 42 pass group participants in the present study. Though many of the pass group
participants with prior ABS experience reported knowing that ABS was activating the
first time they experienced ABS, some of the participants in the 42 pass group thought
there were issues with the vehicle or the brakes the first time they experienced ABS. The



Safety 2021, 7, 62 16 of 21

last follow-up question asked participants to describe the environment where they first
experienced ABS. The most common responses were snow covered roads, icy roads, wet
roads, or when an emergency stop was necessary. In many of these cases the likelihood of
losing traction is increased due to the decrease in tire traction from the water, snow, or ice
on the road. A study conducted by Williams and Wells [23], found that drivers who lived
in colder climates with more snow and ice (Wisconsin, USA) reported more experience
with ABS than those who lived in areas with less snow and ice (North Carolina, USA).
Though ABS is more inclined to activate during emergency stops on slippery roads, it is
unknown if some drivers think ABS only activates in slippery conditions. If drivers do not
understand that ABS functions under all road conditions, they may not know to activate
ABS in an emergency braking situation or be surprised when ABS is activated, which could
cause panic in some drivers.

When looking at the average instructor rating for each of the seven runs for all partici-
pants, the three runs with the lowest average instructor ratings were run one (M = 3.86),
two (M = 4.46) and four (M = 4.48). The instructor’s suggested speed ranged from 30
to 45 mph (M = 32.3) for run one and increased to 40 to 50mph (M = 41.0) for run two.
Though there was a progressive increase in speed from the first to second run, the overall
average instructor rating improved by 0.6. While ABS performance steadily increased for
the first three runs, performance on run four decreased (M = 4.48). During the fourth run,
the instructors increased the speed between 45 to 55 mph (M = 50.1). Steering input was
needed in most runs when the speed was above 50mph, due to the curve at the end of the
course where the ABS exercise took place. The fourth run was typically where participants
began adding steering input while trying to activate ABS because of the increased stop-
ping distance associated with higher speeds. The combination of steering input and ABS
activation was difficult for some participants, which could be a factor in why the average
instructor rating for the fourth run was lower than the third, and fifth through seventh
runs. Performance activating ABS may be affected, or even decreased when steering input
is required by the driver.

There were 25 participants who slammed on the brake pedal and held the pressure
on the brake pedal until the vehicle came to a complete stop during each run and thus
received instructor ratings of 5 for all runs. This was uncommon with the remaining
54 participants. Though the first run yielded 48 participants receiving an instructor rating
of 5, 23 participants received at least one instructor rating of 1 through 4 in the remaining
runs. The majority (54) of participants were not able to attain or sustain full activation
of ABS during every run. As the number of runs increased, the average instructor rating
increased (excluding run four), until run six with the highest average instructor rating
(M = 4.85). Some participants needed additional runs to fully activate ABS throughout the
entire stop to receive an instructor rating of 5.

After each run, participants were given feedback by the instructors based on their
performance activating ABS. For all participants on all runs collectively, the three most
common types of feedback by the instructor were: Press the pedal and keep it pressed until
the vehicle comes to a complete stop; Look where you want the vehicle to go; and Press the
brake harder or Press the brake as hard as you can. This instructor feedback is consistent
with what participants reported as the hardest parts of the ABS exercise, which included
maintaining pedal pressure until the vehicle comes to a stop (N = 18), pressing the pedal
hard enough (N = 15) and looking where you want the vehicle to go (N = 10). Many of the
participants had difficulty pressing the brake pedal hard enough, but also, once the pedal
was pressed to maximum, sustaining the pressure to keep ABS activated throughout the
entire stop.

When comparing the study discussed in this paper with other ABS training studies,
there are some differences. The study examining the effectiveness of the low-cost training
method using an informational pamphlet by Mollenhauer, Dingus, Carney, Hanley and
Jahns [19], showed that participants that reviewed the pamphlet stopped on average 35 ft
sooner compared to the group of drivers that did not review the pamphlet when asked to
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stop as quickly as possible. In the Mollenhauer et al. [19] study, participants were given
a pamphlet to review, where the car control classes provide information in a classroom
setting where participants are encouraged to ask questions. Another difference is the
sample population; the age of participants in the Mollenhauer et al. [19] study ranged from
20–26 with no prior ABS experience. In the current study, the average driver age is 45.5 and
the range extends to drivers up to 78 years old. Some older drivers were taught to drive in
vehicles without ABS, thus they may have different reactions to ABS than younger drivers.
The Mollenhauer et al. [19] study recruited participants that had no prior experience with
ABS. Though there was a control group to see if the pamphlet made an impact on drivers
who did not have prior experience with ABS, it is unknown how the pamphlet would affect
drivers with prior ABS experience. The results of the current study showed that some of
the participants reported that the first time they activated ABS they did not understand
that ABS was activated, similar to the findings of NTHSA’s Light Vehicle Program that
showed some drivers did not understand when ABS was being activated [6]. Though
some of the participants may have reported previously experiencing ABS, that experience
did not equate to an accurate understanding or competency in performing a full ABS
stop. The drivers that take car control classes at the performance center are enthusiasts,
both for the BMW brand and for driving. The majority of the US population does not
drive luxury or performance focused vehicles, nor are they driving enthusiasts. Though
there was variation in knowledge and prior experience with ABS, 31.6% of participants
demonstrated full activation of ABS over all runs, showing proficiency in their ability to
activate ABS. Unlike other ABS studies, including the varying levels of knowledge and
experience helped to better understand how prior knowledge and experience can influence
performance activating ABS.

The Petersen et al. [20] study compared a group of drivers that were enrolled in a two-
day post-license driving program that received ABS training with a control group of drivers
not enrolled in the program. Like the Mollenhauer et al. [19] study, the Petersen et al. [20]
study consisted of younger drivers. The group that received the training group had an
average age of 31.7 years and 14.2 average years of driving experience, and the control
group had an average age of 27.9 and 9.2 average years of driving experience. It is unknown
how the two-day post-license driving program would affect the performance of drivers
with more driving experience. Another major difference between the Petersen et al. [20]
study and the current study, is the braking technique taught. The Petersen et al. [20] study
used a two-phase braking technique, where the driver depresses the pedal quickly until
near maximum and then steadily applies pressure until the pedal is fully depressed. In the
current study, participants are taught to press the brake pedal as hard as possible and hold
the pedal in the fully depressed position until the vehicle comes to a complete stop. The
results of the Petersen et al. [20] study show longer stopping distances for drivers that had
the two-phase training when compared to a control group. Since the two-phase technique
requires drivers to steadily press the pedal as part of the second phase, this may cause the
drivers to take longer distances to stop in comparison to a driver slamming and holding
the brake. Further investigation is needed to see how the differences in technique affect
stopping distance and ability to activate ABS.

The BMW performance center also hosts a non-profit event, the Guard Your Life
Challenge (GYL), which is a half-day program offered to 30 teen (ages 15 to 18 years)
drivers per class. The program focuses on ABS braking, skid recovery and distracted
driving. In order to understand the views of the teen drivers a survey was completed by
134 volunteers directly after the program as well as a phone interview by 50 volunteers
three months later. The results of the survey suggest that learning about ABS was one
of the most important topics the teens learned about during the program, both directly
after the program and three months later. The results of the phone interview suggest
that participants avoided crashes and used the skills related to ABS braking within three
months after the program [24]. Parents are required to stay for the classroom portion
of the GYL program. As a result, a study was conducted with the parents to see if they
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benefitted from observing the program as well as their teens driving on the course [25].
A total of 134 parents completed the survey; the results showed that the majority of
parents (85%) had previously experienced ABS, but only 16% of the parents described their
participation in previous ABS training. Fifty-three percent of parents reported teaching
their teen about ABS, where the majority (87%) had a discussion with their teen and only
13% used hands-on practice. Parents identified ABS braking as one of the most important
topics that their teen learned as a result of the program, which is consistent with the teens’
views. Seventy percent of parents reported that they would consider additional training
for themselves after observing the teen program. The GYL program utilizes a subset of the
classroom information on ABS and ABS exercise as the car control classes in the current
study. Though the survey studies [24,25] do not provide ABS performance information,
these studies surveyed a population of teens and parents enrolled in a half day driving
program with essentially double the group size. Not many of the parents surveyed from
the GYL program had been trained to activate ABS, nor did many use hands-on techniques
to teach their teen about ABS [25]. Knowledge and proper activation of ABS may not be
known by typical teen and adult drivers.

Though there were some participants from the car control class that performed well,
not all participants were able to fully activate ABS on every run. The group of drivers in
the car control classes may have more prior driving experience and practice activating
ABS than typical drivers, but some of the participants needed multiple runs to activate
ABS. The typical driving population may or may not need additional runs than the group
of participants in the car control class, particularly if they do not have prior knowledge
and experience with ABS. The results of this study show the differences that knowledge
and experience activating ABS have on a participants’ ability to activate ABS. The more
knowledge and increased experience a participant had with ABS, the higher the instructor
rating typically was. One of the biggest differentiators was prior practice and training
with ABS, where participants who reported practicing using ABS before the class had an
average instructor rating of 4.85 and those who had ABS experience during additional
training had an average instructor rating of 5 during the first run. Though understanding
ABS and experiencing it made differences in the participant’s performance activating ABS,
intentional practice or training was a major factor in participants’ gaining instructor ratings
of 5 on the first run. Interestingly, the results yielded no significant difference in average
instructor ratings between participants that were the driver versus the passenger first
during the exercise, even though 66.7% of pass group participants were passengers first.
This may indicate that observation may not be an effective learning method. Drivers may
require behind-the-wheel practice or training to fully activate ABS in scenarios where it
is necessary; this is consistent with previous NHTSA research that encouraged drivers to
practice activating ABS under varying conditions [26], suggesting the need for behind-the-
wheel practice, where the driver is actively trying to use ABS.

The action of emergency braking involves the cognitive awareness and realization of
the perceived need to stop followed by the action of moving one’s foot to the brake pedal
and slamming on the brake. In previous research, time to perceive and act has been studied
by drivers in vehicles as well as through mathematical models [27]. These studies and
mathematical models rely on the presentation of a stimulus that the user must perceive and
then make the appropriate action [28,29], which is consistent with an emergency braking
scenario. During the ABS exercise in this study, drivers actively attempted to activate
ABS, and the cones, which served as the stimulus for the braking location, were visible
throughout the exercise. The driver estimated where to initiate the braking action based
on the distance they were from the cones. The driver’s perception-response time during
the ABS exercise may not be consistent with previous studies or models that depend on a
“surprise” presentation of a stimulus. However, the cones are an effective, safe, reliable
and economical method to gain experience engaging ABS to maximize a safe training
environment for both the driver and the instructor.



Safety 2021, 7, 62 19 of 21

5. Study Limitations

Due to the unique population that enrolls in driving classes, the results may be skewed
towards evaluating driving enthusiasts’ performance activating ABS. Performance ratings
data during the ABS exercise were collected from three different instructors. Some of
the instructors were systematic, providing participants the same number of runs at each
specific speed while other instructors varied the number of runs and suggested speed
based on the classes’ level of experience and individual’s performance activating ABS.

6. Conclusions

The overarching goal of this study was to quantify performance activating ABS with
participants’ previous knowledge of and experience with ABS. Participants’ performance
was rated by the professional driving instructors using a behaviorally anchored rating
scale, where a rating of 1 corresponded with no ABS activation and a 5 indicated full
ABS activation throughout the stop. The results of the study showed that 60% of the
participants were able to fully activate ABS during their first of several runs. Participants
who self-reported to have prior training (5.00) or practice (4.85) using ABS had significantly
higher performance activating ABS on their first run, compared to those without previous
practice or training. Not all participants were able to activate ABS during their first run,
but the majority were successful at least once during the seven runs. For the participants
who were not able to fully activate ABS, the most common feedback provided by the
driving instructors was to maintain pedal pressure through the entire stop (56), look
where you want the vehicle to go (53) and to press the brake pedal harder (49). Since the
drivers with prior practice or training had the best performance activating ABS, especially
during the initial runs, the results suggest that practice or training may be beneficial.
Further investigation should explore different practice methods and the amount of practice
necessary to use ABS in a dynamic environment where the driver can’t anticipate when the
emergency stop will need to occur.

7. Future Research

Future studies should explore differences in performance between various methods
of practice with ABS in order to better understand what type of practice drivers need to
activate ABS in an emergency situation. Further investigations should include comparing
individuals that practice activating ABS on their own versus those who had completed
formal training. Future research should explore objective methods to quantify braking per-
formance to allow for greater understanding of the braking behaviors to better understand
performance deficiencies associated with varying methods of practice. These measures
could include parameters like perception-response time, pedal force and/or stopping
distance. Future research should assess participants’ perception of their ability to activate
ABS prior to receiving feedback from the driving instructor to understand the participants
perception of their own performance in comparison to their actual performance. Many of
the participants reported experiencing ABS in a slippery environment, future efforts should
investigate participants’ understanding of ABS in a variety of environments to explore if
participants think ABS only activates in certain environmental conditions like snow. With
the rapid changes in technology in vehicles surrounding user interfaces, future research
should aim to investigate how these different types of interfaces could provide guided
practice for drivers for various safety features like ABS.
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