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Abstract
Yearly, approximately 1.35 million people die in road collisions worldwide, and 28% of these fatalities are among motorcy-
clists, comprising both riders and passengers. Tailored post-licensed interventions, defined as educational programs, training
sessions, or initiatives that are designed to enhance the safety skills and awareness of individuals who have already obtained
their motorcycle licenses, have been proposed as solutions to increase motorcyclist safety. This study aims to summarize the
evidence on the effectiveness of post-license interventions for the safety of motorcyclists. Effectiveness is defined as the
observed changes in collision statistics, violation rates, riders’ performance, and self-reported attitudes. We conducted a sys-
tematic literature review using two databases, PubMed and Scopus, with a focus on post-license interventions among licensed
motorcyclists. We excluded helmet-use-related interventions. Out of 1,263 studies reviewed, 11 were selected for inclusion.
Results were mixed, with five articles finding that a post-license intervention was effective, five papers reporting mixed
results, and one study stating the intervention was ineffective. While some interventions were effective in the short term,
their impact diminished over time, suggesting the need for refresher sessions to maintain long-term benefits. As for the
methodology, theoretical training sessions focused on safety and riding techniques appear to be more effective, while practi-
cal training and public campaigns showed mixed results. Our conclusion is that to positively influence motorcycle road safety,
post-license interventions should emphasize safety and adherence to road laws over tailored interventions on skill improve-
ment, prioritize long-term effects, and use on-road data.
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Road collisions are among the top 10 causes of death in
low-income countries (1). Every year, there are 1.35mil-
lion deaths resulting from road traffic collisions. This
issue disproportionately affects motorcycle riders and
pillion passengers, who make up 28% of the deaths (1)
despite more legislation (e.g., mandatory helmet usage),
improved policy implementation, and a higher presence
of law enforcement. Motorcycle injuries are documented
as more frequent, considering crash rates per vehicle and
crash rates per 1,000,000km, even in high-income coun-
tries (2). In 2020,13.9% of road traffic fatalities were
among motorcyclists in Canada, an increase of 3.3%
when compared with 2019. Importantly, while the num-
ber of traffic fatalities in Canada decreased from 2019 to

2020, the number of motorcyclist fatalities increased sig-
nificantly (3). In Québec province, the Société de l’assur-
ance automobile du Québec (SAAQ) reported 67
motorcyclist deaths in 2020, a 49% increase in 2020 com-
pared with 2019 (4). These statistics indicate a gap in
effective interventions for motorcyclists. In the next
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Canada
2Centro de Estudio del Trabajo y Factores Humanos, Escuela de

Kinesiologı́a, Facultad de Medicina, Universidad Valparaı́so, Valparaı́so, Chile

Corresponding Author:

Martin Lavallière, martin_lavalliere@uqac.ca

us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/03611981241271594
https://journals.sagepub.com/home/trr
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03611981241271594&domain=pdf&date_stamp=2024-09-18


sections, we summarize the literature on law enforcement
and pre- and post-licensure interventions for motorcycle
drivers and pillion passengers.

Literature Summary

Law Enforcement

Despite the improvements in traffic legislation around
the world, there are still discussions going on around
motorcyclists’ obligations and responsibilities. Road-
traffic law enforcement is one of the key approaches to
improve road safety globally. Typically, road-traffic leg-
islation and regulations target all road users (e.g., speed
limit policies), whereas governments have introduced
helmet-use legislation and enforcement to improve the
safety of motorcycle riders and pillion passengers. Many
studies have evaluated the effectiveness of law enforce-
ment in encouraging helmet use. Several studies have
shown that helmets can prevent serious injuries in a colli-
sion (5–14). Relatedly, motorcyclists are convinced of
the benefits of their use (15). Other studies have indi-
cated that a combination of law enforcement with volun-
tary campaigns and education programs has successfully
improved helmet use and speed measures among motor-
cyclists (16, 17). The regulations in respect of helmet use
are one of the sole traffic interventions targeting the
safety of motorcyclists as a distinct group of riders.
Despite all the benefits of using helmets, it is not a com-
prehensive act to assure the safety of motorcyclists in all
situations.

Pre- and Post-License Training

Since the 1990s, pre-license training courses for motorcy-
clists have been mandatory in many countries (18).
Despite this, the rate of motorcycle injuries worldwide
remains high (1). This suggests that although pre-license
training is necessary, it is not enough to completely
tackle the problem of motorcycle safety. Some research-
ers have suggested that motorcycle-riding simulators
could be a way for beginners to gain experience while
avoiding the hazards they may encounter in real riding
situations (19).

Other studies have proposed and evaluated post-
license training to refresh the skills and knowledge of
riders who already own a motorcycle license (15, 20, 21).
The researchers believe that training could stabilize and
improve riding performance. Some argue that this is nec-
essary because pre-license training, while the trainee has
yet to have any riding experience, may lead to informa-
tion overload and inappropriate acquisition of riding
skills. In this case, the learner may miss some vital infor-
mation and cues on safe riding as a result of the high

burden of cognitive resources required initially to handle
the motorcycle (22).

Some studies show a correlation between advanced
training and safe riders’ behaviors (23, 24), such as gaz-
ing and visual-tracking skills, which could be helpful
for motorcyclists (25). Other studies indicate that
encouraging motorcyclists to use safety equipment and
improve risk perception (26) could have an adverse
effect by increasing the motorcyclists’ willingness to
perform risky maneuvers. This could, in turn, lead to
more hazardous riding practices and adverse outcomes.
This negative consequence could outweigh the poten-
tial benefits of participating in such programs. For
example, a few studies have shown higher odds of
crashing for the trained riders’ group than for the
untrained group (27), especially in the case of non-
compulsory training (5). Given the mixed findings
across studies, it is important to document the impact
of these post-license programs and their implications
for the riding safety of motorcyclists.

Objective

There is a gap in knowledge of the effectiveness of post-
license programs for motorcyclists. The aim of this
study is to address this gap by conducting a systematic
literature review (SLR) on the effect of recent post-
license interventions (i.e., between January 2000 and
May 2021) for motorcyclists. To our knowledge, no
syntheses or SLRs exist on this specific topic, although
numerous reviews have been produced on other inter-
ventions, such as helmet regulations (5–14). Therefore,
we excluded the studies in which the intervention was
focused on improving helmet use and instead focused
on all other post-license interventions for motorcycle
riders. Furthermore, details are given of how and when
the effectiveness of interventions is measured in the
included studies. Outcomes were categorized based on
short- and long-term effects and various road safety
metrics were utilized.

Method

Question Formulation

The population, intervention, control, and outcome
(PICO) framework is used to define our research ques-
tion (28). This framework was developed to help
researchers gather detailed information on studies and is
widely used in SLR studies (29–32). Each component of
the PICO framework is described below: population,
intervention, control, and outcome. First, on population,
the focus of our study pertains to motorcyclists who par-
ticipated in post-license interventions. We excluded
moped, scooter, and bicycle riders, the latter including
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riders of electronically powered bicycles, commonly
known as e-bicycles, as people start riding them at a
younger age and their license procedures and training
programs are different from motorcycle licenses and vary
substantially between countries. As such, post-licensure
interventions may not be relevant. For the interventions
component, we included interventions aimed at improv-
ing the safety of riders who have already received their
riding licenses, interventions such as voluntary training
courses, safety campaigns, motorcycle equipment alloca-
tion, and skills improvement. Helmet use, law-enforce-
ment-related entities, and penalty increases are excluded
from the current review since they have been widely
documented in the literature. Moreover, the focus of this
review is to gather information related to the improve-
ment of a road user’s ability to ride safely and adopt
proper behaviors on the road on their own. This is in
contrast to regulations, enforcement, and external inter-
ventions such as a financial penalty. The control group
can be a group of motorcyclists with the same age, gen-
der proportion, and experience at the same time and
place. If the control group is unavailable, a pre-post
study design was deemed to be acceptable. The outcome
aspects of this study are the intervention impacts on
road-traffic collision frequency, deaths, injuries, near
misses, violations, speed management, subjective mea-
sures, and riding performance. All these outcomes were
admissible if they were quantitatively measured.

Identification

We identified relevant studies in PubMed and Scopus.
These two databases were chosen for their wide range
of qualified papers (33). Articles were initially searched
for by their keywords, title, and abstract with search
terms: ‘‘Motorcyclists’’ OR ‘‘Motorcycles’’ OR
‘‘Motorcyclist’’ OR ‘‘Motorcycle’’ AND ‘‘Intervention’’
OR ‘‘Interventions’’ OR ‘‘Training’’ OR ‘‘Trainings’’
ANDNOT ‘‘helmet’’ or ‘‘helmets.’’ We included only
studies published between January 2000 and May 2021.
This search initially contained 407 articles written in
English in PubMed and 856 papers in English in
Scopus. The procedure for finding and screening docu-
ments is described in the following sections. We present
the methods for identification, screening, and selection
as a flowchart, as recommended by the PRISMA (pre-
ferred reporting items for systematic reviews and meta-
analyses) guidelines (34) (see Figure 1 for the flowchart
of the review).

Screening

For all publications, two blind reviewers reviewed
abstracts to assess relevance. Our exclusion criteria are

listed in the following bullet points. Of note, if a study
contains multiple components, such as two different
interventions concurrently implemented (e.g., one involv-
ing law enforcement and the other a training program),
the paper was included in our analysis. However, we
investigate only the intervention details and the results
that are in line with this review’s scope,

� Studies on post-crash interventions, including
emergency responses or clinical operations.

� Articles investigating consequences of penalties or
law enforcement.

� Studies mainly focused on the effectiveness of law
enforcement and training efficiency of helmet use.

� Papers with target populations other than motor-
cyclists (such as car drivers, pedestrians, etc.)

� Qualitative studies and narrative reviews.
� Literature reviews, systematic literature reviews,

and commentaries.

Eligibility

After finalizing decisions on relevance based on the
abstracts, we selected 60 distinct studies for a full read.
Two researchers read each article and extracted the main
objective, type of intervention, methods used for data
collection, the gap between training and effectiveness
measurements (if applicable), sample group characteris-
tics, statistical analysis methods, results, limitations, and
conclusions. In a comment, each reviewer could explain

Figure 1. PRISMA flowchart (34) of this systematic literature
review.
Note: PRISMA = preferred reporting items for systematic reviews and

meta-analyses; SLR = systematic literature review.
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their thoughts on whether the paper should be excluded
(i.e., if exclusion criteria were found during the full read).

Included Papers

After the eligibility process, we included 11 publications
in this review. The papers were also evaluated by the
QualSyst score procedure as described in Kmet et al.
(35). The authors of this approach have introduced a set
of standard quality-assessment criteria that are widely
used in SLRs and meta-analyses to evaluate the metho-
dological quality of primary research studies. The criteria
consider six main domains: study design, selection bias,
confounders, data collection, analysis, and consistency
of the result and conclusion. Each part consists of spe-
cific items that are assessed based on whether they meet
the standard criteria for methodological quality. The
reviewers answered 14 questions related to these criteria
using a scale of 0 (not defined), 1 (partially defined), or 2
(well defined) to determine the extent to which the study
satisfies each criterion. Next, we calculated a normalized
average of all the answers resulting in a score between 0
(certainly unqualified) and 1 (certainly qualified) termed
the QualSyst score for each article. The QualSyst scores
given by two reviewers are reported in Table 1. After
QualSyst evaluation, all papers were determined to have
good scores that show their high quality and relevance to
this literature review at the same time. In Table 1, you
can also see the type of each study. Studies on the effec-
tiveness of intervention were conducted using one of five
approaches (36): randomized control trials (level 1),
case-control studies or cohort studies (level 2), pre-post
studies (level 3), case series or descriptive studies (level
4), and narrative reviews (level 5). This SLR study uti-
lized the level 1 to level 4 methods, and level 5 was not
considered.

After a full read, 49 papers were excluded; the details
of the papers reviewed in this step and the details of the
exclusion are demonstrated in Figure 2. We used the
same inclusion/exclusion criteria during the abstract
review (termed screening level) and the full-text review
(termed eligibility level). Exclusion at the eligibility level
is the same as the screening level. However, at the screen-
ing level, we only reviewed the abstracts, which provided
limited information. At the eligibility level, all the
screened studies were fully assessed again, and the rea-
sons for the exclusion of these 60 papers are mentioned
in Figure 2. For example, the papers with interventions
such as road design modification or law enforcement are
considered as ‘‘Intervention was out of the scope of this
study’’ in this figure. Finally, 11 papers (37–47) satisfied
all criteria and were selected to be summarized and pre-
sented in the results section.

Result and Discussion

This study reviewed and compared the results of 11
papers on the effectiveness of post-license interventions
for motorcyclists. Compared with two SLRs on similar
subjects (e.g., older riders’ safety interventions [29] and
the initial training aimed at motorcyclists’ safety [14]) we
identified fewer related publications (25 and 23 papers
versus 11 papers). It may not be feasible to propose a
dependable framework for conducting post-license inter-
ventions at this stage because of the insufficient availabil-
ity of papers or documents that provide a detailed
description of these interventions and the possibility of
replication bias. Nonetheless, some key findings arise
from such results by addressing the common points of
the 11 selected papers.

We present an overview of the participants’ demo-
graphics in Table 2. Then, we present the effects of all
interventions in Table 3 as discussed in the preceding sec-
tion. Subsequently, the selected papers are categorized
based on the methods and timing used for data collection
in Table 4. The materials used in each intervention are
also presented in Table 5. We present the results in this
manner to facilitate the uptake of findings among policy-
makers and researchers who may want to know the inter-
vention’s materials, timing, and method of assessment
before they implement the interventions and when they
are conducting the evaluation process.

Details of the Participants of the Selected Papers

As presented in Table 2, selected papers were published
between 2005 and 2016. In nine papers, the number of
participants was reported in both intervention and con-
trol groups. In the two other studies, the researchers do

Figure 2. Results of the full read of 60 papers in step four of the
SLR process.
Note: SLR = systematic literature review.
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not define the number of participants. Since these two
studies evaluated the interventions aimed at all motorcy-
clists of a country or a state, it is difficult to determine
the exact number of people affected by the intervention.
The motorcyclist population in the study by Law et al.
(39) was reported to be 5,550,000. However, the study
did not estimate the percentage of this population that

received the intervention. The study by McKnight et al.
(42) consists of two distinct parts: a descriptive study of
questionnaire results and a time-series analysis of crash
data. In this review, we only extracted the result for the
time-series analysis of the crash data. The reason is that
the questionnaires were distributed among students
rather than motorcyclists. While the time-series analysis

Table 1. QualSyst Scores of the Papers Selected in this Study

Paper Type of study First reviewer Second reviewer Average

Does an On-Road Motorcycle Coaching
Program Reduce Crashes in Novice Riders?
A Randomised Control Trial.

Ivers et al. (37)

Randomized control trial 1.00 0.96 0.98

Effect of Safety Education on Knowledge of
and Compliance with Road Safety Signs
among Commercial Motorcyclists in Uyo,
Southern Nigeria.

Johnson and Adebayo (38)

Randomized control trial 0.77 1.00 0.89

Impact of the Effect of Economic Crisis and
the Targeted Motorcycle Safety Programme
on Motorcycle-Related Accidents, Injuries,
and Fatalities in Malaysia.

Law et al. (39)

Cohort study 0.91 0.82 0.87

A Randomized Controlled Evaluation Study
of the Effects of a One-Day Advanced Rider
Training Course.

Boele-Vos and de Craen (40)

Randomized control trial 0.92 0.88 0.90

The Role of Experience and Advanced
Training on Performance in a Motorcycle
Simulator.

Crundall et al. (41)

Cohort study 0.91 0.89 0.90

Impaired Motorcycle Operation: Evaluation
of Riders Helping Riders Program.

McKnight et al. (42)

Pre-post study 0.82 0.86 0.84

The Effectiveness of the Training Curriculum
by Enhancing Perceived Behavioural
Control, Feedback Past Behaviour, and
Using Motorcycle Simulator to Mitigate
Unawareness Risky Riding Behaviour in Thai
Adolescent Motorcyclists.

Armartpundit et al. (43)

Cohort study 0.77 0.91 0.84

Negotiating Left-Hand and Right-Hand Bends:
A Motorcycle Simulator Study to Investigate
Experiential and Behaviour Differences
across Rider Groups.

Crundall et al. (44)

Cohort study 0.91 0.95 0.93

Motorcycling Experience and Hazard
Perception.

Crundall et al. (45)

Cohort study 0.95 1.00 0.98

A Simulator Study Investigating How
Motorcyclists Approach Side-Road Hazards.

Crundall et al. (46)

Cohort study 0.95 0.95 0.95

Exploring the Use of Cognitive Behavioural
Therapy (CBT) for Reducing Rider Stress
and Stress-Related Anxiety, Anger, and
Worry.

Fernández-Medina and Reed (47)

Pre-post study 0.77 0.77 0.77
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Table 2. Details of the Participants Involved in Selected Studies

Study title and citation Year Participants’ age (years) Voluntary participation Sample number

Does an On-Road Motorcycle
Coaching Program Reduce
Crashes in Novice Riders?
A Randomised Control Trial.

Ivers et al. (37)

2016 Intervention
group = 35.3( 6 11.27)

Control group = 35.4( 6 11.09)

Yes Intervention group = 720
Control group = 1,167

Effect of Safety Education on
Knowledge of and Compliance
with Road Safety Signs among
Commercial Motorcyclists in
Uyo, Southern Nigeria.

Johnson and Adebayo (38)

2011 Intervention group = 33.4
( 6 8.7)

Control group = 33.5 ( 6 8.3)

Not defined Intervention = 100
Control group = 100

Impact of the Effect of Economic
Crisis and the Targeted
Motorcycle Safety Program on
Motorcycle-Related Accidents,
Injuries, and Fatalities in
Malaysia.

Law et al. (39)

2005 Not available No Not available

A Randomized Controlled
Evaluation Study of the Effects
of a One-Day Advanced Rider
Training Course.

Boele-Vos and de Craen (40)

2015 Experimental group did not
differ from control group with
respect to age

Yes Experimental group = 137
Control group = 85

The Role of Experience and
Advanced Training on
Performance in a Motorcycle
Simulator.

Crundall et al. (41)

2014 Intervention group = 47
Control group = 41

Yes Intervention group = 20
Control group = 21

Impaired Motorcycle Operation:
Evaluation of Riders Helping
Riders Program.

McKnight et al. (42)

2009 Not available No Not available

The Effectiveness of the Training
Curriculum by Enhancing
Perceived Behavioural Control,
Feedback Past Behaviour, and
Using Motorcycle Simulator to
Mitigate Unawareness Risky
Riding Behaviour in Thai
Adolescent Motorcyclists.

Armartpundit et al. (43)

2010 Training group = 17.25 6 1.6
Control group = 17.3 6 2.03

Yes Training group = 54
Control group = 50

Negotiating Left-Hand and
Right-Hand Bends: A
Motorcycle Simulator Study to
Investigate Experiential and
Behaviour Differences across
Rider Groups.

Crundall et al. (44)

2012 Intervention group = 47.4 6 9.2
Control group = 40.6 6 9.3

No Intervention group = 20
Control group = 21

Motorcycling Experience and
Hazard Perception.

Crundall et al. (45)

2013 Intervention group = 47.4
Control group = 40.6

Yes Intervention group = 20
Control group = 21

A Simulator Study Investigating
How Motorcyclists Approach
Side-Road Hazards.

Crundall et al. (46)

2013 Intervention group = 47.4 6 9.2
Control group = 40.6 6 9.3

Yes Intervention group = 20
Control group = 21

Exploring the Use of Cognitive
Behavioural Therapy (CBT) for
Reducing Rider Stress and
Stress-Related Anxiety, Anger,
and Worry.

Fernández-Medina and Reed (47)

2016 Between 32 and 59 Yes 5
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Table 3. Outcomes of Selected Papers

Paper
Collision frequency, deaths,

injuries, near misses
Speed management
and traffic offenses

Subjective
measures

Riding
performance

Does an On-Road Motorcycle
Coaching Program Reduce Crashes
in Novice Riders? A Randomised
Control Trial.

Ivers et al. (37)

Ineffective Ineffective Effective na

Effect of Safety Education on
Knowledge of and Compliance with
Road Safety Signs among Commercial
Motorcyclists in Uyo, Southern
Nigeria.

Johnson and Adebayo (38)

na na Effective Effective

Impact of the Effect of Economic Crisis
and the Targeted Motorcycle Safety
Programme on Motorcycle-Related
Accidents, Injuries, and Fatalities in
Malaysia.

Law et al. (39)

Effective na na na

A Randomized Controlled Evaluation
Study of the Effects of a One-Day
Advanced Rider Training Course.

Boele-Vos and De Craen (40)

Effective Effective na na

The Role of Experience and Advanced
Training on Performance in a
Motorcycle Simulator.

Crundall et al. (41)

na Mixed na Mixed

Impaired Motorcycle Operation:
Evaluation of Riders Helping Riders
Program.

McKnight et al. (42)

Ineffective na na na

The Effectiveness of the Training
Curriculum by Enhancing Perceived
Behavioural Control, Feedback Past
Behaviour, and Using Motorcycle
Simulator to Mitigate Unawareness
Risky Riding Behaviour in Thai
Adolescent Motorcyclists.

Armartpundit et al. (43)

na na na Effective

Negotiating Left-Hand and Right-Hand
Bends: A Motorcycle Simulator Study
to Investigate Experiential and
Behaviour Differences across Rider
Groups.

Crundall et al. (44)

na Ineffective na Effective

Motorcycling Experience and Hazard
Perception.

Crundall et al. (45)

na na Mixed na

A Simulator Study Investigating How
Motorcyclists Approach Side-Road
Hazards.

Crundall et al. (46)

na Effective na Ineffective

Exploring the Use of Cognitive
Behavioural Therapy (CBT) for
Reducing Rider Stress and Stress-
Related Anxiety, Anger, and Worry.

Fernández-Medina and Reed (47)

na Effective Effective na

Note: na = not applicable.
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considered all motorcyclists in the state of Georgia, the
number of riders who were affected by the intervention
was not measured.

Of note were four papers (41, 44–46) that were based
on a program by the Institution of Advanced Motorists
(IAM) in the United Kingdom. In these papers, partici-
pants were divided into three groups: novice riders, expe-
rienced riders, and advanced riders. An advanced rider is
a volunteer who registers for the courses and then
receives practical training on the five main factors—

information, position, speed, gear, and acceleration—
from another advanced rider (who has already passed
the training and the test). The chance to discuss the train-
ing and skills is also available for the riders. Ultimately,
the candidate has to pass a test to become an advanced
rider (48). In these four studies, the group of advanced
riders was comparable to experienced riders in age and
experience. Therefore, in this review, we considered the
advanced riders as the intervention group (or trained
group), and the experienced riders were considered a

Table 4. Effectiveness of the Post-License Programs with Different Data Collection Methods

Data collection
method(s) Title Effectiveness

Time gap between the intervention
and the assessment(s)

OR Impact of the Effect of Economic Crisis and the
Targeted Motorcycle Safety Programme on
Motorcycle-Related Accidents, Injuries, and
Fatalities in Malaysia.

Law et al. (39)

Effective Up to 4 years

Impaired Motorcycle Operation: Evaluation of
Riders Helping Riders Program.

McKnight et al. (42)

Ineffective 0 to 14 months (monthly)

OR and TQ Does an On-Road Motorcycle Coaching Program
Reduce Crashes in Novice Riders? A Randomised
Control Trial.

Ivers et al. (37)

Mixed 3 and 12 months

A Randomized Controlled Evaluation Study of the
Effects of a One-Day Advanced Rider Training
Course.

Boele-Vos and de Craen (40)

Effective 1 to 4 months

TQ Effect of Safety Education on Knowledge of and
Compliance with Road Safety Signs among
Commercial Motorcyclists in Uyo, Southern
Nigeria.

Johnson and Adebayo (38)

Effective 3 months

Exploring the Use of Cognitive Behavioural Therapy
(CBT) for Reducing Rider Stress and Stress-
Related Anxiety, Anger, and Worry.

Fernández-Medina and Reed (47)

Effective 1 to 3 weeks (weekly)

TQ and S The Effectiveness of the Training Curriculum by
Enhancing Perceived Behavioural Control,
Feedback Past Behaviour, and Using Motorcycle
Simulator to Mitigate Unawareness Risky Riding
Behaviour in Thai Adolescent Motorcyclists.

Armartpundit et al. (43)

Effective 1, 4, and 8 weeks

S The Role of Experience and Advanced Training on
Performance in a Motorcycle Simulator.

Crundall et al. (41)

Mixed Up to 3 years

Negotiating Left-Hand and Right-Hand Bends: A
Motorcycle Simulator Study to Investigate
Experiential and Behaviour Differences across
Rider Groups.

Crundall et al. (44)

Mixed Up to 3 years

Motorcycling Experience and Hazard Perception.
Crundall et al. (45)

Mixed Up to 3 years

A Simulator Study Investigating How Motorcyclists
Approach Side-Road Hazards.

Crundall et al. (46)

Mixed Up to 3 years

Note: OR = on-road data; TQ = test/questionnaire; S = simulator.
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Table 5. The Methods Used in Each Intervention

Paper Theoretical training Practical training Other methods Effectiveness

Does an On-Road Motorcycle
Coaching Program Reduce Crashes
in Novice Riders? A Randomised
Control Trial.

Ivers et al. (37)

na On-road na Mixed

Effect of Safety Education on
Knowledge of and Compliance with
Road Safety Signs among Commercial
Motorcyclists in Uyo, Southern
Nigeria.

Johnson and Adebayo (38)

Lectures on safety na na Effective

Impact of the Effect of Economic Crisis
and the Targeted Motorcycle Safety
Program on Motorcycle-Related
Accidents, Injuries, and Fatalities in
Malaysia.

Law et al. (39)

na na Public Campaign Effective

A Randomized Controlled Evaluation
Study of the Effects of a One-Day
Advanced Rider Training Course.

Boele-Vos and de Craen (40)

Lectures on safety Simulator na Effective

The Role of Experience and Advanced
Training on Performance in a
Motorcycle Simulator.

Crundall et al. (41)

Riding Skills On-road na Mixed

Impaired Motorcycle Operation:
Evaluation of Riders Helping Riders
Program.

McKnight et al. (42)

na na Public Media Ineffective

The Effectiveness of the Training
Curriculum by Enhancing Perceived
Behavioural Control, Feedback Past
Behaviour, and Using Motorcycle
Simulator to Mitigate Unawareness
Risky Riding Behaviour in Thai
Adolescent Motorcyclists

Armartpundit et al. (43)

Lectures on safety Simulator na Effective

Negotiating Left-Hand and Right-Hand
Bends: A Motorcycle Simulator Study
to Investigate Experiential and
Behaviour Differences across Rider
Groups.

Crundall et al. (44)

Riding Skills On-road na Mixed

Motorcycling Experience and Hazard
Perception.

Crundall et al. (45)

Riding Skills On-road na Mixed

A Simulator Study Investigating How
Motorcyclists Approach Side-Road
Hazards.

Crundall et al. (46)

Riding Skills On-road na Mixed

Exploring the Use of Cognitive
Behavioural Therapy (CBT) for
Reducing Rider Stress and Stress-
Related Anxiety, Anger, and Worry.

Fernández-Medina and Reed (47)

na na Cognitive Behavioural
Therapy

Effective

Note: na = not applicable.
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control group. Details of the materials of all interven-
tions are explained in the appendix.

Intervention Effectiveness through Different
Measurements of Road Safety

Our primary outcome of interest is the reduction of road
traffic collision frequency, deaths, injuries, and near
misses. However, in many of the documented studies, the
number of people who joined the program was minimal
(i.e., less than a significant portion of the riders’ popula-
tion), and the observation periods were relatively short,
indicating that discussions of the number of collisions or
traffic injuries (known to be rare events) should be taken
with caution. Near misses, on the other hand, are not as
rare as collisions but may need a detailed database of
cameras, embedded systems on the motorcycles (49),
automated enforcement systems, or trustworthy self-
reported data (50) to capture, which are both difficult to
achieve and obtain (51, 52).

Three papers out of 11 reported the outcome of colli-
sions. Ivers et al. did not report any significant change
(37). They also followed up on the rate of near misses in
their intervention and control groups after 3 and
12months. They showed that the intervention group
only claimed to have fewer near misses in the 3months
after the intervention. This reduction was not observed
after 12months following the program. The training/
interventions studied by Law et al. also demonstrated
effectiveness in reducing motorcycle-related collisions,
casualties, and fatalities (39). Conflicting with this study,
McKnight et al. (42) found no improvement in
14months of monitoring the crash data after the begin-
ning of the intervention.

Five papers discussed the effectiveness of the interven-
tion through the measurement of speed. Two studies
show that trained riders reduced their speed more than
non-trained individuals after attending the post-license
program (40, 46). In contrast, trained riders in the study
of Ivers et al. reported more speeding behaviors than the
control group (37). However, their results should be
taken cautiously since they are based on self-reported
data. At the same time, the two studies that showed a
positive impact of the post-license training were docu-
mented using both questionnaire and on-road evaluation
data. The study by Crundall et al. in low-speed zones
(65km/h) shows that trained riders have a lower average
speed than do untrained riders (41). However, both
groups behave similarly in high-speed zones (100 km/h).
Another publication showed that while approaching
risky situations on the road, the rider speed of the inter-
vention and control group had the same average (44).
The study of Fernández-Medina and Reed showed the
intervention effectively reduced self-reported violations

(e.g., speeding, overtaking when unsafe, and riding under
conditions you would not typically ride under) (47). On
the other hand, the program assessed by Ivers et al.
shows a lack of change between the trained and the con-
trol groups in respect of the period until the first police-
recorded offense (37).

The third result category consists of subjective
measures, mainly hazard perceptions and knowledge of
traffic signs. Johnson and Adebayo found that the inter-
vention had remarkably affected the riders’ behavior
with respect to traffic signs (38). The post-license pro-
gram substantially improved riders’ knowledge of traffic
signs, and the effect was sustained after 3months in the
intervention group (38). The same result was observed in
the study by Boele-Vos and de Craen (40). In addition,
the trained group responded more accurately when they
came up against a potential hazard. Participants’ percep-
tion of crash liability seemed to have been modified by
the post-license program, and the result remained after
12months (37). Subjects reported that there were
improvements in stress and anger during riding and in
hazard avoidance in a short-term assessment after 1 to
3weeks in the Fernández-Medina and Reed (47) study.
However, Crundall et al. show that although the post-
license intervention improved the riders’ reaction time
for recognizing the risks on the road, the accuracy of
these identifications (i.e., the rate at which they identified
risks correctly) was lower than that of the control group
(45). Therefore, it is hard to draw clear benefits from
such an intervention.

The last category is the modifications in riding beha-
viors, such as braking, lane positioning, adjusting to the
curves or any changes on the road, and respecting regu-
lations. Crundall et al. (41) studied the lane positioning
of riders on the road and reported no significant differ-
ence between trained and untrained riders’ positions.
However, they found the variance in the number of lane
changes was higher for the trained group than for the
control group. In low-speed zones, trained groups used
brakes more often than control ones, though they
showed similar behaviors in the high-speed zones. Boele-
Vos and de Craen did not observe any improvement in
skilled and smooth riding in the motorcyclists after the
post-license program (40). The scores were on a scale of
0 to 10 to assess their ability to ride smoothly, skillfully,
and safely through traffic. This absence of difference
between the trained group and the control group might
be because both the intervention- and the control-group
assessment showed improvement in their riding at post-
tests. Moreover, the scale used for such an assessment
has never been validated before in other studies on
motorcyclists. Armartpundit et al. show that in a short
time after the intervention (i.e., 1, 4, and 8weeks), the
control on unawareness of risky riding was improved,
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although they did not follow up on the result for more
than 8weeks (43). Two studies that evaluated the effec-
tiveness of the same intervention (i.e., IAM) after less
than 3 years have conflicting results. The first study was
published in 2012 and concluded that the positioning of
the study group was safer than that of the control group
during curves (44). In contrast, the other study, pub-
lished in 2013, found no difference between the study
and control groups in respect of the mean lateral posi-
tion (46).

Effectiveness of the Interventions through On-Road
Data

As shown in Table 4, four studies used on-road data to
evaluate the success of the intervention. Two studies
using both on-road and questionnaire data produced
contrasting results (37, 40). Meanwhile, two studies that
used only on-road data showed differing outcomes, with
one study reporting that the intervention was ineffective
(42), while the other study found that it was effective
(39). Comparing these results with those obtained in the
studies that used a test/questionnaire or simulator for
data collection implies that the rate of effectiveness in
on-road data is lower and shows more variability in effi-
cacy. This may indicate that evaluations of the interven-
tions in a laboratory environment may find effective and
positive results, whereas the real data (on-road) may
show less effective safety interventions in the real world.
This underscores a key strength of on-road data to reveal
the consequences we may not be able to observe during
controlled environments for conducting post-license
evaluations.

Effectiveness of the Interventions through Long-Term
Data

Seven studies followed up on the changes at least 1 year
after the beginning of the post-license intervention. The
result of the study by Ivers et al. shows the same inter-
vention was assessed as ineffective 12months after the
intervention (37), although it was effective 3months after
the intervention. In one study that followed up the results
in different steps, it was concluded that there is a peak
for the impacts of the intervention, and after that, they
get reduced (47). It is probable that the impacts of many
interventions vanish over time, and that riders might
have to receive refresher sessions to maintain the benefits
obtained by the initial post-license intervention. In the
study of Armartpundit et al., the time gap between the
intervention and the participants’ obtaining of their
motorcycle rider’s license is probably around 1 year,
which is very short compared with other studies identi-
fied in the current review (43). Therefore, it is

complicated to distinguish for these results between the
pure intervention effect and the riding experience
obtained in the first year of riding.

Effectiveness of the Interventions through Different
Methods

We aimed to identify the types of interventions that have
the most significant impact on motorcyclist safety. For
categorizing the methods of these 11 papers, we under-
took a careful review of the existing methods in these
studies. As shown in Table 5, the interventions in these
papers are categorized into three main groups, including
theoretical training, practical training, and other meth-
ods. The theory sessions are separated by their subject.
The two topics focused on theory sessions are the impor-
tance of safety and the techniques and suggestions for
smooth riding. The second type of intervention is practi-
cing sessions that are either on-road practicing or riding
simulation sessions. Other methods are public campaigns
to raise the importance of motorcyclists’ safety, modify-
ing riding behavior, and therapy sessions to reduce rider
stress.

Lectures on safety aim to persuade riders to abide by
safety regulations and increase hazard perception. Three
studies employed this approach, proving it effective (38,
40, 43). Despite its straightforward nature, this method
has demonstrated notable effectiveness, usefulness, and
practicality compared with other strategies. The addi-
tional training session material is to improve the riding
skills to help riders handle risks when they face them. As
is presented in Table 5, all four studies that contain rid-
ing skills improvement have mixed results (41, 44–46).
This implies that although practical training may be use-
ful, the side effect of overconfidence in riding skills might
need to be carefully avoided. This is in line with the find-
ings of the study by Katila et al. (53), which prioritizes
anticipation skills versus maneuvering skills for riders.
Another study focused on post-license training indicates
that safe riding requires scanning and observation to
avoid hazardous situations rather than other riding skills,
especially in a traffic context (54).

The second category is the practice on roads and simu-
lators and giving feedback to riders on their riding beha-
vior. This method is used in seven papers, of which five
used on-road sessions and none were fully effective (37,
41, 44–46). In contrast, two articles that used simulation
practice were fully effective (40, 43). We are very cautious
about drawing any conclusion in this category because
we found that the data collection method also affects the
result. There is a consistency between tools for practicing
riding and tools for evaluating riding in all these papers.

Two papers assessed interventions intended for a
wider spectrum of audiences; the study by McKnight
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et al. (42) proved ineffective, while the research con-
ducted by Law et al. (39) demonstrated effectiveness.
Law et al. (39) worked on a Malaysian Motorcycle
Safety Programme (MSP) which is designed to address
motorcycle-linked collisions by shifting behavior and
incorporating strategies like road enhancements, rigor-
ous traffic regulation, and tackling vital issues such as
helmet adherence, visibility, and speeding behavior. Both
studies pointed out the public awareness of the impor-
tance of safety of the motorcyclists. However, the materi-
als offered through each intervention differed. In the
first study by McKnight et al. (42), persuading riders to
intervene when they see impaired riders increased the
rider’s knowledge around impairment as well as the lim-
itations of an impaired person as a rider, using TV and
online media. The study of Law et al. (39), on the other
hand, focused on the importance of safe riding and
changing the rider’s attitude on speeding and visibility.
At this stage, it is difficult to generalize, and yet the dif-
ference in these two studies implies that focusing on the
importance of safety through a straightforward method
is more efficient than inventive methods that may con-
fuse the audience. Finally, only one study intervened on
the riders’ stress level, and this study is reported to have
been effective (47).

Limitations

Our study is subject to some limitations. The main lim-
itation of this SLR is the limited number of publications
about post-license motorcycle training interventions.
Despite our intention to include studies spanning over a
period of 20 years, only 11 papers were identified in two
databases. Although all of the studies used in this SLR
were of good quality based on our measures, and had
some promising results, we found that some details and
information on the intervention’s materials were missing.
This renders reproductions of the studies and results
more difficult.

The second limitation is the nature of the data of
these 11 studies. Ideally, the data should be collected or
calibrated with real-world data. The data issues restrict
many items, such as the time gap between intervention
and assessments and the number of evaluations.
Relatedly, it was difficult to understand the reach of the
programs (i.e., how many people were involved) or the
demographic characteristics of the participants in the
programs performed through public media or cam-
paigns, which may affect the results.

Third, the decision to utilize only two databases was
influenced by time constraints. The inclusion of addi-
tional databases for review would have considerably
prolonged the identification, screening, and writing
process.

Finally, concerning the selection of search terms, it is
recognized that the adoption of broader terms could
potentially yield a greater number of publications.
However, it should be noted that this study exclusively
concentrated on licensed motorcyclists. Consequently,
the study’s scope intentionally excludes other types of
powered two-wheelers such as e-scooters, e-bicycles, and
mopeds, given their operation does not necessitate a
license.

Conclusions

To our knowledge, this is the first literature review con-
ducted on post-license interventions aimed at improving
motorcyclist safety. Although the importance of these
interventions is widely acknowledged, an understanding
of the criteria for a successful intervention and implemen-
tation is not yet fully formulated. We addressed this gap
by summarizing the existing literature on effectiveness.

In summary, this study highlights several important
findings. First, we find that emphasizing safety and
adherence to road laws proves to be more effective than
only focusing on skills improvement in intervention pro-
grams. Second, we find that on-road data is more infor-
mative than self-reported data in reflecting the outcomes
of interventions. Finally, we find differing effects for
long-term outcome, indicating that future evaluations
should prioritize long-term effects rather than short-term
assessments.

Overall, we conclude that more research is needed to
document post-licensure interventions and their impacts
on the road safety of motorcyclists. An appropriate
method for data collection should be defined based on
the nature of the expected results. Finally, there should
be proper timing in the implementation and evaluation
of the intervention. Without thoughtful consideration of
these factors, there is a risk of biased results informing
road safety policies and programs.
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