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COMMERCIAL TRUCK AND BUS SAFETY
SYNTHESIS PROGRAM

Safety is a principal focus of government agencies and private-sector organiza-
tions concerned with transportation. The Federal Motor Carrier Safety Administra-
tion (FMCSA) was established within the Department of Transportation on January
1, 2000, pursuant to the Motor Carrier Safety Improvement Act of 1999. Formerly
a part of the Federal Highway Administration, the FMCSA’s primary mission is to
prevent commercial motor vehicle-related fatalities and injuries. Administration
activities contribute to ensuring safety in motor carrier operations through strong
enforcement of safety regulations, targeting high-risk carriers and commercial motor
vehicle drivers; improving safety information systems and commercial motor vehicle
technologies; strengthening commercial motor vehicle equipment and operating stan-
dards; and increasing safety awareness. To accomplish these activities, the Adminis-
tration works with federal, state, and local enforcement agencies, the motor carrier
industry, labor, safety interest groups, and others. In addition to safety, security-
related issues are also receiving significant attention in light of the terrorist events of
September 11, 2001.

Administrators, commercial truck and bus carriers, government regulators, and
researchers often face problems for which information already exists, either in docu-
mented form or as undocumented experience and practice. This information may
be fragmented, scattered, and underevaluated. As a consequence, full knowledge of
what has been learned about a problem may not be brought to bear on its solution.
Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alle-
viating the problem.

There is information available on nearly every subject of concern to commercial truck
and bus safety. Much of it derives from research or from the work of practitioners faced
with problems in their day-to-day work. To provide a systematic means for assem-
bling and evaluating such useful information and to make it available to the com-
mercial truck and bus industry, the Commercial Truck and Bus Safety Synthesis Pro-
gram (CTBSSP) was established by the FMCSA to undertake a series of studies to
search out and synthesize useful knowledge from all available sources and to prepare
documented reports on current practices in the subject areas of concern. Reports from
this endeavor constitute the CTBSSP Synthesis series, which collects and assembles the
various forms of information into single concise documents pertaining to specific
commercial truck and bus safety problems or sets of closely related problems

The CTBSSP, administered by the Transportation Research Board, began in early
2002 in support of the FMCSA’s safety research programs. The program initiates three
to four synthesis studies annually that address concerns in the area of commercial
truck and bus safety. A synthesis report is a document that summarizes existing prac-
tice in a specific technical area based typically on a literature search and a survey of rel-
evant organizations (e.g., state DOTs, enforcement agencies, commercial truck and
bus companies, or other organizations appropriate for the specific topic). The pri-
mary users of the syntheses are practitioners who work on issues or problems using
diverse approaches in their individual settings. The program is modeled after the
successful synthesis programs currently operated as part of the National Cooperative
Highway Research Program (NCHRP) and the Transit Cooperative Research Pro-
gram (TCRP).

This synthesis series reports on various practices, making recommendations where
appropriate. Each document is a compendium of the best knowledge available on
measures found to be successful in resolving specific problems. To develop these syn-
theses in a comprehensive manner and to ensure inclusion of significant knowledge,
available information assembled from numerous sources, including a large number
of relevant organizations, is analyzed.

For each topic, the project objectives are (1) to locate and assemble documented
information (2) to learn what practice has been used for solving or alleviating prob-
lems; (3) to identify all ongoing research; (4) to learn what problems remain largely
unsolved; and (5) to organize, evaluate, and document the useful information that is
acquired. Each synthesis is an immediately useful document that records practices that
were acceptable within the limitations of the knowledge available at the time of its
preparation.

The CTBSSP is governed by a Program Oversight Panel consisting of individuals
knowledgeable in the area of commercial truck and bus safety from a number of
perspectives—commercial truck and bus carriers, key industry trade associations,
state regulatory agencies, safety organizations, academia, and related federal agencies.
Major responsibilities of the panel are to (1) provide general oversight of the CTBSSP
and its procedures, (2) annually select synthesis topics, (3) refine synthesis scopes, (4)
select researchers to prepare each synthesis, (5) review products, and (6) make publi-
cation recommendations.

Each year, potential synthesis topics are solicited through a broad industry-wide
process. Based on the topics received, the Program Oversight Panel selects new synthesis
topics based on the level of funding provided by the FMCSA. In late 2002, the Program
Oversight Panel selected two task-order contractor teams through a competitive
process to conduct syntheses for Fiscal Years 2003 through 2005.
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FOREWORD

By Christopher W. Jenks
Director, Cooperative Research Programs
Transportation Research Board

This synthesis will be useful to federal and state agencies, commercial truck and bus oper-
ators, and others interested in improving commercial vehicle safety. The synthesis summa-
rizes the state of commercial motor vehicle (CMV) operator training in the trucking and
motorcoach industries. It captures in detail the experiences of those training programs that
are using some combination of simulators and computer-based instruction. It also identi-
fies current measures of training effectiveness being used in the CMV community. The syn-
thesis is based on a comprehensive literature review complemented by a survey of selected
truck and bus companies, industry associations, CMV driving schools, and vendors and
users of training technologies such as simulators and computer-based training programs.

Administrators, commercial truck and bus carriers, government regulators, and researchers
often face problems for which information already exists, either in documented form or as
undocumented experience and practice. This information may be fragmented, scattered,
and underevaluated. As a consequence, full knowledge of what has been learned about a
problem may not be brought to bear on its solution. Costly research findings may go
unused, valuable experience may be overlooked, and due consideration may not be given
to recommended practices for solving or alleviating the problem.

There is information available on nearly every subject of concern to commercial truck
and bus safety. Much of it derives from research or from the work of practitioners faced with
problems in their day-to-day jobs. To provide a systematic means for assembling and eval-
uating such useful information and to make it available to the commercial truck and bus
industry, the Commercial Truck and Bus Safety Synthesis Program (CTBSSP) was estab-
lished by the Federal Motor Carrier Safety Administration (FMCSA) to undertake a series
of studies to search out and synthesize useful knowledge from all available sources and to
prepare documented reports on current practices in the subject areas of concern. Reports
from this endeavor constitute the CTBSSP Synthesis series, which collects and assembles
information into single concise documents pertaining to specific commercial truck and bus
safety problems.

The CTBSSP, administered by the Transportation Research Board, was authorized in late
2001 and began in 2002 in support of the FMCSA’s safety research programs. The program
initiates several synthesis studies annually that address issues in the area of commercial truck
and bus safety. A synthesis report is a document that summarizes existing practice in a spe-
cific technical area based typically on a literature search and a survey of relevant organizations
(e.g., state DOTs, enforcement agencies, commercial truck and bus companies, or other orga-
nizations appropriate for the specific topic). The primary users of the syntheses are practi-
tioners who work on issues or problems using diverse approaches in their individual settings.



This synthesis series reports on various practices; each document is a compendium of the
best knowledge available on measures found to be successful in resolving specific problems.
To develop these syntheses in a comprehensive manner and to ensure inclusion of signifi-
cant knowledge, available information assembled from numerous sources is analyzed.

For each topic, the project objectives are (1) to locate and assemble documented infor-
mation; (2) to learn what practices have been used for solving or alleviating problems;
(3) to identify relevant, ongoing research; (4) to learn what problems remain largely
unsolved; and (5) to organize, evaluate, and document the useful information that is
acquired. Each synthesis is an immediately useful document that records practices that were
acceptable within the limitations of the knowledge available at the time of its preparation.
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SUMMARY

Effectiveness of Commercial
Motor Vehicle Driver Training
Curricula and Delivery Methods

This synthesis provides information for the commercial vehicle safety community to assess
current commercial vehicle training practices and the quality of their measures of effectiveness.

CTBSSP Synthesis 1, “Effective Commercial Truck and Bus Safety Management Techniques”
(Knipling, Hickman, and Bergoffen 2003) combined a rigorous survey of the commercial truck
and bus industries with a literature review. That report concluded that “The level of driving pro-
ficiency and knowledge required to earn a commercial drivers license (CDL) is widely regarded in
industry as well below the level required to be a safe and reliable driver in a full-time operational
setting.” (p.14)

This synthesis summarizes the state of vehicle operator training in the trucking, motorcoach,
and transit industries. It captures in detail the experiences of those training programs that are
using some combination of simulators and computer-based instruction (CBI). The synthesis
also identifies current measures of training effectiveness in the commercial vehicle operator
school and carrier communities. It describes training effectiveness measures being used in the
military and industry and describes some potential training effectiveness measurement models
for commercial vehicle operator training programs.

The scope of the study included a comprehensive literature review complemented by a sur-
vey of selected truck and bus companies, industry associations, driving schools, and vendors
and users of training technologies (e.g., simulators, computer-based training). The informa-
tion sought in the literature review and survey permitted the research team to identify and
examine: (1) similarities and differences in training strategies among existing driver training
programs; (2) similarities and differences in the curricula applied in selected training programs;
(3) the extent to which simulator and computer-based technologies can be used to enhance the
effectiveness of commercial driver training programs; and (4) techniques to measure commercial
operator training effectiveness.

The content that is in most reputable training programs is there because experts in truck and
bus driving believe it should be there. It is a result of an informal consensus over the past 15 to
20 years of operators, trainers, and research professionals. Although there have been various
analyses of commercial driver tasks, there has not been the kind of instructional design approach
for commercial driving that one finds in common practice in other industries and in the military.
During the past two decades, truck and bus professionals have reached an informal agreement on
what entry-level drivers must be taught. But there still remain very big questions about how
instruction should be conducted and how the results of commercial vehicle operator training
should be evaluated.

The research team found driver training CBI courses being offered by insurance companies,
for-profit training schools, not-for-profit associations and organizations, and the U.S. Military.



In Europe, much the same thing was found—that specific safety or performance data showing a
causal relationship between CBI and traffic safety are lacking.

One of the fundamental questions the research team set out to answer is, Do commercial driver
training programs work? Persons familiar with the motor carrier, motorcoach, transit, and school
bus communities will not be surprised to learn that the answer is yes when opinions are sought
but the answer is maybe when hard data are needed. In the team’s survey, the most often used
standard for measuring training effectiveness was CDL test pass rate. If significant numbers of stu-
dents were receiving their CDL (more than 70%), the schools were seen as successful. For schools,
another measure of success was the number of graduates hired for driving positions. Carriers had
some general sense of improved safety performance resulting from training, but firm data were
in short supply.

The research team sent the survey over the Internet using email address lists provided by
various training and carrier organizations (see Appendix B). The goal was to get a snapshot of the
day-to-day activities of commercial driver training organizations. Two specific areas of inquiry
were of interest (1) how trainers measure the effectiveness of their training and (2) how trainers
measure the effectiveness of their graduates.

The survey respondents identified four types of skills training: (1) range training with students
either driving a vehicle around a restricted space or riding in a vehicle which is being driven by
another student, (2) simulator training, (3) demonstration of skills by an instructor, and (4) behind-
the-wheel (BTW) on road training. Not all schools use all four methods. Training organizations
reported at least satisfaction with the various methods used to train. Only BTW was universally
ranked as the best method to train. It is clear that training providers are convinced that the way
for someone to learn how to drive a commercial vehicle is to drive a commercial vehicle under the
supervision of a master driver.

In addition to the survey, literature and current training programs were reviewed to see if there
were other data that might enhance the conclusions for this report. This synthesis briefly discusses
three particular cases: a paper by McFann (2001) reviewing some studies on training effectiveness
conducted in the 1990s; TCRP Report 72 by Brock, Jacobs, and McCauley (2001); and a visit to
Schneider National’s Driver Training Facility in Green Bay, Wisconsin, in October 2006. All three
sources identify a key component of a commercial vehicle driver training program: the role of the
instructor.

This report presents the following conclusions:

e Content. There is general agreement across the industry about the core content of commer-
cial driving curricula. However, the content has evolved through an informal consensus based
on the 1984 FHWA Model Curriculum, which listed what was believed to be the necessary
content at the time. There are no national standards on content, although when one examines
various curricula, little content difference can be found. The industry could use a systematic
development of a modern commercial driver training curriculum.

¢ Instructional Methods. The favorite method for training commercial drivers is a combina-
tion of classroom lectures and supervised driving. Most of the research findings on adult learn-
ing and instructional technology from the last 30 years have not been incorporated into many
commercial driving training enterprises. In those cases where advanced technologies are being
applied, early data indicate that well-designed CBI, including simulation, can improve stu-
dent performance and also realize efficiencies in the instructional process. Distance learning
shows great promise for post-licensing training.

e Train the Trainer. It is natural that older, experienced drivers are selected to be instructors, no
matter if the training is administered by a school, carrier, bus company, or transit agency. But
there is no evidence that a person who is a job expert is necessarily a good teacher. There are
two sets of skills a good driver training instructor must possess beyond driving competence.



One set involves classroom skills (presentation fundamentals, using classroom equipment, lis-
tening to students). These skills are well recognized and are a part of good train-the-trainer pro-
grams. The second set involves BTW skills (observational fundamentals, explaining activities
in understandable and behavioral terms, cool head, ability to anticipate risky situations). Since
there are no standards for commercial vehicle driver training instructors, this most important
role in the training process is extremely variable.

Lack of Systematic Training Design. The commercial vehicle industries have reached an
informal consensus on the subject of commercial driver training. However, it has been more
than 20 years since a formal curriculum design for commercial drivers was systematically
developed. In those 20 years, the CDL program has become law, new technologies and regu-
lations for truck and bus operations have had a major impact on the drivers, and the collected
knowledge about what effects a commercial driver’s performance (e.g., fatigue, distraction,
age) has grown exponentially.

Lack of Standards for Measuring the Effectiveness of Driver Training Programs. Currently,
the only generally acceptable standard for measuring the effectiveness of commercial driver
training is the number of graduates who can pass their CDL tests. In both the survey and in
personal conversations, schools reported that they also track the number of graduates that are
hired by carriers. Carriers, motorcoach operations, and transit agencies report that they are sure
that training reduces accidents; however, little or no data support that view. Standards pur-
porting to measure training effectiveness tend to measure processes (classroom hours, time
spent behind the wheel) rather than specific performance outcomes.

Commercial Vehicle Operator Abilities. There has been a spate of recent research on the
capabilities and limitations of adolescent drivers (e.g., Winston and Senserrick 2006). How-
ever, a similar scientific approach to commercial drivers is lacking. If commercial vehicle oper-
ator trainers understood more about the learning styles, cognitive strategies, and past
educational experiences, training could be tailored to the relevant needs of the individual stu-
dent. A set of diagnostic tests that could funnel students into unique optimum learning oppor-
tunities would be a major jump in improving commercial driver training.




CHAPTER 1

Introduction

This synthesis provides information for the commercial
vehicle safety community to assess current commercial vehi-
cle training practices and the quality of their measures of
effectiveness.

Subsequent to the work plan being approved, the Federal
Motor Carrier Safety Administration (FMCSA) requested that
additional work on commercial vehicle operator training be in-
cluded as part of the overall project. Therefore, three additional
tasks were added to the project:

e An expanded inventory of commercial driving training
programs in the United States.

e A comparison of crash rates for commercial drivers who
have received formal driver training and those who have
received no formal training.

e A closer look at various training programs for non-
commercial drivers with comparisons to commercial driver
training programs.

1.1 Background

Since the late 1980s, FMCSA (formerly FHWA Office of
Motor Carriers) has been conducting a program of research
on commercial motor vehicle (CMV) driver training tech-
nologies. The primary emphasis has been on advanced driv-
ing simulators. FMCSA has set out to establish a set of training
standards for commercial vehicle operators. Presumably, these
standards would include minimum curriculum standards,
acceptable training methodologies, and objective measures of
training program effectiveness.

A non-government group, the Professional Truck Driver
Institute (PTDI), currently provides certification to schools
training professional truck drivers. Participation in the certi-
fication process is voluntary and is focused on over-the-road
tractor-trailer driver training. Some states also certify com-
mercial vehicle operator training through their education
departments. These certifications tend to examine financial
management and student management characteristics rather

than specific curriculum issues (e.g., content, ratio of practice
to instruction, time-in-cab activities).

FMCSA has sponsored research projects of driving simula-
tors for more than 15 years. That research is directly relevant to
this synthesis for two reasons: (1) simulators may provide
opportunities for improved training of commercial vehicle
operators and (2) they may also provide a technology for
measuring the effectiveness of various operator training cur-
ricula and techniques.

Instructional technology has been the subject of major re-
search projects in both the private sector (particularly in uni-
versity psychology and education departments) and in various
government departments. The Department of Defense (DOD)
has funded major instructional technology research and devel-
opment (R&D) projects the past 50 years. With state-of-the-
art computer technology and the various models of distance
learning, soldiers are learning to maintain and operate complex
weapons systems, computer technicians are staying abreast
of the rapid changes in their professions, and children are expe-
riencing in real time the exploration of the Arctic, conversations
with peers thousands of miles away, and the observation of a
world that until recently could only be read about.

The DOD, in particular, has also developed a general ap-
proach to curriculum development that is in worldwide use
across many disparate disciplines and skill sets. This approach,
first developed more than 30 years ago, emphasizes training
students to perform the very specific skills needed to accom-
plish the tasks they will have to perform on their jobs. This
multi-stepped process begins with an identification of tasks to
be learned and ends with the measurement of those tasks at the
end of training and whenever possible, on the job as well. There
is a distinct body of research into how and when training
effectiveness should be measured.

Unfortunately, the majority of truck and bus operator train-
ing has not been included in these research projects and tech-
nological interventions. The model for much of commercial
vehicle operator training is the stand up instructor and a con-
ventional classroom filled with aspiring professional drivers.



However, within the truck and bus operator training world
there are companies and schools that are attempting to use the
technological tools available to them.

CTBSSP Synthesis I combined a rigorous survey of the com-
mercial truck and bus industries with a literature review. It
concluded that “The level of driving proficiency and knowledge
required to earn a commercial drivers license (CDL) is widely
regarded in industry as well below the level required to be a safe
and reliable driver in a full-time operational setting.” (p.14)

In 2004, CTBSSP Synthesis 5, “Training of Commercial Mo-
tor Vehicle Drivers” (Staplin, Lococo, Decina, and Bergoffen
2004) was published, which set the stage for this synthesis.

This synthesis summarizes the state of vehicle operator train-
ing in the trucking, motorcoach, and transit industries. This
synthesis also captures in some detail the experiences of those
training programs that are using some combination of simu-
lators and CBI. The synthesis identifies current measures of
training effectiveness in the commercial vehicle operator school
and carrier communities. It also describes training effectiveness
measures being used in the military and industry and proposes
a training effectiveness measure model for commercial vehicle
operator training programs.

Reviews and studies of driver training tend to focus on
external events (e.g., lectures, simulators, BTW practice) which
are presumed to cause desired internal events called learning.
Learning then is measured in terms of predetermined external
measures (e.g., written tests, on road performance). This em-
phasis on training rather than learning leads to assumptions
about the homogeneity of student abilities and subjective
rather than objective measures of effectiveness on the part of
school administrators and instructors.

1.2 Objectives and Scope

The objectives of this research are to identify and document
commercial vehicle driver training curricula and practices.
The focus is on both training and training evaluation, result-
ing in a synthesis of best practices, instructional technologies,
evaluation techniques, and trends in commercial driver train-
ing that will be useful to truck and bus carriers and driver
training organizations.

The scope of the study includes a comprehensive literature
review complemented by a survey of selected truck and bus
companies, industry associations, driving schools, and vendors
and users of training technologies (e.g., simulators, computer-
based training). The information sought in the literature review
and survey permitted the research team to identify and exam-
ine (1) similarities and differences in training strategies among
existing driver training programs, (2) similarities and differ-
ences in the curricula applied in selected training programs,
(3) the extent to which simulator- and computer-based tech-
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nologies can be used to enhance the effectiveness of commer-
cial driver training programs, and (4) techniques to measure
commercial operator training effectiveness.

1.3 Research Approach

The research included three tasks: (1) identify the best
sources to obtain desired technical literature and survey
responses, (2) collect and analyze data on commercial truck and
bus driver training research programs, regulations, effectiveness
measures, current practices, and trends, and (3) synthesize
results and prepare a report on the findings.

The literature review covered material on commercial truck
and bus driver training research programs, regulations, effec-
tiveness measures, current practices, and trends. Journal arti-
cles, government research publications and reports, and
trade papers were identified and acquired from the following
sources: electronic information and abstracting database ser-
vices, state and federal department of transportation (DOT)
library and information centers, and professional organi-
zations (e.g., American Bus Association [ABA], American Asso-
ciation of Motor Vehicle Administrators [AAMVA], American
Trucking Associations Foundation [ATAF], American Public
Transportation Association [APTA], FMCSA) devoted to
driver performance issues, commercial driving training, and
highway safety. Key starting points for this research were the
ongoing major study of commercial driving simulation spon-
sored by the FMCSA, TCRP Report 72, “Simulators and Bus
Safety: Guidelines for Acquiring and Using Transit Bus Opera-
tor Driving Simulators,” the recently completed AAMVA/
FMCSA revision of the CDL tests, PTDI recent findings on CBT
uses for commercial driver training, and a recent review on new
technologies for driver training (Brock 2006).

The research team also attempted to capture information on
various training programs for drivers who have obtained their
CDL’s and also for drivers who operate commercial vehicles
that fall outside of the CDL requirement. Although there are
many such training programs, they are not well documented.

The electronic index and abstract databases on transporta-
tion and highway safety topics that was searched included TRIS
online, other transportation and education databases from
DIALOG (e.g., Compendex, ERIC, and NTIS), and the Inter-
net (using various search engines but especially the Google
academic search capability). Search terms included the follow-
ing: commercial motor vehicles, commercial driver training,
driving simulators, CBT for commercial driving training, and
training effectiveness.

Also in this task, a list of potential survey contacts and a sur-
vey instrument were drafted, reviewed, and augmented by the
research team. Candidates were prioritized in a sample that
accessed all relevant groups and entities.




CHAPTER 2

Review of the Literature

2.1 Instructional Design

Shortly after World War II, the U.S. military services real-
ized that the training of personnel to operate and maintain
increasingly sophisticated weapon systems was key to the
future of those services (Dick 1987). During a 20-year period
of research, development, and deployment, a set of principles
and steps were derived that changed both the design and con-
duct of instruction. Essentially, instruction shifted from an
emphasis on the teaching process to an emphasis on student
performance measurement (Brock 2006).

During nearly two decades of research, development, and
field studies a system that emphasized student performance
based on specific task characteristics was evolved. Key studies
by both behavioral theorists (e.g., Glaser 1963, Merrill and
Boutwell 1973, Gagné 1965) and training practitioners (e.g.,
Mager 1962, 1977; Brock, McMichael, and DeLong 1975) led
to a five-volume set of DOD guidelines for designing instruc-
tion (Branson, Rayner, Cox, Furman, King, and Hannum
1975). Although over time various researchers and practition-
ers developed variations on the basic model to meet specific
training needs, the fundamentals remained constant: training
will be based on the work (tasks) that the student must per-
form upon graduation, training objectives will be stated in
terms of student performance, and it is student performance
that will be measured at the end of the instructional process
(Andrews and Goodson 1980). The basic Instructional Sys-
tems Design (ISD) model is shown in Figure 1.

The important point of Figure 1 is that learning objectives,
content, and instructional methodologies must have their
roots in real-world performance and must be evaluated against
those real-world performance requirements.

Figure 2 shows the cornerstone of any model of instruc-
tional design: the learning objective. In the simplest terms,
the learning objective describes what the student in a training
program must do before he or she graduates from the pro-
gram. The central feature of a learning objective is the task,

which is typically taken from an analysis of the job or jobs the
graduate is being trained to do (Mager 1962).

The second feature of the learning objective is a description
of the conditions under which the task will be performed in
the training environment. For instance, if the student were to
learn to change a tire, the conditions would state the kind of
vehicle, what tools would be provided, and any other condi-
tions imposed by the trainer.

The third element of the learning objective is the standards
that the student must meet to successfully complete the instruc-
tion. In the example of the tire changing, it could be expressed
in terms of maximum allowable time to complete the task and
amount of torque applied to each lug nut.

Glaser (1963) and Glaser and Klaus (1962) coined the
term, “criterion-referenced measures,” to describe a testing
process that measured individual student performance against
a set standard. Before the early 1960s, most tests, called norm
referenced tests, were designed to spread out the performance
of students across a normal distribution curve. 