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1 Executive summary 

CVOR program overview 

The Ministry of Transportation (MTO or the Ministry) operates a Commercial Vehicle Operators’ 
Registration (CVOR) program that is the platform for the Ministry’s intervention and Carrier Safety Rating 
(CSR) program. The goal of the CVOR program (or the Program) is to improve road safety for all users of 
Ontario highways by having an effective monitoring and intervention system for all carriers.  

Since 2008, the Ministry has made two significant revisions to the CVOR program to improve its 
effectiveness and efficiency as an intervention tool.  The first change was the CVOR Renewal Program, 
which required all carriers to review their CVOR annually or biannually, based on their safety record. The 
second change was a revision to the intervention model to be more predictive in nature, which enables 
MTO to identify carriers of higher risk so that they can intervene before a collision occurs.   

Purpose of Study 

Consistent with the commitment to its stakeholders, the Ministry engaged Deloitte to perform the CVOR 
Effectiveness study. This review demonstrates the Ministry’s commitment to road safety and to the fair 
and equitable treatment of carriers in the CVOR program.  

The objectives of the CVOR Effectiveness Study were to: 

1. Conduct a review of the CVOR Renewal Program to determine: 

a) How well the CVOR Renewal Program is functioning in meeting its objectives 
b) How congruous the services are with the goal of the Program 

2. Conduct a review of the CVOR Intervention Model to determine: 

a) How the new baseline has affected the CVOR Intervention Model 
b) Whether the rules in place are effective, relevant and fair for the industry as a whole when 

measuring levels of compliance/non-compliance 
c) The effectiveness of each intervention level on carrier behaviour (i.e. warning letter, facility audit, 

interview and sanction) 
d) Whether the intervention model is a true representation of predicting risk and effective in 

achieving greater road safety in Ontario by reducing death and injury on Ontario roads 

Approach 

Deloitte performed the CVOR Effectiveness Study under the direction of MTO, specifically the Carrier 
Safety and Enforcement Branch (CSEB) management team using the following procedures: 

1. Understanding strategic imperative and stakeholder expectations 
2. Defining the scope and direction for the CVOR Effectiveness Study 
3. Completing desk research and documentation review 
4. Stakeholder consultations 
5. Regression and associative statistics for safety impact of CVOR program 
6. Executing kilometric travel analysis and simulation  
7. Identifying and prioritizing recommendations  
8. Presentation of recommendations  
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Key observations and recommendations 

Based on the outcome of the effectiveness study, Deloitte identified the following opportunities to improve 
the effectiveness of CVOR program.  

Evaluation 
Group 

Theme Observation Recommendation 

Fairness Municipalities Municipalities appear to have significant 
differences in operating environment 
compared to other carriers in the program. 

The Ministry could consider the option of 
carving municipalities out of the CVOR 
Program and creating a separate program to 
manage municipalities’ safety performance. 

Leasing 
Companies 

The interventions earned by some leasing 
companies are often overridden despite 
high violation rates because the collisions 
are understood to have been attributable to 
the lessees rather than the leasing 
company. This may allow lessee carriers to 
avoid interventions. 

Leasing companies could be encouraged to 
identify lessees involved in collisions to enable 
violation rates to be fairly attributed; the strict 
application of interventions could be used in 
the short term with legislation as a potential 
longer term solution. 

Program 
Rigidity 

The application of the CVOR program is 
very dependent on the manual initiation of 
interventions by the CVOR Analysts who 
have discretion to override triggered 
interventions. 

The Ministry may consider requiring more 
rigour around following interventions in a 
consistent manner to ensure Program 
effectiveness, accuracy and fairness. 

Availability of 
Information 

Carriers are responsible for the safety 
performance of their drivers, however 
carriers are not provided with sufficient 
information to evaluate candidates while 
hiring. 

The Ministry could consider recommending a 
change in legislation to allow a carrier to obtain 
a driver’s CVOR record. 

Threshold 
Curves 

The combination of a curved line and 
straight line to create the threshold values 
for both collisions and convictions appears 
to lead to a line that could be perceived as 
unfair by some carriers. 

The Ministry may consider reviewing and 
adjusting the threshold curves for both 
collisions and convictions. 

Intervention 
Effectiveness 

Repeating 
Interventions 

The current program allows a carrier to 
remain in any intervention band indefinitely. 
These carriers will continue to receive the 
same level of intervention and will face no 
further escalation within the Program.   

The Ministry could limit the amount of time a 
carrier can spend in one intervention band to 
discourage complacency and encourage active 
safety management by carriers. 

Model 
Effectiveness 

Intervention 
Model 
Weighting 

Statistical analysis suggests that past 
collisions are a stronger predictor of future 
collisions than convictions and out-of-
service inspections. 

The Ministry may consider adjusting the model 
weighting to add additional weight to prior 
collisions on overall violation rates. 

Alignment of 
Facility Audit 
with audit 
trigger 

Facility audit is not always well aligned to 
address the activity that triggered the audit 
as many on-road behaviors are not 
addressed by the audit. 

The Ministry could consider aligning the audit 
with the cause of the audit. Increasing the use 
of tier 3 audits may increase the alignment of 
the audit with the audit trigger. 

Reportable 
collisions 
threshold 

Currently a reportable collision is defined 
as any collision with damage over $1,000 
to avoid minor incidents impacting a 
carriers driving record.  Mechanical and 
auto body costs  have increased over time 
and may warrant a new definition of  
“reportable” collision  

The Ministry could consider increasing the 
threshold for a reportable collision.  The 
Ministry could engage stakeholder discussions 
to determine a fair value for the new threshold. 

Renewal Data 
management 

The CVOR system contains a significant 
amount of historical data some of which is 
outdated. There is also minimal 
documentation of data definitions. 

The Ministry may consider reviewing its data 
governance and data management policies to 
ensure the data of the Ministry is treated as a 
value generating asset. 

Data 
Relevance 

Some of the data requested at renewal is 
not used in the CVOR Program, carriers 
have suggested that they should only be 
required to submit information that will be 
used in the program. 

The Ministry could review the data being 
collected from carriers to determine whether it 
is required to administer the CVOR program. 
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Evaluation 
Group 

Theme Observation Recommendation 

Data 
acquisition 
and accuracy 

Most carrier information is captured using a 
self-reporting structure with minimal ability 
for the Ministry to validate the information 
that is submitted. 

The Ministry could consider increasing the 
amount of data it sources from other entities.  
Specifically, the Ministry could develop and/or 
expand relationships with: 

• Workplace Safety and Insurance 
Board  

• Insurance Bureau of Canada  
• Insurance companies  

Verification of 
kilometric 
travel 

Kilometric travel is a critical piece of 
information required to administer the 
CVOR program. Currently the Ministry has 
minimal ability to ensure the kilometers 
reported by carriers are accurate. 

The Ministry may consider implementing 
measures to validate the kilometers driven by 
carriers.  Possible tools for this validation are: 

• Fuel tax credit 
• Vehicle registration system 
• Inspection stations  
• Onboard computers 
• Periodic audits 

Data analysis 
capability and 
continuous 
monitoring 

The Ministry does not currently have an 
efficient means of requesting or conducting 
analysis on the data available in MTO 
databases. 

The Ministry could enhance the tools available 
to management and analysts to more 
effectively leverage the information assets of 
the Ministry. 

Impact of changes to the intervention model 

Based on the review of the new model baseline, including the use of kilometric travel as a measure of 
exposure as opposed to adjusted fleet size, Deloitte found that: 

1) Both kilometric travel and fleet size can be used as exposure variables in the model as both lead 
to models that fit the data reasonably well and predict collision risk. 

2) When comparing similar models, the model using kilometric travel was found to have a better 
ability to predict future collision incidence than the model using fleet size. 

3) Increases in fleet size and kilometric travel result in increased collision risk.  In this study, this 
relationship was more clear when comparing “kilometric bands” versus “adjusted fleet size bands” 

The results of the analysis suggest that the Ministry’s change to kilometric travel as a measure of 
exposure to risk was appropriate.  The observations listed above indicate that while both models are of 
reasonable fit, the model employing kilometric travel is a more accurate predictor of risk. 
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2 CVOR Program background 

2.1 History 

The Ministry of Transportation (MTO or the Ministry) operates a Commercial Vehicle Operators’ 
Registration program (CVOR or the Program) that acts as the platform for the Ministry’s intervention 
program. The CVOR system tracks the on-road safety performance of the following vehicles: 

 Trucks that have a gross weight or registered gross weight over 4,500 kg (9,920 lb) and  
 Buses that have a seating capacity of ten or more passengers.  

The goal of the CVOR program is to improve road safety for all users of Ontario highways by having an 
effective monitoring and intervention system for all carriers. Poor performance may result in Ministry 
interventions up to the loss of privileges to operate commercial motor vehicles. 

A CVOR certificate is required for commercial vehicles operating in Ontario that are: 

 Plated in Ontario,  
 Plated in the USA, or  
 Plated in Mexico.  

Vehicles that are plated in other Canadian provinces or territories do not need a CVOR certificate. They 
require a safety fitness certificate from the province or territory in which the vehicle is plated.  Carriers that 
operate certain types of vehicles do not need a CVOR certificate. These vehicles include: 

 A truck or bus that is plated in another Canadian jurisdiction  
 A truck with a registered gross weight (RGW) and a gross weight of 4,500 kg or less, whether 

towing a trailer or not  
 A truck or bus leased by an individual for 30 days or less to move their personal goods, or to 

carry passengers at no fare  
 An ambulance, fire apparatus, hearse, casket wagon, mobile crane or tow truck  
 A truck or bus operating under the authority of a dealer plate or an in-transit permit  
 A bus used for personal purposes without compensation  
 A motor home used for personal purposes  
 A pickup truck used for personal purposes. 

The CVOR record provides public information on a carrier’s safety performance and facilitates MTO 
carrier interventions.  The system monitors a carrier’s performance record within Canada over a two year 
period, similar to the driver demerit point system. Points based on the severity of safety infractions are 
assigned for Canadian safety-related convictions (driver and carrier), collisions and out of service defects 
resulting from Commercial Vehicle Safety Alliance (CVSA) inspections. 

Upon registration in the CVOR program, event data including collisions, convictions, CVSA vehicle 
inspections and facility audit results, are used to monitor the on-road safety performance of the carrier's 
commercial motor vehicle fleet as well as the carrier's compliance with highway safety legislation and 
regulations. This information is matched against key operational elements such as kilometric travel and 
fleet size to determine the carriers’ safety ratings and to determine intervention thresholds at which the 
Ministry should take action to ensure Ontario’s roads remain safe. 
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2.2 Changes to the CVOR program 

Since 2008, the Ministry has made two significant revisions to the CVOR program to improve its 
effectiveness and efficiency as an intervention tool.  The first change, introduced in 2008 and fully 
implemented in 2010, was the CVOR Renewal Program (“renewal”).  Prior to 2008, there was legislation 
in place that required all carriers report to the Ministry when there were material changes in their 
operational structure (i.e. adjustments to fleet size, change in location, change in corporate officers, 
changes to kilometric travel), however many carriers simply did not report this information.  As a result, 
the Ministry was not able to identify the number of actively operating carriers, nor were they able to 
equitably assess the safety performance of carriers relative to others within the same operational peer 
group. 

The Ministry and a number of key industry stakeholders felt that that the CVOR program is only as 
effective as its ability to monitor, intervene and sanction commercial carriers in a timely and fair manner 
and they were concerned that without current operational information such as fleet size and kilometric 
travel, the monitoring and intervention thresholds may be skewed and the ministry may not be able to 
fairly assess the safety of carriers operating in the province.  

To address these issues and to ensure the effective and efficient use of the Ministry’s resources in 
intervention events, the Ministry developed an annual renewal program whereby CVOR holders are 
required to update their operating information on an annual basis.  

These changes were introduced on January 1, 2008 and they required that all CVOR certificates be 
assigned an expiry date. Prior to this, an operator’s CVOR certificate never expired. Existing (non-
expiring) certificates were assigned an expiry date over a two-year transition period, ending in 2010 to 
assist in the transition. Once the transition period ended, the Ministry began to require that the CVOR be 
renewed annually by the operator unless the operator has a carrier safety rating of "satisfactory" or 
"excellent". These operators are only required to renew their certificate biannually. 

There is a nominal fee associated with the annual renewal ($50). New entrants to the CVOR program are 
required to pay a one-time registration fee ($250).  The fees collected are used to offset the costs of the 
registration and renewal system; previously free for operators.  

Operators are sent a notice of expiry 60 days prior to expiry (90 days during the transition period). A 
carrier that does not renew prior to the expiry date is liable to a fine and possibly to imprisonment, under 
section 21(2) of the Highway Traffic Act, if one or more of its commercial motor vehicles is found 
operating on an Ontario highway.  In addition, subsection 20(2) authorises a police officer which includes 
MTO Officers as defined in section 6 (1) to detain the vehicle and seize the permits and number plates of 
the vehicle until it can be brought into compliance with the Highway Traffic Act. 

The second significant change to the CVOR program was fully implemented in 2009 and changed the 
intervention model developed to trigger the various interventions that the Ministry undertakes to address a 
carrier’s road user safety performance. The intervention model was developed using operational data, 
such as kilometric travel and collision, conviction and inspection events to identify carriers with poor on 
road safety performance.  The new intervention model is predictive in nature and identifies carriers at high 
risk of future collision so that MTO can intervene before a collision occurs.   

The new intervention model was the result of predictive analysis undertaken by the Ministry using 5 years 
of randomly selected data and involved the input of key industry stakeholders.  The results of the 
predictive analysis were consistent with a much larger study conducted in the United States by the 
American Transportation Research Institute.  The predictive model is made up of a number of variable 
factors likely to influence future behaviour or results. The output is a linear equation showing how the 
predictors can be combined to derive the odds or the probability of a specific outcome. 

Based on the predictive model, points are assigned based on the severity of infractions and the likelihood 
these infractions would contribute to a future collision. The analysis identified a high correlation between 
rate of travel and collisions; therefore kilometric travel is used by the Ministry as a measure of risk 
exposure.  Some stakeholders have concerns that they are disadvantaged by the use of kilometric travel 
as a measure of risk.
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3 CVOR Effectiveness Study 
Approach 

3.1 Objectives 

The MTO has an objective of ensuring Ontario remains among the safest jurisdictions in North America 
with the key objective of reducing death and injury on Ontario’s roads by developing, promoting and 
participating in road user safety programs. The CVOR is a tool that enables MTO to meet these 
objectives and promotes customer responsiveness, effectiveness and cost efficiency in the delivery of its 
programs. The objective of the CVOR Effectiveness Study was to measure, from a business perspective, 
whether the changes to the CVOR Renewal Program and Intervention Model are meeting their stated 
objectives and are contributing to the overall goals and objectives of the Road User Safety Division of 
MTO.  

Specifically, the objectives of the CVOR Effectiveness Study were to: 

1. Conduct a review of the CVOR Renewal Program to determine: 

a) How well the CVOR Renewal Program is functioning in meeting its objectives 
b) How congruous the services are in line with the goal of the Program 

2. Conduct a review of the CVOR Intervention Model to determine: 

a) How the new baseline has affected the CVOR Intervention Model 
b) Whether the rules in place are effective, relevant and fair for the industry as a whole when 

measuring levels of compliance/non-compliance 
c) The effectiveness of each intervention level on carrier behaviour (i.e. warning letter, facility audit, 

interview and sanction) 
d) Whether the intervention model is a true representation of predicting risk and effective in 

achieving greater road safety in Ontario by reducing death and injury on Ontario roads 

3.2 Scope 

The scope of CVOR Effectiveness Study was to execute an analytical review of the CVOR program with 
respect to road safety and fairness. 

The following items were not in scope of this review: 

 Implementing any of the recommendations presented in this report 
 Any changes to the content of any enforcement actions beyond the timing of these actions 
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3.3 Approach 

Deloitte performed the CVOR Effectiveness study with the guidance and assistance of MTO 
management, specifically the Carrier Safety and Enforcement Branch.  Deloitte’s approach to the study 
included the following procedures: 

Figure 1 – CVOR Effectiveness Study Approach 

  

1. Understand strategic imperative and stakeholder expectations 

Key activities: 

a) Identified key CVOR Effectiveness Study stakeholders  
b) Worked with Carrier Safety and Enforcement Branch (“Branch”) to confirm key drivers for the 

Effectiveness Study, understand stakeholder expectations and potential challenges 
c) Obtained an understanding of the current CVOR program and the process used to develop it 

through meetings with the Branch and review of existing documentation 
d) Summarized stakeholder expectations, key stakeholder concerns, and other drivers of the 

Effectiveness Study 
e) Prepared a kickoff presentation for the Ministry 

2. Define the scope and direction for the CVOR Effectiveness Study 

Key activities: 

a) Worked with the Branch to define the vision and intended structure of the study 
b) Established high level objectives for the review 
c) Completed a high-level project plan and project charter 

3. Desk research and documentation review 

Key activities: 

a) Reviewed the structure of the Program and developed an understanding of the key components 
and activities of the Program 

b) Met with key internal stakeholders who influenced the current design of the Program 
c) Reviewed prior reports written in the development of the current Program 
d) Reviewed internal performance measurement documentation related to the Program 
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4. Stakeholder consultations 

Key activities: 

a) Met with Branch management and staff to gain their input on the current state of the CVOR 
Program and how it is operating 

b) Developed sample interview questions for meeting with internal and external stakeholder 
participants for the study. 

c) Conducted interviews with the identified participants 
d) Performed analysis and assessed interview information against CVOR program data and 

intervention logic 
e) Summarized and presented key interview findings to Branch management for discussion and 

further consideration in data analysis procedures 

To ensure that the CVOR Effectiveness Study was conducted with appropriate consultation and feedback 
from key stakeholders, a number of interviews were held to gather information and feedback on the 
Program. These interviews were conducted with numerous internal Ministry stakeholders and subject 
matter advisors, as well as key external stakeholders. Deloitte worked with the Ministry to identify the 
internal and external stakeholders. The interviews with these stakeholders informed the development of 
the analysis used in this study. A complete list of stakeholders interviewed during the study is located in 
Appendix A. 

5. Regression and associative statistics for safety impact of CVOR 

Key activities: 

a) Conducted initial statistical analysis to understand the population of current CVOR data 
b) Evaluated associative relationships between safety variables and compared to the benchmarks 

developed in the original program development 
c) Worked with the Branch to determine the format of the regression and variables under 

consideration 
d) Executed regression testing to evaluate the safety impact of the CVOR model 
e) Conducted survival analysis testing to examine the ability of each intervention step to discourage 

continued poor safety performance  

6. Execute kilometric travel analysis and simulation  

Key activities: 

a) Compiled information from stakeholders regarding their concerns pertaining to kilometric travel  
b) Developed table analysis of proportions of carriers in each category by kilometric travel 
c) Sampled groups of carriers and simulated progression through the CVOR program 
d) Developed alternative kilometric travel exposure scenarios and evaluated the effect on the 

Program and potential safety impacts 

7. Identify and prioritize recommendations  

Key activities: 

a) Identified potential changes to the Program to promote safety performance enhancement or 
increase perceived program fairness  

8. Drafting and presentation of recommendations  

Key activities: 

a) Developed and delivered final report 
b) Drafted and submitted executive report 
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4 Analysis of the CVOR Program 

4.1 Overview 

Deloitte conducted the CVOR Effectiveness Study using both qualitative and quantitative procedures to 
evaluate the Renewal Program and the Intervention Model. Qualitative procedures were conducted to 
inform analytical procedures. Qualitative procedures included consultation with key internal and external 
stakeholders selected by the Carrier Safety and Enforcement Branch to provide their perspectives on the 
design and current functioning of the CVOR Program.  

Informed by the qualitative procedures, Deloitte conducted numerous quantitative procedures to evaluate 
the effectiveness of the CVOR Renewal Program and the safety impacts of the current CVOR model 
since it was updated in 2008. Additional procedures were conducted to evaluate specific stakeholder 
concerns with respect to the fairness implications of calculating a carriers’ exposure to risk as a function 
of kilometers travelled compared to adjusted fleet size. 

The results of Deloitte’s analysis are presented below. Detailed quantitative procedures and discussion 
are captured in Appendix B.  

4.2 Renewal program review 

Prior to the Renewal Program’s implementation, the Ministry had limited ability to enforce carriers to 
update their CVOR information.  This resulted in information that was not comprehensive, complete or 
timely. For example, carriers dropping out of the Program were not always informing the Ministry, leading 
to registrations that were no longer current in the system. 

The change to require carriers to update their CVOR information on an annual or biannual basis during 
their CVOR renewal provides the Ministry with more timely and complete information. The improved 
quality of information allows the Ministry to better monitor, intervene, and sanction commercial carriers 
more efficiently, equitably and effectively. 

To measure the improvement in the currency of data in the CVOR system, the number of carriers before 
the implementation of the CVOR Renewal Program was compared with the number that subsequently 
renewed their registration after the change.  The number of unique carriers registered in the system 
before the Renewal Program was 165,336 compared to 71,512 unique carriers that either renewed their 
registration or registered for the first time between October 1, 2010 and September 30, 2012 and were 
still active on September 30, 2012.  This represents a reduction in redundant and/or erroneous data of 
approximately 57%.  

Table 1 – CVOR Renewal Statistics 

Pre Renewal Program Renewals Under the Program 

Registered Carriers 165,336 71,512 

 
The CVOR Renewal Program has enabled the timely collection of current operational information, such 
as fleet size and kilometric travel, allowing the Ministry to more effectively monitor the safety performance 
of carriers relative to others within the same operational peer group.  Specifically, the additional 
information captured allows the Ministry to administer the CVOR Intervention Model based on a fleet’s 
kilometric travel, which was designed to provide a more cost efficient and effective delivery of service. 
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There is general acceptance of the CVOR Renewal Program from both internal and external 
stakeholders.  Further, there is consensus that the implementation of the CVOR Renewal Program has 
improved the integrity of data available to the Ministry providing it with more meaningful information with 
which to execute their intervention activities to promote road user safety in Ontario.   

The introduction of the Renewal Program moved the model from carriers providing updates to information 
voluntarily that was difficult to enforce, to a model where carriers are required to update information 
annually or biannually. As a result, the CVOR system contains data that is now more complete and 
current than before the change to the CVOR Renewal Program.  Given the improvements in the 
availability and quality of information collected, the CVOR Renewal Program appears to have successfully 
promoted carrier responsiveness and has enabled the Intervention Model which in turn has helped 
support cost efficiency in the delivery of the CVOR Program. 

4.2.1 Observations 

Based on Deloitte’s review of the CVOR Renewal Program, the following opportunities for improvement 
were identified.  

1. Data management 

Based on the data available to perform this study, it is apparent that the CVOR system contains a 
significant amount of data. While much of this is the new data collected under the Renewal Program, 
there still remains a large amount of data that is historical in nature. Some of this data may continue to be 
useful to the Ministry for ongoing analysis; however, there appears to be other data that is now obsolete 
or deemed to be inaccurate. In some cases, there is also limited documentation to explain the data being 
retained. 

Implication 

There is a risk that historical data still maintained in the CVOR system could impact the integrity of any 
ongoing data analysis that the Ministry may wish to perform. While this risk may be recognized, the effort 
required to prepare data for analysis could still be significant due to the differences in the consistency and 
definition of historical data that has been accumulated. The required effort may be higher where limited 
documentation is available. 

Recommendation 

The Ministry may consider reviewing its data governance and data management requirements because of 
the significant value that it derives from the data being collected and its importance in administering the 
Program; the data is a key asset to the Ministry. Such a review should include data acquisition, data 
definition, data storage and access, data processing and usage, and data retention requirements. 

Table 2 – Program Enhancement: Data management 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Data is a key input to the CVOR Program and is needed to 
allow decision makers to appropriately manage the safety of 
Ontario’s roads. 

Enhancements promote fairness across types 
classes of CVOR registrants  

Grouping carriers with similar characteristics relies on 
adequate data capture and management. 

Program changes can be implemented with little 
or no change in legislation  

No change in legislation would be required. 

Program changes can be implemented within the 
current technological environment  

 

The changes recommended can be implemented with the 
current technology.  These changes required changes in 
process and governance rather than changes in technology. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

This recommendation will only require changes in process 
and governance rather than in technology 
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Legend 

Symbol     

Alignment None Limited Significant Full 

2. Data relevancy 

The provision of excess data as part of the renewal process is seen as a burden by stakeholders. Based 
on a review of the information captured as part of the CVOR Renewal Program there appears to be some 
information collected for all carriers that is not currently used by the Ministry (e.g. US kilometric travel). 

Implication 

There is an opportunity to reduce the burden on carriers by eliminating any information that is being 
collected but that has no current or future value. 

Recommendation 

The Ministry could review the data currently being collected from carriers to determine whether the data is 
required to administer the CVOR program. While data may not be used in the current model, potential 
future uses of the data should be considered. Where data being collected does not appear to have any 
current or future value, the Ministry could consider eliminating this from the CVOR Renewal requirements. 

Table 3 – Program Enhancement: Data relevancy 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

The collection of data not used in the model does not hinder 
safety performance,  but rather inconveniences carriers. 

Enhancements promote fairness across types 
classes of CVOR registrants  

Carriers will consider the rationalization of data requested on 
Renewal to be a fair adjustment. 

Program changes can be implemented with little 
or no change in legislation  

No change in legislation would be required. 

Program changes can be implemented within the 
current technological environment   

No changes in technology would be required 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 
This change would streamline the renewal process and 
simplify renewal for carriers. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

3. Data acquisition and accuracy 

Most carrier information is captured using a self-reporting structure with minimal ability for the Ministry to 
validate the information that is submitted. Systems supporting the CVOR Program have few ties to other 
data sources and as such cannot be used to validate carrier data. 

Implication 
The Ministry could have inaccurate data compared to data available from other sources, such as the 
Workplace Safety and Insurance Board (WSIB), the Insurance Bureau of Canada (IBC) and insurance 
companies. These sources could also provide data at a more granular level than currently tracked by the 
Ministry without further input from carriers. This data could reduce the Ministry’s dependence on self-
reported information from carriers.  
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Recommendation 
The Ministry could consider increasing the amount of data it sources from other entities.  Specifically, the 
Ministry should develop and/or expand relationships with: 

1) WSIB – could be used to obtain a granular level of detail on the industry a carrier is in.  This data 
could be used to segment carriers more precisely. 

2) Insurance Bureau of Canada – could be used to obtain more specific event information to capture 
the cost of a collision.  This information could be used to better understand the cost of 
commercial vehicle collisions in Ontario and to evaluate current collision severity thresholds. 

3) Insurance companies – data carriers provide to insurance companies could be used to 
complement and validate the data collected by the Ministry. 

Table 4 – Program enhancement: Data acquisition and accuracy 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Enhancements to the data collected by the Ministry will allow for 
a more complete understanding carriers and events and will 
allow for additional safety analytics 

Enhancements promote fairness across 
classes of CVOR registrants 

 

Improving the data collection techniques used by the Ministry 
will result in increased accuracy throughout the program and will 
allow for consistent application of the program. 

Program changes can be implemented with 
little or no change in legislation  

Some legislative changes may be required. 

Program changes can be implemented within 
the current technological environment   

Some technological changes may be required to integrate the 
CVOR database with the additional sources of data. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

The enhancement would reduce the amount of time CVOR 
Administrators spend contacting insurance companies on an ad-
hoc basis and would result in more effective data capture. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

4. Verification of kilometric travel 

Kilometric travel by carrier is a critical piece of information needed to administer the CVOR Intervention 
Model. While carriers are required to provide their kilometric travel as part of their CVOR registration, 
there is no independent verification that the reported figures are accurate. 

Evaluating the CVOR data during the study period, Deloitte identified 384 carriers who appear to have 
reported excessive kilometric travel.  These carriers were identified by calculating each carrier’s kilometric 
travel per vehicle, and comparing the values to a theoretical maximum, based on speed, hours of service 
and number of shifts per unit, etc.  The theoretical maximum was calculated assuming a vehicle can be 
travelling at 105 km/h (governed speed) for its entire shift and, as such, is conservative.  

Implication 
The lack of independent verification of reported kilometric travel makes it difficult to assess the accuracy 
of the data upon which the Intervention Model is based. Further, as carriers become more familiar with 
the relationship between kilometers travelled and computed violation rates, certain carriers may become 
more inclined to misrepresent their kilometers travelled to artificially reduce their violation rates.  

Recommendation 
The Ministry may consider implementing measures to validate the kilometric travel reported by carriers. 
Independent measures that could be used to verify the kilometric travel reported include obtaining the 
required information from one of the following sources: 

 The fuel tax credit to perform a reasonability check on kilometers reported compared to overall fuel 
usage 
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 The vehicle registration system to ensure vehicles reported to the program are accurate. With accurate 
fleet information addition data validation can be run on the reasonability of kilometers travelled 
compared to vehicles registered 

 The inspection station as part of roadside inspections 
 Onboard computers in the vehicles 
 Periodic “audits” conducted on carriers randomly assigned by the CVOR system to trigger an analyst to 

evaluate the integrity of the data within a carriers profile. 

Table 5 – Program enhancement: Verification of kilometric travel  

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

The validation of kilometric travel will allow the Ministry obtain 
a better understanding of the poorest performing carriers. 

Enhancements promote fairness across classes 
of CVOR registrants 

 

Accurately capturing kilometric travel across the population will 
result in all carriers having accurate violation rates and 
associated interventions. 

Program changes can be implemented with little 
or no change in legislation  

Some legislative changes may be required. 

Program changes can be implemented within the 
current technological environment   

Some technological changes may be required to integrate the 
CVOR database with the additional sources of data. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

The enhancement would reduce the amount of administrative 
time analysts spend adjusting a carriers’ kilometers travelled 
due to inaccuracies and/or the request of the carrier. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

5. Data analysis capability and continuous monitoring 

The Ministry does not have an efficient means of requesting or conducting analysis on the data available 
in MTO databases.  The CSEB management team receives system-generated reports on a quarterly 
basis, but has limited ability to modify these reports or request an alternative presentation of the 
information.   

Implication 

The data captured by the Ministry is an important asset. Without appropriate tools and analysis 
techniques, this data cannot be used to continuously improve the understanding of commercial vehicle 
road safety in Ontario. The lack of tools has resulted in a concentration of staff who understand the data 
captured by the Ministry. As staff leave the Ministry (e.g. retire, transfer), data knowledge is lost without 
an effective process of transferring the knowledge to other staff members.  

Recommendation 

The Ministry could enhance the analytical tools available to management and analysts to more effectively 
leverage the information available.  This information can be used to inform action on carriers; to 
understand important trends in on-road performance; and to continuously evaluate the effectiveness of 
the CVOR and other programs.  This could include some of the following tools: 

 A customizable “dashboard” for management and senior management 
 Improved indicators for deviation from expected values within the system based on trends and 

averages 
 Snapshot database information that can be easily queried by analysts and other Ministry staff to 

evaluate carriers’ performance metrics against other carriers for intervention actions or show-
cause hearings etc. 
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Table 6 – Program enhancement: Data analysis capability and continuous monitoring 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Enhanced data analysis tools, techniques and abilities will 
increase the ability of the Ministry to monitor and make 
decisions regarding safety performance. 

Enhancements promote fairness across types 
classes of CVOR registrants  

The ability to continuously evaluate safety and identify 
differences in carrier treatments could increase fairness. 

Program changes can be implemented with little 
or no change in legislation  

No legislative changes would be required. 

Program changes can be implemented within 
the current technological environment  

 

Only minimal technological changes would be required.  The 
current system renewal may provide the majority of the system 
changes required. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Decision makers having customizable access to data and 
analytical tools would result in increased efficiency and 
effectiveness. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

4.3 Intervention model review 

Through consultation with internal and external stakeholders and review of relevant Program 
documentation and data, an evaluation of the Intervention Model was completed considering the degree 
to which it is aligned with the Program goals and objectives of the Ministry.  

4.3.1 Impact of changes to the Intervention Model 

To evaluate the impact of the new baseline, Deloitte conducted a comparative analysis of models using 
kilometric travel versus models using fleet size as a measure of a carriers’ exposure to risk. The new 
baseline was compared to a similar model using fleet size rather than kilometric travel to quantify a 
carriers’ exposure to risk. Specifically, the evaluation compared: 

1) Each model’s ability to predict whether or not a carrier will be involved in a future collision 
2) The appropriateness of the fit of each model 
3) The strength of the relationships between exposure to risk, both from kilometers travelled and 

from fleet size, and crash incidence 

The models used carrier data from October 1, 2010 through September 30, 2011 (“the prior period”) to 
predict the likelihood a carrier is involved in a collision between October 1, 2011 and September 30, 2012 
(“after period”).  The analysis used the variables in the current CVOR model, collisions, convictions and 
inspection results, as well as other data elements tracked by the Ministry to assess whether the current 
model could be strengthened by adding additional variables (factors) into the model equation. 

The variables included in the statistical (regression) models, and their significance in both the kilometric 
travel and fleet size models are listed in Table 7 below. A variable is considered significant if it is a good 
predictor that a collision will or will not occur.  
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Table 7 – Study variables 

# Variable Description Significant in 
KM model 

Significant in 
Fleet model 

1 Collision Count A count of collisions in the prior period Yes Yes 

2 Conviction Count A count of the carriers’ convictions in the prior period Yes Yes 

3 Annualized KM Travel 
Band 

Current grouping of carriers by annual kilometric 
travel 

Yes N/A 

4 Fleet Size Grouping Previous fleet size grouping used in the prior CVOR 
program 

N/A Yes 

5 Kilometers per vehicle 
band 

Computed variable to capture kilometers traveled 
per vehicle. Bands (categories) 1-4 are segmented 
by quartiles and median of the computed value 

Yes N/A 

6 Passenger Set to “Y” if a carrier indicates that they carry 
passengers 

Yes Yes 

7 Commodity The primary commodity indicated by the carrier on 
renewal 

Yes Yes 

8 Fleet Size The total number of trucks and buses declared on 
renewal 

N/A Yes 

9 Total Out of Service 
Defects 

Sum of the out-of-service defects received by the 
carrier in the previous period 

No No 

10 Impropriety A computed value capturing whether a carrier had 
an impropriety assigned to a prior collision in the 
study period 

Yes Yes 

11 Fault Count A computed variable capturing the number of 
collisions with impropriety the carrier had in the prior 
period. 

Yes Yes 

12 Kilometers per unit A computed variable created by dividing kilometers 
traveled by the carrier during the study period by the 
number of vehicles operated by the carrier 

Yes Yes 

13 Municipality A variable computed by extracting words in the 
registrants name that would indicate the carrier is a 
municipality 

Yes Yes 

14 Study kilometers The total number of kilometers travelled by a carrier 
during the study  

Yes Yes 

1) Predictive Power 

Deloitte examined both the models to determine which model more accurately predicts whether a carrier 
was involved in a collision during the second period of the study. In this study a carrier’s performance is 
deemed to have one of two outcomes: 
  

1) the carrier was involved in a collision, or  
2) the carrier was not involved in a collision.  

In two-outcome predictive models, the predictive power of the model is demonstrated by how precisely 
the model predicts whether carriers will be in a collision or not.  A common metric used to evaluate two-
outcome models is the Receiver Operating Characteristic (ROC) curve.  The ROC is created by plotting 
the models true positive rate, where the model correctly predicts that a carrier will be in a collision, against 
the models false positive rate, where the model predicts that a carrier will be in a collision and is not. 
Detailed discussion on the calculation of the ROC curve for this study is captured in Appendix D.   

The predictive power of each model is compared by measuring the area under the ROC curve.  An area 
under the ROC curve of 1 indicates a model that perfectly predicts collision incidence.  Lower values 
suggest that the model has less predictive power. Table 8 below outlines the results of the comparison. 

  



© Deloitte LLP and affiliated entities.  MTO CVOR Effectiveness Study 16 

Table 8 – Model predictive power  

Kilometric travel  Fleet size 

Area under ROC Curve 0.84 0.81 

The table suggests that both models have significant ability to predict crash incidence as both values are 
sufficiently close to one.  However, when compared to the fleet size model, the model using kilometric 
travel more accurately predicts whether a carrier will be involved in a collision.   

2) Model Fit 

Deloitte examined both models to determine how well each of the models fit the data used to predict 
collisions. Numerous metrics can be used to describe the fit of a model. “Fit” is defined in this instance, as 
the model that better predicts future collision incidence.  Two common metrics used to evaluate model fit 
are a model’s R2 and its deviance. Table 9 below shows which model has a better fit based on the two 
metrics.  Detailed discussion on model fit is captured in Appendix B. 

Table 9 – Model fit statistics 

Kilometric travel Fleet size 

R2  

Deviance   

 
3) Exposure relationship 

Carriers are given threshold credit or allowable points based on their exposure to risk. The current model 
allocates these point based on kilometers traveled.  Deloitte examined the strength of the relationship 
between both exposure variables included in the study and crash risk. The kilometric travel and fleet size 
groupings used by the Ministry were evaluated with respect to their observed increase in crash risk. Table 
10 below presents the significant and insignificant bands for each model. Refer to Appendix B for a 
discussion on the ranges of both kilometric travel and fleet size bands. 

Table 10 – Exposure relationship kilometric travel vs. fleet size  

Band Kilometric travel Fleet size 

1   

2   

3   

4   

5   

6   

7   

8   

The table above indicates that every kilometric travel band is a significant predictor of crash risk while 
three fleet size bands are not significant.   

Conclusion 

Based on the review of the new model baseline, including the use of kilometric travel as a measure of 
exposure as opposed to adjusted fleet size we have found that: 

1) Both kilometric travel and fleet size can be used as exposure variables in the model as both lead 
to models that fit the data reasonably well and predict collision risk. 

2) When comparing similar models, the model using kilometric travel was found to have a better 
ability to predict future collision incidence than the model using fleet size. 
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3) Increases in fleet size and kilometric travel result in increased collision risk.  In this study, this 
relationship was more clear when comparing “kilometric bands” versus “adjusted fleet size bands” 

The results of our analysis suggest that the Ministry’s change to kilometric travel as a measure of 
exposure to risk was appropriate.  The observations listed above indicate that while both models are of 
reasonable fit, the model employing kilometric travel is a more accurate predictor of risk. 

4.4 Fairness 

In evaluating fairness the objective was to answer the following question: “Has the new model resulted in 
any unintended consequences?” Deloitte began the fairness evaluation of the model by first determining 
the different groups of carriers based on CVOR data. Upon review of the CVOR database, the data 
elements currently captured at renewal that could be used to group carriers were: 

1) Operator type – private or “for-hire” 
2) Commodity  
3) Dangerous goods – yes or no  
4) Annualized kilometric travel band 

Consultations with stakeholders indicated that some carriers felt that the conditions in which a carrier 
operates are not accurately reflected by kilometric travel alone. For example, it was suggested that one 
kilometer driven on a highway represents a different level of exposure to one kilometer driven in city 
traffic. Currently, the Ministry has no available data on the environments in which carriers operate beyond 
what can be inferred from the variables above. However, based on these discussions, Deloitte created 
two additional carrier groupings to examine observed differences in safety performance between the 
groups.  The groupings created were: 

1) Municipality – where it was possible to determine from a carriers name that the operation was 
directly related to the operations of a municipality we considered the carrier “municipal” and all 
other carriers “non-municipal” 

2) Kilometers per vehicle – carriers report vehicles operated and kilometers driven in specific time 
periods, from this data we calculated kilometers driven per vehicle.  Four kilometers-per-vehicle 
categories were then created to group the carriers with other carriers of similar kilometric-travel 
per vehicle.  The groupings used were based on quartiles. See Appendix C for the ranges 
represented in each grouping (band). 

The carrier groupings above were included in Deloitte’s statistical (regression) analysis to determine 
whether belonging to a specific group appeared to increase the likelihood of a carrier being involved in a 
collision.  The results of the regression are presented in Table 11 

  



© Deloitte LLP and affiliated entities.  MTO CVOR Effectiveness Study 18 

Table 11 – Segmentation variable analysis 

# Variable Specific value Compared to Significant Collision probability impact 

1 Dangerous 
Goods 

Yes No No N/A 

2 Kilometer 
per vehicle 
grouping 

1 0 Yes -48% 

2 0 Yes 12% 

3 0 Yes 19% 

4 0 Yes 19% 

3 Passenger Yes No Yes 67% 

4 Commodity Excavation General Freight Yes 22% 

Livestock General Freight Yes -45% 

Perishables General Freight Yes 13% 

Passenger Other General Freight Yes -42% 

Waste General Freight Yes 24% 

5 Type of 
Operator 

Private For-hire No N/A 

Other For-hire No N/A 

6 Municipality Yes No Yes 181% 

The table demonstrates both the significance and the increase in crash risk observed for each of the 
potential segmentation variables this study evaluated. To understand the increase or decrease in collision 
probability a group has, it must be compared to another group.  For example, municipality in the table 
above indicates that a municipality (specific value of “yes”) is at an increased collision risk of 181% 
compared to non-municipalities (compared to “no”).    

Observations 

Based on Deloitte’s review of the fairness of the new model, the following opportunities for improvement 
were identified.  

6. Treatment of municipalities 

Many carriers with high violation rates in the Program are municipalities.  A number of the interventions in 
the model are not seen as viable to assign to a municipality.  For example, regardless of violation rate the 
Ministry would not suspend or cancel the CVOR of a municipality.  Municipal fleets are also often 
sufficiently large and dispersed to make a full Facility Audit impractical.  Municipalities are also less likely 
to be subject to an inspection and therefore less likely to incur demerit points and be affected by the “out 
of service defect” component of the intervention model weighting.  As such, the full effect of the program 
and the interventions are not being applied. 

Based on the environment in which municipalities operate, there appears to be an exposure factor that 
municipalities are subjected to, which increases their likelihood of an accident.  The precise nature of this 
exposure factor is not known, but it does suggest that the risk factors for municipalities are not the same 
as those for other carriers.  For example, the current model indicates that for most carriers high kilometric 
travel leads to a higher exposure factor.  However, the municipality indicator in the model suggests that 
after accounting for kilometric travel, municipalities are still at a higher risk of collision than non-
municipalities. 

Implication 

Without the full application of the Program to municipal carriers, their inclusion in the Program will not 
necessarily increase their safety performances.  There is a risk that these carriers come to understand 
that they will be treated differently and could as a result become complacent in their efforts to improve 
safety.  Further, other carriers could perceive that they are being treated harshly compared to 
municipalities that do not face the same consequences for poor performance within the Program. 
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The current intervention model results in municipalities facing high violation rates compared to their non-
municipal peers.  Despite these high violation rates, municipalities are treated differently than other 
carriers for enforcement purposes, resulting in a reduced ability for the Ministry to effect an improvement 
in safety performance. 

Alternatives 

The Ministry could consider removing municipalities from the CVOR program and developing an 
alternative that better considers how to measure exposure to collisions and that enables the Ministry to 
address the audit, inspection, and conviction limitations of the current model, as well as enforcement 
mechanisms for municipalities. 

Alternatively, the Ministry could consider offering additional threshold to municipalities, to account for the 
unique nature of municipalities among carriers.  This further credit would bring down the violation rate of 
municipalities, and require less MTO intervention.  The drawbacks to this recommendation are that other 
carriers may feel an increase in threshold values for municipalities represents an unfair treatment of non-
municipal carriers. Further, the resulting reduction in municipal violation rates will not actually reflect a 
decline in collisions. 

Recommendation 

The Ministry should evaluate the option of removing municipalities from the CVOR program and placing 
them in a separate program. This approach would be preferred over offering municipality’s additional 
threshold as additional threshold would not address the problem of applying appropriate interventions to 
municipalities.  

Table 12 – Program enhancement: Municipalities 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Placing municipalities in a separate program that allows all of 
the new program interventions to be applied could increase 
safety.  Without appropriate application of interventions safety 
could decrease with the removal of municipalities from the 
program.  

Enhancements promote fairness across types 
classes of CVOR registrants 

 

The analysis in this study suggests a municipality is sufficiently 
different from other carriers to warrant different treatment.  As 
such this change would enhance fairness. 

Program changes can be implemented with little 
or no change in legislation  

Some regulatory changes could be required. 

Program changes can be implemented within 
the current technological environment  

 

Only minimal technological changes would be required to the 
current program.  Some additional changes could be required 
for the program developed for the municipalities. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

The inclusion of municipalities in the program results in 
significant time loss for analysts and administrators working 
with municipalities to “manage” their CVOR.  Moving 
municipalities to a program designed for them would reduce 
this time. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

7. Treatment of leasing companies 

Based on a review of carriers in the study who have poor safety records with respect to collisions and 
high violation rates, it was identified that leasing companies frequently appear in the poorest performing 
grouping of carriers of similar kilometric travel.  Deloitte reviewed the safety records of two poor 
performing leasing companies and noted that despite having violation rates in excess of 100%, these 
carriers had not received an intervention in over ten years. Discussions with Ministry staff revealed that 
often it is suspected that lessees are being involved in collisions that are applied to the leasing company’s 
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CVOR rather than the lessee’s CVOR.  Efforts to gather sufficient evidence to move the accident to the 
appropriate lessee are often met with resistance from the leasing company.  As such, leasing companies 
continue to have persistent high violation rates, but are not assigned interventions on the basis that the 
accidents likely belong to another carrier.  

Implication 

Carriers can use leasing companies to artificially reduce their violation rate so long as leasing companies 
are willing to protect the identities of lessees.  Without the threat of interventions, leasing companies have 
little incentive to provide this information. 

In addition, the effectiveness of the CVOR program is lessened if accidents are not applied to the 
appropriate carriers to inform the Ministry of a carrier’s performance that warrants the attention and action 
of the Ministry.   

Recommendation 

In the short term the Ministry could apply all prescribed interventions to leasing companies to incentivise 
leasing companies to lower their violation rates by informing the Ministry of the lessees of vehicles 
involved in collisions. In the longer term, the Ministry may consider whether legislation is required to 
mandate leasing companies to disclose the identities and CVOR information of lessee companies that are 
involved in collisions. 

Table 13 – Program enhancement: Leasing companies 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads  

Requiring leasing companies to disclose their lessees would 
result in event data being attributed to the correct carrier.  
This would allow for a true picture of performance and 
appropriate safety interventions for all carriers. 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

Removing the ability for carriers to manipulate their violation 
rate using leases will result in an “even playing field” for all 
carriers. 

Program changes can be implemented with little 
or no change in legislation  

Some regulatory changes could be required in the long-term.  
Short term changes will require no legislative changes. 

Program changes can be implemented within the 
current technological environment  

 

No changes would be required in the technological 
environment.  However, changes in workflow capacity to 
manage the increase in lease information sent to the Ministry 
may be required. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Ensuring events are attributed to the correct carrier will result 
in a more appropriate deployment of resources as a carrier 
will have a diminished ability to manipulate their violation rate  

Legend 

Symbol 
    

Alignment None Limited Significant Full 
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8. Program Rigidity 

Observation 

The application of interventions triggered by the Program can be subjective due to the discretion afforded 
to the analysts administering the Program.  Analysts have the ability to defer interventions where the 
Ministry views that the recommended intervention is not required at that point in time.  This typically 
occurs for valid reasons but could be used to inappropriately circumvent the intent of the Program either 
deliberately or inadvertently.  

Implication 

Applying intervention steps in an inconsistent manner leads to unfairness in the intervention model as all 
carriers may not be treated equally.  This also decreases the Ministry’s ability to measure the 
effectiveness of the Program. 

Recommendation 

While flexibility, including the application of judgement by the Analyst, is an important element of the 
Intervention Model, it should not be the driving factor.  The Ministry should evaluate options for 
implementing more rigour around following interventions in a consistent manner to ensure Program 
effectiveness and accuracy. 

Table 14 – Program Enhancement: Program rigidity 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Increasing the rigidity of the Program will result in more timely 
application of interventions and should lead to subsequent 
safety improvements 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

Reducing subjectivity in the application of interventions would 
increase the consistency of the Program and support fairness 
across carriers. 

Program changes can be implemented with little 
or no change in legislation  

No change in legislation would be required. 

Program changes can be implemented within 
the current technological environment   

Some minor technological changes could be required to 
strengthen the enforcement of recommended actions. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Reducing the amount of manual intervention in the program 
could free resources for more value-added analysis of broad 
carrier safety performance 

Legend 

Symbol 
    

Alignment None Limited Significant Full 
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9. Availability of information 

Carriers are currently responsible for the behaviour and actions of their drivers. However, the Ministry 
does not provide the carriers with all of the information that carriers may need to assess who to hire. For 
example, the Ministry does not provide carriers with drivers’ previous CVOR information.  

Implication 

If carriers are not provided with all available information that may be useful in assessing which drivers to 
hire, being responsible for their drivers may seem unfair.  The lack of access to information provided in 
drivers’ CVORs restricts the ability of carriers to manage their safety from the point of hiring drivers 
onward.   

Recommendation 

Carriers are held responsible for the safety performance of their organization, including the behaviour of 
their drivers. Placing the onus on carriers could be supported by providing carriers with all available 
information that they may find useful to ensure they are hiring safe drivers. An example of information no 
longer provided to carriers is the driver’s previous CVOR record.  Drivers’ previous CVORs could be used 
to examine a driver’s prior safety performance to allow carriers to make an informed decision on whom to 
hire. 

Table 15 – Program enhancement: Availability of information  

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Providing carriers with all possible information they require to 
evaluate potential employees (drivers) will result in carriers 
more selectively hiring drivers with better safety performance 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

Stakeholders feel that it is unfair to be responsible for their 
drivers without having appropriate information to guide their 
driver selection.  Providing this information will increase the 
fairness of the Program. 

Program changes can be implemented with little 
or no change in legislation  

Legislative changes will be required. 

Program changes can be implemented within 
the current technological environment   

Little or no technological changes will be required. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Improving driver data availability could lead to improved carrier 
performance and reduced safety intervention work for the 
Ministry. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 
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10. Collision and Conviction Thresholds 

The combination of a curved line and straight line to create the threshold values for both collisions and 
convictions appears to lead to a line that could be perceived as unfair by some carriers.  Specifically, the 
threshold points per kilometer granted leading up to the linear portion of the curve (at 120,000 km/month) 
severely diminish before the curve becomes linear.  After 120,000 kilometers per month the threshold 
points granted per kilometer increase again.  Figure 2 graphs the curvature of the line for collision 
threshold values.  The conviction curve exhibits a similar structure to the collision curve below. 

 
Figure 2 – Collision threshold curve 

 

With respect to collision risk per kilometer driven the interpretation of the curve is as follows: 

1) Initially, collision risk per kilometer increases dramatically as seen in the steepness of the line 
between 100 and 12,000 kilometers per month. 

2) Collision risk decreases per kilometer between 12,000 and 120,000 kilometers per month as 
demonstrated by the relative flatness of the line between those points. 

3) Collision risk is constant or linear for those travelling over 120,000 kilometers per-month as 
demonstrated by the straight line from 120,000 kilometers per month, but this risk per kilometer is 
much greater than the risk observed between 12,000 and 120,000 as demonstrated by the steep 
increase in the line after 120,000 compared to the prior sections   

Implication 

The interpretation of the curve above could be viewed as unfair as carriers are treated very differently 
depending on where they lie on the curve. Carriers could argue that the curves in use could be allocating 
either too little threshold to lower kilometric travel carriers or too much threshold to carriers with higher 
kilometric travel. Specifically, carriers with kilometric travel between 12,000 and 120,000 km/month could 
view the shape of the curve to be unfair.   

Recommendation 

The Ministry may consider reviewing and potentially adjusting the threshold curves for both collisions and 
convictions. A straight-line threshold formula could provide for one form of fairness in that threshold per 
kilometer is always equal.  If it is determined that a “break” in the line (such as the current break at 
120,000) is warranted, the second portion of the curve should likely have a less aggressive slope to 
reduce the dramatic changes in threshold granted per kilometer driven. 
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Table 16 – Program enhancement: Threshold curves  

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Ensuring the appropriate threshold curves will allow the 
Ministry to focus on the worst performing carriers in the 
Program. 

Enhancements promote fairness across types 
classes of CVOR registrants  

The current curves could be viewed as unfair to some carriers. 
Adjustments to the curves could improve perceived fairness. 

Program changes can be implemented with little 
or no change in legislation  

Regulatory changes may be required. 

Program changes can be implemented within 
the current technological environment   

Little or no technological changes will be required. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Improvements to the curves could produce an improved ability 
to target poor performers and increase the efficiency of the 
Program. 

Legend 

Symbol 
    

Alignment None Limited Significant Full 

4.5 Intervention effectiveness 

Deloitte reviewed a total of 6,582 interventions during the study period and evaluated the effectiveness of 
each intervention in the program by examining: 

1) Overall carrier performance one year after an intervention. 
2) The proportion of carriers that did not worsen following an intervention.  For carriers who’s 

performance worsens, determined: 
a. How long after each of the interventions did it take for carriers to worsen. 
b. If there are differences between the interventions and how long it takes for a carrier’s 

performance to worsen. 

Population analysis 

Deloitte examined the effectiveness of each intervention by evaluating a carrier’s performance one year 
after they received the intervention. Deloitte separated carriers into one of the following categories; 

1) Carrier Improved – carriers who moved from one intervention band to any lower band were 
considered to have improved. 

2) Carrier Worsened – carriers who moved from one intervention band to any higher band were 
considered to worsen 

3) Remained in band – carriers who remained in the same band one year after the intervention 
4) No further data – carriers who have no further performance analysis data in the system, either 

due to suspension, cancellation or CVOR expiry. 

The results of the analysis for carrier improvement are presented in Chart 1. The data suggests that an 
interview has the strongest ability to incent carriers to improve their performance while a warning letter 
has the least ability to incent improvement.  

Direct comparison of interventions is difficult based on the types of carriers in each band.  For example, 
the sanction intervention band will have a high proportion of carriers with very poor safety performance 
compared to the warning band.  This difference makes improper to directly compare interventions (for 
example, saying that interview is “better” than sanction). 
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Chart 1 – Percentage of carriers improving after intervention 

 

Discussions with key stakeholders indicated that carriers who remain in the same intervention level for a 
prolonged period of time are of concern to both internal and external stakeholders.  This study considered 
these carriers to be “complacent” with respect to road-safety. Complacent carriers are those who remain 
in the same intervention band, one year after an intervention is given. Chart 2 below depicts the 
proportion of complacency observed in each intervention band. 

Chart 2 – Percentage of carriers remaining in band after intervention 

 

The chart above suggests that the facility audit and warning letter stages of the intervention model have 
the greatest proportion of complacent carriers.  One note of caution when examining these results is that 
facility audits may result in convictions for a carrier, thereby increasing their violation rate after the 
intervention.  In these cases, it is possible that a carrier has improved their on-road performance after the 
audit, but appears complacent due to the additional points they were assigned during the audit. 
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Survival Analysis 

Survival analysis was conducted to examine the proportion of carriers who respond favorably to an 
intervention.  Here the evaluation defined a favorable response to an intervention as not observing an 
increase in the carriers’ violation rate following an intervention.  Survival analysis is used to examine the 
amount of time (in days) it takes to observe an increase in violation rate for individual carriers following an 
intervention.  This evaluation examined carriers who had been assigned an intervention between July 1, 
2009 and September 30, 2011. The end date of the study is September 30, 2012 and as such, all carriers 
had at least 365 days to be considered in the study. These carriers were then evaluated to capture when 
their violation rate exceeded the violation rate that had been in effect on the date of their intervention. 
Survival analysis models the number of days it takes for the carriers’ violation rate to worsen. The 
evaluation also included a sample of carriers who did not receive an intervention in the study period to 
examine the observed time it takes for their violation rates to increase for comparative purposes.  The 
start date for the no-intervention group was chosen as January 1, 2009 to allow for a long study period.  

Table 17 below captures the summary results of the test.  Warning letters in this study appear to be a 
relatively strong deterrent for carriers, as 66% of carriers who receive warning letters do not encounter 
higher violation rates during the study.  Similarly, carriers who receive a sanction tend to not worsen 
during the study period although this statistic may be influenced by carriers having their licenses 
suspended. Audit and interview intervention levels have similar effectiveness at 55% and 56% 
respectively.  

It is important to note that the study is not a fully experimental design i.e. the populations subjected to 
each type of intervention are not consistent.  As such, the analysis below is not comparing like-with-like in 
terms of how each population of carriers responds to a given intervention. 

Table 17 – Survival analysis results 

Intervention Type Total Violation rate 
increased 

No increase following 
intervention 

Percent Effective 

Audit 1,297 577 720 55.51 

Interview 110 48 62 56.36 

No Intervention 64,058 24,586 39,472 61.62 

Sanction 336 82 254 75.60 

Warning 4,839 1,612 3,227 66.69 

 Totals 70,640 26,905 43,735 61.91 

Observations 

Based on Deloitte’s review of the intervention effectiveness of the Program, the following opportunities for 
improvement were identified.  

11. Repeating interventions 

A carrier who has received an intervention under the CVOR program is not required or provided an 
incentive to improve its overall score. For example, the result of a failed audit might be that the carrier 
remains in an intervention band, but no timetables are established for the carrier to improve their score or 
possible escalation to another intervention if identified safety issues are not addressed. This presents a 
moral hazard, as the carrier could stay within an intervention band for an indefinite length of time without 
further review or intervention from the Ministry. This concern is particularly important for carriers who have 
received a conditional rating, as other interventions have already not been successful in reducing the 
carrier’s overall score.  

Based on the review of CVOR data of carriers with Program interventions between October 1, 2008 and 
September 30, 2012, with the exception of interview, roughly 10% of all interventions were repeated at 
least once in a 4 year period. This supports findings from the external and internal stakeholder analysis, 
where some respondents stated that carriers could operate at certain threshold levels indefinitely without 
incurring a more significant intervention.  
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Table 18 - Interventions profile over 4 years 

Intervention Type Carriers Involved Number receiving 2+ of intervention 

Warning 7,970 698 

Audit(1) 2,143 237 

Interview 177 1 

Sanction 612 62 
1Enforcement-related audits only 

Implication 

A carrier who does not improve under the CVOR program may not have addressed identified safety 
issues, which could result in a future collision.  Repeating interventions that have proven ineffective at 
influencing a change in carrier behavior is not an effective use of Ministry enforcement resources. 

Recommendation 

Carriers that remain complacent about poor ratings after intervention should not be allowed to operate at 
that level indefinitely; penalties should exist for not improving one’s rating.  The Ministry might consider 
further intervention for carriers that after a period of 2 years remain within the same intervention violation 
band without marked improvement.  Specifically, the effectiveness of the interventions observed suggests 
that an interview would be an effective tool to prompt a complacent carrier to improve.  The Ministry could 
consider modifying the Program to allow for an Interview of a carrier who is failing to leave the Facility 
Audit band.  Similar modifications could be considered for increasing the intervention for complacent 
carriers in other intervention bands.  

In the event of failed audits, consideration could be given to only allowing one opportunity for a carrier to 
demonstrate that action has been taken as a result of the intervention and that the carrier is improving.  

Table 19 – Program enhancement: Repeating interventions 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Increasing the severity of interventions for carriers who have 
not responded to less severe treatments will result in improved 
safety performance. 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

Stakeholders feel that it is unfair for carriers to be able to 
operate at a level other than “Excellent” indefinitely.  Forcing 
carriers to improve should be considered an enhancement to 
fairness by many stakeholders. 

Program changes can be implemented with little 
or no change in legislation  

Regulatory changes may be required. 

Program changes can be implemented within 
the current technological environment  

 

Minimal technological change will be required for this 
enhancement.  Some minor code changes could be made to 
adjust the recommended action triggered for a persistently 
poor performing carrier. 

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

Eliminating repeated interventions that are ineffective and 
replacing them with higher level interventions should increase 
resource efficiency. 

Legend 
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Alignment None Limited Significant Full 
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4.6 Model effectiveness 

Deloitte performed stakeholder consultations, a detailed documentation review and data analysis to draw 
conclusions on the effectiveness of the current model and make recommendations for further 
enhancement. Stakeholder consultation themes and discussion points are captured in Appendix A.  
Detailed analytical procedures are outlined in Appendix B. 

Section 4.4 - Impact of changes to the model discusses the outcome of separate regression models, one 
run using kilometric travel as the key exposure variable, the other using fleet size. The conclusion drawn 
from that analysis suggests that while both models are reasonable, the model using kilometric travel is a 
better predictor of risk.  In this section, the kilometric travel model is further refined to compare the current 
CVOR model with an alternative model. 

The kilometric travel model evaluates the impact of a number of potential crash predictor variables on 
whether or not a carrier had a collision between October 1, 2011 and September 30, 2012.  Variables that 
are not statistically significant (i.e. relatively weak predictors) were removed from the model to create a 
model including only significant variables (i.e. relatively strong predictors). 

The final model is presented in the Table 20: 

Table 20 – Final model analysis 

Variable Level Compared to % Increase in Collision Odds Ratio 

Conviction Count  11% 1.112 

Municipality Flag Y N 181% 2.814 

Prior Impropriety Collisions Y N 59% 1.593 

Passenger Carrier Y N 69% 1.687 

Annualized Km  Band 1 0 -35% 0.652 

Annualized Km  Band 2 0 81% 1.81 

Annualized Km  Band 3 0 306% 4.061 

Annualized Km  Band 4 0 653% 7.533 

Annualized Km  Band 5 0 1339% 14.387 

Annualized Km  Band 6 0 4151% 42.509 

Annualized Km  Band 7 0 15853% 159.526 

Annualized Km  Band 8 0 17901% 180.007 

 
The table above shows the percentage effect that certain variables have on the risk of having a collision. 
These variables are those that are statistically strong indicators of crash risk. 

Examining the results of the table above, there are several key points to note: 

 While both increase collision risk, prior collisions with impropriety are a much stronger predictor of 
future collision incidence compared to prior convictions.  One collision with impropriety increases 
collision risk by 59%, while one conviction increases collision risk by 11%. 

 Kilometric travel bands currently in use demonstrate a strong increasing relationship between 
increased travel and collision incidence. All kilometric travel bands with the exception of band 1 
are significant and all present an increase in collision risk when compared to band 0.  

 Municipalities are at an increased collision risk of 181% compared to non-municipalities. 
 Carriers who have indicated that they carry passengers are 69% more likely to be involved in 

collisions compared to those who do not carry passengers. 
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Observations 

Based on Deloitte’s review of the intervention model, the following opportunities for improvement were 
identified.  

12. Intervention model weightings  

The statistical analysis performed demonstrates that previous collisions are a much stronger predictor of 
future collisions than convictions.  A carrier with one previous impropriety collision is about five times 
more likely to be in a future collision than a carrier with a single conviction.  The current intervention 
model weighs collisions, convictions, and out-of-service defects at 40%, 40%, and 20%, respectively. This 
suggests that collisions and convictions are considered to be equal predictors of future collisions. 

Implication 

Treating collisions and convictions as equal predictors of future collisions may over-emphasize the 
connection between convictions and future collisions, and under-emphasize the connection between past 
collisions and future collisions.  Any carrier that has a large number of collisions without convictions may 
not face the requisite level of intervention to help prevent future collisions. 

Recommendation  

The Ministry may consider weighting the collision component of the violation rate calculation higher than 
the conviction component when predicting collision outcomes of carriers in the CVOR program.  

Table 21 – Program enhancement: Intervention model weighting  

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Increasing the weighting of collisions in the model will enhance 
the predictive power of the model and allow for more timely 
intervention with carriers at a high risk of a future collision. 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

As the model is predictive in nature, adjustments to improve 
the predictive power are fair as they allow the Ministry to target 
those at greater risk of a collision.   

Carriers with high collision rates will feel that the change is 
unfair. 

Program changes can be implemented with little 
or no change in legislation  

Regulatory changes may be required. 

Program changes can be implemented within 
the current technological environment   

Minimal technological change will be required for this 
enhancement.  

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment  

Enhancements to the models predictive power will result in the 
Ministry targeting carriers at a higher risk of collision and 
therefore will improve the efficiency and effectiveness of 
enforcement. 

Legend 
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13. Alignment of interventions with audit triggers 

Interventions are not always aligned with the cause of a carrier’s violation rate as key performance 
indicators used to grade a carrier during an audit do not always address the audit trigger. For example, a 
speeding conviction may trigger a Tier 1 audit, though a Tier 1 audit does not encompass speeding. As a 
result, a carrier may repeatedly pass an audit without addressing the safety performance issue that 
triggered the audit. 

Implication 

In instances where the audit prescribed is not aligned with the behaviour that caused the need for the 
audit, the carrier will have little incentive to change its behaviour.  Furthermore, multiple successful audits 
may form the basis for a successful appeal against future interventions, specifically those in the sanction 
stage, for having a high violation rate; the carrier can point to the successful audit as proof that the carrier 
should not have its CVOR suspended or revoked. 

Recommendation 

The Ministry could consider aligning the audit with the cause of the audit, when identifiable.  This may 
include providing the opportunity for the Ministry to expand the scope of planned interventions to include 
the root cause of the audit trigger.  A greater application of Tier 3 audits, for example, could ensure that 
the major causes for the audits are also the objectives considered in the audit. 

Table 22 – Program enhancement: Alignment of facility audit with audit trigger 

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads  

Improving the alignment between the facility audit and the 
cause of the audit will strengthen the deterrent effect of the 
audit and thereby improve the safety performance of carriers 
receiving an audit. 

Enhancements promote fairness across types 
classes of CVOR registrants  

Aligning the audit with the problem(s) that triggered the audit 
has minimal impact on the fairness of the program. 

Program changes can be implemented with little 
or no change in legislation  

Regulatory changes will not be required. 

Program changes can be implemented within 
the current technological environment   

The program changes do not require technological changes.  

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment 

 

The ability of enforcement activities to provide positive 
reinforcement to prompt a carrier to improve is dependent on 
the direct linkage between the carrier’s action and response 
from the Ministry.  Without this alignment, enforcement 
activities cannot be optimized. 

Legend 
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Alignment None Limited Significant Full 
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14. “Reportable collisions” threshold 

The threshold for mandatory reporting of collisions under the CVOR program was set at $1,000 to avoid 
minor incidents affecting a carrier’s rating.  Over time, inflation has rendered $1,000 too low a threshold to 
eliminate such minor collisions from being reported.   

Implication  

The low dollar value threshold for reportable collisions may cause superficial/minor collisions to be 
included in a carrier’s rating, which was not the original intent of the Program. This can be especially 
detrimental to carriers with a policy of reporting every collision to limit liability. 

Recommendation 

The Ministry could consider increasing the threshold for reportable collisions to better reflect the intention 
underlying the threshold. 

Table 23 – Program enhancement: Reportable collision threshold  

Program enhancement ranking Alignment Explanation 

The program adjustments supports the goal of 
enhancing the safety performance of commercial 
vehicles on Ontario roads 

 

Removing “superficial” collisions from the CVOR Program will 
allow the Ministry to focus the model and interventions on 
carriers at risk of more serious collisions. 

Enhancements promote fairness across types 
classes of CVOR registrants 

 

Carriers will likely consider this change to increase fairness 
and reduce the burden faced by carriers who, as a matter of 
policy, report every collision. 

Program changes can be implemented with little 
or no change in legislation  

Regulatory changes will be required. 

Program changes can be implemented within 
the current technological environment   

The Program changes may require technological changes.  

Enhancements support the efficiency of CVOR 
business processes and optimize resource 
deployment  

The Program changes will result in analytical and enforcement 
resources being spent on areas of highest crash risk while 
minimizing time spent with carriers involved in lower severity 
collisions. 

Legend 
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4.7 Simulation 

Deloitte ran a simulation of the model changes proposed above to examine the potential impact on both 
safety and changes to the number of interventions expected to be issued as a result of the changes. 
Simulation results are intended to be illustrative of the possible outcomes, based on historical data, which 
could be observed if the Ministry chooses to implement the changes discussed. 

Deloitte examined 28,420 collisions during our study and captured the carrier’s violation rate on the date 
of collision.  These violation rates were then grouped into intervention bands to understand what level of 
the CVOR program each carrier is in when they are involved in a collision. Note, the intervention bands in 
the simulation assume the intervention is applied. The intervention bands below are based on overall 
violation rate. The model was then adjusted based on the study recommendations and the intervention 
level a carrier would have been treated with prior to the occurrence of their collision was examined.  
Specifically, the model weighting to 3:1:1 (60%/20%/20%) for collisions, convictions and out-of-service 
defects was adjusted. In addition, the collision threshold for all carriers was reduced by 50%.  The 
lowering of the collision threshold is required as overall collision violation rates are significantly lower than 
the violation rates prevailing for convictions and out-of-service defects. With lower collision violation rates, 
an increase in collision weighting (and reduction in conviction weighting) result in lower overall violation 
rates for all carriers, including those who are at high risk of collision.     
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Table 24 – Intervention level at time of collision 

Model No 
Intervention 

Warning 
Letter 

Facility 
Audit Interview Sanction Total 

Interventions 

Current Program 19,341 4,992 2,374 268 1,445 9,079 

Proposed Changes 15,108 4,169 5,009 1,162 2,972 13,312 

The table above outlines the number of collisions occurring at violation rates associated with specific intervention bands.  The table does not suggest 
that the Ministry conduct the number of interventions presented above. 

From the table above, it can be observed that under the current Program 9,079 collisions involved a 
carrier had an intervention level of warning letter or higher.  The simulation resulted in 13,312 collisions 
where the carrier would have already received an intervention.  This represents a 47% increase in the 
number of collisions that could have been prevented with the application of the intervention. Additionally, 
more severe interventions would be applied to those carriers at a high risk of collision.  Based on the 
effectiveness of the more severe interventions, a number of these collisions could have potentially been 
prevented by applying the proposed model changes.  

Deloitte also examined the effect of the proposed changes on 62,244 carriers’ in the study who had 
adequate performance data to simulate the impact of the changes.  Specifically, the analysis simulated 
which intervention band each of the carriers in the study would fall into using the most recent performance 
data captured in the MTO performance analysis table.  Table 25 below presents the expected changes to 
the overall intervention distribution for all carriers in the study if the Ministry were to adjust the program as 
recommended in this report.  

Table 25 – Intervention distribution current program vs. proposed program 

Model No Intervention Warning 
Letter 

Facility 
Audit 

Interview Sanction Intervention
Total 

Current Program 59500 1566 946 109 123 2,744 

Proposed Changes 58724 1674 1413 198 235 3,520 

When comparing the two models in the simulation, the preferred model is the model with greater 
predictive power.  Here the model with the greatest predictive power is the model that results in the 
greater proportion of collisions occurring to carriers who are in an intervention stage of the CVOR 
program.   

Table 25 indicates that the increase in carriers receiving an intervention, if these changes were 
implemented, would be 776 or approximately 28%. This increase compares favorably to the 47% increase 
in the proportion of collisions in the study that would be incurred by carriers within the intervention bands 
of the CVOR program.  The larger increase in collisions with prior interventions compared to the increase 
in overall interventions suggests that overall the proposed model would better predict collision incidence 
and responds to collision risk with appropriate interventions. 

 



© Deloitte LLP and affiliated entities.  MTO CVOR Effectiveness Study 33 

Appendix A –  
Stakeholder consultation 

The results of the internal and external stakeholder consultations are captured below. Deloitte interviewed 
9 internal and 14 external stakeholders between February 12, 2013 and March 1, 2013. The information 
below was captured from meeting notes and does not represent the opinion of Deloitte. 

Stakeholders consulted 

The following internal stakeholders were consulted as part of this study: 

Internal Stakeholder Name  Position 

Brian Swan Manager - Carrier Sanctions & Investigations Office 

Derek Wilbee Project Analyst 

Alex  Bugeya Facility Audit Administrator 

JoAnn Walters Senior Facility Audit Administrator 

Jim Kirchner Carrier Safety Rating Administrator 

Lisa Venier CVOR Analyst 

Steve Ferlatte Program Standards Manager 

Steven Miller Information Control Clerk 

Amy Palmer Sr. Enforcement Policy Advisor 

 
The following external stakeholders participated in the stakeholder consultation process and met with 
Deloitte to submit their input on the CVOR program and the study:  

Session # Name Organization 

1 Dave Carroll Ontario Motor Coach Association / Ontario School Bus Association 

Doug Switzer Ontario Motor Coach Association  

2 Sarah Gingrick City of Toronto 

Peter Hargreave Ontario Waste Management Association 

Patrick McManus Ontario Roadbuilders’ Association  

Jerry Rade AMO/City of Kitchener/Municipal Equipment Operators Association (Ontario) Inc. 

Kevin Rankin Municipality of Chatham-Kent 

Francis Veilleux Bluewater Recycling Association  

David Turnbull Canadian Courier & Logistics Association 

3 Bruce Richards Private Motor Truck Council of Canada (PMTC) 

4 David Bradley Ontario Trucking Association 

Geoffrey Wood Ontario Trucking Association 

5 John Hull Ready Mixed Concrete Association of Ontario 

5 Marco Adamo Holcim (Canada) Inc. 
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Internal stakeholder consultations 

The information presented in this section was collected through interviews with CVOR Internal 
Stakeholders selected by the Ministry.  The notes have been organized by theme. 

Renewals 

There was general support for the renewal program.  Opportunities to collect additional information and 
share information with ServiceOntario to improve the efficiency of related processes were discussed. 

Intervention effectiveness 

Concerns related to the effectiveness of the intervention model included the following: 

 A carrier can stay indefinitely in the audit threshold band, which can result in a recommended 
action and potentially an audit every 6 months.   Further, audits may result in charges but may not 
escalate the carrier to the next intervention level. 

 The deployment of Ministry resources to continuously apply interventions that have already 
proven ineffective with a carrier is inefficient. 

 The audit intervention and audit activities are not always aligned with behaviour that the Ministry 
is attempting to discourage with the carrier under review.  For example, a speeding trigger could 
trigger a Tier 1 audit, even though a Tier 1 audit does not encompass speeding.   

 The audit process relies heavily on the subjective input of the Analyst. 
 Auditors are often sent to audit companies whose given address is not the physical location of the 

carrier. 

Intervention timeliness 

The progressive nature of the CVOR program, where intervention levels are spaced by a period of 6 
months, may result in carriers with very high violation rates only receiving a warning letter and being 
allowed to continue operation while the initial remediation period elapses. 

Conviction timing 

Carriers may be able to manipulate their violation rates by prolonging legal proceedings for charges.  If 
successful, the carrier may be able to avoid having charges reflected in their violation rate where the 
offense date and conviction date are greater than 25 months apart. 

External stakeholder consultations 

The information presented in this section was collected through interviews with CVOR External 
Stakeholders selected by the Ministry. The notes have been organized by theme. 

Renewals 

There was general support for the renewal program. Some suggested lowering the eligibility requirement 
to be allowed to renew biannually. 

Program education and information 

External stakeholders offered opportunities to improve the education provided by the Ministry ranging 
from programs to provide more comprehensive driver training and collision prevention programs, to 
ensuring mandatory training for individuals with CVOR oversight roles.   

External stakeholders had some concern that all information collected by the Ministry is not provided to 
them to manage their drivers. For example, there was a desire to be provided with the full police report for 
drivers.  As a result, carriers may not receive all relevant information that they may wish to examine to 
understand collision circumstances to determine if they need to dispute any information on the report.   
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Also, access to the CVOR system was considered labour-intensive and inconvenient by some external 
stakeholders. 

Ministry resource limitations 

External stakeholders provided the following observations and concerns related to Ministry resource 
limitations: 

 Some external stakeholders believe that the Ministry will target larger companies over smaller 
ones because of the lack of resources to pursue the smallest 5% of carriers, some of whom may 
not have a fixed address (and therefore more labour intensive). 

 External stakeholders wishing to perform a voluntary audit in order to receive an “excellent” rating 
expressed that there were not sufficient resources for such a voluntary audit.   

Intervention model 

In general external stakeholders were satisfied with the 40/40/20 weighing of collisions, convictions, and 
inspections. 

External stakeholders provided the following observations and concerns related to the Intervention Model: 

 In some cases collisions and convictions stem from the same incident and therefore a single 
incident could be counted twice. 

 Some concern was also expressed about the weighing of some incidents within the model.  For 
example, a carrier may receive 5 points for an unsafe move from a parking position, which is the 
same charge for driving under the influence of alcohol.  

Audits 

External stakeholders offered some opportunity for improvements related to the CVOR audits, 
specifically: 

 Consider mandatory audits for all companies on a period basis 
 A carrier’s rating should be negatively affected, including harsher interventions, if the carrier does 

not improve itself over a defined period of time.  It had been observed that some carriers are able 
to maintain “conditional” ratings indefinitely. 

Carrier ratings 

External stakeholders were of the general opinion that carriers receiving a “conditional” rating should not 
be allowed to operate at that level indefinitely.  However, there was also a concern that a 6-month interval 
is not always enough time to implement recommendations to improve a carrier’s rating.   

Roadside inspections 

External stakeholders offered some opportunity for improvements related to roadside inspections, 
specifically: 

 Formally capture the roadside inspection information from the triage station.  Specifically, the only 
information captured is related to those vehicles actually selected for inspection (e.g. more likely 
to have an issue), but does not include vehicles that were triaged, but not inspected (e.g. those 
less likely to have an issue). 

 Some external stakeholders worried that there was not enough inspections of out-of-province 
carriers.  This is particularly concerning because of the number of border towns in the US that 
operate in Canada. 

Reporting collisions 

External stakeholders provided the following observations and concerns related to the reporting of 
collisions in the intervention model, specifically: 
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 There was some concern that municipal fleets are treated more favourably by police issuing 
tickets for collisions.  

 External stakeholders attributed many collisions to weather, such as snow and ice. Of particular 
concern is the fact that winters have been mild in the past three years, and that violation rates 
may rise dramatically during the next severe winter.  

 A small number of collisions could have a very negative impact on low kilometric travel operators.  
For example, for a long haul carrier with 50 trucks in its fleet, 1 accident will put the carrier at 
13%; for a similar sized short-haul carrier, 1 accident would put the carrier at 92%.   

 Carriers indicated that they have been forced to terminate experienced operators/drivers due to 
even a small number of collisions, due to the large effect these collisions have on their violation 
rate, and replace them with younger, less experienced operators who may be more likely to be 
involved in future collisions.  

 External stakeholders reported that in some cases, carriers engaged in collisions agree to settle 
the matter without reporting the collision.  As a result, there may be under-reporting of collisions 
by some carriers. 

External stakeholders offered some opportunity for improvements related to the reporting of collisions in 
the intervention model, specifically: 

 Some felt that the current threshold of $1,000 is too low for reporting collisions, while using the 
United States threshold for deeming a vehicle “un-driveable” might be too high.  Disclosing 
insurance information that supports the cost of a collision may be beneficial to providing an 
aggregate of information for the Ministry to determine where the appropriate threshold should be. 

 Concern was expressed about collisions deemed to have impropriety without a conviction.  The 
process to appeal the impropriety conclusion is complicated.  Properly documenting impropriety 
as opposed to documenting a no-fault conviction should be made clearer, or else points should 
only be assigned to a driver where a collision includes a conviction. 
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Appendix B – 
Analytical table presentation 

Preliminary statistical procedures 

Initial data exploration activities were conducted to understand the current population of CVOR registrants 
and the observed safety performance of the population. For the purpose of this analysis, the period under 
examination is October 1, 2010 through September 30, 2012. This will be referred to as the current 
period. 

The sampling process begins by reducing the carriers examined down to those who were active in the 
system as of September 30, 2012. The extract indicates that there were 71,512 carriers who were active 
on September 30, 2012.  The extract does not require that they be active for the entire study only that 
they were active on September 30, 2012. During the current period there were 35,587 collisions in 
Ontario recorded in the CVOR accident database, of which 32,365 involved carriers who have been 
selected to be included in this study.  

MTO collects data on out-of-province collisions involving CVOR registered carriers for consideration and 
treatment in the CVOR program. In the study period, only 371 out-of-province collisions were captured 
with sufficient detail to be included in the analysis. We determined that the small sample of out-of-
province collisions didn’t warrant the data manipulation required to merge out-of-province collisions with 
the Ontario accident database.  As such, these collisions are excluded from the analysis. 

CVOR registrant summary statistics 

Summary statistics for the population of CVOR registrants were run to inform future analytical procedures 
and validate data integrity.  

Accident class 

The table below summarizes the observed distribution of collisions during the study period. The table 
indicates that 83% of collisions during this time period were property damage only collisions, 16% of 
collisions caused injury and less than 1% were fatal. 

Accident Class Frequency Percent of Total Frequency 

Property Damage Only 26,893 83.1 

Injury 5,258 16.2 

Fatal 190 0.6 

Missing 24 0.1 

Apparent Driver Action 

The table below describes the action taken by the driver leading up to the collision as determined by the 
officer responding to the collision. In the majority (51%) of collisions involving a CVOR registrant during 
the period, the driver was deemed to have been driving properly and thereby was not at fault. The other 
descriptions in the table below indicate that an impropriety was assigned to the driver, indicating that they 
were at least partially at-fault in the collision.  
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Apparent Driver Action Frequency Percent of Total Frequency 

Driving properly 16,608 51.3 

Other 4,455 13.8 

Improper turn 2,087 6.4 

Following too close 1,930 6.0 

Improper lane change 1,621 5.0 

Fail to yield 1,498 4.6 

Unknown 1,164 3.6 

Lost control 1,098 3.4 

Speed too fast for cond. 941 2.9 

Improper passing 507 1.6 

Disobey traffic control 346 1.1 

Exceeding Speed Limit 48 0.1 

Wrong way on one way 35 0.1 

Speed too slow 25 0.1 

***Missing*** 2 0.0 

 
The table below indicates that charges are laid in 16% of collisions.  

Charges Laid Frequency Percent of Total Frequency 

No 26,979 83.6 

Yes 5,297 16.4 

Type of commodity / passenger 

The primary commodity of each CVOR collision is captured below. Commodity will be examined in further 
detail during regression testing. 

Commodity / passenger type Frequency Percent of Total Frequency 

General Freight (GF) 10,489 32.5 

Passengers - Municipal Transit (PT) 4,548 14.1 

Aggregate (AG) 3,715 11.5 

Passengers – School Buses (PS) 2,232 6.9 

Waste (WA) 1,632 5.1 

Perishable (PE) 1,517 4.7 

Auto Parts (AP) 1,136 3.5 

None – Other Activities (NO) 956 3.0 

Bulk Liquids (BL) 874 2.7 

Dry Bulk (BD) 870 2.7 

Heavy Equipment (HE) 848 2.6 

Excavation (EX) 842 2.6 

Passengers – Other (PO) 666 2.1 

Steel / Iron (SI) 658 2.0 

Household Goods (HG) 488 1.5 

Dressed Lumber (DL) 288 0.9 
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Commodity / passenger type Frequency Percent of Total Frequency 

Raw Forest Products (RF) 254 0.8 

Livestock (LV) 141 0.4 

***Missing*** 72 0.2 

LL 26 0.1 

PA 24 0.1 

Condition of the driver 

The table below summarizes the condition of the driver as reported in each collision’s Motor Vehicle 
Accident (MVA) report. Most commonly, drivers are reported to be in “normal” condition. In 13% of 
collision, drivers are reported to be inattentive. Due to the very small observed frequencies in the other 
driver condition categories this variable is not an appropriate candidate to be explored in detail in the 
analysis. 

Driving condition Frequency Percent of Total Frequency 

Normal 24,982 77.4 

Inattentive 4,218 13.1 

Unknown 1,716 5.3 

Other 1,122 3.5 

Fatigue 130 0.4 

Disability 40 0.1 

Has been drinking 32 0.1 

Alcohol > 0.08 12 0.04 

Alcohol Impaired 12 0.04 

Ability impaired drugs 10 0.03 

***Missing*** 2 0.00 

Carrier events by event type 

The following event counts were observed for the carriers in the study. Carriers within the study were 
involved in 32,365 collisions, 77,501 convictions and 168,844 inspections.  These events differ from those 
reported in collision, conviction and inspection data reported elsewhere in the report as here they are only 
considered for events incurred by the carriers within the study rather than all carriers. The table below 
also summarizes how many CVOR carriers were involved in the totals for each of these categories. It is 
apparent that most events involve a relatively small group of carriers in the study. 

Event type Frequency Carriers Involved 

Collision/Collision 32,365 9,927 

Conviction 77,501 23,259 

Inspection 168,844 30,332 

  



© Deloitte LLP and affiliated entities.  MTO CVOR Effectiveness Study 40 

Convictions 

The convictions observed most commonly are listed below. The subsequent tables list the convictions 
most commonly observed with collisions and without collisions. 

Offence code Frequency Percent of Total Frequency 

HTA 128 (Speeding) 11,306 14.6 

HTA 85 1 (Evidence of Inspection) 3,914 5.1 

HTA 107 7 (Inspection Schedule and Reports) 3,428 4.4 

HTA 16 2 (No valid CVOR) 3,344 4.3 

HTA 121 1 (Overweight) 2,517 3.3 

HTA 106 2 (Failure/improper use seat belt assembly-driver) 2,492 3.2 

HTA 78.1 1 (TV in motor vehicle – improper position) 2,259 2.9 

HTA 182 2 (Disobey legal sign) 1,726 2.2 

HTA 68.1 1 (No working speedometer in bus) 1,644 2.1 

HTA 107 11 (Drive a commercial vehicle with a major defect) 1,561 2.0 

508 3 1 (Fail to have insurance card) 1,556 2.0 

HTA 107 3 (Fail to ensure performance standards met) 1,518 2.0 

HTA 111 2 (Insecure load) 1,485 1.9 

HTA 7 1 A (Drive motor/veh, no currently validated permit) 1,417 1.8 

HTA 107 6 (Driver fail to report standards not met) 1,365 1.8 

HTA 116 1 C (Overweight – Dual Axel) 1,348 1.7 

HTA 16 4 (Fail to surrender documents) 1,313 1.7 

HTA 190 3 (Fail to maintain/carry a logbook) 998 1.3 

HTA 142 1 (Unsafe move) 980 1.3 

HTA 107 5 (Drive cmv/tow trailer without prescribed inspection) 964 1.2 

HTA 190 6 (Permit operation of CMV not in accord with regs) 942 1.2 

53055527 1 (Inaccurate or false information in a daily log) 941 1.2 

HTA 107 8 A (Fail to make/enter defect in daily inspection 
report) 

899 1.2 

HTA 103 1 (No name on commercial vehicle) 860 1.1 

HTA 170 12 (Improper parking – veh. Interfering with traffic) 821 1.1 

HTA 107 4 A (Fail to supply driver with inspection schedule) 802 1.0 

HTA 32 1 (No drivers’ license or improper class of license)  795 1.0 

HTA 16 3 A (Fail to carry CVOR certificate) 767 1.0 

HTA 33 1 (Fail to produce drivers’ license)  735 1.0 

HTA 106 1 (Removed/modified/inoperative seatbelt) 585 0.8 

***All other values*** 22,090 28.6 
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Convictions for carriers with collisions 

Offence code Frequency Percent of Total Frequency 

HTA 128 (Speeding) 6,581 15.8 

HTA 106 2 (Seat belts) 1,524 3.7 

HTA 85 1 (Evidence of inspection) 1,466 3.5 

HTA 78.1 1 (TV in motor vehicle – improper position) 1,330 3.2 

HTA 107 7 (Inspection Schedule and Reports) 1,299 3.1 

HTA 182 2 (Disobey legal sign) 1,164 2.8 

HTA 121 1 (Overweight) 1,138 2.7 

HTA 142 1 (Unsafe move) 916 2.2 

HTA 116 1 C (Overweight – Dual Axel) 898 2.2 

HTA 107 11 (Drive a commercial vehicle with a major defect) 892 2.1 

HTA 16 2 (No valid CVOR) 866 2.1 

HTA 107 3 (Fail to ensure performance standards met) 856 2.1 

HTA 111 2 (Insecure load) 777 1.9 

508 3 1 (Fail to have insurance card) 684 1.6 

HTA 170 12 (Improper parking – veh. Interfering with traffic) 681 1.6 

HTA 68.1 1 (No working speedometer in bus) 642 1.5 

HTA 190 3 (Fail to maintain/carry a logbook) 636 1.5 

HTA 16 4 (Fail to surrender documents) 602 1.4 

HTA 107 6 (Driver fail to report standards not met) 588 1.4 

53055527 1 (Inaccurate or false information in a daily log) 581 1.4 

HTA 190 6 (Permit operation of CMV not in accord with regs) 531 1.3 

HTA 7 1 A (Drive motor/veh, no currently validated permit) 501 1.2 

HTA 107 8 A (Fail to make/enter defect in daily inspection 
report) 494 1.2 

HTA 107 5 (Drive cmv/tow trailer without prescribed inspection) 470 1.1 

HTA 154 1 A (Improper drive on divided hwy-lane changed) 446 1.1 

HTA 106 1 (Removed/modified/inoperative seatbelt) 406 1.0 

HTA 144 10 (Fail to obey lane lights) 358 0.9 

HTA 32 1 (No drivers’ license or improper class of license) 354 0.9 

HTA 142 2 (Unsafe move from parked) 351 0.8 

HTA 33 1 (Fail to produce drivers’ license) 338 0.8 

***All other values*** 13,214 31.8 
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Convictions for carriers without collision 

Offence code Frequency Percent of Total Frequency 

HTA 128 (Speeding) 4,740 13.2 

HTA 16 2 (CVOR Certificate Required) 2,479 6.9 

HTA 85 1 (Evidence of Inspection) 2,453 6.8 

HTA 107 7 (Inspection Schedule and Reports) 2,130 5.9 

HTA 121 1 (Overweight) 1,379 3.8 

HTA 68.1 1 (No working speedometer in bus) 1,004 2.8 

HTA 106 2 (Seat belts) 969 2.7 

HTA 78.1 1 (TV in motor vehicle – improper position) 934 2.6 

HTA 7 1 A (Drive motor/veh, no currently validated permit) 919 2.6 

508 3 1 (Fail to have insurance card) 875 2.4 

HTA 107 6 (Driver fail to report standards not met) 777 2.2 

HTA 16 4 (Fail to surrender documents) 716 2.0 

HTA 111 2 (Insecure load) 712 2.0 

HTA 107 11 (Drive a commercial vehicle with a major defect) 672 1.9 

HTA 107 3 (Fail to ensure performance standards met) 664 1.8 

HTA 182 2 (Disobey legal sign) 565 1.6 

HTA 103 1 (No name on commercial vehicle) 564 1.6 

HTA 107 4 A (Fail to supply driver with inspection schedule) 517 1.4 

HTA 107 5 (Drive cmv/tow trailer without prescribed inspection) 470 1.4 

HTA 16 3 A (Fail to carry CVOR certificate) 470 1.3 

HTA 116 1 C (Overweight – Dual Axel) 451 1.3 

HTA 32 1 (No drivers’ license or improper class of license) 442 1.2 

HTA 190 6 (Permit operation of CMV not in accord with regs) 412 1.1 

HTA 107 8 A (Fail to make/enter defect in daily inspection report) 407 1.1 

HTA 33 1 (Fail to produce drivers’ license) 398 1.1 

53055527 1 (Inaccurate or false information in a daily log) 363 1.0 

HTA 190 3 (Fail to maintain/carry a logbook) 363 1.0 

HTA 32 10 (Permit unlicensed driver) 332 0.9 

HTA 70 3 A (Defective/improper tires) 283 0.8 

HTA 107 4 B (Fail to ensure inspections performed as 
prescribed) 255 0.7 

***All other values*** 8,177 22.8 

Inspections 

During our study period, the Ministry performed 197,644 inspections. Descriptive statistics for these 
inspections are listed below. 

Charge laid Frequency Percent of Total Frequency 

N 155,635 78.7 

Y 42,009 21.3 
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Vehicle impounded Frequency Percent of Total Frequency 

N 197,477 99.9 

Y 167 0.1 

 

Inspection Level Frequency Percent of Total Frequency 

2 118,142 59.8 

1 68,068 34.4 

5 5,234 2.6 

3 4,961 2.5 

4 1,239 0.6 

 

Variable No of 
Inspections NMiss Total Min Mean Median Max StdMean 

Total 
Defects 197,644 0 211,552 0 1.07037 1 23 .003468761 

 

Variable 
No of 

Inspections NMiss Total Min Mean Median Max StdMean 

Total Out 
of Service 
Defects 197,644 0 65,522 0 0.33152 0 18 .001665086 

Number of collisions by CVOR intervention level 

The table below shows the intervention levels at which each collision occurred. 80% of collisions occurred 
when a carrier was not at an intervention level.  

Intervention level at collision Frequency Percent of Total Frequency 

None 28,530 80.1 

Warning 6,451 18.1 

Audit 601 1.7 

Interview 26 0.1 

Sanction 5 0.01 

Associative statistical summary 

Associative statistics will be leveraged to validate the relationships between the elements of the model 
and collision occurrence. 
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Correlation analysis 

The tables below outline the relationship observed between collisions and convictions and collisions and 
out-of-service defects from inspection results. 

Simple Statistics 

Variable Carriers Mean Std Dev Sum Minimum Maximum 

Collision Count 2011 71,512 0.29 6.99 20,403 0 1,591 

Conviction Count 71,512 2.58 10.28 184,268 0 975 

Total Out of Service 
Defects 71,512 1.48 6.28 105,924 0 387 

Fleet Size 71,512 8.93 111.34 638,531 0 12,450 

Km Per Unit 71,512 41,166 61,373 2,943,834,484 0 3,648,508 

Study Kms 71,512 295,735 2,936,822 2.11486x1010 0 269,573,271 

Collision Count 2012 71,512 0.16727 3.97 11,962 0 876 

 
Correlation results are displayed below. We note that all of the variables included below are positively 
related to the number of collisions incurred in 2012.  Also, all of the variables have statistically significant 
correlations as indicated by the low p-values displayed in the table.  The collision count in 2011 is most 
strongly correlated with future collision incidence as it has a correlation coefficient near one.   

Pearson Correlation Coefficients, N = 71512 Prob > |r| under H0: Rho=0 

  Collision Count 2012 Correlation P-value 

Collision Count 2011 0.98856  <.0001 

Conviction Count 0.43656  <.0001 

Total OOS 0.19432  <.0001 

Fleet Size 0.26529  <.0001 

Km Per Unit 0.03478  <.0001 

Study Kms 0.66050  <.0001 

Model evaluation 

A key component of the evaluation was to determine the predictive power of the CVOR model. To 
evaluate the model, logistic regression was used to examine the extent to which the model can predict the 
incidence of collision. Logistic regression was the primary statistical tool used in collision modeling as it is 
capable of predicting the likelihood of membership to a group for a dichotomous variable; in this case, the 
likelihood a carrier is involved in a collision. 

Evaluation variables 

In regression testing the evaluation examined the ability of independent or predictor variables to predict 
an outcome of interest or dependant variable. The evaluation focuses on whether or not a carrier was 
involved in a collision between Oct 1, 2011 and September 30, 2012 against other variables that could 
potentially predict collision incidence. In this model the dependant variable is whether a carrier was in 
collision between Oct 1, 2011 and September 30, 2012, and a series of independent variables are input 
into the model to examine their relationship to collision incidence.  The question trying to be answered is 
“what is the effect on collision incidence given a change in a given independent variable?”  The evaluation 
examined two main types of independent variables, variables that demonstrate driver and carrier 
behavior, such as convictions, and variables that are outside of the control of the carrier but may be 
useful to understand the different risks faced by different carriers.  The latter variable type we will define 
as an exposure variable.   
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Logistic regression analysis 

The evaluation started by capturing all of the variables tracked by the Ministry that could be potential 
predictors of future collision incidence. An initial model was examined to inform the selection of an 
appropriate model.  This model is used to determine what variables captured by the Ministry may be 
suitable candidates for the prediction of collision risk and therefore are candidates for further analytical 
consideration.  The table below summarizes the variables run through the initial model and the impact 
each variable had on predicted collision incidence.  Based on a review of the information in the table 
below we note that many of the logical and expected results have occurred.  For instance, a carrier with a 
high collision count in the prior period (“Collision Count”) is a significant (positive) predictor of future 
collision incidence. 

# Variable Variable 
Type 

Values Description Significant Collision 
Probability 

Impact 

1 Collision 
Indicator 

Dependent Dichotomous 
1 – Yes 
2 – No 

Was the carrier in a collision in the 
after period 

Dependent 
(N/A) 

N/A 

2 Collision 
Count 

Independent Numeric A count of collisions in the prior 
period 

Yes Increasing 

3 Conviction 
Count 

Independent Numeric A count of the carriers’ convictions 
in the prior period 

Yes Increasing 

4 Annualized 
KM Travel 
Band 

Independent Categorical 
0-8 

Current grouping of carriers by 
annual kilometric travel 

Yes Increasing 

5 Fleet Size 
Grouping 

Independent Categorical 
0-8 

Previous fleet size grouping used in 
the prior CVOR program 

Yes Increasing 

6 Dangerous 
Goods 

Independent Dichotomous 
Y or N 

“Yes” if on renewal the carrier 
indicated they carry dangerous 
goods 

No N/A 

7 Lokm Independent Categorical 
0-4 

Computed variable to capture 
kilometers traveled per vehicle.  
Categories 1-4 are segmented by 
quartiles and median of the 
computed value 

Yes Increasing 

8 Passenger Independent Y or N Set to “Y” if a carrier indicates that 
they carry passengers 

Yes Increasing 

9 Commodity Independent Categorical The primary commodity indicated by 
the carrier on renewal 

Yes Unclear 

10 Fleet Size Independent Numeric The total number of trucks and 
buses declared on renewal 

No N/A 

11 Total Out of 
Service 

Independent Numeric Sum of the out-of-service defects 
received by the carrier in the 
previous period 

No N/A 

12 Safety Rating Independent Categorical The most recent safety rating 
observed in the carrier database as 
captured by the Ministry 

 

 

Yes Unclear 

13 Impropriety Independent Dichotomous 
(Y or N) 

A computed value capturing 
whether a carrier had an impropriety 
assigned to a collision 

Yes Increasing 

14 Fault Count Independent Numeric A computed variable capturing the 
number of collisions with 
impropriety the carrier had in the 
prior period. 

Yes Increasing 
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# Variable Variable 
Type 

Values Description Significant Collision 
Probability 

Impact 

15 Type of 
Operator 

Independent Categorical From renewal data where a carrier 
indicates whether they are private, 
for hire or other 

No N/A 

16 Kilometers per 
unit 

Independent Numeric A computed variable created by 
dividing kilometers traveled by the 
carrier during the study period by 
the number of vehicle operated by 
the carrier 

No N/A 

17 Municipality Independent Dichotomous A variable computed by extracting 
words in the registrants name that 
would indicate the carrier is a 
municipality 

Yes Increasing 

 
The detailed tables produced from the complete regression are presented in the table below. The results 
indicate both the direction and strength of the relationship(s) between the predictor variables from the 
table above and future collision incidence.  Collision counts and conviction counts are positive predictors 
of collision risk, though convictions appear to have a weaker relationship to future collisions than do 
previous collisions.  Total out-of-service defects in the prior period are negatively related to collision 
incidence, likely due to a decrease in exposure.  These findings are generally consistent with the previous 
study conducted by the MTO.   

The table below demonstrates the regression results of the first model run with all of the variables 
identified in the MTO database that could be predictors of collision risk.   

Analysis of Penalized Maximum Likelihood Estimates 

Parameter   DF Estimate Standard Error Wald Chi-Square Pr > ChiSq 

Intercept   1 -2.0049 0.4860 17.0207 <.0001 

Collision Count   1 0.4142 0.0317 170.4996 <.0001 

Conviction Count   1 0.0714 0.00846 71.2337 <.0001 

Total OOS   1 -0.00661 0.00290 5.1817 0.0228 

Fleet Size   1 0.000250 0.000230 1.1814 0.2771 

Municipality Flag  Y 1 0.4337 0.0750 33.4498 <.0001 

Safety Rating CO 1 0.5454 0.3707 2.1645 0.1412 

Safety Rating EX 1 0.2351 0.3884 0.3664 0.5450 

Safety Rating NA 1 -0.6458 1.2254 0.2777 0.5982 

Safety Rating SU 1 0.2987 0.3681 0.6588 0.4170 

Safety Rating UN 1 -0.9774 1.4103 0.4803 0.4883 

Type Operator O 1 -0.0150 0.1281 0.0137 0.9070 

Type Operator P 1 -0.0315 0.0670 0.2216 0.6378 

Fleet  Size 0 1 -0.4960 0.6142 0.6521 0.4194 

Fleet Size 2 1 -0.6051 0.2919 4.2963 0.0382 

Fleet Size 3 1 0.0493 0.2894 0.0291 0.8646 

Fleet Size 4 1 0.1854 0.2877 0.4155 0.5192 

Fleet Size 5 1 0.1940 0.3003 0.4176 0.5182 

Fleet Size 6 1 1.1682 0.3058 14.5882 0.0001 

Fleet Size 7 1 1.4209 0.4849 8.5867 0.0034 

Fleet Size 8 1 -0.5333 1.4848 0.1290 0.7195 
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Analysis of Penalized Maximum Likelihood Estimates 

Passenger Ind Y 1 0.1858 0.0868 4.5778 0.0324 

Annualized Km Band 1 1 -1.2659 0.3407 13.8018 0.0002 

Annualized Km Band 2 1 -0.4468 0.1266 12.4480 0.0004 

Annualized Km Band 3 1 -0.2755 0.1020 7.2862 0.0069 

Annualized Km Band 4 1 -0.0579 0.0947 0.3734 0.5412 

Annualized Km Band 5 1 0.2530 0.0914 7.6611 0.0056 

Annualized Km Band 6 1 0.7721 0.0932 68.6325 <.0001 

Annualized Km Band 7 1 1.3903 0.1329 109.4308 <.0001 

Annualized Km Band 8 1 1.4436 0.4273 11.4116 0.0007 

Km Per Unit   1 4.232E-8 2.76E-7 0.0235 0.8781 

Commodity AG 1 0.1092 0.0727 2.2543 0.1332 

Commodity AP 1 -0.0997 0.1210 0.6782 0.4102 

Commodity BD 1 0.0998 0.0943 1.1192 0.2901 

Commodity BL 1 -0.0882 0.1183 0.5561 0.4558 

Commodity DL 1 0.1261 0.1328 0.9022 0.3422 

Commodity EX 1 0.2182 0.0945 5.3245 0.0210 

Commodity HE 1 -0.0114 0.0988 0.0133 0.9081 

Commodity HG 1 0.1912 0.1129 2.8692 0.0903 

Commodity LL 1 0.3524 0.3292 1.1458 0.2844 

Commodity LV 1 -0.4304 0.1780 5.8443 0.0156 

Commodity NO 1 0.00934 0.1048 0.0079 0.9290 

Commodity PA 1 0.0206 0.5320 0.0015 0.9691 

Commodity PE 1 0.1588 0.0876 3.2884 0.0698 

Commodity PO 1 -0.4117 0.1939 4.5094 0.0337 

Commodity PS 1 0.000783 0.2040 0.0000 0.9969 

Commodity PT 1 -0.3642 0.5495 0.4393 0.5074 

Commodity RF 1 -0.0631 0.1288 0.2404 0.6239 

Commodity SI 1 -0.0972 0.1070 0.8259 0.3635 

Commodity WA 1 0.2288 0.1051 4.7408 0.0295 

Dangerous Goods Y 1 0.00519 0.0312 0.0277 0.8678 

Lokm 0 1 -0.2421 0.5426 0.1991 0.6554 

Lokm 2 1 0.1177 0.1416 0.6907 0.4059 

Lokm 3 1 0.3800 0.1416 7.2031 0.0073 

Lokm 4 1 0.6934 0.1453 22.7757 <.0001 

Improp 1 1 0.1722 0.0415 17.2031 <.0001 

Fault Count   1 -0.2892 0.0647 19.9995 <.0001 

 
Also interesting in this model is the relative significance of each level of kilometric travel bands compared 
to fleet size codes.  All but one kilometric travel band is significant while five fleet size categories are not 
significant.  This conclusion is drawn from comparing the p-values of the individual kilometric travel bands 
compared to the p-values of the individual fleet-size bands. Here, the evaluation considered any p-value 
less than 0.05 to be significant evidence of a variable’s power to predict future collision incidence. A 
threshold p-value of 0.05 is the most common value used in these types of studies.  
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Next the model was segmented into two; one using kilometric travel-related exposure variables and the 
other using fleet-related exposure variables to examine which model is a better fit.  Here “better fit” is 
defined as the model that better predicts future collision incidence. Our methods used to compare models 
to determine best fit are discussed in the model evaluation method below.  

Model evaluation method 

For the evaluation of the models, statistics are provided that speak to the percentage of the variation in 
collision incidence that can be explained by the model, or the adjusted R2, and the probability value 
reported for the deviance of the model.  Here the evaluation is looking for higher values of R2 and higher 
probability values associated with deviance to conclude that the model fits well.   

A further measure used to evaluate the effectiveness of the model is the Receiver Operating 
Characteristic (ROC) curve.  This curve is a plot of the model’s true positive rate, or sensitivity, against 
the false positive rate, which is 1-specificity.  As such, the ROC curve is a measure of how well the model 
predicts whether a carrier is a member of the collision population or not.  A model that perfectly classifies 
carriers into the collision or no-collision population will have an area under the ROC curve of 1, while an 
area under the ROC curve of 0.5 represents a model with no ability to classify carriers.   

Model using only kilometric travel exposure variables 

The following tables shows the results of our first regression run using only kilometric travel variables to 
capture exposure:  
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Model 
Iteration Included in Model Model Fit  

KM Model 1            33.82% 1.00 

KM Model 2          33.25% 1.00 

KM Model 3          33.75% 1.00 

KM Model 4         33.06% 1.00 

KM Model 5            32.29% 0.7024 

 
Note - in Model 1 Total OOS is insignificant and is removed from further consideration 

Model 1 provides the highest values for fit with respect to both adjusted R2 and deviance.   However, the 
model includes more variables than subsequent iterations of the model.  In all iterations of the model 
there is only a slight reduction in model fit and are able to conclude that all fit reasonably well.  These 
models will be compared to those models that use fleet size as a measure of exposure. 

The graph below plots the ROC curve obtained for the kilometric travel Model 5 developed above.  An 
area of 0.84 under the ROC curve indicates that the model is a strong predictor of carrier collision 
incidence.   
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Model using fleet size exposure variables  
This model uses only fleet size-related variables to account for exposure. Fleet Model 1 starts with a 
model that uses fleet size, fleet size code and a categorical variable “lokm” that indicates what quartile of 
the kilometric travel per vehicle range the carrier is classified.  This variable was created to attempt to 
infer the type of exposure faced by individual carriers.  In the absence of a variable indicating what type of 
roads a carrier typically travels, the evaluation introduced this variable as a potential estimate of the 
conditions faced by carriers.  For example, the evaluation hypothesized that carriers who operate in urban 
areas would have lower kilometers travelled per vehicle and would fall into lower lokm groupings.  
Conversely, extra-provincial carriers who frequently travel on larger highways would have higher 
kilometers per vehicle and fall into the higher lokm groupings.  The inclusion of this variable in the 
regression is testing whether or not these groupings have a different collision risk between them after 
accounting for the risk that can be captured in the other exposure variable tested in the model. 
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Model Iteration Included in Model Model Fit 

Fleet Model 1             34.85% 1.00 

Fleet Model 2             34.77% 0.72 

Fleet Model 3            34.04% 0.85 

Fleet Model 4            34.71% 0.74 

Fleet Model 5           31.02% <0.0001 

 
Note – In Model 1 Fleet Size, Total OOS and Operator Type are insignificant and are omitted from further 
consideration. 

The model results above show that the initial model using fleet size variables is a reasonable fit for the 
data.  However, the model begins to lose the appropriateness of fit once the lokm variable is removed in 
Model 5.  lokm is removed from the regression on the basis that it is highly related to kilometric travel 
overall and doesn’t fit well as a component of the fleet size model.  The results of this regression support 
previous findings by the American Transportation Research Institute and prior studies conducted by the 
Ministry that concluded that kilometric travel is the best exposure variable to use in accounting for a 
carrier’s risk exposure 

The ROC Curve for Fleet Model 5 is presented below.  The results indicate that the model is also an 
appropriate predictor of whether a carrier will be in the collision category or not.  The area under the curve 
in this case is less than the area under the ROC curve presented for the kilometric travel-based model 
above and suggests that the kilometric travel model is a better predictor of future collision incidence. 
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Predictive modeling results 

The strengths of the relationships between the variables in the model are presented below.  In the final 
model, commodity is a statistically significant variable.  However, not all commodities have a clear 
relationship between them.  The model is run comparing all commodity types to general freight to 
examine if they increase or decrease collision odds.  The results demonstrate that five variables 
(Excavation, Livestock, Passenger Other, Perishable and Waste) have a significant effect compared to 
general freight carriers while the other commodities did not.  The evaluation suspected that the lack of 
further significance is due to the proportions of carriers between the groups being heavily weighted to 
general freight.  As such, commodity will not be considered further in this study. For detailed results of 
commodity predictors, refer to “Logistic Regression Analysis” above. 

The results table displays some interesting results. Perhaps most notably is that while both increase 
collision risk, prior collisions with impropriety are a much stronger predictor of future collision incidence 
compared to prior convictions. One collision with impropriety increases collision risk by 59%, while one 
conviction increases collision risk by 11%. Kilometric travel bands currently in use demonstrate a strong 
increasing relationship between increased travel and collision incidence. All kilometric travel bands are 
significant and all present an increase in collision risk when compared to band 0. Municipalities are at an 
increased collision risk by 181% compared to non-municipalities. Carriers who have indicated that they 
carry passengers are 69% more likely to be involved in collisions compared to those who do not carry 
passengers. 

Analysis of Penalized Maximum Likelihood Estimates 

   

% Increase 
in Collision 

Odds 
Ratio 

Coefficient 
of Estimate 

Standard 
Error 

Wald Chi-
Square 

p-value 

Intercept   1     -2.1153 0.1146 340.8735 <.0001 

Conviction Count   1 11% 1.112 0.1063 0.00759 196.1649 <.0001 

Municipality Flag Y 1 181% 2.814 0.5173 0.0702 54.3509 <.0001 

Fault Count   1 59% 1.593 0.4656 0.0314 220.2953 <.0001 

Passenger Ind Y 1 69% 1.687 0.2614 0.0832 9.8659 0.0017 

Annualized Km  Band 1 1 -35% 0.652 -2.6796 0.3304 65.7627 <.0001 

Annualized Km  Band 2 1 81% 1.81 -1.6586 0.1038 255.3697 <.0001 

Annualized Km  Band 3 1 306% 4.061 -0.8505 0.0838 103.0566 <.0001 

Annualized Km  Band 4 1 653% 7.533 -0.2327 0.0805 8.363 0.0038 

Annualized Km  Band 5 1 1339% 14.387 0.4144 0.0774 28.6893 <.0001 

Annualized Km  Band 6 1 4151% 42.509 1.4977 0.0759 389.6144 <.0001 

Annualized Km  Band 7 1 15853% 159.526 2.8202 0.1029 750.8949 <.0001 

Annualized Km  Band 8 1 17901% 180.007 2.941 0.3911 56.5438 <.0001 

Intervention Evaluation 

Each intervention level was evaluated with the purpose of understanding the deterrent capability of each 
intervention stage. The study used survival analysis to conduct this evaluation. Survival analysis is a 
statistical methodology used to understand “time-to-event” questions such as “what proportion of a 
population will survive past a certain time?” In this case, the evaluation is interested in understanding 
what proportion of carriers respond to treatment by not getting a higher violation rate.  

Survival Analysis 

Survival analysis was conducted to examine the proportion of carriers who respond favorably to an 
intervention.  Here a favorable response to an intervention is defined as not observing an increase in the 
carriers’ violation rate following an intervention.  Survival analysis is used to examine the amount of time 
(in days) it takes to observe an increase in violation rate for individual carriers following an intervention.  
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For this evaluation, the study examined carriers who had been assigned an intervention between July 1, 
2009 and September 30, 2011. The end date of the study is September 30, 2012 and as such, all carriers 
had at least 365 days to be considered in the study. These carriers were then evaluated to capture when 
their violation rate exceeded the violation rate that had been in effect on the date of their intervention. 
Survival analysis models the number of days it takes for the carriers’ violation rate to worsen.  The 
evaluation also included a sample of carriers who did not receive an intervention in the study period to 
examine the observed time it takes for their violation rates to increase for comparative purposes.  The 
start date for the no-intervention group was chosen as January 1, 2009 to allow for a long study period.   

The table below captures the summary results of the test.  Warning letters in this study appear to be a 
strong deterrent for carriers as 66% of carriers who receive warning letters do not encounter higher 
violation rates during the study.  Similarly, carriers who receive a sanction tend to not worsen during the 
study period. Audit and interview intervention levels have similar effectiveness at 55% and 56% 
respectively.  

It is important to note that the study is not a fully experimental design i.e. the populations subjected to 
each type of intervention are not consistent.  As such, the analysis below is not comparing like-with-like in 
terms of how each population of carriers responds to a given intervention. 
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Intervention Type Total 
Violation rate 

increased 
No increase following 

intervention Percent Effective 

Audit 1,297 577 720 55.51 

Interview 110 48 62 56.36 

No Intervention 64,058 24,586 39,472 61.62 

Sanction 336 82 254 75.60 

Warning 4,839 1,612 3,227 66.69 

 Totals 70,640 26,905 43,735 61.91 

 
In addition to the analysis above, Deloitte examined the effectiveness of each intervention by evaluating a 
carrier’s performance following an intervention for one year. Deloitte separated carriers into one of the 
following categories; 

1) Carrier Improved – carriers who moved from one intervention band to any lower band were 
considered to have improved. 

2) Carrier Worsened – carriers who moved from one intervention band to any higher band were 
considered to worsen 

3) Remained in band – carriers who remained in the same band one year after the intervention 
4) No further data – carriers who have no further performance analysis data in the system, either 

due to suspension, cancellation or CVOR expiry. 

The results of the analysis for carrier improvement are presented in the graph below. The data suggests 
that an interview has the strongest ability to incent carriers to improve their performance while a warning 
letter has the least ability to incent improvement. 
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Appendix C – Exposure grouping 

The tables below outline how carriers were grouped by fleet size, kilometric travel and kilometers per unit.  
Kilometers per vehicle bands were created using quartile ranges, splitting the population into four groups 
with an equal number of carriers in each.  Kilometric travel and fleet size groupings are those currently 
(for kilometric travel) or previously (for fleet size) used by the Ministry for internal statistical presentation. 

Kilometers per vehicle bands 

Band Lower Range Upper Range 

0 0 0 

1 1 8,999 

2 9,000 26,999 

3 27,000 59,999 

4 60,000  

 

Annualized kilometric travel band 

Band Lower Range Upper Range 

0 0 0 

1 1 999 

2 1,000 11,999 

3 12,000 34,999 

4 35,000 74,999 

5 75,000 199,999 

6 200,000 1,439,999 

7 1,440,000 7,999,999 

8 8,000,000+  

 

Fleet size band 

Band Lower Range Upper Range 

0 0 0 

1 1 1 

2 2 10 

3 11 25 

4 26 100 

5 101 500 

6 501 1,500 

7 1,501 3,000 

8 3,001+  
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Appendix D – 
Analytical approach process flow  

The infographic below outlines the approach Deloitte leveraged to deliver the CVOR Effectiveness Study 
and associated findings are recommendations.  
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Appendix E – Glossary 

The section defines some of the terminology used in this report.  For the ease of the reader we define 
these variables in common terminology and relate them to their application in this study rather than 
providing verbatim statistics textbook definitions. 

1) Logistic Regression – a statistical procedure used to predict the outcome of a categorical 
dependant variable based on one or more predictor variables.  In this study we use logistic 
regression to predict whether a carrier is involved in a collision or not. 

2) P-value – a statistic produced in most quantitative procedures that estimate’s the likelihood that 
the relationship under examination occurred by chance.  P-values are used to determine 
statistical significance. 

3) Associative statistics – statistics calculated to examine the relationship between two or more 
variables 

4) Regression – a statistical technique used in estimating the relationship between two or more 
variables 

5) Simulation – the imitation of the results expected to be observed if a program were adjusted 
based on the recommendations of the study 

6) Summary statistics – simple statistics used to build an understanding of the data available for 
examination and to validate the integrity of the data 

7) Correlation – a statistic the reflects the relationship between two variables 
8) Dichotomous variable – a variable that can take on only one of two values 
9) Independent variables (predictor variables) – variables used in a regression to predict the 

outcome of the dependant variables 
10) Dependant variables – the output variable in a regression or the variable that we are trying to 

predict 
11) Categorical Variable – a variable that can take on one of a limited number of possible values 
12) Positive Predictor – a variable that appears to increase the likelihood of a carrier being involved in 

a collision  
13) Negative Predictor – a variable that appears to reduce the likelihood of a carrier being involved in 

a collision 
14) Statistical Significance (Significant Variables) – an assessment of the likelihood of quantitative 

observations being created by chance  
15) Exposure variable – a variable that is captures the on-road risk of collision based on distance 

travelled or the size of a carriers’ fleet 
16) Survival analysis – a statistical methodology used to measure “time-to-event.” In carrier safety, 

survival analysis is often used to examine the time it takes for a carrier to be involved in a 
collision after an intervention or the time it takes for their performance to worsen.  

17) R2 – an r-squared value in statistics refers to the amount of the variation in collision occurrence 
can be described by the model that we have fit to the data. 

18) Receiver Operating Characteristic (ROC) Curve – is a plot that illustrates the performance of a 
model used to predict whether a carrier had a collision during our study or not.  The curve is 
created using the models true positive rate compared to its false positive rate 

19) True positive rate – the rate at which the model accurately predicts that a carrier is involved in a 
collision 

20) False positive rate – the rate at which the model falsely (incorrectly) predicts that a carrier will be 
involved in a collision. 

21) Odds ratio – is the ratio of the probability of an event happening for one group compared to 
another group. If the odds of a collision for group one are 2:1 and the odds of collision in group 
two are 1:4 then the odds ratio of group one to group 2 is  (2/1)/(1/4) or 8. The odds ratio would 
indicate that group one has a much higher odds of being in a collision. 
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