
The Future of Driving: Implications 
for Teen Drivers
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Presentation Notes
Hello, my name is Stephanie Harrell and I am a Research Assistant at the UNC Highways Safety Research Center in Chapel Hill, North Carolina. I was at your conference last year in Great Falls. Thank you for having me back. I really appreciate the invitation. Today I will be talking about vehicle technology and teen drivers. To clarify what I mean, I won’t be talking about info-tainment systems, in-vehicle systems such as GPS, or things like Apple CarPlay or Android Auto which link your device to the vehicle. Neither will I be talking, specifically, about distraction and teens. Rather, this presentation is about technology that is supposed to help the driver with the driving task and the potential implications for teen drivers.
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To gain a better understanding of how this relates to teen drivers I first want to talk about automated vehicles in the general sense. During this section I’ll clarify some definitions and talk about Advance Driver Assistance Systems. Next I will talk about the problems with ADAS systems.I will then talk about how this relates to teen drivers, looking at some research that has been done.I’ll talk about the near and long term future for these technologies.Finally, I will ask for your help. 



Overview of Automated Vehicles
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So what is an automated vehicle?



What people think of
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This is generally what people think of when they hear automated or more commonly the term autonomous vehicle. Here is an Uber car. With, presumably, we hope, an engineer or safety driver at the wheel. 



What people think of
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And this is generally what one might imagine happens inside. The driver is not engaged in the driving task nor the driving environment. 



The Promise of Full Automation
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https://www.youtube.com/watch?v=CqSDWoAhvLU
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This is the famous Google Car. Google put out a video a few years back to promote the idea of a self-driving vehicle. It shows you the hope and promise of autonomous or automated vehicles. The goal is about increasing mobility for all types of people including older drivers and people with disabilities. Those who are strong advocates for this technology argue that when self-driving vehicles are on the roadway that they will significantly reduce injuries and fatalities caused by human error.Video: https://www.youtube.com/watch?v=CqSDWoAhvLU 

https://www.youtube.com/watch?v=CqSDWoAhvLU


Terminology

Autonomous vehicles              Self-driving vehicles

Automated vehicles

Highly automated vehicles
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As we saw, the vehicle is self-driving or in more popular terms “Autonomous.” But we have to be careful with terminology because it leads to a certain ideas and assumptions about the technology. There are four terms that are important to be aware of. The first is Autonomous. Among the experts, autonomous has no real definition. In the popular media, the term “Autonomous vehicle” is widely used to refer to the Google Car AND Tesla’s Autopilot feature. A better term to use, and which does have a definition in the field, is self-driving. The Google car is a self-driving vehicle. While Tesla’s Autopilot feature is not. Self-driving vehicles are when the car is completely in control. Essentially it is so sophisticated that everyone is just a passenger. There is no need for pedals or a steering wheel. The next two terms are important because they represent the spectrum of features on a vehicle. Automated vehicles have some level of technology that assist the driver with the driving task. This is the term that most experts use to refer to the entirety of the fleet, both what is available now and what will be available in the future. “Highly automated vehicles” refers to vehicles with higher levels of automation, not available to people now. These systems also assist in the driving task, however the driver doesn’t need to be actively engaged. Let me explore this further so the terms become a clearer.



Levels of Automation
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The Society of Automotive Engineers (SAE for short) put out a document J3016 which describes the levels of automation. (You might recognize SAE as the people who establish standards for things like motor oil.) They identify 6 levels of automation. Vehicles that fall into levels 1-5 are called automated vehicles. 0-2 is when the human driver monitors the driving environment.Levels 3-5 the vehicle monitors the driving environment with little to no input from the driver. Vehicles in levels 3-5 are Highly Automated Vehicles. Level 5 would be a self-driving vehicle. 



Levels of Automation: Market Availability

Level 1 – Advanced Driver Assistant Systems

Level 2 – Advanced Driver Assistant Systems
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Level 3 – None on the market

Level 4 – None on the market

Level 5 – None on the market -> Google Car
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So what’s available. For levels 1 and 2, the features that help assist the driver in the driving task are called Advanced Driver Assistant Systems or ADAS for short. There are different types of these systems with different names.A Level 1 ADAS system would include a backup camera, or a blind spot monitor.Level 2: Would include lane keeping feature or adaptive cruise control. You might know them by their market names such as Audi Traffic Jam Assist, Cadillac Super Cruise, Toyota Safety Sense or Tesla Autopilot.There is some controversy about Level 3 technologies. Some argue that the Audi Traffic Jam Assist and Tesla’s latest version of Autopilot are Level 3 technologies. But this is up for debate. In my personal opinion I think these technologies are Level 2 systems because the driver still needs to monitor the environment. For Levels 4 and 5, there are no vehicles on the market now. Although, there are versions of these vehicles on the roadway begin tested. A few companies have said that will be introducing Level 4 or 5 vehicles for purchase. For example, Ford says it will have a Level 4 vehicle on the market by 2021. Most experts in the field believe that the 1st commercially viable Level 4 or 5 vehicle won’t be available until much later. One Researcher says that for Level 5,  we won’t see them until, at the earliest, 2040.



What Can I Buy Right Now?
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So what can you buy right now?



Available Features
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https://mycardoeswhat.org/the-future/
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The Level 5 Google Car is a ways off, but there are level 1 and 2 systems that are available. For some of the features they are only available in the high-end vehicles or are special packages for mid-range vehicles, but other features are available to the wider public. In the case of the back up camera, the government has mandated that it be available as a standard feature for the 2018 model year. To introduce you to some ADAS technologies I’ll show a video from the My Car Does What website. MyCarDoesWhat.Org  is a great resource for those who want to learn more about these technologies. Video: https://mycardoeswhat.org/the-future/

https://mycardoeswhat.org/the-future/


ADAS
Advanced Driver Assistance System(s)

Examples: 
• Adaptive Cruise Control
• Blind Spot Monitor
• Lane Departure Warning
• Adaptive Headlights
• Automatic Parallel Parking
• Rear Cross Traffic Alert
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As we saw in the video there are systems out on the market. Depending on the technology and purpose, they fall into Levels 1 or 2. Some examples are: Adaptive Cruise ControlBlind Spot MonitorLane Departure WarningAdaptive HeadlightsAutomatic Parallel ParkingRear Cross Traffic AlertTo get a better idea of how these work and what they’re supposed to do, I have a couple of videos that describe two features. The first is Adaptive Headlights and the second is Adaptive Cruise Control.



Example: How Adaptive Headlights Work
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https://www.youtube.com/watch?v=mN12Ruex3m0
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Video: https://www.youtube.com/watch?v=mN12Ruex3m0

https://www.youtube.com/watch?v=mN12Ruex3m0


Example: How Adaptive Cruise Control Works
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https://www.youtube.com/watch?v=GInSPWZRFRM
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Video: https://www.youtube.com/watch?v=GInSPWZRFRM

https://www.youtube.com/watch?v=GInSPWZRFRM


How They Work
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So you get an idea of what they do and a little bit of how they work. This slide shows the actual technology that is involved. I won’t go through which technology is associated with which ADAS system, but basically you have a wide variety of sensors working for you, the driver, to help with the driving task. Things such as  LIDAR, long range and short range radar, and cameras. As an aside, there is a lot of concern about the increased cost of fixing these systems because of the amount technology involved. A back up camera adds about 40 – 150 dollars to the cost of a vehicle when you buy it. However if you end up in a fender bender, replacing it could cost up wards of $1,900.



Examples of ADAS: 2018 Models 
Mercedes C-Class
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So to give you a further idea of what is out there for the 2018 model year, I pulled some examples starting with a luxury brand. Here is a Mercedes C-Class. This is from their website and basically advertises a range of features. Here is their pedestrian detection system.



Examples of ADAS: 2018 Models 
Ford Taurus
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Here is a Ford Taurus with blind sport monitoring, they call it BLIS or Blind Spot Information System, and Cross-Traffic Alert. Cross Traffic Alert lets you know when vehicles are comes towards you as you back up. Where as the backup camera only shows you what is directly behind your vehicle, the cross traffic alert (more commonly known as rear cross traffic alert) lets you know if there are cars coming from the side, outside the cameras field of view, as you’re backing up.



Examples of ADAS: 2018 Models
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Here is the Ford Taurus Lane keeping system. It vibrates the steering wheel when you cross over a line. Haptic System. Other manufacturers lane keeping systems may issue a warning sound or flash a light on the dash board if you drift out of the lane.



Examples of ADAS: 2018 Models 
Toyota Camry
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Here is the new Toyota Camry, it has pedestrian detection. 



Examples of ADAS: 2018 Models
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And like the Taurus it also has lane departure warnings (here referred to as an Alert) and steering assist.Some of these ADAS features are part of a package or special version of the model that you have to purchase, while others come standard. They all sound great, but there are some caveats to these systems.



ADAS: Fine Print
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Although they are advertised as a cure-all. There were some major limitations to ADAS systems.In the fine print car manufacturers will warn you that the system may not be able to identify certain objects such as motorcycles, children under a certain height, and bicyclists. When you go to an owner’s manual for these vehicles it further states that it may have trouble detecting pedestrians, vehicles moving less than 6mph, or vehicles coming at you head on. All limitations of the radar and the camera technology. Additionally, they may not be able to determine the layout of the road without proper lane markings. In the fall I had the opportunity to ride in a Tesla Model S. While the researcher was using Autopilot, he had to take control of the vehicle going through an intersection because there was no lead vehicle for the car to follow. He also had to correct the vehicle’s path when it pulled the left because the car could detect the left hand lane marking but not the faded right hand lane markings. Most manuals have come wording that essentially says that the ADAS systems “are a supplemental and do not replace the driver’s attention, judgement, and need to control the vehicle.”



The Fine Print

ADAS features are limited by:

• The technology being used
• Weather conditions
• Roadway characteristics 
• The driver’s understanding of the system and 

willingness to use or not use the technology
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So, as the fine print reveals: the technology has its limitations. The sensors determine the conditions in which the systems will work.Weather conditions such as snow or ice, or things like dust/dirt can obscure cameras and devices.Roadway characteristics can be challenging. Many ADAS technologies do not work on curvy or rural roads. And in the Tesla Autopilot example which relies on cameras, if the lane markings are faded or there are none, this may cause the system to not work.Additionally, in terms of understanding the technology, there are multiple studies that have indicated that people’s understanding of what a certain a ADAS feature can do is incongruent with how the system actually works. One might think that the dealership would be a good place for people to learn about the abilities and limitations of the ADAS systems on their car; however, an MIT study found that very few sales people understood what these systems did and even fewer dealerships took the time to educate buyers. When dealerships offered classes, they found that consumers were unwilling to take advantage of the opportunities to learn about their vehicles. Finally, there is a driver’s willingness to use the technology. I have a colleague whose father bought a vehicle with lane keep assist. He turned the system off because he felt that it was too sensitive. According to my co-worker the system probably was not overly sensitive but rather her father does drift out of his lane.



Real World Use

What we know from research done with 
experienced drivers.

• Limited knowledge about these systems and 
their limitations

• Confusing terminology

• Overreliance on technology
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So what we have learned from research done with experienced drivers is that there is limited knowledge.Consumers are generally unaware of the small print issues we just talked about. Very few people sit down and read their car manual for fun. Adding to confusion, there is no standardization of terminology between brands, and advertisements create unrealistic expectations. Finally, this can all lead to an overreliance on technology.For example, Failure to look behind while backing up, relying primarily on the back up cameraMy Aunt Mary is a great person but a horrible driver. She has a back up camera and as a result has stopped looking over her shoulder as a result. Because she doesn’t also have rear cross traffic alert she doesn’t know that vehicles coming at her from the side. She’s been in two minor crashes because of her overreliance on the backup camera and her misconception of what it shows her.



An Example of Extreme Misuse
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https://www.youtube.com/watch?v=pJ4-2d7C6gg
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And in some cases, extreme misuse by a driver can occur. This is a person using Tesla’s Autopilot on a freeway. They are sitting in the back filming. Video: https://www.youtube.com/watch?v=pJ4-2d7C6gg

https://www.youtube.com/watch?v=pJ4-2d7C6gg


Implications for Teen Drivers
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So what does this have to do with teen drivers?



Teen Driver Risks

• Inexperience

• Risky behavior

• Drive older, smaller, vehicles
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Research tell us that about 40% of teens are involved in some crash in the first 6 months of driving on their own.We all know that the biggest cause of teen driver crashes is inexperience. For example they tend to follow too closely, drift out of their lane, and lack the experience to identify potential hazards. Additionally, they engage in risky behaviors such as using their electronic devices, drive too fast for conditions, and having passengers in the car. And numerous research has shown that teens drive older, smaller vehicles. 



What are teens driving?
2015 study showed that:

• 41% were driving a 2000-2006 model year 
vehicle.

• 19% were driving a vehicle from 1999 or older.

• 30% were driving a newer vehicle (2007 or 
newer).
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In a 2015 Study, they found that 41% of teens who had their own cars (i.e. primary access) were driving 2000-2006 model year vehicles. So 41% were in vehicles that were 9 to 15 years old. 19% of teens were in vehicles that were 16 years old or older. While only 30% were in vehicles that were considered newer, model year 2007 or later. This suggests that you are probably not going to encounter a majority of teens with primary access to a vehicle with ADAS features. However, there are some concerns.



Implications for Teen Drivers
• May learn in a vehicle with some ADAS 

technologies

• May drive independently in a vehicle without 
these technologies

• Parents/Guardians may have limited knowledge 
about system

• Transition between vehicles
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The main worry right now is that a teen may learn to drive in a vehicle with ADAS features during the supervisory period of GDL, then transition to a vehicle without these features. Additionally, parents/guardians may have limited knowledge or misconceptions of what these systems are capable of and pass these beliefs to their teen.Finally a teen who shares multiple family vehicles may transition between two cars with different ADAS features. For example one vehicle may have a back up camera with rear cross-traffic alert,  while the other vehicle may only have the back up camera. 



Researchers’ Concerns

• Overreliance on technology

• Engage in secondary tasks more frequently
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Researchers have some key concerns specific to teens and ADAS technology. First is overreliance on the systems. The second is that if there is overreliance, then teens would engage in secondary tasks, tasks not associated with driving, more frequently. 



Research
2017 Study

• Lane departure warnings were helpful

• Increased use of turn signals

• Negative effect on following behavior

• No increase in secondary task behavior
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Because the technology is so new, most of the limited research has been done on experienced drivers. But there are a couple of studies that have looked at teens’ interaction with ADAS systems.In a 2017 study they found that lane departure warnings were helpful to teens. They also found that, interestingly, it increased teens use of turn signals.However, the technology in the vehicle appeared to have a negative effect on following behavior. The researcher hypothesize that the teens became over-reliant on the technology to indicate when they were to too close to the vehicle ahead of them.Finally, contrary to initial concerns, having these features did not increase secondary task behavior. 



Potential Benefits

• Assist teens in learning process
– Example Lane Keep Assist
– Act as a “virtual” supervisor

• Benefits for experienced drivers benefit novice 
drivers
– Adaptive headlights
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There is the potential for ADAS systems to help teens become better drivers. 	Example Lane Keep Assist	Act as a “virtual” supervisorBenefits for experienced drivers benefit novice drivers	Adaptive headlights



Results from the NCPDSA Fall 
2017 Conference
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So what do practitioners think?In the Fall of 2017 we asked North Carolina Drivers’ Education Instructors their opinions about ADAS technology and teen drivers. 



Discussion Question 1

What ADAS features may be helpful to teen 
drivers? 
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The first question we asked was “What ADAS features they thought would be helpful to teen drivers.”



Discussion Question 1

List of features considered:

• Back-up Camera
• Blind Spot Monitor
• Automatic Emergency Braking
• Lane Departure Warning/Lane Keeping Assist
• Adaptive Cruise Control
• Adaptive Headlights
• Automatic Parallel Parking
• Forward Collision Warning
• Rear Cross Traffic Alert
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The features we asked about are listed here. I won’t read through the list, but you can see them.



Results for Discussion Question 1
Helpful Not Helpful

Blind Spot Warning Backup Camera
Automatic Emergency 
Braking

Lane Departure Warning

Lane Keeping

Adaptive Cruise Control

Adaptive Headlights

Automatic Parallel Parking

Forward Collision Warning

Rear Cross Traffic Alert
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Aggregating the responses, they felt that all but one of the features would be helpful: the back-up camera. This is interesting because and important because it is the feature most likely to be on a vehicle a teen may learn with or be driving when on their own. When asked why, the instructors stated that the concern was that teens would stop looking over their shoulder while backing up. I call it “The Aunt Mary Problem.”



Discussion Question 2
How do you see the role and content of drivers’ 
education change as more of these technologies 
become available in the marketplace?

• Teaching teen drivers how to deal with an 
emergency if the technology fails.
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The second question addressed how they saw the content of drivers’ education changing as more of these technologies became available in the market place. The overwhelming answer was that there would be a need to teach teens how to deal with an emergency if the technology fails. This is also a concern for experienced drivers. 



Concerns
• Worried about transitioning from/to older cars or 

between cars with and without ADAS features.
– Different types of vehicles with different features in a family

• Net effect is to take the average driver “out of the 
loop” (i.e. inattention to driving task) making teens 
too comfortable. 
– Inattention to driving task
– Complacency

• In the long-term maybe a net gain in safety but in 
the short-term it may be a tough transition for 
Drivers’ Education instructors
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When we asked them for further input:NC Drivers’ Education Instructors also had concerns about teens transitioning from/to older cars or between cars with and without ADAS features. They felt that the net effect is to take the average driver “out of the loop” (i.e. inattention to driving task) making teens too comfortable causing complacency.Finally, they believed that in the long-term it may be a net gain in safety, but in the short-term it may be a tough transition for Drivers’ Education Instructors.



Questions
• How many of you have back up cameras on 

your vehicle?

• How many of you have any of the other features 
I’ve spoken about on your vehicle?

• Have you encountered students that have been 
exposed to these technologies?
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So out of curiosity, if you could raise your hands.1. How many of you have back up cameras on your vehicle?2. How many of you have any of the other features I’ve spoken about on your vehicle?3. Have you encountered students that have been exposed to these technologies?	Do students talk about any of these technologies?	Does it come up at all?



The Near- and Long-Term 
Future
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So what will be the near and long term future?



The Future of the Vehicle Fleet Overall

“Some drivers rarely replace their vehicles, so 
changes to new models don't reach the entire fleet 
for decades.”
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Because some drivers rarely replace their vehicles, change will be slow.There will be a mixed traffic on the roadways for a long time, meaning that vehicles with different levels of technology and many cars and trucks with no ADAS features will be interacting with each other.This is a problem because, no matter how much technology YOUR vehicle may have, someone with a Level 0 car can still collide with you. In this case, the technology isn’t going to help avoid the crash.IIHS Status Report, Vol. 47, No. 1 | January 24, 2012 



ADAS Market Characteristics
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Here is just a chart that shows how long it takes for just one ADAS feature, Forward Collision Warning, to make it to 80% of the vehicles on the roadway. In this case, that projected date is 2050. 



Teens and Vehicle Technology
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So, while it may be many years before you have a majority of students in practicing in vehicles with the latest ADAS features, the future is coming and will impact your field. What Drivers’ Education Instructors will need to do is both: continue what they do best while, additionally, preparing their students for the future. 



We Need Your Input!
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https://unc.az1.qualtrics.com/jfe/form/SV_0ALqvruOEXdf9v7

https://unc.az1.qualtrics.com/jfe/form/SV_0ALqvruOEXdf9v7


The Promise of Technology
Ultimately the goal of this technology is to reduce crashes 

that are associated with human error.
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In the end, the promise of this technology is to reduce injuries and deaths on the roadway, for all people.Thank you!



Questions? Comments?
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Thank you. Any Questions/Comments?



Thank you!

harrell@hsrc.unc.edu
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If you think of anything else, here is my e-mail address. I am willing to answer any questions you have about Automated vehicles and teens drivers. Thank you again for having me.
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