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Introduction

Level 3 (L3) systems represent a conditional automation (CA) 
feature where the vehicle can perform most aspects of the driv-
ing task under well-defined circumstances. However, the driver 
is still a critical necessity, but is not required to monitor the driv-
ing environment when the system is engaged. While the vehicle 
is operating in L3 mode, the driver can be in a hands-off and 
eyes-off the road state and engage in non-driving-related sec-
ondary activities. But, at any time, drivers are still expected to 
be available to get into a fallback-ready state and take control of 
the vehicle with advance notice. This expectation of drivers 
raises many significant Human Factors (HF) challenges and 
prompts the need to gain a firm understanding of, and design 
for, the many factors involved in the transition-of-control pro-
cess. Therefore, this panel discussion aims to bring together HF 
researchers and practitioners to highlight key issues that are 
critical if the promise of L3 vehicles is to be realized. Topics to 
be discussed include: 1) the effect of engagement in various 
types of non-driving-related tasks, 2) the need to understand 
how drivers of different ages interact with L3 automation, 3) 
details on how transitions between different levels of vehicle 
automation should be designed and communicated to drivers, 4) 
measurements of driver trust in L3 automated vehicles, and 5) 

in-vehicle driver monitoring systems for L3 systems. The goal 
of this panel is to stir up conversations within the surface trans-
portation research community about important HF design con-
siderations to prioritize safety and acceptance of L3 vehicles.
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Abstract
As of early 2023, only a limited number of Society of Automotive Engineers (SAE) Level 3 (L3) automated driving systems 
are available on the market, and they are primarily offered by luxury vehicle brands. SAE L3 automated driving systems are 
classified as conditional automation (CA), meaning that the vehicle can undertake some well-defined driving tasks under 
specific conditions, but the driver must be ready to assume control of the vehicle when prompted by the system. It is 
anticipated that an increasing number of L3 CA systems will be introduced on public roads in the next few years. However, 
L3 systems pose unique Human Factors (HF) challenges that require thoughtful consideration to ensure that production 
systems are feasible without compromising driver or road safety. This panel discussion brings together HF researchers and 
practitioners with expertise in human behavior and usability design for automotive applications to discuss and delineate key 
issues specifically related to L3 systems, as well as potential approaches to tackle these issues.
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A major appeal of L3 is to enable the driver to disengage 
from primary driving tasks and engage in secondary or non-
driving related tasks (NDRT). Several studies have surveyed 
people to find out about the types of activities that drivers 
would undertake in L3. Interestingly, many of the common 
activities, such as talking on the phone or reading and writing 
text messages, are already performed by many drivers today 
(Pfleging et al., 2016). We anticipate that as drivers become 
more familiar with L3, the NDRTs that they are willing to 
engage in, will also become increasingly more difficult and 
consuming. Regardless, certain NDRTs (such as sleeping, 
leaving driver seat) will be disallowed since, even with 
advance notice, since it is highly likely that the drivers will 
be unable to assume fallback-ready position within a reason-
able amount of time. Notably, however, our recent user stud-
ies have shown that some other types of NDRTs may also 
have to be restricted for the same reason. Computational 
neural network models can be trained to recognize, ‘disal-
lowed’ NDRTs based on criteria such as the effect on take-
over times, type (physical vs. cognitive), or driver role 
(active vs. passive).

Until now, HF experts have primarily reported on the 
effects of NDRTs on takeover times in unscheduled emer-
gency situations (Borojeni, et  al., 2018). However, driver 
behavior with respect to performing and shedding of tasks 
and takeovers will be different if there is lesser urgency as in 
the case of unscheduled non-emergency takeovers.

The drive to be the first to bring L3 systems to market, 
combined with the limitations of the range of current 
ADAS sensors, and a lack of a clear understanding of key 
HF issues, has forced original equipment manufacturers 
(OEMs) to only allow L3 activation at low speeds and 
thus, prevent usage on US highways. The inability to accu-
rately determine a driver’s readiness when a takeover 
request is generated has also restricted the allowed NDRTs 
to just a few passive ones (such as watching a video). Even 
these tasks must be done on the in-vehicle infotainment 
screen (Mercedes-Benz’s Drive Pilot L3 Is Super Smooth 
(but Limited) Hands-Free Driving, 2022).

In light of all these issues, this discussion will focus on 1) 
the monitoring and classification of NDRTs, 2) the effects of 
modifications to cabin space while in L3, and 3) designing an 
effective human-machine interface (HMI) strategy to relay 
the appropriate level of urgency to the driver at takeover 
requests. Finding answers to these difficult HF issues will 
enable the drivers to have more flexibility in how they utilize 
the time while the vehicle is in L3 mode. Ultimately, this will 
help OEMs develop more intelligent HMIs and achieve a 
wider acceptance of L3 vehicles.

The Need for more Data on how Older Drivers 
Interact with L3 Conditional Automation

Brandon J. Pitts, PhD

School of Industrial Engineering
Purdue University
West Lafayette, IN

One promised benefit of L3 (and higher-level) vehicles is to 
enable independent travel for people of different ages and 
ability levels. Particularly, adults aged 65 years and older – 
who are the fastest-growing age group worldwide (US 
Department of Health and Human Services, 2018) and who 
often experience age-related perceptual and physical chal-
lenges (Boot et al., 2020) that make independent travel dif-
ficult or impossible – are expected to be major beneficiaries 
of automated vehicles (AVs). But, unfortunately, little atten-
tion has been devoted to ensuring that L3 vehicles are 
designed in ways that support older populations in effec-
tively using this technology.

To date, the majority of older individuals are still not 
familiar with details of various types of vehicle automation 
being developed beyond adaptive cruise control (ACC) and 
lane centering (LKA) features, such as L3 and higher. To fur-
ther complicate matters, there is a significant lack of empiri-
cal research on how this population interacts with L3 
vehicles, which critically inhibits our general understanding 
of the usefulness of these particular vehicles for older driv-
ers. Recently, a literature review discovered that only 14 
studies (out of hundreds published) have quantified the AV 
takeover performance of older adults, and findings are mixed 
(Gasne et  al., 2022). Particularly, some studies report 
impaired takeover performance in older adults, while others 
suggest that younger and older age groups have similar 
responses to takeover requests. To this end, more available 
data in this area could inform the design of future vehicles to 
account for driver/occupant diversity as well as the educa-
tional and marketing strategies targeted towards older 
populations.

This discussion will highlight current efforts to collect 
data on how older drivers (want to) interact with L3 vehicles 
and will share lessons learned. Topics will include recruit-
ment strategies, types of data, and experiment design and 
procedures. This discussion will also comment on ways to 
educate older groups about the different types of AVs. The 
knowledge generated during this conversation will result in 
the intentional collection of more data from older drivers, 
and ultimately contribute to broader discussions on how to 
more thoughtfully design L3 systems that are compatible for 
a wide range of users.

Transitions between the Different Levels of 
Automation

John Shutko
Principal Human Factors Researcher
Westat
Rockville, MD



Yu et al.	 1287

SAE Level 1 (L1) – Level 3 (L3) vehicles, as well as dual 
mode Level 4 (L4) vehicles, will all transition from one level 
to another. How this transition occurs is essential to whether 
drivers will maintain safe operation of the vehicle after the 
transition? These transitions will occur from lower levels of 
automation to higher levels, and similarly transitions will 
occur going from higher levels to lower levels. One question 
is whether the transitions should always be one step in either 
direction or whether a leap over a particular level should be 
permitted. One of the biggest concerns is mode confusion 
(e.g., Wilson et  al., 2020), i.e., whether the driver under-
stands what level of automation is currently active and their 
responsibility in assisting with the driving task. Will transi-
tions of a single step be easier for drivers to understand? 
Should the system, when transitioning to a lower level, auto-
matically transition to manual driving? What will be the 
driver’s expectation? A related topic to the issue of transi-
tions between automation is whether the driver should 
always be provided with as much support as possible and 
whether the system must be transparent in the level of sup-
port provided. All these questions will be discussed during 
this panel and potentially a coherent strategy will emerge.

Trust in L3 Automation Systems: Measurements, 
Impacts and Solutions

Shan Bao, PhD
University of Michigan-Dearborn, Dearborn, MI
University of Michigan Transportation Research Institute
Ann Arbor, MI

The establishment of trust in L3 automated vehicle systems 
is crucial to their successful implementation and utilization. 
Research has explored trust definitions and influencing fac-
tors from various perspectives. One widely accepted defini-
tion of trust in automation, introduced by Lee and See (2004), 
characterizes it as “the attitude that an agent will help achieve 
an individual’s goals in a situation characterized by uncer-
tainty and vulnerability.” To ensure that drivers trust these 
systems, appropriate trust measures must be developed and 
implemented, and the impact of trust on the interaction 
between the driver and the L3 system must be understood. 
Additionally, effective solutions should be developed to 
ensure drivers’ trust remains at appropriate levels, neither 
over-trusting nor under-trusting the technology.

The level of user trust in L3 automated vehicle systems 
has a significant impact on the system’s uses. When drivers 
trust these systems, they are more likely to use them as 
intended, allowing the technology to reach its full potential 
in terms of safety, efficiency, and convenience. Conversely, 
low trust in L3 systems can result in driver disengagement or 
even over-reliance on the system, leading to safety issues 
(Lyons et al., 2018). Research has shown that a lack of trust 
in automated vehicle systems can result from various factors, 

such as system reliability, transparency, and familiarity with 
the technology (Lee and See, 2004; Hoff, Bashir, & Koeske, 
2015). Therefore, it is crucial to develop effective trust-
building measures and strategies to ensure that drivers trust 
these systems and use them appropriately. Trust measure-
ment is a critical topic in the development of automated driv-
ing systems. Previous studies have primarily used 
questionnaires as the primary method for measuring trust in 
automated vehicle systems (Lee and See, 2004; Kidd et al., 
2017; Hoff, Bashir, & Koeske, 2015). Several studies have 
also proposed objective measures to quantify trust in auto-
mation, including body language and gaze behavior (Yu 
et al., 2019; Walker et al., 2019).

This discussion will highlight current efforts in develop-
ing trust measures and their impact on the interaction with 
L3 systems and discuss potential design solutions. 
Specifically, various subjective and objective trust measures 
have been proposed and studied to assess users’ trust levels 
in L3 automated driving systems, including questionnaire 
surveys, physiological measures, and behavioral measures. 
However, the impact of these measures on the interaction 
between the driver and the L3 system needs to be carefully 
examined, as different measures may have different effects 
on the users’ behavior and performance. Furthermore, the 
development of effective design solutions for L3 systems 
must take into account the impact of user trust on system use 
and strive to promote appropriate trust levels that do not 
compromise safety or system performance.

Driver Monitoring Systems and the Future of L3 
Systems and Regulations

Chris Monk, PhD
Senior Managing Scientist
Exponent
Washington, DC

The first SAE L3 Conditionally Automated vehicle in the 
U.S. market was recently introduced, and more are expected 
to enter the market in the next few years. One of the key HF 
issues with L3 systems is successfully prompting disengaged 
drivers to resume control of the vehicle. Takeover perfor-
mance, which involves drivers re-orienting their attention to 
the road and updating their situation awareness to success-
fully resume control of the vehicle, has been the focus of 
considerable research over the past 10 years (see Zhang 
et  al., 2019 and Merlhiot & Bueno, 2022 for recent meta-
analyses). Driver monitoring systems (DMS) that continu-
ously monitor driver behavior or driving performance are 
useful in determining if the driver is in a sufficiently attentive 
cognitive and physical state to safely take over control from 
the vehicle automation (Wörle et al., 2019).

Current L2 implementations of takeover requests, 
including HM) and DMS strategies, may offer guidance for 
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L3 designs. However, the range of design strategies across 
vehicle makes and models creates challenges in decipher-
ing which are most effective. The National Highway Traffic 
Safety Administration (NHTSA) has published HF guid-
ance on SAE L2 and L3 automated driving concepts 
(Campbell et al., 2018), but the scientific literature is still 
evolving for L3 systems. The future of L3 systems rely 
heavily on the HMI and DMS design approaches, so it is 
important to understand the latest in DMS research and the 
potential regulatory actions NHTSA may take in the future 
on L3 systems.

This panel discussion will provide an overview of current 
state of L3 systems and the DMS, along with the latest indi-
cations and actions from NHTSA regarding automated driv-
ing systems.

Disclaimer

The views expressed in this paper and associated panel presentation 
are those of the authors and do not necessarily represent the views 
of the organizations with which they are affiliated.
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