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Our research in driving

• Driver inattention/distraction ​

• Driver experience and anticipatory driving skills​

• ADAS HMI design, knowledge, training

• AVs: eHMIs, public acceptance

• VRU safety

• Commercial truck driver training; fleet safety 

• …
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Driver distraction mitigation



Scoping Reviews

5

1. Drowsiness scoping review- April 2022

2. Distraction scoping review- May 2024: in prep.
Open Access



Eligibility Criteria
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Inclusion criteria

• in-vehicle interventions 
for driver drowsiness or 
distraction

• a system
• uses a rule or algorithm 

to detect driver state
• initiates an intervention

Exclusion criteria

• not in-vehicle 
technology
• road strips
• regulations. 

• not use a DMS
• driving apps for phone



Search and Screening Process
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3260 
articles 

identified

• IEEE Explore (n=1244)
• Scopus (n=2043)
•ACM DL (n=160)
• SAE (n=52)
• TRID (n=431)

740 full-
text 

articles 
screened

20 eligible 
drowsiness 

studies

5694 articles 
identified

• IEEE Explore (n=1380)
• Scopus (n=2419)
•ACM DL (n=192)
• SAE (n=77)
• TRID (n=513)

1067 full-
text articles 

screened

28 eligible 
distraction  

studies

Research 
Rabbit 

(n=1404)

Drowsiness - April 2022 Distraction - May 2024



Intervention Types
Intervention Type Goal How it Works 

(Brief)
Driver Action 
Expected Example(s)

1. Feedback 
Systems

Inform driver of 
current state

Visual displays 
(e.g., scores, icons)

Increase 
awareness; self-
correct

Dashboard 
attentiveness 
score; drowsiness 
icon
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Intervention Type Goal How it Works 
(Brief)

Driver Action 
Expected Example(s)

1. Feedback 
Systems

Inform driver of 
current state

Visual displays 
(e.g., scores, icons)

Increase 
awareness; self-
correct

Dashboard 
attentiveness 
score; drowsiness 
icon

2. Warning 
Systems

Alert to risk; 
prompt corrective 
action

Salient alerts 
(visual, auditory, 
haptic); often 
staged

Immediate 
response to 
mitigate risk

Off-road glance 
beep/flash; seat 
vibration

Intervention Type Goal How it Works 
(Brief)

Driver Action 
Expected Example(s)

1. Feedback 
Systems

Inform driver of 
current state

Visual displays 
(e.g., scores, icons)

Increase 
awareness; self-
correct

Drowsiness score

2. Warning 
Systems

Alert to risk; 
prompt corrective 
action

Salient alerts 
(visual, auditory, 
haptic); often 
staged

Immediate 
response to 
mitigate risk

Beep/flash; seat 
vibration

3. Automation / 
Intervening 
Systems

Vehicle actively 
intervenes; 
modifies behavior

Modifies ADAS; 
takes control 
(steering/braking)

Passive 
acceptance or 
resume full control

ACC less 
aggressive; lane 
keeping support



Intervention Types
Intervention Type Goal How it Works 

(Brief)
Driver Action 
Expected Example(s)

1. Feedback 
Systems

Inform driver of 
current state

Visual displays 
(e.g., scores, icons)

Increase 
awareness; self-
correct

Dashboard 
attentiveness 
score; drowsiness 
icon

9
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Intervention Type Goal How it Works 
(Brief)

Driver Action 
Expected Example(s)

1. Feedback 
Systems

Inform driver of 
current state

Visual displays 
(e.g., scores, icons)

Increase 
awareness; self-
correct

Drowsiness score

2. Warning 
Systems

Alert to risk; 
prompt corrective 
action

Salient alerts 
(visual, auditory, 
haptic); often 
staged

Immediate 
response to 
mitigate risk

Beep/flash; seat 
vibration

3. Automation / 
Intervening 
Systems

Vehicle actively 
intervenes; 
modifies behavior

Modifies ADAS; 
takes control 
(steering/braking)

Passive 
acceptance or 
resume full control

ACC less 
aggressive; lane 
keeping support

Warning Display (Nishigaki & Shirakata, 2019)

Automation Control to return lane (Saito et al., 2016)

Feedback Display (Nishigaki  Shirakata, 2019)



Drowsiness Types
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May and Baldwin, 2009



• Generally effective in 
reducing sleep levels and 
improving driving 
measures in the short 
run

• Effectiveness for longer 
drives and long-term 
benefits unclear for the 
general population
• Need to go beyond 

warnings

Warning

Feedback

N/A

In
te

rv
en

ti
o

n
 t

yp
e

Automation

Drowsiness Type

Naturalistic 
studies

Passive 
fatigue

Active 
fatigue

Sleep-
related
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Dark gray: multistage intervention 
e.g., caution and urgent levels

Findings and Gaps
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#5. 
Feedback + warning & indirect detection & passive fatigue
Monetarily Incentivized to continue driving
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#7. 
Warning & indirect detection & passive fatigue 



14

#12. 
Warning & direct detection (perclos) & triggered based on driving performance 
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#1.
Naturalistic study
Military sample
Feedback + warning
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#6. 
Naturalistic study 
Commercial fleet.
Feedback + fatigue management plan. 
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#10
Qualitative evaluation with participatory design sessions.
Commercial fleet
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#20
Naturalistic study
Feedback based on HR. 
Evaluated for harsh braking events. 
Commercial Fleet. 
Low accuracy levels but effective. 
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#19. 
Oldest but informative study. 
Prolonged nighttime driving on test track (~5 hours).
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Sleep-
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Findings and Gaps • Automated driving interventions for 
passive fatigue 

• #17, 18: two-stage control for lane keeping

• Some may make drowsiness worse?

• No cognitive task interventions
• Studies without DMS show improvement on 

driving performance and sleepiness (Atchley et 
al, 2014, Wörle et al, 2020)

• DMS voice interaction: Improved lane 
keeping, physiological arousal, lower self-
reported drowsiness (Zhang et al., 2025)

• Few (5) studies in vehicle automation 
setting 
• 2 ACC (#4, #17)

• 2 SAE L2 (#13, #18)

• 1 SAE L3 (#16)



Two Drowsiness* Intervention Studies (Simulator)
*due to extended periods of low arousal; passive fatigue

EXP1: Manual Driving – University of Toronto
Suzan Ayas, Donmez
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EXP2: SAE L3 Driving – Ulm University
Suzan Ayas, Martin Baumann, Donmez

• Three interventions for manual driving: 
– Automation: Driving assist through SAE-L2 vehicle control
– Cognitive task: 1&2back task
– Combined

• Two cognitive task interventions for SAE L3 driving: 
– Lower demand (1 back)
– Higher demand (2 back)

• No intervention condition

N=36 
between 
subjects

N=36
between 
subjects



• A modified auditory n-back task (He et al., 
2019)

• 1-back: # of times two letters repeat back-to-
back

– ABTTDIRRLW -> answer: 2

• 2-back: # of times two letters repeat with one 
in between

– NKRSESPLUH -> answer: 1

• Each task repeated 5 times (1 task 30s long)

• Order counterbalanced
22

Wizard of Oz “Voice Assist” Interventions
SAE L2 AUTOMATION
“To help you stay alert, I'm activating automation for the 
next 10 minutes. During this time, the car will assist with 
steering and maintaining a safe speed. Please keep your 
hands on the wheel and stay attentive. I'll notify you 30 
seconds before the automation is about to disengage. 
Drive safely.”

COGNITIVE TASK
“To help you stay alert, I ask you to participate in the n-
back task during the next 10 minutes. During this time, 
you will continue to drive the car as usual so remember to 
keep your attention on the road while you complete the n-
back task. I will guide you through it and notify you when 
the n-back period is over. Drive safely”

• A failure event during training so that they 
did not expect this to be like an L3 system

• At the end of intervention, a gradual takeover 
request was provided

COMBINATION

To help you stay alert, I'm activating automation for the next 
10 minutes. During this time, the car will assist with steering 
and maintaining a safe speed. Please keep your hands on the 
wheel and stay attentive. Additionally, to further engage your 
mind and enhance alertness, I ask you to participate in the n-
back task. I’ll guide you through the n-back task. I'll notify 
you 30 seconds before the automation is about to disengage. 
Drive safely.



RATING DROWSINESS LEVEL INDICATORS (FOR OBSERVER CODING)
1 Alert Appearance of alertness present; normal facial tone; normal fast eye blinks; short ordinary glances; 

occasional body movements/gestures
2 Slightly drowsy Still sufficiently alert; less sharp / alert looks; longer glances; slower eye blinks; first mannerisms as 

rubbing face/eyes, scratching, facial contortions, moving restlessly in the seat
3 Moderately drowsy Eye-lid closures (1-2s); mannerisms; slower eye-lid closures; decreasing facial tone; glassy eyes; 

staring at fixed position
4 Very drowsy Eyelid closures (2-3s); eyes rolling upward / sideways; no proper focused eyes; decreased facial tone; 

lack of apparent activity; large isolated or punctuating movements
5 Extremely drowsy Eyelid closures (4s or more); falling asleep; longer periods of lack of activity; movements when 

transition in and out of dozing

(Wierwille & Ellsworth, 1994; Kundinger et al., 2020)
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Drowsiness Ratings: Observer and Subjective (current)

• ORD failed for some participants
Participant said they were very sleepy, weren’t assessed as such
No sample demographic requirements in guidelines.

• Subjective ratings failed for some participants
Clearly sleepy with droopy eyelids, said they were alert (young males)

• Instead of an either-or approach, using both is an option



POST EXPERIMENT Observer Ratings
• Two trained independent raters per video

• Conflicts resolved through discussions with a third tie-breaker
• Avg. Cohen’s Kappa = 0.52, Avg. % agreement = 75%

• Rules 
• Video evaluation must be between 8am and 8pm
• Each rater may rate a max of one hour at a time, then must take an hour of break
• Each rater can rate max 4 hour/day
• Each rater must rate independently (do not discuss/share ratings)

RATING DROWSINESS LEVEL INDICATORS (FOR OBSERVER CODING)
1 Alert Appearance of alertness present; normal facial tone; normal fast eye blinks; short ordinary glances; 

occasional body movements/gestures
2 Slightly drowsy Still sufficiently alert; less sharp / alert looks; longer glances; slower eye blinks; first mannerisms as 

rubbing face/eyes, scratching, facial contortions, moving restlessly in the seat
3 Moderately drowsy Eye-lid closures (1-2s); mannerisms; slower eye-lid closures; decreasing facial tone; glassy eyes; 

staring at fixed position
4 Very drowsy Eyelid closures (2-3s); eyes rolling upward / sideways; no proper focused eyes; decreased facial tone; 

lack of apparent activity; large isolated or punctuating movements
5 Extremely drowsy Eyelid closures (4s or more); falling asleep; longer periods of lack of activity; movements when 

transition in and out of dozing

(Wierwille & Ellsworth, 1994; Kundinger et al., 2020)
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Drowsiness Ratings: Observer and Subjective (current)



Apparatus
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Smart Eye Pro eye-
trackers

Polar H10 ECG chestband

Becker Meditec ECG electrodes   & GSR electrodes Ergoneers Dikablis 3
eye-tracker

This presentation: Preliminary results on drowsiness ratings



Participants

Manual driving
36 participants data (17F, 19M) (avg. age=31, SD= 6.8)
Experiment at 2pm*, no caffeine 5 hours before
Average sleep the night prior to experiment: 8hours
Became moderately drowsy in 40 min (SD=13)
Average drive: 70min (SD=13) 
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SAE L3 driving
36 participants data (17F, 19M) (avg. age=27, SD= 7.0) 
Experiment 9am – 9.30pm*, no caffeine 5 hours before
Average sleep the night prior to experiment: 8hours
Became moderately drowsy in 38 min (SD = 13.4) 
Average drive: 52 min (SD =13)

*No difference in time of drive

Eligibility
• A valid driver’s license (Ontario G2) for the last 3 years, 
• Drive ≥a few times a week OR have driven ≥5,000km in the past year
• No sleep related issues, no general health issues
• No corrective eyeglasses (contact lenses were allowed) 
• Good written and spoken English

Eligibility
• A valid driver’s license (German Class B or equivalent) for the last year, 
• Drive ≥ a few times a month OR have driven ≥5,000km in the past year
• No sleep related issues, no general health issues
• No corrective eyeglasses (contact lenses were allowed) 
• Good written and spoken English



Pre-intervention started when both 
raters vote moderately drowsy (n=33) 
or after 60 minutes (n=5)

Pre-
intervention
(manual drive)

10 mins

Intervention

10 mins

Post-
intervention 
(manual drive)

10 mins

Pre-intervention 
subjective 
sleepiness rating

Post-intervention 
subjective 
sleepiness rating

Post-study 
questionnaires

30-minute drive Monotonous driving + 
Observer ratings in real time

Max 30 mins

10 mins
n-back 

task
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Exp 1: Manual DrivingWizard of Oz DMS
Two trained observers, 
1 min video segments

70% agreement (SD=18)
Cohen’s kappa=0.6 (SD=0.24)



Intervention started when both 
raters vote moderately drowsy 
(n=28) or after 50 minutes (n=8)

Intervention

5 mins

Manual driving

5 mins

Pre-intervention 
sleepiness rating

Post-intervention 
sleepiness rating

Post-study 
questionnaires

L3

3 mins

Take
over

Manual drive L3 driving + Observer ratings in real time

Max 40 mins

10 mins 
n-back 

task

No intervention
1back
2back

Exp 2: SAE L3 Driving
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Pre-drive 
sleepiness rating

Wizard of Oz DMS
Two trained observers, 
1 min video segments

68% agreement (SD=10)
Cohen’s kappa=0.52 (SD=0.14)
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Pre-intervention Intervention Post-intervention

Automation

Cognitive Task

Combination

Exp 1 (manual): Interventions ↓ drowsiness ratings

No differences across intervention types for post-pre values
Pre to post reduction, Δ=0.6, p=.003 
no intervention type differences
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*
Steeper 
slope

Combination

Cognitive Task

Automation
5 Extreme

4 Very

3 Moderate

2 Slight

1 Alert

*
Reverse 
slope



Exp 2 (SAE L3): Interventions ↓ ratings
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Post-interventionPre-drive Pre-intervention

2-back task

1-back task

Baseline (no cognitive task)

Significantly steeper slopes for 
interventions

Significantly steeper slopes 
for interventions

Significantly steeper slopes for 
interventions & 2-back steeper than 1-back

5 Extreme

4 Very

3 Moderate

2 Slight

1 Alert
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2-back task

1-back task

Baseline (no cognitive task)

Pre-
intervention

Intervention Post-int. (post 
takeover)

Post-int. 
(pre-TOR)



Intervention Effectiveness (Preliminary Results)

• Automation intervention for manual driving:

– some participants got rest despite the monitoring instructions

– overreliance and misuse can be dangerous

• Cognitive tasks:

– beneficial during intervention for both manual and L3 driving

– benefits decline post-intervention

– might have further fatigued the drivers

• Combination of the two did not reveal expected benefits (i.e., cognitive task 
compensating for potential low arousal states due to automation)

– cognitive task alone (without driving) may not have been demanding enough 

• Subjective rating prompt briefly improved ratings even for no intervention

– even short voice interactions with DMS may momentarily improve drowsiness



Participant Feedback

• Automation group (n=12)
– 2 said automation helped them relax

– 1 said they trusted automation because it was a simulator setting

• Cognitive task and combination groups (n=24): 
– 6 preferred 1-back over 2-back, another 6 preferred 2-back

– 6 would have preferred a warning over this task intervention

– 4 people suggested more engaging activities (e.g., podcast/music, games)

– 4 wanted rest area suggestions

– 4 wanted less robotic voice assistant voice

– 3 wanted driver profile for personalized intervention

– 3 in cognitive task group asked for driving assistance (automation)

• 3 wanted haptic and visual warnings in addition to auditory warnings



Takeaways

• Plethora of research on detection technology

• Very limited research on interventions
– Sleep deprivation vs. active vs. passive fatigue differences underexplored

– Warnings the “most” studied, necessary for critical levels, but are they 
enough?

– L2 and L3 settings underexplored

• Both cognitive tasks (manual and L3) and automation (manual) are 
promising for passive fatigue with caveats
– If drivers are required to monitor automation, they may stop doing it; 

automation other than L2 should be considered

– Cognitive tasks can add to fatigue and lead to increased drowsiness post-
intervention

33
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Corrections to Acceptance Criteria (Annex 4)

1) Not a correct interpretation of a confidence interval. The 
equation does NOT mean that 95% of participants statistically have 
more than 20% average (?) sensitivity.

– This is the confidence lower bound for the true population parameter 
(i.e., the mean sensitivity of system). It is about a constant value and is 
not about the probability distribution of sensitivity across participants, 
which is what should be used for the “95% of participants…” claim.
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2) The following comments follows if we assume that the intent of this equation is to set a 
lower bound for the average sensitivity estimate. Then it follows that even if one assumes 
that sensitivity is distributed normally (or as Gaussian as stated in the document), when we 
do not know the true population variance and use the sample variance instead (as is the 
case here), the random variable, Xbar (sample average), no longer is normally distributed – 
this is why we have the t-distribution. With a sample size of 10, we would have to replace 
1.645 with 1.833 (from t-distribution with 9 degrees of freedom). This is less of a problem 
as sample size increases as t-distribution approaches z. 1.645 “incorrectly” creates an 
easier criterion for passing if sample size is small.  

Corrections to Acceptance Criteria (Annex 4)
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3) This is a question for the WG to consider. I don’t claim that there is 
necessarily an error here. 

Why not use a corrected standard deviation? In particular, why not use n-1 
in the denominator? Especially for small sample sizes, uncorrected 
standard deviation (the current form used in the document) has larger 
bias. 

Corrections to Acceptance Criteria (Annex 4)
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