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Monitored, rated and regulated, but not quantified in 
terms of crash and injury risk

•  EU ADDW regulation (2023/2590): distraction warnings are mandatory

•  Euro NCAP: substantially extended DMS assessment from 2026

•  Driver monitoring in essentially every new European car

What is the impact of ADDWs (and HMIs) in terms of crashes and injuries?

No commonly agreed on method…
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Method aim: To enable estimation of crash and injury 
risk of HMIs and ADDWs… 

1 Why can't we state the crash and injury risk impact of inattention 

today?

2 What would a quantitative crash and injury risk metric for inattention 

look like, and can we trust it?
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Traditional assessment vs. estimating crash and injury risk

Traditional assessment

•  Guidelines, ISO protocols, Euro NCAP

•  Relatively straightforward

•  Says little about an HMI’s or ADDW’s

impact on crash and injury risk

Methods that address crashes

•  Methods estimating crash and injury 

risk of HMIs and ADDWs

•  Hard to understand: chains of 

models and assumptions

•  Not validated against real crashes

➔hard to trust

To be used, a crash-risk method has to be understandable, and tested 

against real crashes
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Side note: Four methods for assessment – answering different 
questions

MiRA
Kircher & Ahlström (VTI)

Is this driver sampling

enough, right now?

Definition, hindsight-

free

Drive-In Lab
Kujala et al. (Jyväskylä)

What does this task do 

to car-following 

margins?

Demand & behavior

AHEAD
Reimer, Lee et al. (MIT)

Does the counter-

measure do what it 

was designed to?

Verification

Counterfactual 

sim.
Bärgman et al. 

(Chalmers)

How does it impact

crashes and injuries?

Safety impact

Not alternatives but different questions: ranking them is incorrect
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One rear-end crash, seen three ways
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A very simple glance distribution: five durations
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One what-if: a 1.5-s glance away from the road
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1. Eyes off 1.5 s, from the anchor
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All five what-ifs of the same crash
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One crash, 100 what-ifs: the impact speed distribution

jonas.bargman@chalmers.se12

0.5 1.0 1.5 2.0 2.5
0

20

40

60

Off-road glance duration [s]

W
h
a
t-

if
s

10

20

49

20

1

Impact 

speed

[m/s]
0

[0 0 0 … 0] (10 times)

0

[0 0 0 … 0] (20 times)

10.1

[10.1 10.1 … 10.1] (49 times)

15.0

[15.0 15.0 … 15.0] (20 times)

16.2

[16.2] (1 time)

0 5 10 15 20
0

25

50

Impact speed [m/s]

W
h
a
t-

if
s 30

49

20

1

Crash risk

70 of 100 = 0.70

Mean impact speed

8.1 m/s over all 100

11.6 m/s over the 70 

crashes

One crash, but 100 what-ifs: its potential severity



Method core: Replay real conflicts with different glances ➔
a “what if” on glance behavior

Anchor: the moment the conflict becomes critical, when the inverse time to 

collision reaches 0.2 s⁻¹ (the lead vehicle grows visibly; from Markkula et al. 

2016). All response delays are counted from that moment.

•  Real pre-crash rear-end 

kinematics; the driver's avoidance 

maneuver removed

•  Glance behavior from studies 

(naturalistic or experiments) applied

•  Risk = where off-road time 

"meets" rising crash probability

(dose-response)

•  % on-road glances included as 

zero second glances

•  Output: crash and injury risk
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Glance behavior and crash/injury risk probabilities

14

Left: off-road glance durations of six task groups (SHRP2; parametric distribution fit). 

Right: crash and MAIS3+ injury probability (dotted: MAIS2+) when braking starts t seconds late
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Crash risk = ∫ h(t) · C(t) dt

Injury risk = ∫ h(t) · I(t) dt



Method validation: The simulated risks agree with 
real-world crash odds ratios

Left: simulated risk against crash odds ratios (SHRP2, task alone), R² = 0.95. 

Right: relative to baseline driving, nothing fitted: slope 1.05, the identity line not rejected (p = 0.96)
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Method predicts that a warning removes few crashes and injuries 
➔ but an ADDW that has a real impact triggers often

16

At 2 s: 2-13 crashes and 0.1-0.9 MAIS3+ injuries removed per 1,000 conflicts. 

Estimate it would trigger up to 53 times an hour at 2 s and 5.1 at 3.5 s
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… and it depends on the context

Same glances (orange), ×10 the crash risk at short time gaps, and 

drivers barely adapt (blue)

• Design consequence: thresholds that follow the risk, relaxed where 

little is at stake, strict where much is.

• In high-interaction contexts attention means scanning, not eyes 

locked forward➔ needs method improvement
Olleja, Svärd, Zhao & Bärgman (2026), 

doi:10.5281/zenodo.19322728
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Where is the risk? The risk tail starts earlier than 2 s
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Glances longer than 2 s are 20% of visual-manual phone glances and carry 51% of its crash risk; 

for Phone HH, 6% of glances and 35% of the risk
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Exposure: how long and how often a task is done changes the 
answer

19

What a task adds over driving without it: one 10-s text as much as 28 s of driving, one 45-s hand-held 

call 3 s; per hour (UDRIVE), visual-manual phone use adds most
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How much glance data is needed for assessment?

20 jonas.bargman@chalmers.se



Main limitations

•  Only rear-end and off-road glances considered

– but still agrees with the overall crash odds ratios (all crash types)

– glances do not adapt to the situation: absolute rates too high, the ordering holds

•  For proper assessment, exposure is needed: total task time and frequency

– not in SHRP2’s six-second task windows, so not part of the validation

– enters as the risk a task adds over driving without it
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Three take-aways

•  The simulated risks reproduce real-world crash odds: in rank and, 

relative to baseline driving, in size

• Absolute levels depend on assumptions, but the ordering is stable ➔

10 drivers per task differentiate a 1.4-fold difference (86% of cases)

•  ADDW warnings need trade-offs: even at 2s they remove little crash risk 

and trigger often, not much better at 3.5s ➔

context-adaptivity likely the way to go

➔ Paper soon to be submitted and code will be open source
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