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Criterion measures
• DRT (ISO 17488): residual attentional capacity – cognitive demand
• VOT: total shutter open time – visual demand
• Both require specialised equipment within a controlled setting and trained assessors

Research gap
Task structure predicts demand (Getty et al., 2018), but no cross-validated model links a 
multimodal step count to DRT and VOT

Three questions
1. Is step count stable across test contexts?
2. Does it predict the criterion measures out of sample?
3. What does each step cost?
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Validated measures of IVIS demand do not 
scale
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Participants

• 20 drivers (15 male), aged 26–50 (M = 
32)

• ~5h driving a week; full Australian 
licence

• n=19 (one excluded for protocol non-
compliance)

• Three vehicles each over two 
consecutive days

• Testing at the AARC proving ground, 
Victoria, winter 2023
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20 drivers across 12 infotainment systems

CategoryVehicleSystem

Smartphone mirroringToyota Corolla 2021Android Auto

Smartphone mirroringToyota Corolla 2021Apple CarPlay

Large SUV (European)Audi Q7 2020Audi MMI

European sedanBMW 330i 2023BMW iDrive 7.0

Medium SUVCupra Ateca 2022Cupra MIB3

4WD uteFord Ranger 2023Ford SYNC4A

Large SUVMazda CX-9 2021Mazda Connect

Small SUVMG ZS 2022MG iSMART*

Medium SUVNissan X-Trail 2023NissanConnect

ElectricPolestar 2 2022Android Automotive OS

ElectricTesla Model Y 2022Tesla touchscreen

Small carToyota Corolla 2021Toyota Link

4WD uteToyota Hilux 2019Toyota Link
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IVIS interaction tasks

Complete whenExample instructionTask

Call connects to the correct contact“Please call Alex”Initiate call

Message sent; driver says “Done”“Text Alex and ask if he could buy you a coffee”Initiate text

Playback startsPlay a named song from a 15-song playlistMedia

Route foundSet a destination within 40 km (e.g. Bells Beach)Navigation

Station tunedTune to a named local AM/FM stationRadio

Driver says “Hello”Answer the researcher’s callReceive call

Reading completeHave the system read an incoming textReceive text
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On the track

4.2 km closed highway circuit, 80 km/h, safety driver

Tactile DRT: vibration every 3–5 s, finger switch on the wheel

Outcome: DRT miss rate (cognitive)

In the parked car

VOT: occlusion goggles, 1,500 ms self-initiated views

Outcome: total shutter open time (visual)

Tracking task on a windscreen-mounted laptop; outcome: 

tracking error
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On-track vs stationary testing method
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What counts as a step

• Touchscreen taps

• Physical buttons, dials and rotary controllers

• Steering-wheel controls

• Voice commands, including wake words

• Verbal responses to system prompts

Failed or repeated inputs count: a misrecognised 
command still costs attention

Coded from video by trained observers
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A step is any discrete driver input

Fig 1. Voice call = 2 steps; browsing for a song = 10 steps
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Variation in step count across task and 
system

Fig 2. Mean steps per system and task, on-track drive; n/a = task not supported

RangeMedianMean (SD)Context

0–2524.37 (4.27)On-track

0–4334.69 (5.10)Parked VOT

0–3924.51 (4.98)Tracking

Steps per participant × system × task
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Cross-context validation of step counts 
between stationary and track testing

Fig 3. Model-estimated mean steps per system in each context; dashed line = equality. Cupra Ateca excluded from VOT comparisons (system
failures).

Mean steps – stationary VOT Mean steps – stationary tracking task Mean steps – stationary VOT
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Model selection

VOT rDRT rlme4 formulaSpecification

.65.71Outcome ~ nSteps + (1 | participant)1  Random intercept

.65.73Outcome ~ nSteps + nSteps:IVIS + (1 | participant)2  + system-specific slopes

.63.75Outcome ~ nSteps + (nSteps | participant)3  Random intercept and slope

Selected on leave-one-out cross-validated r (over in-sample fit)

Model 1 selection

Predictive stability: highest out-of-sample r for the VOT; extra parameters overfit

Standardisation: one specification for DRT and VOT; Model 3’s DRT gain did not justify divergent methods

Robustness: Model 1 converged in every fold; Model 3 often did not

Parsimony: one system-agnostic coefficient per step
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One input predicts cognitive, visual and 
visuo-manual demand out of sample

Fig 4. Leave-one-out predictions from the step-count model. DRT and VOT: N = 276 cells, Cupra Ateca excluded; tracking: N = 290, Cupra 
included; 19 participants.

Observed DRT miss proportion Observed √TSOT Observed tracking error (px)
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Cognitive: predicted DRT miss rate Visual: eyes-off-road time per task
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Each step adds ~1 pp of DRT misses and 
0.3–0.8 s of eyes-off-road time

9,1%

22,1%
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Fig 5. Predicted DRT miss rate (%) by number of steps Fig 6. Predicted eyes-off-road time per task (s)
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Simplicity over best fit
Model 1 trades a minimal DRT accuracy (.71 vs .75) for stability and parsimony

Task type
Short, continuous tasks done as fast as possible; self-paced tasks untested

Fleet
12 systems tested in 2023; new modalities need re-validation on track

Tracking error
Supporting evidence only; its embedded DRT missed on-road demand
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Generalisability constraints
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Validity
Step count is stable across contexts and predicts DRT, VOT and tracking criteria out of sample (r = .65–.81)

Interpretable
Each step costs about 1pp of DRT misses and 0.3-0.8 s of eyes-off-road time

Practical
A non-expert observer can score a system in a parked car in about 45-50 minutes, with a video camera or 
second observer and no other instrumentation

Application
The empirical basis for a consumer-facing IVIS rating

Design
Later steps cost more eyes-off-road time, so removing steps gives a compounding benefit
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Counting steps predicts attentional cost
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Step-band rating of the 2023 fleet

Mean stepsRating

1–2★★★★★

3–4★★★★☆

5–6★★★☆☆

7–8★★☆☆☆

9–10★☆☆☆☆

≥ 11☆☆☆☆☆

RatingCombinedDRT stepsVOT stepsSystem

★★★★★2.122.242.00Apple CarPlay

★★★★☆2.972.953.00Polestar 2

★★★★☆3.363.223.50Ford Ranger

★★★★☆3.202.873.53Toyota Corolla

★★★★☆3.873.953.79BMW 330i

★★★★☆3.943.554.33Audi Q7

★★★★☆4.143.884.39Android Auto

★★★☆☆4.984.984.99Toyota Hilux

★★★☆☆5.254.396.11Mazda CX-9

★★★☆☆5.484.606.36Tesla Model Y

★★★☆☆6.346.416.27Nissan X-Trail

☆☆☆☆☆10.7210.72–Cupra Ateca*
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No meaningful system effects

Lateral acceleration and speed change 
varied little between systems

Interpretation

Consistent with the cognitive control 
hypothesis: drivers protect vehicle control 
while detection suffers
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Vehicle telemetry did not distinguish 
between systems
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