
Understanding how we drive: 
Research in the University of Waikato driving simulator 

Samuel G. Charlton 

23 August 2017 



University of Waikato Transport Research Group 

2 

20+ year history, formerly Traffic and Road Safety, TARS 

Research for the NZ MoT, the NZAA Research Foundation, Road Safety Trust, 
the New Zealand Transport Agency, the New Zealand Police, and the ACC 

International reputation for research on fundamental cognitive and 
performance processes involved in driver behaviour – Everyday driving 

Findings have been used in the design of overtaking lanes, curve warnings, 
hazard signs, urban threshold designs, and rule changes such as lower alcohol 
limits and cell phone restrictions.  
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Why we study driver behaviour 

3.  A very good task for studying cognition 
human performance, attention & decision making 

A skill we acquire as young adults 
and perform every day 

1.  Significant public health issue 

Road transport should be as easy and safe to use as 
any other consumer product 

35% of all preventable deaths in NZ 

2.  Applied psychology should improve quality of life 
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What we’ve learned 
Most drivers are driving without attention, 

most of the time 



I drove on the road for the first time yesterday, with my dad in 
the passenger seat supervising. I'm terrible at it. I'm having so 
much trouble with staying aware of everything that's going on, 
and cars are so bulky. It's so difficult for me to remain conscious 

of the fact that while steering I have to not only keep myself 
away from the side of the road, but also the whole other half of 
the car that I'm not on. I feel like driving would be easier if I was 
in the center of the car for some reason, as opposed to one side. 

Also I have a tendency to over-steer on turns   (catherineconns, 2010) 

Driving a car is difficult 
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…but with practice  
it becomes very easy 

we don’t need to think about the journey, 
we simply get in the car and go  

Everyday driving 

While I was driving to work today I thought about ‘how’ I 
was driving without actually thinking about it! I found it 

really difficult to go back to feeling the clutch, checking the 
mirrors etc, in a conscious way. I just do it!     (Mabel, 2012)  
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Everyday driving experiment 
Drove a 24 km-long section of rural road 
20 times over the course of 2 ½ months 

By sessions 5 & 6 participants 
reported “driving without thinking 

about it” “on autopilot” “zoning out” 
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Developing a schema 
a mental map for familiar events 

we see what’s ahead, and have expectations about 
what’s likely to happen (default values) 

Tandem Model of skilled behaviour 

Operating process: conscious, 
intentional decision making 

Monitoring process: 
unconscious error monitoring, 

fast and frugal, goal blind 

We have lots of schemata & automatic 
procedures, we begin acquiring them 

at an early age 

bedtime script, school script, doctor’s office 
script, shower procedure, bicycle procedure, 

drive home procedure 



Change blindness / inattention blindness  
for familiar road features  

What does everyday driving performance look like? 
Increased speeds 

Decreased speed variability 

Participants did not detect removal of prominent 
buildings or changes in signs, including change 

from English to German wording 
(Charlton & Starkey, 2011; 2013) 
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Removal of centreline detected most often and most rapidly 
6.77m away in Session 3 to 13.34 m in Session 12, and 19.66 m by Session 19 

No detection if dashed line was replaced by solid line – so not just result of foveal location 

Guidance/confirmatory cues  
(for continuous control feedback) 

What does an everyday driving schema contain? 

(Charlton & Starkey, 2011; 2013) 
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The addition of a continuity line (guidance cue) significantly 
increased the number of drivers keeping left 

(Charlton et al 2001; Charlton 2007b) 

Preconscious guidance cues 
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Activation triggers (primed stimuli) 

Police car stimulus produces rapid and 
automatic deceleration, 

(even in driving simulator where there is no 
chance of receiving a speeding ticket) 

(Charlton & Starkey, 2013; 2016) 
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What does an everyday driving schema contain? 



One VW per drive, heading towards the 
driver and becoming visible 280 m away 

report anytime you notice a VW beetle by flashing your headlights 

Detection distances increased over the 12 weeks of the experiment 

Generalised to participants’ own cars, driving around town 

Creating an activation trigger (primed stimulus) 
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(Charlton & Starkey, 2011; 2013) 



What do drivers think about during 
everyday driving? 

Asking drivers what they are thinking about while they 
drive can tell us about the contents of conscious attention 

and what aspects of driving have captured attention 

Experience sample experiments 
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Experience sample experiments 

Task focussed, sensory-based 
(perceptually guided) 

What are you thinking about right now? 

Smallwood & Schooler (2015) 

just looking at the road in front of me  

slow truck ahead 

slowing down and turning right 

nothing really, being aware of cars 

just thinking nice open road,  

couple of cars there 

trying to be in the right position in the lane 

(Effortful or monitoring) 
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Top right is also sensory-based but 
unrelated to the task 

when I was a kid that Four Square 

was a New World 

what time of the day it is 

that guy’s face 

the wind in those trees 

Experience sample experiments 
What are you thinking about right now? 
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Bottom left is task focussed  
but self-generated  

(perceptually de-coupled) 

how this reminds me like driving 

over xmas holidays 

driving in general 

what traffic is going to be like when 

I drive this later today 

the way we are going 

Experience sample experiments 
What are you thinking about right now? 
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Bottom right is task unrelated  
and perceptually de-coupled 

my mum 

planning my day 

the word 'genre'  

organising my week 

my daughter 

marmalade 

Experience sample experiments 
What are you thinking about right now? 



520 urban road  

experience samples  

from 52 drivers  

438 rural road  

experience samples  

from 42 drivers  
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578 commuting 

experience samples 

from 11 drivers  
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What do drivers remember from an everyday drive? 

75 licenced drivers 

14 km driving loop on 
“very familiar” roads 

25 drove in university car 
   with researcher as passenger 

25 drove in simulator, video 
    with steering and speed control 

25 drove in simulator with 
    researcher as passenger 
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After the drive we asked a series of free 
recall and cued recall questions 

Was there another vehicle ahead of you?  
Were there any vehicles alongside or at side roads?  
Were there any pedestrians at that location?  
Did you stop at that location? 

They remembered the bad behaviour of 
other drivers 

They couldn’t accurately recall specific events 
at an intersection, the presence of other cars, 

or pedestrians 

They remembered what probably happened 
– high rate of false alarms 

Default values from schema 
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The look and feel of the road activates a driving schema 

55 participants (28 male, 27 female)  

Drove 32 roads in video-based sim 
 (speed choice recorded) 
 

Funded by NZAA Research Foundation & NZTA 

Completed rating booklet, questions  
about difficulty, familiarity, safe speed,  
speed limits, etc 

Sorted photos of 32 roads into piles 
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The participants made clear groupings 
of the roads (with good agreement) 

The groups were not the same 
as the ONRC categories 

The groups did include different 
expectations about speed limits 
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Focus group labels 

Speed limit: 80 

Going to work, other parts of city 

Wide, well-maintained, medians, fast routes 

Speed choice: 80 - 100 

Safe speed: 80 – 100 

Bypass/through roads, boundary roads, highways 
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Focus group labels 

Speed limit: 60 

Going to other parts of town for shopping or work 

Well marked and wide, slower than highways, 

faster than town routes 

Speed choice: 60 - 70 

Safe speed: 60 – 70 

Arterial/linking roads, connector roads 
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Drivers don’t drive to the conditions 

It has long been assumed that drivers modify their  
behaviour according to the risk they perceive  

But how well do drivers perceive risk? 

Funded by NZAA Research Foundation  

What road features do drivers use to judge driving risk? 

Compared to drivers’ perceptions of risk 
as they drive Road Protection Scores 

Measure of objective risk: 



n = 77 locations  

Regression line & 95% CIs 

With intersections 

Drivers’ risk perceptions compared to objective risk 



n = 57 locations  

Regression line & 95% CIs 

Excluding intersections 

Drivers’ risk perceptions compared to objective risk 



Identifying situations where 

risk is over- or under-rated 

Risk is under-rated 

narrow lane 
horiz. curve 

wire rope 

narrow shoulder 

ditch 

poles 

Drivers’ risk perceptions compared to objective risk 

Risk is over-rated 
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Can we manipulate perceived risk to influence speed? 

Median treatments (dashed white lines, double 
yellow lines, wide centre lines, and wire rope 

barriers) in both high & low traffic 

Two warning treatments  
(high crash area sign and police car)  

Speed reduction treatments 
Narrow lanes and lower speed zone 

75 participants drove a series of roads in the 
simulator, controlling their speed and steering 
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“Use the brake and accelerator to choose 
the speed you would drive if you were in 

your own car and use the steering wheel to 
“steer” through the video‘’ 

“We will start with a short practice video” 

“As you watch the video, steer the car and 
this time tell us how risky each road feels by 
moving the thumbwheel up and down with 

the bottom of the scale indicating safe 
(completely at ease), to unsafe (immediate 

danger)” 

Speed Risk 
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In high traffic conditions perceived risk 
increased and speeds decreased 

These effects were most pronounced for  double yellow centre lines 

Wire rope barriers minimised these effects 
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Effect of median treatments on speed and risk 

In high traffic, double yellow lines produced greatest 
speed reduction 

High traffic increased risk ratings for all except wire 
rope barriers. Double yellow lines rated significantly 

more risky than all others under high traffic 

Speed Risk 
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Results: The effect of warnings 
High Crash Area sign Police car with flashing LED lightbar  

High crash area signs increased risk ratings and reduced speeds 

But, not nearly as much as the presence of a police car 
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The effect of warnings 

Police car had a significantly larger effect on speed 
compared to the high crash area sign 

Significantly greater increase in risk ratings 
associated with the police car compared to the high 

crash area sign 

Speed Risk 
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Results verified with on-road testing 

42 participants 
same loop in simulator 

researcher in passenger seat 

50 km loop of roads containing 
treatments shown in simulator 

Risk questions (probes) at 14 locations 
Questions asked by researcher in 

passenger seat 
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What we’ve learned 

Most drivers are driving without attention, 
most of the time 

Drivers develop mental maps about what to 
expect and what speed to choose 

Drivers don’t drive to the conditions, they underestimate 
some risks and overestimate others 

The look and feel of the road activates a driving schema 

We can use the look and feel of the road to influence driver 
behaviour automatically 
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The described research is part of 

the Safe System approach 

Designing the road transport system to fit the 

needs and capabilities of its users  

Human-centered design is at the heart   

of the Safe System philosophy 
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Currently 
NZ Drivers’ Readiness for CAVs 

Nationwide survey of 1,067 respondents, exploring drivers’ knowledge and 
attitudes about CAVs 

Predictability and Credibility of Speed Limits 
investigating the relationship between the visual appearance of roads from the ONRC 
categories and drivers’ subjective categorisation and speed choice for those roads  

Drivers’ Response to Information from In-vehicle Apps & Systems 
driving simulator-based test of driver performance while using in-vehicle applications 

and on-line survey of who uses what types of in-vehicle devices 

Transitions Within a Safe System 
Simulator based study of “down-stream” driver behaviour after moving 
from 5-star motorway to 2-star rural roads 

Regulating drivers’ behaviour through better delineation 
Using centrelines and edge lines to indicate speed limits 
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Questions 


