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Basis for Scope of Research (1)

Research Topic Results of Research

Difference between

Connected Vehicles (CVs)

and Automated Vehicles

(AVs)

CVs: based on V2V, V2I, V2D, V2X and vice-versa.

AVs: artificial intelligence which operates the AV using

sensors and auxiliary devices.

Levels of AVs Level 0-2: driver is the operator

Level 3: driver is the supervisor and intervenes when

required

Level 4-5: driverless

Development of AVs The levels of AV increase with an increase in the

technological development of the vehicles.

Deployment is estimated to be 2025 for Level 3 and

2030 for Levels 4-5.
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Basis for Scope of Research(2)
Research Topic Results of Research

Effect of alert strategy &

type on driver distraction

for sudden braking

Resulted that participants responded similarly to haptic

and auditory alerts & alert strategy adopted was

important.

Adaptation to vehicle

automation

Research showed that trust increases with use but

acceptance does not increase.

Tendency to take risks Concluded that adaptation to automation depends on

driver education, experience and personality.

Automation &

secondary tasks

Concluded that increased automation results in an

increase in secondary tasks.

Impact of secondary

task on PRT

Examined the Perception-Reaction Time (PRT) of drivers

to critical situations during manual and automated control.

Effect of reading as a

2nd task

Effect examined in relation to the driver reacting to a

stationary vehicle during automated driving.

Re-engage in manual

control under different

conditions

#1: re-engage in manual driving at regular intervals.

#2: re-engaged based on time period that driver was

distracted.
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Basis for Scope of Research(3)

Research Topic Results of Research

Different studies result in

different PRT and which

variables influence PRT

Due to different definitions used for PRT and BRT.

Resulted that age, alcohol consumption and whether

the stimulus was expected or unexpected effected PRT.

Establish driver response

times in actual driving

scenarios without vehicle

automation

Participants not aware of experiment. Concluded that

RT depended on complexity of traffic scenario, level of

urgency, speed of the vehicles when the hazard alert

starts and PRT in normal vehicle expected to exceed

2.5s.

Design Guidelines for

Different Countries

Refer to Table
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Stopping Sight Distances for Level Roads 

adopted in different Countries
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Research Questions

1. Which type or combination of driver alert
systems are most effective according to
driver characteristics criteria?

2. Do driving experience, age, gender and
disability affect response times?

3. Does the type of secondary tasks affect
driver response times differently?

4. How will driver perception-response time
affect standard design guidelines for
Stopping Sight Distances?

Slide 6 of 23 



Main Hypothesis
Driver Response Time in a Level 3 Automated Vehicle will

necessitate updates of the existing design guidelines for

Stopping Sight Distances
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Research Goals
1. to examine the effectiveness of two different driver alert systems;

2. to establish the driver response times for drivers in relation to:

•different alert systems

•different age groups

•different driving experience

•different secondary tasks (distractions)

•disabilities which impair driver perception-reaction times;

3. to focus on the establishment of revised SSD values which

determine the design guidelines for road design to safely

accommodate Level 3 AVs on the road network in relation to the

perception-response times obtained as part of this research.



Literature Review
• Future of AVs

• Development of AVs

• Timelines

• The Driving Process
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Literature Review: The Driving Process
Driving Process = Driving Strategy + Driving Tactics

Criteria which affect Perception-Reaction Time for Levels 1 and 2 vehicles:

• Country of Origin: PRT affected by country of origin and driver awareness because it 
is related to the driver, the vehicle and the roadside scenario;

• Gender:  Different research yielded different results;

• Age: PRT increases with age;

• Driving Experience: Correlation with PRT is unclear;

• Perception Delay/Psychological Refractory Period: In Level 3 vehicles this delay 
includes shifting from automated to driving mode;

• Driver distraction: Competes with driver attention and causes delays in recognition 
and processing of information. Can be visual, auditory, biomechanical, cognitive or a 
combination of these;

• Alerts: Haptic, auditory, visual or a combination of such.  Auditory RT is less than 
visual RT.  Multisensory RT less than unisensory RT;

• Hue:  red alert button

• Disabilities: Musculoskeletal, Neurological and Cognitive/Sensory increase PRT 
because they affect perception, processing of information and reduced motor 
capabilities.

Perception-Reaction 

of Hazard

Manoeuvers to avoid 

Hazard
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Research Design and Methodology: Schematic
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Research Problem

Literature Review

Web-based Survey

Different 
In-Vehicle 

Alerts

In-Vehicle 
Secondary 

Tasks

Person 
Characteristics

Establish Perception-Reaction Times

Revision of Existing Sight-Stopping Distance Standards

Gaps in 
Existing 

Research



Research Design and Methodology: Main Points
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a. Based on gaps in existing research and scope of
research

b. Identified secondary tasks – use of mobile phone
and watching a video

c. Stratified sampling technique used – random
sampling which divides population into strata –
drivers/non-drivers. Disproportional sampling to
applied to strata and subgroups. Used statistical
Hypothesis Testing to determine level of
significance of sample data.

d. Survey using C# and Java and designed in two
parts – 1st part collection of demographic data, 2nd

part interactive survey. Survey link:
http://survey.horizon2000computers.com/

http://survey.horizon2000computers.com/


Research Design and Methodology:

Web-Based Survey (1)
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Research Design and Methodology:

Web-Based Survey (2)
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Research Design and Methodology:

Web-Based Survey (3)
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Graph of Number of Survey Respondents against Time



Research Design and Methodology: Analysis
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a. SPSS software was used to analyse the data;

b. Statistical tests used: Binomial, Null Hypothesis, p-Value, Alternative
Hypothesis, One-Way ANOVA Test, Parsimonious Regression Model and
Backward Procedure;

c. The results of the survey gave the Anticipated PRT and these values were
multiplied by the 1.35 Correction Factor to give the Unexpected PRT. The
85th% value of the Perception-reaction time was subsequently calculated for
each sub-group using z-score;

d. The PRT suggested by this research was taken as the average PRT values
obtained in the worst case scenario P7 and established at 4.23 seconds;

e. SSD (distance travelled during the perception-reaction time period) was
calculated for different design speeds using:

SSD = Perception-Reaction Distance + Braking Distance

SSD =   0.278 Vt + V²           
-----------

254 fWhere:

SSD = required stopping sight distance in m

V = speed in Km/h

t = perception-reaction time in seconds

f = coefficient of friction, for a poor, wet pavement



Results and Discussion
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1a. Results of the Demographic Data obtained:



Age Sample size Mean Std. Dev. P-value

P2Duration 18-30 years 123 2.75 .953 0.000

31-40 years 102 2.82 .852

41-50 years 116 3.08 1.020

51-60 years 76 3.41 1.237

61 years or more 33 3.89 1.538

P3Duration 18-30 years 133 2.51 .985 0.000

31-40 years 106 2.55 .860

41-50 years 128 2.71 .748

51-60 years 84 2.94 .893

61 years or more 34 3.22 .998

P4Duration 18-30 years 131 2.40 .937 0.001

31-40 years 109 2.69 1.047

41-50 years 130 2.88 1.041

51-60 years 81 2.75 .811

61 years or more 29 2.89 .784

P5Duration 18-30 years 135 2.28 .996 0.009

31-40 years 107 2.40 .914

41-50 years 133 2.60 .889

51-60 years 85 2.64 .881

61 years or more 33 2.70 .955

P6Duration 18-30 years 130 2.51 1.046 0.000

31-40 years 105 2.74 .963

41-50 years 120 2.95 1.212

51-60 years 73 3.00 1.258

61 years or more 31 3.75 1.425

P7Duration 18-30 years 131 3.16 1.399 0.172

31-40 years 107 2.96 1.194

41-50 years 124 3.04 1.013

51-60 years 80 3.39 1.425

61 years or more 31 3.05 .777

Results and Discussion

1b. Results of the Demographic Data obtained:
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Results and Discussion
2. Results of the PRT obtained for the different

scenarios are as follows:

PRT suggested by this research is the average of the

P6 and P7 scenarios being 4.23 seconds.
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Results and Discussion
3. PRT obtained for the predictors collectively

(Parsimonius Regression Model) were as

follows:
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Results and Discussion
4. The summary of the comparison of the PRT and SSD

values obtained from this research with values of CEDR,

AASHTO, DMRB, AUSTROADS and RAA are as follows:
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The Results and the Research Questions
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1. Which type or combination of driver alert systems are most effective according

to driver characteristics criteria?

Multi-sensory driver alert systems are the most

effective and reduce gender difference.

2. Do driving experience, age, gender and disability affect response times?

Driving Experience and Age complement each other

and either one or the other is a significant predictor in

each scenario. Younger age group have shorter PRT.

3. Does the type of secondary tasks affect driver response times differently?

When the nature of the secondary task exceeds the

cognitive capacity of the driver, the PRT is greatly

impaired – reading and writing an sms.

4. How will driver perception-response time affect standard design guidelines for

Stopping Sight Distances?

The PRT from this research exceeds the 2 and 2.5

seconds established by different specifications

worldwide and thus resulting in longer SSDs.



Limitations of the Research
1. Due to limitations of software, the raw data

comprised of discrete values;

2. Use of web-based survey which simulated the
driving scenario but survey was not carried out on
the road;

3. Limit on the duration of the web-based survey;

4. Differences in the devices used by participants –
touch pad, mouse or smartphone;

5. Restricted type of alert;

6. Survey was unsupervised so it was not possible to
ascertain the secondary task being carried out;

7. Results were for an EXPECTED alert and not for a
SURPRISE alert;

8. Limited literature available on AVs.
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Recommended Further Research
1. Evaluation of PRT using field studies rather than a web-

based survey or driving simulator in a controlled
environment;

2. Examine PRT using haptic alerts and a combination of
different alerts;

3. Examine SSDs for vertical curves and offsets through
horizontal curves;

4. Examine PRT in relation of automated heavy vehicles and
their braking efficiency;

5. Examine the effect of the proposed revised SSDs on road
reconstruction projects due to possible need for re-
alignment or design exceptions resulting in additional costs
and extended work programmes;

6. Examine the issue of the 40 second Comfortable Transition
Time;

7. Issues related to quality, consistency and standardisation of
road signage and line markings which are necessary for
reliable operation of AVs which rely on cameras, sensors,
radars and laser-mapping by utilising pavement markings to
understand the roadside scenario.
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