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What'’s left to know about visual-manual phone engagement (VMPE)?

* Many existing studies focus on
phone engagement “events”

* Holistic approach to establishing

. DRIVING BEHAVIOR DEMOGRAPHICS
predictors of phone engagement

* Understanding the motivations
for phone engagement may help
identify more effective
countermeasures to reduce it

* Goal: Identify trip- and individual- DRIVING CONTEXT PSYCHOSOCIAL FACTORS
level features that predict VMPE
and allow us to categorize driver
dispositions



Risky driving dataset created by UMTRI and CSRC

PARTICIPANTS DRIVER CHARACTERISTICS SURVEYS NATURALISTIC DRIVING DATA

Theory of On-board
Psychosocial Planned Data Mobileye

Driving-
Drivers Demographics related

Measures Behavior Acquisition System
Measures

Constructs™” System

44 drivers TOTAL SURVEY ITEMS: 11 TOTAL SURVEY ITEMS: 10 TOTAL SURVEY ITEMS: 15 TOTAL SURVEY ITEMS: 15 TOTAL VARIABLES: B TOTAL VARIABLES: 5
Rl b Age DBQ Agreeableness Secondary task engagement Trip start time Other road users:
T Gender Perceived driving abilities Conscientiousness Risky driving engagement Trip end time pedestrians, bicycles,
18 yrs. and older Race Seatbelt use last week Neuroticism Behavioral Intentions Trip duration motorbikes
(18-25. 35-55, 65+) Ethnicity Total crashes last year Openness Attitudes Trip distance Number of obstacles
. Education Total tickets last year Extraversion Descriptive Norms Time of day Close-in-path vehicle
3,798 trips Martial status General risk susceptibility ~ Anger Injunctive Norms Speed
(full trips Income General risk severity Anxiety Perceived Behavioral Control Speeding
Michiga n Vehicles in household Depression Perceived Susceptibility to Crash Tailgating
e Licensure age Impulsiveness Perceived Susceptibility to get
H Driving days/week Life satisfaction Pulled Over
2018-2019 Driving duration/day Locus of control Perceived Severity of Crash TRANSPORTATION
(3 weeks for each driver Miles driven/week Self-Efficacy ’ IJ MTH RESEARCH INSTITUTE
Self-Esteem UNIVERSITY OF MICHIGAN

Sensation seeking
Social isolation

Characteristics
* Coded visual-manual phone engagement: hand-held texting/ browsing, and dialing hand-held
» 558 full trips contains 7,087 instances of phone engagement / 1349 sequences
* Holistic approach that includes vehicle, driver, and contextual data
* Includes time from trip start to trip end with human annotation



Theory of planned behavior in questionnaires

Instrument

Example

Behavioral Intentions

“While driving in the next month, how likely
1s 1t that you will [behavior]?”

Attitudes

7-point scale word pairs: Bad/Good,
Dangerous/Safe, Unpleasant/Pleasant,
Unnecessary/Necessary, Unwise/Wise

Descriptive Norms

“Most drivers around me [behavior]”

Injunctive Norms

“Most people who are important to me think it
13 alright for me to [behavior]”

Percetved Behavioral

e

Subjective
Norm

Perceived
Behavioral
Control

Behavior

“In the next month, 1t 15 mostly up to me
rrrlmdlrne Torara 11 Thalarramel??




Research questions

2021
What driving behavior, contextual, demographic, and psychosocial variables are associated with

risky driving behaviors?

TRANSPORTATION Molnar, L. J., Eby, D. W., Zakrajsek, J. S., Kostyniuk, L. P., Zanier, N., LeBlanc, D. J., & Sayer, T. (2021).
RESEARCH INSTITUTE  Guidelines for Development of Evidence-Based Countermeasures for Risky Driving-Final Technical
Report, Volume 2.

-

UMTH

UNIVERSITY OF MICHIGAN

2023
Can we derive new variable relationships that enable us to predict

the likelihood of VMPE?

* New analysis techniques

TOUCHSTONE The Comprehensive Driver Predict VMPE ahead of time
A EVALUATIONS INC. Profile Framework

J



Key findings preview

2023
Can we derive new variable relationships that enable us to predict

the likelihood of VMPE?

_ . * New analysis techniques
m TOUCHSTONE The Comprehensive Driver . predict VMPE ahead of time
EVALUATIONS INC. Profile Framework

* Results showed that the strongest predictor of VMPE onset was the interaction
between driving context and drivers’ attitudes and norms toward VMPE
* Idling and surrounding vehicle speeds
e Attitudes toward phone use

 VMPE driver profiles revealed three types: Consistent Context-Independent
VMPE, Selective Context-Specific VMPE, and Minimal VMPE



Comprehensive Driver Profile (CDP) Framework!

Applying machine learning technigues that have not traditionally
been used to analyze VMPE data with the goal of explaining
driver behaviors and motivations

Driver Profile Framework

1) Discover new variables related to VMPE (PCA)
Data Structure ‘ Data Organization ‘ Dimension Reduction

FEATURE

DATAM GEMENT
SELEC N)’Determine how important variables are to predict VMPE (RF)
Outcome of Interest | Feature Iteration ‘ Profile Building

Start 3) Develop categories of drivers based on their VMPE (K-means)

N | UTILIZATION, STRATEGY, & / .
INSIGHTS

Unique: driver cluster (6) x context cluster (4)

Ref: 'lPayyanadan, R. P., & Angell, L. S. (2022). A framework for building
comprehensive driver profiles. Information, 13(2), 61.



Example feature selection: PCAs were conducted on construct groupings

to preserve interpretability

Self-reported survey data
grouped by similar
characteristics and driving
behavior for the Theory of
Planned Behavior

constructs
Final Processed Data 172
44 Drivers | 3,798 Trips Variables
Total variables in
the processed
dataset

Variable Group |
Driving kinematics
data

Variable Group Il

Driver demographic
data

Variable Group Il
Driver driving history
& behavior data

Variable Group IV
Driver psychosocial
data

Variable Group V
TPB speeding data

Variable Group VI
TPEB tailgating data

PCAI

PCAII

PCA Il

PCA IV

PCAV

PCA VI

Dimension Reduction & Addition
44 Drivers | 3,798 Trips | 188 Variables

H Drop in total

Increase in total

TPB Theory of Planned Behavior



Random Forest predictors 2 seconds ahead of engagement included both
driving context and driver attitudes (76% accuracy)

Types of predictors

Traffic-related situations
Time of travel on certain r§ad
Positive attitudes toward ri

Willingness and intent to enggg
in risk

MAIN EFFECTS

Effect Size

Predictors (% effect on mean VM phone
engagement onset)

Low % of trip spent idling ; ;cconds ago 20.1%
Positive attitude toward NDRT engagement . (TPB NDRT) 12.4%
Morning drives on secondary, residential roads with little

. 13.5%
to no traffic
Speeding is safe, pleasant, high perceived susceptibility to
be pulled over speeding, others do not think it is okay to 56%
speed ,. (TPB Speeding)
Positive attitudes toward phone engagement . (TPB Phone) 35.3%
High sensation seeking, low self-esteem , (TPB Psychosocial) 20.5%
Morning trip start time 17.2%
Intend to speed, low past speeding behavior, (1B speeding) 3.6%
Surrounding vehicle speed (stopped) 1, .conds ago 42.1%
High sensation seeking, low self-efficacy , (TPe psychosocial) 15.8%




Drivers were clustered based on the attitudinal and norm predictors that
achieved high importance

CLUSTER 1 CLUSTER 4
= Favourable views on speeding » Low and
= Planto = Negative attitudes toward speeding, NDRT,
= Positive attitudes toward phone use while and phone use
driving
CLUSTER 2 CLUSTER 5
= Favourable views on = Favourable views on
= Positive attitudes toward speeding and = Negative attitudes toward speeding and
phone use while driving phone use while driving

= High sensation seekers

CLUSTER 3 CLUSTER 6
= Positive attitudes toward phone use while = Favourable views on speeding

driving = Higher
= Unfavourable views on speeding = Negative attitudes toward speeding and

phone use while driving

Intention to Speed BN speeding Attitudes

s | one Use Athtuces NDRT Attitudes
High Sensation Seekers, 0 High Sensation Seekers, 10
Low Self Efficacy Low Self Esteem



Contexts were clustered based on the traffic and time predictors that
achieved high importance

Consistent
VMPE
Engagers

Selective
VMPE
Engagers

VMPE
Averse
Drivers

“High % of trip spent
Low % of trip spent  idling, high number of | o\ 9 of trip spent  Morning drives, and

idling, early trip start stopped ;grlrounding idling, late trip start  early trip start times
vehicles

CLUSTER 5 -38%

CLUSTER 2 VMPE

Onset
Rate

| High

I Low

CLUSTER 1

CLUSTER 3

CLUSTER 4

CLUSTER 6

11



Consistent drivers engaged often in the morning or evening

CLUSTER 2
. Favourable views on

Positive attitudes toward
speeding and phone use

CLUSTER 5

. Favourable views on

= Negative attitudes toward speeding

and phone use while driving

while driving = High
CLUSTER 1 CLUSTER 2 CLUSTER 3 CLUSTER 4 CLUSTER 5 CLUSTER 6
Total drivers 4 8 11 5 5 11
% time driving 9% 20% 28% 12% 10% 21%
Age (average) 55 yrs. 36 yrs. 40 yrs. 43 yrs. 49 yrs. 60 yrs.

Most like to occur in the
context of

High % of trip spent idling,
high number of stopped
surrounding vehicles

Morning drives, early
trip start time

Low % of trip spent
idling, late trip start

Morning drives, and
early trip start times

Low % of trip spent
idling, late trip start
time

High % of trip spent idling,
high number of stopped
surrounding vehicles

% idling with this context

67.2%

15.7%

13.2%

15.7%

13.2%

67.2%

12




Selective appear sensitive to contexts or trip goals

CLUSTER 1

Favourable views on
speeding

Plan to

Positive attitudes toward

CLUSTER 3

= Positive attitudes
toward phone use

while driving

. Unfavourable views

phone use while driving on speeding
CLUSTER 1 CLUSTER 2 CLUSTER 3 CLUSTER 4 CLUSTER 5 CLUSTER 6
Total drivers 4 8 1 5 5 11
% time driving 9% 20% 28% 12% 10% 21%
Age (average) 55 yrs. 36 yrs. 40 yrs. 43 yrs. 49 yrs. 60 yrs.

Most like to occur in the
context of

High % of trip spent idling,
high number of stopped
surrounding vehicles

Morning drives, early
trip start time

Low % of trip spent
idling, late trip start

Morning drives, and
early trip start times

Low % of trip spent
idling, late trip start time

High % of trip spent idling,
high number of stopped
surrounding vehicles

% idling with this context

67.2%

15.7%

13.2%

15.7%

13.2%

67.2%

13




Averse try to avoid VMPE unless it is needed based on the context

CLUSTER 4

CLUSTER 6
Negative attitudes on = Favourable views on speeding
speeding, NDRT, and = Higher
phone use = Negative attitudes toward
Low speeding and phone use while
driving
CLUSTER 1 CLUSTER 2 CLUSTER 3 CLUSTER 4 CLUSTER 5 CLUSTER 6
Total drivers 4 8 11 5 5 1
% time driving 9% 20% 28% 12% 10% 21%
Age (average) 55 yrs. 36 yrs. 40 yrs. 43 yrs. 49 yrs. 60 yrs.

Most like to occur in the
context of

High % of trip spent idling,
high number of stopped
surrounding vehicles

Morning drives, early
trip start time

Low % of trip spent
idling, late trip start

Morning drives, and
early trip start times

Low % of trip spent
idling, late trip start
time

High % of trip spent idling,
high number of stopped
surrounding vehicles

% idling with this context

67.2%

15.7%

13.2%

15.7%

13.2%

67.2%

14



Conclusions

e Context was distributed across all 6 driver clusters; the interaction
between the drivers are contexts revealed key differences

* Counterintuitively VMPE was more frequent in situations with less
idling

* Consistent, Selective, and Averse driver categories may warrant
different countermeasures



High % of trip spent

Low % of trip spent  idling, high number of | 5y 9 of trip spent  Morning drives, and
idling, early trip start ~ stopped surrounding  idling, late trip start  early trip start times

vehicles
|
Thank you: Consistent ~ CLUSTER 5 -38%
VMPE
Engagers
gag CLUSTER 2 VMPE
Onset
Rate
High
Selective CLUSTER 1
VMPE
Engagers CLUSTER 3
I Low
VMPE CLUSTER 4
Averse
Drivers CLUSTER 6
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