City of High Point

Britt Moore, Chair
Jason, Ewing, Wesley Hudson
Victor Jones

Meeting Agenda

Thursday, July 11, 2019

4:00 PM

3rd Floor Conference Room

Finance Committee

Britt Moore, Chair
Jason, Ewing, Wesley Hudson
Victor Jones




Finance Committee Meeting Agenda July 11, 2019

FINANCE COMMITTEE - Council Member Moore, Chair

2019-295 Agreement - NCDOT-New Traffic Signal N. University Parkway and Davis
Ave
Council is requested to approve an agreement with NCDOT in the amount
of $11,177 for cost participation in the purchase of traffic signal pole and
mast arm assemblies to be installed at the intersection of N. University
Parkway and Davis Avenue.
Attachments: 1. MA for Traffic Signal University Davis 071519

2019-296 Contract - Matthews Specialty Vehicles - High Point Library Bookmobile
Council is requested to award a contract to Matthews Specialty Vehicles in
the amount of $136,100 for the purchase of a new bookmobile using the
Houston-Galveston Area Council (HGAC) national contract AM10-18. In
addition, the High Point Library received a $50,000 grant from the State for
this purchase.

Attachments: 2. Library Bookmobile (7-15-19)

2019-297 Contract - Carolina Industrial Equipment - Truck Mounted Vacuum
Council is requested to award a contract to Carolina Industrial Equipment
in the amount of $204,960 for the purchase of a Freightliner truck with
ODB- Model DCL800SM-25 Vacuum Leaf & Debris Collector for use by
the Stormwater Division of Public Services. Recommendation also
includes declaring old equipment as surplus and disposing through the
online auction process.

Attachments: 3. Leaf Vacuum Truck

2019-298 Contract - Advantage Truck Center - Side Loading Refuse Trucks
Council is requested to award a contract to Advantage Truck Center in the
amount of $923,227.29 for the purchase of three (3) Autocar Trucks with
New Way Side Loading Refuse bodies for use by the Environmental
Services Division and declare the old trucks as surplus and disposing
through the online auction process.
Attachments: 4. Side Loading Refuse Trucks

2019-299 Contract - Buckeye Bridge LLC - Tanglebrook Sanitary Sewer Outfall
Council is requested to award a contract to Buckeye Bridge, LLC in the
amount of $963,589.10 for a 12-inch diameter sanitary sewer outfall
extension as part of the northwest expansion plan in the Tanglebrook Road
and Joyce Circle vicinity.

Attachments: 5. Tanglebrook Sanitary Sewer Outfall

2019-300 Contract - A&D Environmental Services Inc-Eastside Wastewater
Treatment Plant Primary Clarifiers
Council requested to approve an emergency purchase order in the amount
of $186,476.99 to utilize A&D Environmental Services Inc. to remove a
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significant amount of grit & grease from the primary clarifiers due to a June
7-8, 2019 rain event at the Eastside WWTP, causing grit and grease to
clog the primary sludge pumps and four (4) primary clarifiers.

Attachments: 6. Eastside WWTP_ A&D Environmental Services Primary Clarifiers

2019-301 Contract - MidAtlantic Salt, LLC - Bulk Road Salt
Council is requested to award a contract to Mid-Atlantic Salt, LLC in the
amount of $73,450.00 annually for the purchase of Bulk Road Salt for a
three (3) year period with option to renew for two (2) additional one-year
periods beginning July 1, 2019 thru June 30, 2022. Total contract award for
three years is $220,350.00.
Attachments: 8. Mid-Atlantic Salt, LLC Salt Supplier

2019-302 Contract - Chandler Concrete Co.- Childers Concrete Co.
City Council is requested to award a contract to Chandler Concrete
Company (Primary Supplier) for the purchase of various concrete materials
in the annual amount of $116,300.00 for a total contract award of
$348,900.00. The contract is for a three-year period with the option to
renew for two additional one-year periods beginning July 1, 2019 thru May
31, 2022. City Council is also requested to award a contract to Childers
Concrete Company (Secondary Supplier) in the event that the Primary
Supplier cannot provide the needed concrete materials.

Attachments: 9. Concrete Supplier City Wide (Primary & Secondary)

2019-303 Contract - Motorola Solutions Inc. - Radios
Council is requested to award a contract to Motorola Solutions Inc. in the
amount of $457,014.90 for the purchase of Motorola portable and mobile
radios to replace older radios as part of the annual replacement program.
The new radios will be used in the Public Works and Electric departments.
Attachments: 10. Motorola Radio Purchase

2019-304 Contract - Motorola 5 Year Service Agreement - Radio System
Council is requested to approve a five (5) year service agreement with
Motorola Inc. in the amount of $1,724,790. to provide annual updates and
support for the 800 MhZ Radio System, payable over five (5) years.
Attachments: 11. Motorola 5 Year Service Agreement

2019-305 Resolution - Introducing Bond Orders Authorizing Street & Sidewalk
Bonds, Parks & Recreation Bonds, Housing Bonds and a Public Hearing
on the Bond Orders
Council is requested to approve a resolution making certain findings
related to the authorization and issuance of bonds of the City and filing of
an application for said bonds with the Local Government Commission and
establish a public hearing date of Monday, August 19 @ 5:30pm to receive
public comments on the calling of the voter referendum on the bonds.

Attachments: 12. Bond Orders and Hearing
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PENDING ITEMS

2018-169 Amendment to License Agreement - Cingular Wireless PSC, LLC (AT&T)
City Council is requested to approve an Amendment to the License
Agreement with Cingular Wireless PCS, LLC (AT&T) which allows the
location of communication equipment at the City’s Ward Water Plant; and
authorize the City Manager to execute the agreement.
Attachments: 7. Amendment to Lease Agreement - Crown Castle

ADJOURNMENT
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CITY OF HIGH POINT
AGENDA ITEM

Title: Agenda Item — Eastside WWTP Primary Clarifiers
A&D Environmental Services Inc.

From: Terry Houk — Public Services Director
Derrick Boone — Asst. Director Public Services Meeting Date: July 15, 2019
Dawn Molnar- Wastewater Superintendent

Advertising Date:  N/A

Public Hearing:  No Advertised By: N/A

PURPOSE:
To utilize A&D Environmental Services Inc. to remove a significant amount of grit and grease from the primary
clarifiers at the Eastside Wastewater Treatment Plant.

BACKGROUND:

The Eastside WWTP and surrounding area received 8 inches of rain the night of June 7, 2019 through early
morning June 8, 2019. In a 2-hour time (approximately 9:15 pm — 11:30 pm, June 7) approximately 6 inches of
rain was received at the plant. As a result of the rain event, a large amount of grit and grease washed through the
sewer collection system and into the Eastside WWTP. The large amount of the grit and grease clogged the
primary sludge pumps and the primary clarifiers. The Public Services contracted with A&D Environmental in a
emergency situation to clean out the significant accumulation of solids from the four (4) primary clairifiers in
order to maintain the wastewater treatment process and prevent the primaries from turning septic.

BUDGET IMPACT:
Funding is available in the FY 2018/1019 and FY 2019/2020 Budgets.

RECOMMENDATION / ACTION REQUESTED:
The Public Services Department is recommending that Council approve the emergency purchase order to A&D
Enviornmental Services Inc. in the amount of $186,476.99.



A&D Environmental cleaning out one of the four clarifiers.
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PLEASE REMIT TO
A&D ENVIRONMENTAL SERVICES INC

PO Box 484

High Point, NC 27261
Phone: (336) 434-7750
www.adenviro.com

BILL TO

High Point, City of
Attn: Accounts Payable
PO Box 230

High Point, NC 27261
Phone: (336) 822-4773

INVOICE

INVOICE NUMBER SVC012836
INVOICE DATE 6/26/2019
PO NUMBER 99295
TOTAL DUE $186,476.99
DUE DATE 7/26/2019

LOCATION

East Water Treatment Plant
5878 Riverdale Rd
Jamestown, NC 27282

Service Call 1906-0260 CLEAN CLARIFIER NH DISPOSAL

Salesperson Customer Number Order Date Completion Date Payment Terms Shipping Method

Darren Lee Meeks 1047 6/14/2019 6/26/2019 N30

Detail of Charges

Date Description Waste Profile Unit Quantity Unit Price Line Total

6/14/2019 On Site Services 10.00 $595.00 $5,950.00

6/15/2019 On Site Services Task 6.50 $595.00 $3,867.50

6/17/2019 On Site Services Taskl 11.00 $595.00 $6,545.00
Task Comment: Crew # 1

6/17/2019 On Site Services Task2 10.00 $595.00 $5,950.00
Task Comment: Crew # 2

6/18/2019 On Site Services Task3 12.50 $595.00 $7,437.50

6/19/2019 On Site Services Task4 9.00 $595.00 $5,355.00
Task Comment: Crew # 1

6/19/2019 On Site Services Task5 9.00 $595.00 $5,355.00
Task Comment: Crew # 2

6/20/2019 On Site Services Task6 11.50 $595.00 $6,842.50

6/21/2019 On Site Services Task7 10.75 $595.00 $6,396.24
Task Comment: Crew # 1

6/21/2019 On Site Services Task8 10.75 $595.00 $6,396.24
Task Comment: Crew # 2

6/22/2019 On Site Services Task9 6.25 $595.00 $3,718.74

Past due amounts are subject to finance charges of 1.5% per month, plus all costs of collections.
Mastercard and Visa accepted, subject to an additional charge of 3%

Remit Payments to:
P.O. Box 484
High Point, NC 27261

Electronic Payments made to:

CIBC

120 S. LaSalle St., Chicago, IL 60602

(312) 564-2000

Routing # 071006486 Acct # 2248890




6/24/2019 On Site Services Task10 10.50 $595.00 $6,247.50
Task Comment: Crew # 1

6/24/2019 On Site Services Task1l 10.50 $595.00 $6,247.50
Task Comment: Crew # 2

6/25/2019 On Site Services Task12 11.25 $595.00 $6,693.74

6/26/2019 Non Haz; Non DOT; Bulk Container NC20190252 927.13 $95.00 $88,077.35

Task Comment: 62 Loads From 06/14/19 To 06/25/19 - See Manifest Detail Sheet Enclosed / Tons

Subtotal $171,079.81

ESI $15,397.18

Total Tax $0.00

Amount Paid $0.00

Total $186,476.99

Past due amounts are subject to finance charges of 1.5% per month, plus all costs of collections.
Mastercard and Visa accepted, subject to an additional charge of 3%

Electronic Payments made to:

Remit Payments to: CIBC
P.O. Box 484 120 S. LaSalle St., Chicago, IL 60602
High Point, NC 27261 (312) 564-2000

Routing # 071006486 Acct # 2248890

A&D ENVIRONMENTAL SERVICES INC, PO Box 484, High Point, NC, 27261
Phone (336) 434-7750 Fax (336) 434-7752




Call # 1906-0260
City Of High Point

East Water Treatment Plant

Manifest Detail List

Date Manifest #| Tons
6/14/2019 30596 15.66
30600 16.29
6/15/2019 30083 15.76
30597 15.99
30599 16.88
6/17/2019 20649 15.69
20650 14.40
20651 17.08
20652 15.08
30598 15.05
6/18/2019 20642 15.97
20643 15.96
20644 15.09
20645 15.02
20648 11.91
6/19/2019 20634 4.09
20635 11.55
20636 14.45
20637 14.05
20638 14.45
20639 15.50
20640 13.64
20641 15.69
6/20/2019 20679 15.53
20680 14.07
20681 14.26
20682 14.78
20683 14.89
20684 13.16
20685 14.21
20686 15.72




Call # 1906-0260
City Of High Point

East Water Treatment Plant
Manifest Detail List

Date Manifest #| Tons
6/21/2019 20687 15.24
20688 13.58
20689 16.48
20690 11.63
20691 17.17
20692 15.75
20693 15.79
20694 13.45
20695 16.92
20696 11.87
20697 15.21
6/22/2019 20698 15.04
20700 14.33
20701 13.40
6/24/2019 20702 16.96
20703 8.27
20704 14.36
20705 17.06
20706 15.99
20707 17.54
20708 15.72
20709 17.55
6/25/2019 20451 10.05
20710 16.88
20711 18.26
20712 15.40
20713 18.59
20714 17.92
20715 16.29
20716 15.74
20717 16.82
Total Tons 927.13




CITY OF HIGH POINT
AGENDA ITEM

Title: Request to consider reinstatement of Board Member

From: Lee Burnette, Planning & Development Meeting Date: February 4, 2019
Director

Public
Hearing:

Advertising

No Date: N/A

Advertised By: A

Attachments: Memorandum

PURPOSE:
To consider the reinstatement of a P&Z member that lost status as a voting member due to unexcused
absences in accordance with attendance requirements of the City’s Development Ordinance.

BACKGROUND:
Memorandum explaining the request is attached.

BUDGET IMPACT:
There is no budget impact.

RECOMMENDATION / ACTION REQUESTED:
Staff requests that City Council consider the reinstatement of this board member.
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NORTH CAROLINA'S INTERNATIONAL CITY™

January 22, 2019

To: Honorable Mayor and City Council
From: G. Lee Burnette, AICP, Director
Subject: Board Attendance

Each year attendance on the Planning and Zoning Commission (P&Z), Board of
Adjustment (BOA) and Historic Preservation Commission (HPC) is reviewed by staff to
determine compliance with the attendance requirements of Development Ordinance.
The Development Ordinance’s attendance requirements do not allow regular board
members to miss 33% or more of the regular meetings in a calendar year or miss 3
consecutive regular meetings. When this occurs, the member loses status as a voting
member of the board until reinstated by the City Council or until another appointment is
made. In 2018, one member of these boards had unexcused absences that totaled
33% or more of the regular meetings.

From the P&Z, Andy Putnam missed 6 of the 11 regular meetings in 2018. Mr. Putnam,
who works First Citizens, was promoted to a position within the company with regional
responsibilities. Beginning in July last year, he was required to travel and train, which
resulted in him missing those P&Z regular meetings. Mr. Putham states that he now
has more flexibly in his work schedule and can attend the P&Z regular meetings. |
discussed these absences with Mr. Putham and he expressed a strong interest in
continuing to serve on the P&Z.

These absences were not excused under the terms of the attendance requirements
because these absences were due to work-related conflicts. This requires the City
Council to review this matter and determine whether to reinstate Mr. Putnam’s full
membership status or make another appointment and replace Mr. Putnam. Listed
below is Mr. Putnam’s attendance record from 2016 through 2018. | ask that City
Council consider the reinstatement of Mr. Putnam to the P&Z.

Member Board Area 2016 2017 2018
Andy Putnam P&Z AL or 9 of 12 10 of 12 5 of 11
6

City of High Point, P.O. 230, 211 South Hamilton Street, High Point, NC 27261 USA
Office: 336.883.3328 www.highpointnc.gov/plan Fax: 336.883.3056



CITY OF HIGH POINT
AGENDA ITEM

NORTH CAROLINA'S INTERNATIONAL CITY™
Title: Concrete Supplier City Wide (Primary & Secondary)

From: Terry Houk — Public Services Director
Robby Stone — Asst. Director Public Services = Meeting Date:  July 15, 2019

Public Hearing: N/A Advertising Date:  March 9, 2016
Advertised By: Purchasing

Attachments: Bid Recommendation Form
Bid Tab

PURPOSE: The City budgets on an annual basis for suppliers to provide materials to city crews. City crews
that are in need of concrete, will have the availability to have this material supplied to them when performing
maintenance functions that require different types of concrete.

BACKGROUND: The city retains material suppliers for different types of concrete to be used by crews for
sidewalk, curb and gutter repairs. At the May 24™, 2019 bid opening of the two bids received, Chandler Concrete
Company was the low bidder. Their prices are competitive with historical pricing for this type of supplied
material.

BUDGET IMPACT: Funds are available in the FY19-20 budget.

RECOMMENDATION / ACTION REQUESTED: City Council is requested to award a contract to
Chandler Concrete Company (Primary Supplier) for the purchase of various concrete materials in the annual
amount of $116,300.00 for a total contract award of $348,900.00. The contract is for a three-year period with
the option to renew for two additional one-year periods beginning July 1, 2019 thru May 31, 2022. City
Council is also requested to award a contract to Childers Concrete Company (Secondary Supplier) in the event
that the Primary Supplier cannot provide the needed concrete materials.



BID TABULATION
Bid # 58-060619

Concrete Citywide {Primary & Secondary Contract)

Childers Concrete

Chandier Concrete

Company Co. Inc,

Material Qty [UM| Each Extension Each Extension

A|Class A W/28 Day 3000 PSI 700|CY{ $130.00 { $ 91,000.00 | $122.00 | $ 85,400.00
BiClass A High - Early 100{CY; $135.00 | $ 13,500.00 | $132.00 | $ 13,200.00
CiClass B W/28 Day 2500 PSI 25/CY| $130.00 | $ 3,250.00 ] $120.00 | $ 3,000.00
D|Class B High - Early 25|CY $135.00 $ 3,375.00 | $130.00 | $ 3,250.00
E |Flowable Backfill Mix 25(CY| $120.00 | $ 3,000.00 | $110.00 | $ 2,750.00
F|Class AA W/28 Day 4500 PSI 25[CY| $145.00 | $ 3,625.00 | $129.00 | $ 3,225.00
G|Class AA High Early 25[CY} $150.00 | $ 3,750.00 | $139.00 | $ 3,475.00
H|Add for Retarding Agent (Full Dos{ 25|/CY|$ 400/ % 10000 |% 250 % 62.50
{ {Add for Accelerating Agent 1% 25|CY|$ 4.00| $ 10000 | & 7.008% 175.00
J [Add for Accelerating Agent 2% 25|CY|$ 8.00| % 20000 % 1400]%  350.00
KiSmall Load Delivery Charge 25| EA| $100.00 | $ 2,500.00| $ 50.00 [ $ 1,250.00
L |Fiber 25|CY|$ 6.00;{% 15000{% 650|% 16250
$125,461.00 $116,300.00
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FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENT]{ Public Services

COUNCIL AGENDA DATE:| Jul 15,2019

BID NO.{ 58-060619 CONTRACT NO.: DATE OPENED{ May 24, 2019

DESCRIPTION:

The city retains material suppliers for different types of concrete to be used by crews for sidewalk, curb and
gutter repairs. At the May 24th, 2019 bid opening of the two bids received, Chandler Concrete Company
was the low bidder. Their prices are competitive with historical pricing for this type of supplied material.

PURPOSE:

The City budgets on an annual basis for suppliers to provide materials to city crews. City crews that are in
need of concrete, will have the availability to have this material supplied to them when performing
maintenance functions that require different types of concrete.

COMMENTS:

Chandler Concrete Company was the second low bidder and will be awarded the secondary supplier if the
primary supplier is unavailable to provide the needed concrete materials.

RECOMMEND AWARD TO: | Chandler Concrete Company AMOUNT; 348,900.00

JUSTIFICATION:
Chandler Concrete Company was the low bidder.

ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
Various 348,900.00
TOTAL BUDGETED AMOUNT 348,900.00
Digitally signed by Temry Houk
DN: en=Terry Houk, o=City of High Point, ou=Public
peparTMENT HEAD 1 €1TY HoOuk i et g evs. | DATE: [ Jul 8, 2019
The Purchasing Division concurs with recommendation submitted by the[ Public Services land recommends
award to the lowest responsible, responsive bidder| Chandler Conerete Co, |in the amount of $| 348,900.00 I
PURCHASING MANAGER: by : Digitally signed by Erik Conti
: Erik Cont1 Date: 2019.07.09 15:42:50 -0400' | 1y A 7. I Jul 9, 2019

Approved for Submission to Council Digitally signed by Bobby Fitzjohn

FINANCIAL SERVICES DIRECTOR BObby FltZ_] ohn Date: 20190710 10:17:07 0400 | DATE: | Jul 10, 2019

Digitally sigred by Greg Dembo

CITY MANAGER: Greg Demko Sty il i i DATE: | Jul 10, 2019

D=te: 2019.07.10 103928 0400




CITY OF HIGH POINT
AGENDA ITEM

Title: Tanglebrook Sanitary Sewer Outfall

From: Terry Houk — Public Services Director

Derrick Boone — Public Services Asst. Director Meeting Date: July 15, 2019
Public Hearing: N/A Advertising Date:  April 26, 2019 / May 19, 2019
Advertised By: Purchasing

Attachments:  Attachment A — Award Recommendation & Certified Bid Tab
Attachment B — Project Map

PURPOSE:
The Public Services Department has budgeted for a 12-inch diameter sanitary sewer outfall extension as part of
the northwest expansion plan in the Tanglebrook Road and Joyce Circle vicinity. The outfall extension will total

approximately 4,000 linear feet of gravity sanitary sewer line.

BACKGROUND:
This project is part of an overall expansion of sanitary sewer availability in the City’s northwestern jurisdiction.

The new 4,000 linear feet of 12-inch diameter gravity sewer outfall will service current residential properties and
provide service for future residential and/or commercial properties that come to the area.

BUDGET IMPACT:
Funds for this project are available in the FY 2019-2020 budget.

RECOMMENDATION / ACTION REQUESTED:
The Public Services Department recommends awarding the contract to Buckeye Bridge, LLC in the amount of

$963,589.10.



DAVIS « MARTIN « POWELL d'm_'p

ENGINEERS & SURVEYORS
June 21, 2019

Re: City of High Point, NC
Tanglebrook Outfall
Sewer System Improvements
Bid No. 64-061919
DMP Project No. 180103 (BF)

Mr. Derrick Boone, Assistant Director
Public Services Department

City of High Point

PO Box 230

High Point, NC 27261

Dear Derrick:

Bids were received by the Purchasing Department on June 19, 2019 for the above referenced project, A total
of three (3) bids were submitted and read, as summarized below.

Bidder Total Bid
Buckeye Bridge, LLC

Canton, NC $ 963,589.10
Yates Construction Company, Inc. & 055.35006

Stokesdale, NC
BridgePoint Civil, LLC
Goldsboro, NC

$1,287,812.00

A detailed tabulation of all bids received is attached.

The low bid submitted by Buckeye Bridge, LLC is higher than the original estimated construction cost. This
increased cost is most likely attributed to Contractor’s workload(s), resource availability and increasing
material costs.

The lowest bidder, Buckeye Bridge, LLC, is a properly licensed general contractor, has successfully performed
similar projects in the past and is capable of performing the work called for in this project. We would therefore
recommend the City Council award a contract to Buckeye Bridge, LLC in the amount of $ 963,589.10.

If you have any questions or need additional information, please feel free to call.
Sincerely,

DAVIS » MARTIN ¢ POWELL & ASSOCIATES
Ben Palmer, PE
c: File (enc)

P:\2018\180103\Doc\180103 Award Recommendation.docx

T:336-886-4821 » F: 336-886-4458 ¢ License: F-0245
6415 Old Plank Road, High Point, NC 27265 » www.dmp-inc.com
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NORTH CAROLINA'S INTERNATIONALCHY™

FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENT]{ Public Services

COUNCIL AGENDA DATE:| July 15,2019

BID NO.{ 64-061919 CONTRACT NO.: DATE OPENED{ Jun 19, 2019

DESCRIPTION:

Tanglebrook Sewer Outfall Project

PURPOSE:

The Public Services Department has budgeted for a 12 inch diameter sanitary sewer outfall extension as part
of the northwest expansion plan in the Tanglebrook Road and Joyce Circle vicinity. The outfall extension
will total approximately 4,000 linear feet of gravity sanitary sewer line.

COMMENTS:

This project is part of an overall expansion of sanitary sewer availability in the City’s northwestern
jurisdiction. The new 4,000 linear feet of 12 inch diameter gravity sewer outfall will service current
residential properties and provide service for future residential and commercial properties in the area.

RECOMMEND AWARD TO: | Byckeye Bridge, LLC AMOUNT; $963,589.10

JUSTIFICATION:

Buckeye Bridge, LLC was the low bidder of the three (3) qualified bids that were submitted at bid opening
on 6/19/19.

ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
421779 533701 421181030005 40202 $963,589.10
TOTAL BUDGETED AMOUNT $963,589.10
Digitally signed by Tm)}llo:.k ; e -
peparTMENT HEAD] 1 €1TY HOuk s eminm a5 | DATE:| Jul 3, 2019
The Purchasing Division concurs with recommendation submitted by the | Public Services Dept. —l and recommends
award to the lowest responsible, responsive bidder[ Buckeye Bridge, LLC |in the amount of $I 963,589.10 |
PURCHASING MANAGER: b 2 Digitally signed by Erik Conti
Erik Conti Date: 2019.07.03 13:58:51 -0400' |y aTs: | Jul 3, 2019

Approved for Submission to Council Digitally signed by Bobby Fitgjohn

FINANCIAL SERVICES DIRECTOR{BODbY Fitzjohn 5iaisiselie sie” | DATE: | Jul 10,2019

Digitally sigred by Greg Demio

CITY MANAGER: Greg Demko T DATE: | Jul 10,2019

B,
Dase: 2019.07.10 10.19.48 040577




City of High Point

Tanglebrook Qutfall

Sewer Improvements

BID TABULATION

DAvIS « MARTIN « POWELL
ENGINEERS & SURVEYORS
T. 335-886-4821 | F:336-886-4458 | License: F-0245

£415 Old Plank Road, High Point. NC 27265 | www.dmp-ing.com

DMP PROJECT 180103

JUNE, 2018.

DAVIS » MARTIN - POWELL & ASSCCIATES

Buckeye Bridge, LLC Yates Construction Co., Inc BridgePoint Civil, LLC
654 Buckeye Cove Road 9220 NC 65 3733 N US Hwy 117
Canton, NC Stokesdale, NC Goldsboro, NC
_._.m_s_ ' DESCRIPTION QUANTITY| UNIT | UNIT PRICE AMOUNT UNIT PRICE AMOUNT UNIT PRICE AMOUNT
BID
1 |Mobilization {Max. 3% of Bid) 1 LS $28,905.00 $28,905.00 $32,683.00 $32,683.00 $38,600.00 $38,600.00
2 _|Clearing and Grubbing 3.1 AC $16,213.00 $50,260.30]  $25,000.00 $77.500.00]  $16,000.00 $49,600.00
3 |8" DIP Sewer (8-10' cut) 5 LF $121.40 $607.00 $84.00 $420.00 $269.00 $1,345.00
4 |12 DIP Sewer (0-6' cut) 245 LF $119.60 $29,302.00 $94.00 $23,030.00 $156.00 $38.220.00
5 |12" DIP Sewer (6-8' cut) 1,157 LF $123.30 $142,658.10 $115.00 $133.055.00 $162.00 $187.434.00
6 |12 DIP Sewer (8-10" cut) 1,500 LF $130.20]  $195.300.00 $130.00]  $195.000.00 $173.00[  $259,500.00
7 |12" DIP Sewer (10-12" cut) 177 LF $139.70 $24,726.90 $140.00 $24,780.00 $192.00 $33,984.00
8 |12" DIP Sewer (12-14' cut) 171 LF $153.70 $26,282.70 $160.00 $27,360.00 $209.00 $35,739.00
9 |12" DIP Sewer (14-16" cut) 209 LF $178.90 $37.390.10 $175.00 $36,575.00 $235.00 $49,115.00
10 _|12" DIP Sewer (16-18" cut) 235 LF $197.30 $46.365.50 $200.00 $47,000.00 $307.00 $72,145.00
11 [12" DIP Sewer (18-20" cut) 60 LF $237.50 $14.250.00 $250.00 $15,000.00 $366.00 $21,960.00
12 |12" DIP Sewer Inside Encasement 80 LF $117.10 $9,368.00 $75.00 $6.000.00 $142.00 $11,360.00
13 |4' Dia Sewer MH (0-6' depth) 1 Ea $3,028.00 $3.028.00 $2,700.00 $2,700.00 $3,950.00 $3.950.00
14 |4' Dia Sewer MH (8-10" depth) 10 Ea $3,654.00 $36,540.00 $3.500.00 $35,000.00 $5,600.00 $56,000.00
15_|4' Dia Sewer MH (10-12" depth) 6 Ea $3,899.00 $23.394.00 $3,900.00 $23,400.00 $6.400.00 $38,400.00
16 |4' Dia Sewer MH (12-14' depth) 1 Ea $4,077.00 $4,077.00 $4,500.00 $4,500.00 $7,300.00 $7,300.00
17_|4' Dia Sewer MH (16-18' depth) w/Outside Drop 1 Ea $10,974.00 $10.974.00 $7,500.00 $7,500.00)  $14.400.00 $14,400.00
18 |4' Dia Sewer MH (18-20' depth) 1 Ea $6,728.00 $6,728.00 $7,500.00 $7.500.00 $9,800.00 $9,800.00
19 |Manhole Vent stack 10 VF $354.00 $3,540.00 $200.00 $2,000.00 $375.00 $3.750.00
20 |24" Steel Encasement Pipe installed by bore & jack - In Sail -
40 LF $447.00 $17,880.00 $1,100.00 $44.,000.00 $660.00 $26,400.00
21 |24" Steel Encasement Pipe installed by bore & jack - Not In
Soil 40 LF $1,477.00 $59,080.00 $1.600.00 $64,000.00 $1,250.00 $50,000.00
22 |Trench Rock Removal 825 Cy $70.00 $57.750.00 $70.00 $57,750.00 $70.00 $57,750.00
23 |Trench Stabilization Stone 1,000 Ton $41.70 $41,700.00 $42.00 $42,000.00 $32.00 $32,000.00
24 |Select Backfill Borrow Material 300 CY $49.30 $14,780.00 $80.00 $24,000.00 $28.00 $8,400.00
25 |Driveway Stone 200 Ton $35.60 $7.120.00 $42.00 $8,400.00 $50.00 $10,000.00
26 |Temporary Silt Fence 4,050 LF $3.00 $12,150.00 $5.00 $20,250.00 $6.00 $24,300.00
27 |Temporary Earth Berm (includes matting) 1,340 LF $6.10 $8,174.00 $25.00 $33.500.00 $8.00 $10,720.00
28 |Construction Entrance 3 Ea $1,035.00 $3,105.00 $5,000.00 $15,000.00 $3,850.00 $11,550.00
29 |Temporary Stone Outlets @ Silt Fence 33 Ea $114.00 $3,762.00 $375.00 $12,375.00 $350.00 $11,550.00
30_|Erosion Control Matting 200 Sy $4.00 $800.00 $5.00 $1,000.00 $6.00 $1,200.00
31 |Temporary Clean Water Diversion Crossings 5 Ea $3,209.00 $16.045.00 $7,000.00 $35,000.00 $16,250.00 $81,250.00
32 |ROW Easement Restoration including seeding & mulching
3.1 Ac $4,425.00 $13,717.50 $3,500.00 $10.850.00 $3,500.00 $10,850.00
33 |Video Inspection 1 LS $11,035.00 $11,035.00 $20,000.00 $20,000.00 $17.000.00 $17,000.00
34 |Easement Marker 32 Ea $87.00 $2,784.00 $100.00 $3,200.00 $70.00 $2,240.00
TOTAL BID AMOUNT) $963,589.10 $1,092,328.00 $1,287.812.00
favi- f— sfs THIS IS TO CERTIFY THAT THIS TABULATION IS CORRECT AND A TRUE
S a AND ACCURATE COPY OF THE BIDS SUBMITTED. THIS THE 18th DAY OF

Ben Palmer, PE
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CITY OF HIGH POINT
AGENDA ITEM

Title:  Text Amendment 18-06
(City of High Point)

From: Lee Burnette, Planning & Development Meeting Date: February 4, 2019
Director
Public Hearing: Yes Advertising Date: January 24, 2019, and

January 30, 2019
Advertised By: Planning & Development
Attachments: A. Planning and Zoning Commission Recommendation

B. Staff Report
C. Text Amendment Ordinance

PURPOSE:

A request by the City Attorney to amend various sections of the Development Ordinance, pertaining to sign
regulations, to maintain compliance with state and federal laws. This request proposes to amend Section 3.8.7.E
Gateway Corridor Overlay, Section 5.7.7 Exempt Signs, Section 5.7.8 Signs Not Requiring a Sign Permit,
Section 5.7.9 Freestanding Signs Requiring a Sign Permit, Section 5.7.11 Outdoor Advertising Sign Requiring
a Sign Permit, to add Section 5.7.14 Savings Clause and to amend various sign related definition in Section

10.4.

BACKGROUND:
The staff report and the Planning & Zoning Commission’s recommendation are enclosed.

BUDGET IMPACT:
There is no budget impact.

RECOMMENDATION / ACTION REQUESTED:
A. Staff recommended approval of this request, as outlined in the attached staff report.

B. OnJanuary 22, 2019, a public hearing was held before the Planning and Zoning Commission regarding
Text Amendment 18-06. The Planning & Zoning Commission recommended approval of this request, as
outlined in the staff report and recommended by staff, by a vote of 6-0.



PLANNING AND ZONING COMMISSION RECOMMENDATION

City of High Point Text Amendment 18-06
At its January 22, 2019 public hearing, the Planning and Zoning Commission reviewed a request to
amend various sections of the Development Ordinance, pertaining to sign regulations, to maintain
compliance with state and federal laws. All members of the Commission were present except for Mr.
Ozzie Hough and Ms. Angela McGill. Mr. Robert Robbins, Development Services Administrator,
presented the text amendment and recommended approval as outlined in the staff report

Speaking on the request:

Speaking in favor of the request was Mr. Chad Essick, attorney with Poyner-Spruill LLC, 301
Fayetteville Street, Suite 1900, Raleigh, NC. He is assisting the City Attorney in this matter and
provided an overview of the legal aspects of this amendment and how it is intended to address recent
US Supreme Court and Circuit Court rulings pertaining to sign regulations and the freedom of speech.

Also speaking was Mr. Bobby Soule, VP/GM at Lamar Outdoor Advertising, 433 Coopers Hawk
Drive, Asheville, NC. He asked various questions pertaining to whether the proposed text amendment
would allow the placement of billboards in the City of High Point. Mr. Lee Burnette, Planning
Director, addressed these questions, noting that the amendment would remove the differences
between on-site and off-site signage.

Planning & Zoning Commission Action

Consistency & Reasonableness Statements

The Commission stated that the recommended changes are deemed necessary to correct potential
deficiencies in City sign regulations and they do not conflict with adopted policies. Furthermore, the
Commission stated that the request is reasonable as the City must ensure that adopted sign regulations
are compliant with applicable State & federal laws.

The Planning & Zoning Commission adopted these statements by a vote of 6-0.

Text Amendment
The Commission recommended approval of Text Amendment 18-06, as recommended by staff, by a
vote of 6-0.




CITY OF HIGH POINT
PLANNING AND DEVELOPMENT DEPARTMENT

STAFF REPORT
TEXT AMENDMENT 18-06
January 22, 2019

Applicant: Affected Ordinance Sections:
City of High Point Section 3.8.7.E. Gateway Corridor Overlay
City Attorney — JoAnne Carlyle General Standards;
Proposal: Section 5.7.7. Exempt Signs;
A request by the City Attorney to amend Section 5.7.8. Signs Not Requiring a Sign
various sections of the Development Permit;
Ordinance pertaining to sign regulations to Section 5.7.9. Freestanding Signs Requiring a
ensure compliance with applicable State and Sign Permit;
federal laws. Section 5.7.11. Outdoor Advertising Sign
Requiring a Sign Permit;
Section 5.7.14. Savings Clause (new); and
Section 10.4. Definitions.

Background

The City’s sign regulations have not been comprehensively updated since 1992 and a project to
comprehensively rewrite those regulations is currently underway. The case law governing sign
regulations has changed in recent years and is constantly evolving. The City Attorney is
recommending these changes to ensure compliance with current law. These changes are separate
from the more comprehensive regulatory change that will be recommended by the sign regulation
rewrite project. The sign regulation rewrite project will continue to move forward as planned.

Details of Proposal

The recommended changes would:

Remove the distinction between on-site and off-site signage in the regulations;

Clarify that both commercial and noncommercial speech are permitted on signs;

Delete Section 5.7.11. regarding outdoor advertising signs;

Add a Savings Clause that states the regulatory intent and clarifies that the content of the
message on a sign is not a consideration in determining whether a sign is permitted under
the sign regulations; and

5. Delete or modify several associated sign definitions.

Eal AN

Analysis
The proposed text amendment is in response to recent changes in the laws governing sign

regulations. These changes are recommended by the City Attorney upon the advice of the outside
legal counsel retained to assist the City in this matter. They are aimed at eliminating any distinction

Page 1 of 2



Staff Report TA 18-06
January 22, 2019 City Attorney

between on-site and off-site signage, commercial and noncommercial speech, and different forms
of noncommercial speech. Because these changes are being made to address recent changes in the
law, the City Attorney recommends these interim changes be adopted immediately and any further
changes and refinements can be considered during the ongoing comprehensive sign regulation
rewrite project.

Consistency with Adopted Policy Guidance:

Whether and the extent to which the proposed text amendment is appropriate and is consistent
with the City’s adopted policy guidance.
The recommended changes are deemed necessary to correct potential deficiencies in City
sign regulations and they do not conflict with adopted policies.

Reasonableness/Public Interest:

An approval of the proposed text amendment is considered reasonable and in the public
interest.
The City must ensure that adopted sign regulations are compliant with applicable State &
federal laws.

Recommendation

Staff recommends approval.

Required Action

Planning and Zoning Commission:

The NC General Statutes require that the Planning and Zoning Commission place in the official
record a statement of consistency with the City’s adopted plans when making its recommendation.
This may be accomplished by adopting the statements in the Analysis section of this report or by
adopting its own statement.

City Council:

The NC General Statutes require that the City Council also place in the official record a statement
of consistency with the City’s adopted plans and explain why the action taken is considered to be
reasonable and in the public interest when rendering its decision in this case. This may be
accomplished by adopting the statements in the Analysis section of this report or by adopting its
own statement.

Report Preparation

This report was prepared by Planning and Development Department staff member Robert L.
Robbins, AICP and reviewed by G. Lee Burnette, AICP, Director.

Page 2 of 2



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

AN ORDINANCE AMENDING THE CITY OF HIGH POINT DEVELOPMENT ORDINANCE.

WHEREAS, the City Council of the City of High Point adopted the “City of High Point Development
Ordinance” on May 16, 2016, with an effective date of January 1, 2017, and subsequently
amended; and

WHEREAS, public hearings were held before the Planning and Zoning Commission on January 22,
2019 and before the City Council on February 4, 2019 regarding Text Amendment 18-06; and

WHEREAS, notice of the public hearings was published in the High Point Enterprise on January 9,
2019 for the Planning and Zoning Commission public hearing and on January 23, 2019 and
January 30, 2019 for the City Council public hearing pursuant to Chapter 160A-364 of the General
Statutes of North Carolina.

NOW THEREFORE, BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF HIGH POINT, NORTH
CAROLINA:

SECTION 1.

Section 3.8 Overlay Zoning Districts, subsection 3.8.7.E. regarding the Gateway Corridor Overlay
(GCO), of the City of High Point Development Ordinance shall be amended as follows:

E. General Standards
2= GCO district standards for a specific gateway corridor shall follow the policy
direction in the gateway corridor plan approved by the City Council. The GCO
district shall, at a minimum, address the following elements:
{a)l. The name and boundaries of the overlay district.
{b)2. The development along the corridor to which the overlay district applies
(typically all new development and certain expansions and remodels).
{}3. Anyvariations from the requirements of the underlying general zoning
district(s).
{h4. The uses allowed in the district, if appropriate.
{e)5. The development and form standards of the overlay district, including
some or all of the following:
{)(a) Dimensions (height, setbacks, build-to-lines, etc.);
2)(b) Streetscape landscaping;
3)}c) Sidewalks and pedestrian circulation features;
{4)(d) Off-street parking;
{5)(e) Landscaping and tree preservation/reforestation;



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

{6}(f) Open space set-asides;

{A(g) Signage;

{8)(h) Exterior lighting;

{8)(i) Building design and form; and

{20)(j) Road access and traffic circulation.

The extent to which a general or district-specific standard may be
modified.

5 Outd ertisingsi hibited inthe GCO.

SECTION 2.

Section 5.7.7 Exempt Signs, of the City of High Point Development Ordinance shall be amended

as follows:

5.7.7. EXEMPT SIGNS

The following signs are exempt from the requirements of this section except that a
lighted sign requires an electrical permit:

A.

A governmental sign.

Lights and decorations with no commercial message that are temporarily

displayed on traditienally-acecepted civic, patriotic or religious holidays.
A hand carried sign.

A sign located on the interior of a building, court, lobby, athletic field,
stadium, or other structure which is not intended to be seen from the
exterior of the building or structure.



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

G-E. A sign affixed to a vehicle or trailer used on a regular basis for in the

normal transport of goods or persons where-the-sign-is-incidental-and
tot! . £ 41 hiel crailer.

H-F. A sign affixed to the window of a vehicle displaying-information-on-the
terms-of sale-forthe-vehicle.

LG. Asign not legible from a public or private street.

+H. A flag without a commercial message with an area of not more than 60

K. A window sign painted on or attached to a window, covering a maximum
of 25% of the window area.

L. A sign painted on an active public water tower.

SECTION 3.

Table 5.7.8.B: Requirements For A Sign Not Requiring A Sign Permit, of the City of High Point
Development Ordinance shall be amended as follows:

TABLE 5.7.8.B: REQUIREMENTS FOR A SIGN NOT REQUIRING A SIGN PERMIT

NUMBER SETBACK MAXIMUM | ILLUMI-

SIGN TYPE .
PERMITTED (FEET) HEIGHT (FEET) | NATION

Flags, emblems, insignia of corporate,
political, professional, fraternal, civic, or | 1/frontage 60 R/W 640 Indirect
educational organization in all districts

The remainder of the table is unchanged.



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

SECTION 4.

Section 5.7.8 Signs Not Requiring A Sign Permit, subsection B.2. Additional Specific Standards, of
the City of High Point Development Ordinance shall be amended as follows:

(e) Temporary religious, philosophical, educational, real estate, yard
sale, construction, a and political eff-site signs shall comply with
the following standards:

(1) Be located outside the street right-of-way, or at least 6
feet from the back of curb or edge of pavement where no
curb exists;

(2) Not be placed in public street medians or traffic islands;

(3) Not interfere with or obstruct pedestrian or vehicular
traffic, or obstruct safe sight distances at intersections;

(4) Not be placed on private land without the consent of the
landowner or occupant;and.

(5) 8 | onlvwithinthel ¢ Feid
HOO-H—O-H—t-h-E—fO"-OW-I-Hg—MOHda-y-. 0

SECTION 5.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, of the City of High Point Development
Ordinance shall be amended as follows:

PART A.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection A.1, Location Standards
shall be amended as follows:

1. Location Standards
(a) It shall be allowed only on a lot with as-an-accessery-te an

existing principal use.

tb) £ | | . ified allsi halld icted

{e}(b) If greater than 6 feet in height, it shall not be located within 100
feet of a residential district.



Text Amendment: TA-18-06

Ordinance #
Applicant: City Attorney

{}(c) Where 2 or more establishments at the same location receive
approval of directional signs, the signs shall share the same

PART B.

support structure.

Table 5.7.9.B: Requirements For A Freestanding Sign Requiring A Sign Permit, shall be amended

as follows:

TABLE 5.7.9.B: REQUIREMENTS FOR A FREESTANDING SIGN
REQUIRING A SIGN PERMIT

ZONING DISTRICT
OR SIGN TYPE

AREA (S
5a SETBACK

FT) MAX
FROM

ROW

MAXIMUM
NUMBER

PER LOT
FRONTAGE | MAX

HEIGHT
MIN (FEET)

FEET
[1]()

SIGN STANDARDS BY ZONING DISTRICT

AREA
COMPUTATION
(SQUARE FEET PER
EACH LINEAR FOOT OF
LOT FRONTAGE)

development
RC 1/street | 300 200
_ . |identification 10 30 [3] n/a
District | . frontage | 200 | n/a
sign -
o ise directional
signs-inthe GB, LI HI 1total 8 | nfa nla 6 afa
fistri

The remainder of the table is unchanged.

PART C.

Section 5.7.9, Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended by deleting paragraphs (d) Instructional Sign (All Districts) and (e)
Off-Site Directional Sign in the GB, LI and HI Districts in their entirety, and re-lettering
paragraphs (f) Special Promotion Sign (All Districts), (g) Electronic Changeable Copy Sign
Requiring A Permit and (h) Video Signs — Freestanding as (d), (e) and (f) respectively.



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

PART D.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended as follows:

{g)(e) Electronic Changeable Copy Sign Requiring a Permit
(1) General Standards
(iii) Location and Type
Electronic changeable copy signs shall be located
en-site; as a portion of; and on the same support
structure with a legal conforming accessory
freestanding sign. Such signs shall not be added to
a sign that is nonconforming, nor shall any part of
an existing nonconforming sign be converted to an
electronic changeable copy sign.

The remainder of this subsection is unchanged.
PART E.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended as follows:

th)}(f) Video Signs — Freestanding
(1) General Standards
(iii)  Location
Video signs shall be allowed only on a lot with an
existing principal use shall-belecated-en-site. No
part of a freestanding video sign shall be closer
than 25 feet from intersecting street rights-of-way.
No encroachment by any part of the sign face, its
base or support structure into the street right-of-
way is permitted. Such signs shall not be
incorporated with, or added to, any other
freestanding sign, nor shall any other freestanding
sign be converted to a video sign.




Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

The remainder of this subsection is unchanged.

SECTION 6.

Section 5.7.11 Outdoor Advertising Sign Requiring A Sign Permit, of the City of High Point
Development Ordinance shall be deleted in its entirety. Sections 5.7.12 Sign For Historic
Structures or Properties, 5.7.13 Common Signage Plan, and 5.7.14 Encroachment Agreement For
Entrance Sign shall be re-numbered as Sections 5.7.11., 5.7.12., and 5.7.13. respectively.

SECTION 7.

A new Section 5.7.14. entitled Savings Clause shall be added to the City of High Point
Development Ordinance, which shall read as follows:

5.7.14. SAVINGS CLAUSE

Subject to the property owner’s consent, a noncommercial message of any type may
be substituted in whole or in part for the message displayed on any sign for which the
sign structure or mounting device is legal, without consideration of message content.
Any change to the structure or mounting device, or the refacing of a sign shall be
subject to the requirements of Section 5.7. Signage, a common signage plan, and
permitting, as may be applicable. The purpose of this provision is to prevent any
inadvertent favoring of commercial speech over noncommercial speech, and to
prevent favoring of any particular noncommercial message over any other
noncommercial message.




Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

SECTION 8.

Section 10.4 Definitions, of the City of High Point Development Ordinance shall be amended as
follows:

A sign erected by or on behalf of a governmental body to post a legal notice,
SIGN, GOVERNMENTAL |identify public property, convey public information of significant
importance, and direct or regulate pedestrian or vehicular traffic.

An-en-site sign with no commercial message that displays information

SIGN, WARNING pertinent to the safety or legal responsibilities of the public such as signs
warning of high voltage, "no trespassing," and similar directives.

The remainder of this section is unchanged.



Text Amendment: TA-18-06
Ordinance #
Applicant: City Attorney

SECTION 9.

Should any section of provision of this ordinance be declared invalid, such decision shall not
affect the validity of the remaining portions of this ordinance.

SECTION 10.

All ordinances or parts of ordinances in conflict with the provisions of this ordinance are hereby
repealed.

SECTION 11.

This ordinance shall become effective upon adoption.

Adopted by the City Council
City of High Point, North Carolina
The 4t day of February 2019

By:

Jay W. Wagner, Mayor

ATTEST:

Lisa B. Vierling, City Clerk



CITY OF HIGH POINT
AGENDA ITEM

Title: Motorola 5 Year Service Agreement

From: Steve Lingerfelt, Director of Information Meeting Date:  July 15, 2019
Technology Services
, P Advertising Date /
Public Hearing: No Advertised By:

Attachments: Motorola Solutions Inc. Service Agreement Quote

PURPOSE:
The City needs to purchase a Motorola Service Agrement for the 800 MhZ Radio System.

BACKGROUND: _
Information Technology Services is recommending the City of High Point purchase a five year service plan from
Motorola to support the existing radio system. The service agreement will provide annual updates and support

for the system for the next five years.

BUDGET IMPACT:
The City of High Point will use existing funds in the FY 2019-20 budget to purchase the Service contract from

Motorola Solutions, Inc. The total cost of the contract is $1,724,790 payable over five years. Payments are as
follows:

Year 1 $ 333,741
Year 2 $ 339,184
Year 3 $ 344,790
Year 4 $ 350,564
Year 5 $ 356,511

RECOMMENDATION / ACTION REQUESTED:
The Department of Information Technology Services recommends approval of the contract and that the
appropriate City official and/or employee be authorized to execute all necessary documents.



Financial Services

Purchasing Division

Requisition #

CITY OF HIGH POINT
SOLE SOURCE JUSTIFICATION FORM
(For Items Costing $10,000.00 or More)
Statutory Reference N.C.G.S. 143-129(e)6

Vendor: |IMotorola Solutions Inc.

Item(s):

5 Year Maintenance Contract

Justification:

Five year maintenance contract needed to provide software and hardware support
and maintenance for the 800 MHz radio system.

Estimated expenditure for the above item(s): $1 724 790
] H

Accounting Unit and Account(s): 501243 / 527206

CHECK ALL ENTRIES BELOW THAT APPLY TO THE PROPOSED PURCHASE.
ATTACH A MEMO CONTAINING JUSTIFICATION AND SUPPORT DOCUMENTATION.

| & I:l Performance or price competition for a product are notavailable.

2 A needed product is available from only one source of supply.

3. Standardization or compatibility is the overriding consideration.

4. I:I The parts/equipment are required from this source to permit standardization.

5. None of the above applies. A detailed explanation and justification for this sole source request is
contained in attached memo and supportdocumentation.

The undersigned requests that competitive procurement be waived and that the vendor identified as the
supplier of the material or service described in this sole source justification be authorized as a sole source for

the material or service.

Department Head/Authorized Personnel |Staye Linge rfelt gigti‘a"zlgigﬂ’(‘)*f;’dogygtg‘;e‘g“g:‘gg‘f
ale: U7 U1 -

Department/Divisi . Dat
cpanmentPVERN ITS / Radio Shop “¢ 107/03/2020
APPROVAL PROCESS
i H H Digitally si d by Erik Conti
ruchasing Mager——[Erik Cont

i ial i i : = - Digitally signed by Bobby Fitzjohn
Financial Services Director Bobby FItZJOhn Dagte.: 2%1307.05)(08:12:%1 -0J4'00‘

City Council ($30,000 — Up) G reg D em ko BIZTANEN, oot i s




m MOTOROLA SOLUTIONS

1299 E Algonquin Road
Schaumburg, IL 60196
(800) 247-2346

Date: 04-DEC-2018

SERVICE AGREEMENT

Contract Number:
Contract Modifier:

USC000003806
R14-NOV-18 15:52:53

DESCRIPTIONS

This Service Agreement reflects a 5% discount for the five
year execution.

o . . P.O4: N/A
Company Name: High Point, City Of Customer # 1011296383
Attn.: Bill to Tag#: 0001
Billing Address: P O Box 230 Contract Start Date: 01-JUL-2019
City, State, Zip Code: High Point, NC 27261 Contract End Date: 30-JUN-2024
Customer Contact: Lee Stanley Payment Cycle: ANNUALLY
Phone: 336-883-3404 Currency: USD
QTY | MODEL/OPTION SERVICES DESCRIPTION MONTHLY | EXTENDED AMT
***** Recurring Services *****
LSV01S00493A | ASTRO SYS ESST_W_AR $46,365.89 $556,390.60
SVC018VC2012C | SP - CONTRACT ADMINISTRATION $409.38 $4,912.56
SERVICE
SVC025VC0201A | ASTRO SUA Il UO IMPLEMENTATION $17,484.07 $209,808.85
SERVICES
SVC02SVC0433A | ASTRO SUA Il FIELD IMPLEMENTATN SVC $14,042.29 $168,507.29
SVC04SVC0178A | SYS UPGRADE AGRMT II-SITE $13,086.18 $785,170.70
Sub Total $91,387.79 $1,724,790.00
Taxes $4,013.01 $90,555.39
SPECIAL INSTRUCTIONS - ATtacH STATEMENT OF WORK FOR PERFORMANCE | Girand Total $95,400.80 $1,815,345.39

SOLUTIONS

THIS SERVICE AMOUNT 1S SUBJECT TO STATE AND LOCAL TAXING
JURISDICTIONS WHERE APPLICABLE, TO BE VERIFIED BY MOTOROLA

| received Statements of Work that describe the services provided on this Agreement. Motorola's Service Terms and Conditions, a copy of
which is attached to this Service Agreement, is incorporated herein by this reference.

AUTHORIZED CUSTOMER SIGNATURE TITLE DATE
CUSTOMER (PRINT NAME)
MOTOROLA REPRESENTATIVE (SIGNATURE) TITLE DATE




EARL DELK

MOTOROLA REPRESENTATIVE (PRINT NAME)

Company Name
Contract Number
Contract Modifier
Contract Start Date
Contract End Date

Revised June 16, 2018

High Point, Gity Of
USC000003806
R14-NOV-18 15:52:53
01-JUL-2019
30-JUN-2024

PHONE




Service Terms and Conditions

Motorola Solutions Inc. ("Motorola") and the customer named in this Agreement ("Customer®) hereby agree as follows:

Section 1. APPLICABILITY
These Maintenance Service Terms and Conditions apply to service contracts whereby Motoroia will provide to Customer
either (1) maintenance, support, or other services under a Motorola Service Agreement, or (2) installation services under a

Motorola Instaliation Agreement.

Section 2. DEFINITIONS AND INTERPRETATION

2.1.  “Agreement’ means these Maintenance Service Terms and Conditions; the cover page for the Service Agreement or
the Installation Agreement, as applicabie; and any other attachments, all of which are incorporated herein by this reference.
In interpreting this Agreement and resolving any ambiguities, these Maintenance Service Terms and Conditions take
precedence over any cover page, and the cover page takes precedence over any attachments, unless the cover page or
attachment states otherwise.

2.2,  “Equipment’ means the equipment that is specified in the attachments or is subsequently added fo this Agreement.

2.3. “Gervices” means those installation, maintenance, suppont, training, and other services described in this Agreement.

Section 3. ACCEPTANCE

Customer accepts these Maintenance Service Terms and Conditions and agrees to pay the prices set forth in the
Agreement. This Agreement becomes binding only when accepted in writing by Motorola. The term of this Agreement
begins on the “Start Date” indicated in this Agreement.

Section 4. SCOPE OF SERVICES
4.1. Motorola will provide the Services described in this Agreement or in a more detailed statement of work or other

document attached to this Agreement. At Customer’s request, Motorola may also provide additional services at Motorola’s
then-applicabie rates for the services.

4.2. If Motorofa is providing Services for Equipment, Motorola parts or parts of equal quality will be used; the Equipment
will be serviced at levels set forth in the manufacturer’s product manuals; and routine service procedures that are prescribed

by Motorola will be followed.

4.3. If Customer purchases from Motorola additional equipment that becomes part of the same system as the initial
Equipment, the additional equipment may be added to this Agreement and will be billed at the applicable rates after the
warranty for that additional equipment expires.

4.4. Al Equipment must be in good working order on the Start Date or when additional equipment is added to the
Agreement. Upon reasonable request by Motorola, Customer will provide a complete serial and model number list of the
Equipment. Customer must promptly notify Motorola in writing when any Equipment is lost, damaged, stolen or taken out of
service. Customer’s aobligation to pay Service fees for this Equipment will terminate at the end of the month in which
Motorela receives the written nofice.

4.5.  Customer must specifically identify any Equipment that is labeled intrinsically safe for use in hazardous
environmenis.,

4.6. If Equipment cannot, in Motorola’s reasonable opinion, be properly or economically serviced for any reason, Motorola
may modify the scope of Services related to that Equipment; remove that Equipment from the Agreement; or increase the
price o Service that Equipment.

4.7.  Customer must prompily notify Motorola of any Equipment failure. Motorola wili respond to Customer's notification in
a manner consistent with the leve! of Service purchased as indicated in this
Agreement.

Section 5. EXCLUDED SERVICES
5.1.  Service excludes the repair or replacement of Equipment that has become defective or damaged from use in other
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than the normal, customary, intended, and authorized manner; use not in compliance with applicable industry standards;
excessive wear and tear; or accident, liquids, power surges, neglect, acts of God or other force majeure events.

5.2. Unless specifically included in this Agreement, Service excludes items that are consumed in the normal operation of
the Equipment, such as batteries or magnetic tapes.; upgrading or reprogramming Equipment; accessories, belt clips,
battery chargers, custom or special products, modified units, or software; and repair or maintenance of any transmission
line, antenna, microwave equipment, tower or tower lighting, duplexer, combiner, or multicoupler. Motorofa has no
obligations for any transmission medium, such as telephone lines, computer networks, the internet or the worldwide web, or
for Equipment malfunction caused by the transmission medium.

Section 6. TIME AND PLACE OF SERVICE

Service will be provided at the location specified in this Agreement. When Motorola performs service at Customer’s [ocation,
Customer will provide Motorola, at no charge, a non-hazardous work environment with adequate shelter, heat, light, and
power and with full and free access to the Equipment. Waivers of liability from Motorola or its subcontractors will not be
imposed as a site access requirement. Custorner will provide ali information pertaining to the hardware and software
elements of any system with which the Equipment is interfacing so that Motorola may perform its Services. Unless
otherwise stated in this Agreement, the hours of Service will be 8:30 a.m. to 4:30 p.m., local time, excluding weekends and
holidays. Unless otherwise stated in this Agreement, the price for the Services exclude any charges or expenses
associated with helicopter or other unusual access requirements; if these charges or expenses are reasonably incurred by
Motorola in rendering the Services, Customer agrees to reimburse Motorola for those charges and expenses.

Section 7. CUSTOMER CONTACT
Gustomer will provide Motorola with designated points of contact (list of names and phone numbers) that will be available
twenty-four (24) hours per day, seven (7) days per week, and an escalation procedure to enable Customer’s personnel to

maintain contact, as needed, with Motorola.

Section 8. INVOICING AND PAYMENT
8.1 Customer affirms that a purchase order or notice fo proceed is not required for the duration of this service contract and

will appropriate funds each year through the contract end date. Unless alternative payment terms are stated in this
Agreement, Motorola will invoice Gustomer in advance for each payment period. All other charges will be billed monthiy, and
Customer must pay each invoice in U.S. dollars within twenty (20) days of the invoice date.

8.2 Customer will reimburse Motorola for all property taxes, sales and use taxes, excise taxes, and other taxes or
assessments that are levied as a result of Services rendered under this Agreement {except income, profit, and franchise
taxes of Motorola) by any governmental entity. The Customer will pay all invoices as received from Motorola. At the time of
execution of this Agreement, the Customer will provide all necessary reference information to include on invoices for
payment in accordance with this Agreement.

8.3 At the end of the first year of the Agreement and each year thereafter, a CPI percentage change calculation shall be
performed. Should the annual inflation rate increase greater than 5% during the previous year, Motorofa shall have the right
to increase all future maintenance prices by the CPl increase amount exceeding 5%. The Midwest Region Consumer Price
Index {https://www.bls.goviregions/mountain-plains/news-release/consumerpriceindex_midwest.hitm), All items, Not seasonally
adjusted shall be used as the measure of GPI for this price adjustment. Measurement will take place once the annual
average for the new year has been posted by the Bureau of Labor Statistics

Section 9. WARRANTY

Motorola warrants that its Services under this Agreement will be free of defects in materials and workmanship for a period of
ninety (90) days from the date the performance of the Services are completed. In the event of a breach of this warranty,
Customer's sole remedy is to require Motorola to re-perform the non-conforming Service or to refund, on a pro-rata basis,
the fees paid for the non-conforming Service. MOTOROLA DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE.

Section 10. DEFAULT/TERMINATION

10.1. If either parly defaults in the performance of this Agreement, the other party will give to the non-performing party a
written and detailed notice of the default. The non-performing party will have thirty (30) days thereafter to provide a written
plan to cure the default that is acceptable to the other party and begin implementing the cure plan immediately after plan
approval. If the non-performing party fails to provide or implement the cure plan, then the injured parly, in addition to any
other rights available to it under law, may immediately terminate this Agreement effective upon giving a written notice of
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termination to the defaulting party.

10.2. Any termination of this Agreement will not relieve either party of obligations previously incurred pursuant to this
Agreement, including payments which may be due and owing at the time of termination. All sums owed by Customer to
Motorola will become due and payable immediately upon termination of this Agreemeni. Upon the effective date of
termination, Motorola wili have no further obligation to provide Services.

10.3 If the Customer terminates this Agreement before the end of the Term, for any reason other than Motorola default, then
the Customer will pay to Motorola an early termination fee equal to the discount applied to the last three (3) years of Service
payments for the original Term.

Section 11, LIMITATION OF LIABILITY

Except for personal injury or death, Motorola's total liability, whether for breach of contract, warranty, negligence, strict
Hability in tort, or otherwise, will be limited to the direct damages recoverable under law, but not to exceed the price of twelve
{12) months of Service provided under this Agreement. ALTHOUGH THE PARTIES ACKNOWLEDGE THE POSSIBILITY
OF SUCH LOSSES OR DAMAGES, THEY AGREE THAT MOTOROLA WILL NOT BE LIABLE FOR ANY COMMERCIAL
LOSS; INCONVENIENCE: LOSS OF USE, TIME, DATA, GOOD WILL, REVENUES, PRCFITS OR SAVINGS; OR OTHER
SPECIAL, INCIDENTAL, INDIRECT, OR CONSEQUENTIAL DAMAGES IN ANY WAY RELATED TO OR ARISING FROM
THIS AGREEMENT OR THE PERFORMANCE OF SERVICES BY MOTOROLA PURSUANT TO THIS AGREEMENT. No
action for contract breach or otherwise relating to the transactions contemplated by this Agreement may be brought more
than one (1) year after the accrual of the cause of action, except for money due upon an open account. This limitation of
liability will survive the expiration or termination of this Agreement and applies notwithstanding any contrary provision.

Section 12. EXCLUSIVE TERMS AND CONDITIONS

12.1. This Agreement supersedes all prior and concurrent agreements and understandings between the parties, whether
written or oral, related to the Services, and there are no agreements or representations concerning the subject matter of this
Agreement except for those expressed herein. The Agreement may not be amended or modified except by a written
agreement signed by authorized representatives of both parties.

12.2. Customer agrees to reference this Agreement on any purchase order issued in furtherance of this Agreement,
however, an omission of the reference to this Agreement will not affect its applicability. In no event will either party be bound
by any terms contained in a Customer purchase order, acknowledgement, or other writings unless: the purchase order,
acknowledgement, or other writing specifically refers to this Agreement; clearly indicate the intention of both parlies to
override and modify this Agreement; and the purchase order, acknowledgement, or other writing is signed by authorized
representatives of both parties.

Section 13. PROPRIETARY INFORMATION; CONFIDENTIALITY; INTELLECTUAL PROPERTY RIGHTS

13.1. Any information or data in the form of specifications, drawings, reprints, technical information or otherwise furnished
to Customer under this Agreement will remain Motorola’s property, will be deemed proprietary, will be kept confidential, and
will be promptly returned at Motorola's request. Customer may not disclose, without Motorola's written permission or as
required by taw, any confidential information or data to any person, or use confidential information or data for any purpose
other than performing its obligalions under this Agreement. The obligations set forth in this Section survive the expiration or
termination of this Agreement.

13.2. Unless otherwise agreed in wriling, no commercial or technical information disclosed in any manner or at any time by
Customer to Motorola will be deemed secret or confidential. Motorola will have no chligation to provide Customer with
access to its confidential and proprietary information, including cost and pricing data.

13.3. This Agreement does not grant directly or by implication, estoppel, or otherwise, any ownership right or license under
any Motorola patent, copyright, trade secret, or other intellectual property, including any intellectual property created as a
result of or related to the Equipment sold or Services performed under this Agreement.

Section 14. FCC LICENSES AND OTHER AUTHORIZATIONS

Customer is solely responsible for obtaining licenses or other authorizations required by the Federal Communications
Commission or any other federal, state, or local government agency and for complying with alf rules and regulations required
by governmental agencies. Neither Motorola nor any of its employees is an agent or representative of Customer in any
governmental matters.

Section 15. COVENANT NOT TO EMPLOY
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During the term of this Agreement and continuing for a period of two (2) years thereafter, Customer will not hire, engage on
contract, solicit the employment of, or recommend employment to any third party of any employee of Motorola or its
subcontractors without the prior written authorization of Motorola. This provision applies only fo those employees of
Motorcla or its subcontractors who are responsible for rendering services under this Agreement. If this provision is found to
be overly broad under applicable law, it will be modified as necessary to conform to applicable law,

Section 16. MATERIALS, TOOLS AND EQUIPMENT

All tools, equipment, dies, gauges, madels, drawings or other materials paid for or furnished by Motorola for the purpose of
this Agreement will be and remain the sole property of Motorola. Customer will safeguard all such property while itis in
Customer’s custody or control, be liable for any loss or damage to this property, and return it to Motorola upon request. This
property will be held by Customer for Motorola's use without charge and may be removed from Customer’s premises by

Motorcla at any time without restriction.

Section 17. GENERAL TERMS
17.1. if any court renders any portion of this Agreement unenforceable, the remaining terms will continue in full force and

effect.

17.2. This Agreement and the rights and duties of the parties will be interpreted in accordance with the laws of the State in
which the Services are performed.

17.3. Failure to exercise any right will not operate as a waiver of that right, power, or privilege.

17.4. Neither party is liable for delays or lack of performance resuiting from any causes that are beyond that parly's
reasonable control, such as strikes, material shortages, or acts of God.

17.5. Motorola may subcontract any of the work, but subcontracting will nof relieve Motorola of its duties under this
Agreement,

17.6. Except as provided herein, neither Party may assign this Agreement or any of its righis or obligations hereunder
without the prior written consent of the other Party, which consent will not be unreasonably withheld. Any attempted
assignment, delegation, or transfer without the necessary consent will be void. Notwithstanding the foregoing, Motorola
may assign this Agreement to any of its affiliates or its right to receive payment without the prior consent of Customer. In
addition, in the event Motorola separates one or more of its businesses (each a “Separated Business”), whether by way of a
sale, establishment of a joint venture, spin-off or otherwise (each a “Separation Event”), Motorola may, without the prior
written consent of the other Party and at no additicnal cost to Motorola, assign this Agreament such that it will continue to
benefit the Separated Business and its affiliates (and Motorola and its affiliates, to the extent applicable) following the

Separation Event.

17.7. THIS AGREEMENT WILL RENEW, FOR AN ADDITIONAL ONE {1) YEAR TERM, ON EVERY ANNIVERSARY OF
THE START DATE UNLESS EITHER THE COVER PAGE SPECIFICALLY STATES A TERMINATICN DATE OR ONE
PARTY NOTIFIES THE OTHER IN WRITING COF ITS INTENTION TO DISCONTINUE THE AGREEMENT NOT LESS
THAN THIRTY (30) DAYS OF THAT ANNIVERSARY DATE. At the anniversary date, Motorola may adjust the price of the
Services to reflect its current rates.

17.8. I Motorola provides Services after the termination or expiration of this Agreement, the terms and conditions in effect
at the time of the termination or expiration will apply to those Services and Customer agrees to pay for those services on a
time and materials basis at Motorola’s then effective hourly rates.

17.9 This Agreement may be executed in one or more counterparts, all of which shall be considered part of the
Agreement. The parties may execute this Agreement in writing, or by electronic signature, and any such electronic signature
shall have the same legal effect as a handwritten signature for the purposes of validity, enforceability and admissibility. In
addition, an slectronic signature, a true and correct facsimile copy or computer image of this Agreement shall be treated as
and shall have the same effect as an original signed copy of this document.
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CITY OF HIGH POINT
AGENDA ITEM

.

Title: Side Loading Refuse Trucks

From: Gary Smith, Fleet Director | Meeting Date: July 15, 2019
" o Advertising Date/ N/A
Public Hearing: N/A Advertised By: N/A

Attachments: Quote

PURPOSE:
The Environmental Services Division has three side loading refuse trucks in need of replacement due to age and

hours. Using the NC Sheriffs’ Association Procurement contract # 20-1-0506, three Autocar trucks with New Way
Side Loading Refuse bodies from Advantage Truck Center are being recommended for council approval.

BACKGROUND: _

The Environmental Services Division is currently using three Mack trucks with the New Way side loading bodies
that have between 9,500-10,000+ hours. These trucks are used daily for residential garbage collection and need to
be moved into the spare motorpool due to age and hours. Solid Waste has a total of thirteen side loading trucks
and this will give them additional spare trucks to have while their trucks are being serviced and repaired. The
Autocar truck with New Way side loading refuse body configuration is like the ones they are currently using and
will meet their needs. The price of $307,742.43 is for one truck, refuse body installation, and delivery. Total cost
for three is $923,227.29. Estimated delivery is 180-240 days.

BUDGET IMPACT:
Funds are available in 2019-20 budget

RECOMMENDATION / ACTION REQUESTED:

The Fleet Services Department recommends purchasing the three Autocar trucks with New Way side loading
refuse bodies from Advantage Truck Center. Recommendation also includes declaring three current spare trucks
as surplus and disposing through the online auction process.




North Carolina Sheriffs’ Association
Heavy Equipment Procurement Program
Price Sheet Award Agreement

Heavy Equipment Procurement Program
Bid 20-04-0506

o : N

We are pleased to announc }hé_ North Carolina Sheriffs’ Assoclation has successfully
completed its statewide 95|}1‘petitiire award for heavy equipmeiit effective May 18, 2019.

Congratulations, your dealership has been intluded on the assoc’:ie‘i-fityp'.s_,_price sheet
contract controlled by the North Carolina Sheriffs' Association’s Solititation for Bids
and Contract Terms. and Conditions.

By the award of this contract based on your dealérship’s bid for Sol_iéigéticn Number
20-04-0508, all te¥ms and cenditionsset-forth-inthe Solicitation for Bids and Contract
Terms and Conditions are incorporated, herein by sreference and agreed .to by the
RSO RIS P ™
A, L

Contractor and the North quqlii‘r?a_’s ariffs’ e
Ken Adking N P
Signature of Authorized Representative Signatdre gf NCSA Contract Administratdr
Ken Adkins ason D, Bennett
Printed Nalﬁe of Authorized Representative Printed Name of NGSA Contract Administrator
Youngs Truck Center, DBA Advantage Truck Center May 18, 2019
Contractor/Dealership Name (Please Print) Date
5M17M9

Date



Prepared By Bruce Stadler Prepared For Bruce Stadler
Quote Id : Stock ASL with ret Advantage Truck Center
Phone : (704)597-0551

Order : 20016770

Lead Unit Sales Order : 20016770

Model : 2019 - ACX64 Class 8

06/21/2019
Quote Summary

Values are in U.S. Dollar

EQUIPMENT EACH TOTAL
ACX64 Class 8 $300,196.43 $300,196.43
SINGLE RIGHT HAND DRIVE CAB
QUANTITY ‘ 1
ADDITIONAL PURCHASED COVERAGES $4,846.00 $4,846.00
EPA SURCHARGE $0.00 $0.00
ADDITIONAL PRICE ADJUSTMENT $0.00 $0.00
FACTORY CONTRACT MODIFICATION $0.00 $0.00
OUTSIDE CONTRACT FREIGHT $0.00 $0.00
MISC/ORDER CHANGE FEES $750.00 $750.00
ADDITIONAL SURCHARGE 5 $0.00 $0.00
NORTH AMERICAN FREIGHT VIA DESIGNATED SHIPPER $1,950.00 $1,950,00
TOTAL EQUIPMENT PRICE $307,742.43 $307,742.43
OTHER CHARGES EACH TOTAL
FET AMOUNT TOTAL $0.00 $0.00
STATE TAX/OTHER FEES $0.00 $0.00
o —
TOTAL QUOTE $307,742.43 $307,742.43 .o P/ ¥l Tine/S.

L TareVEL
€ 300, 767,14 + MiVhocst
TR IS
AET AR

Dealer Signature Customer Signafure

Date Dute

- By signing the Quote Summary, Custoner approves the information contained in the Quote, subject to final upproval by Awtocar. Autocar
endeuvors fo provide but does not guarantee error-free Quotes. ANl prive quotations ure for infurmational purposes only, and prices are subject to
chunge without notice. Final prices will be reflected on the invoice for the Awtocar chassis or on a docunent expressly evideicing Autocar's intent o
be bownd. Autovar nay substintte compurable components for those listed on any quote. Estimates of unloaded weight distribution are provided for
informational purposes enly, are nol guuranteed hy Awtocar and do not teke into acconnt vehicle application, bedy type or other modifications.
Autacar is not responsible for madifications te the Awtocar chassis ufter shipment from the Autocar asseubly plant. Modifications by hody buitders

and ether upfitters or converters may void the Autocar limited warranty in whele or in part.

~ Awtocar will deliver the Autocar chassis to the designated ugent for delivery.

Price Level : 201806012019A Friday, June 21, 2019 Page 11 of 21
9:31:42 AM EST



. Tuesday, June 18, 2019

'\—_AMlCK Quote Number: 5§35
" FEQUIPMENT

Refusn Colleation nnd
[trmat Equipipant

Front splash shield.
Clean out shule extentions, both sides.

1 NCSA 6% discount on base unit and options.($8945.23) ($11,445.23) ($11,445.23)
Amick Municipal Discount ($2500.00)

Delivered to Autocar dealership for PDI.

Delivery is 120 to 150 days after the chassis is received at New Way.

/ / Total:  $137,641.98
Quoted By: é‘(/mﬁfﬂl LNEr “Date:  6/18/2019

Cameron Low

This quote good for: 90 days
Production and delivery will take approximately: * Delivery Time Frame120 to 150 days AR chassis
Amick Equipment payment terms: Payment due upon delivery.

* Please be aware. Delivery time is based on current production lead time. This is an estimale and may
increase or decrease due to chassis availabilily, body production, transport or other unforeseen issues.

** Unless itemized above, price does not include any state, local or federal taxes.

NCSA Bid# 19-03-0504R

Lot# 46 Sideloader Refuse Body

Amick Equipment makes every effort when quoling your new equipment to meet all Federal. State and Local weight
requirements. It 1s up to the end-user NOT to exceed the weight limits for your area regardless of chassis GVRW. Over weight
equipment can lead to DOT fines. damage to the equipment or injury to the operator and others. All refuse and streel equipment
has the potential to be over weight if improperly operated

Thank you for considering Amick Equipment as a vendor. We will do our best to meet and exceed your expeclalions.
P.O. Box 1965 Lexington ,SC 29071-1965  Toll-Free(800) 922-3795 Fax (803) 359-0925 www.amickequipment.com



FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENTI Fleet Services

COUNCIL AGENDA DATE:| July 15, 2019

BID NO.] NC Sheriff's Association

CONTRACT NO.:[ 20-1-0506

DESCRIPTION:

DATE OPENED:

Autocar with New Way 31 yard Side Loading Refuse Body

PURPOSE:

The Environmental Services Division is currently using three Mack trucks with the New Way side loading
bodies that have between 9,500-10,000+ hours. These trucks are used daily for residential garbage
collection and need to be moved into the spare motorpool due to age and hours.

COMMENTS:

The price of $307,742.43 is for one truck, refuse body installation, and delivery. Total cost for three is
$923,227.29. Estimated delivery is 180-240 days.

RECOMMEND AWARD TO:

JUSTIFICATION:

Advantage Truck Center

AMOUNT:

$ 923.227.29

Using this bid allows the City of High Point to take advantage of the volume discount offered through the

NC Sheriffs' Association

contract.

ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
501271 532401 $923,227.29
TOTAL BUDGETED AMOUNT $923,227.29

pepARTMENT HEAD{GATY L. Smith

Digitally signed by Gary L. Smith

Date: 2019.07.02 12:49:35 -0400°

DN: en=Gary L. Smith, o=City of High Poirt, ou=Fleet

Senvices, email=gary smith@highpointnc.gov, c=US DATE. Jul 2, 20 1 9

The Purchasing Division concurs with recommendation submitted by the| Fleet Services

award to the lowest responsible, responsive biddcrl Advantage Truck Ctr.

]and recommends

PURCHASING MANAGER:

Erik Conti

Digitally signed by Erik Conti
Date: 2019.07.02 14:01:41 -04'00" DATE: Jul 2, 2019

|in the amount of $| 923,227.29 |

Approved for Submission to Council

FINANCIAL SERVICES DIRECTOR

Bobby Fitzjohn

Digitally signed by Bobby Fitzjohn

Date: 2019.07.02 15:12:46 0400 | DATE: | Jul 2, 2019

CITY MANAGER: |Greg Demko

Digitally signed by Greg Demko DATE: 7/2/2019

Date: 2019.07.02 16:26:22 -04'00'




Legislative No. 2019-30
Text Amendment: TA-18-06

Ordinance # 7488 / 19-05
Applicant: City Attorney

AN ORDINANCE AMENDING THE CITY OF HIGH POINT DEVELOPMENT ORDINANCE.

WHEREAS, the City Council of the City of High Point adopted the “City of High Point Development
Ordinance” on May 16, 2016, with an effective date of January 1, 2017, and subsequently

amended; and

WHEREAS, public hearings were held before the Planning and Zoning Commission on January 22,
2019 and before the City Council on February 4, 2019 regarding Text Amendment 18-06; and

WHEREAS, notice of the public hearings was published in the High Point Enterprise on january 9,
2019 for the Planning and Zoning Commission public hearing and on January 23, 2019 and
January 30, 2019 for the City Council public hearing pursuant to Chapter 160A-364 of the General
Statutes of North Carolina.

NOW THEREFORE, BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF HIGH POINT, NORTH
CAROLINA:

SECTION 1.

Section 3.8 Overlay Zoning Districts, subsection 3.8.7.E. regarding the Gateway Corridor Overlay
(GCO), of the City of High Point Development Ordinance shall be amended as follows:

E. General Standards
4+ GCO district standards for a specific gateway corridor shall follow the policy
direction in the gateway corridor plan approved by the City Council. The GCO
district shall, at a minimum, address the following elements:

The name and boundaries of the overlay district.

The development along the corridor to which the overlay district applies

(typically all new development and certain expansions and remodels).

Any variations from the requirements of the underlying general zoning

district(s).

The uses allowed in the district, if appropriate.

The development and form standards of the overlay district, including

some or all of the following:

{3)(a)} Dimensions (height, setbacks, build-to-lines, etc.);

{2)(b) Streetscape landscaping;

3){c} Sidewalks and pedestrian circulation features;

)(d) Off-street parking;

{5){e) Landscaping and tree preservation/reforestation;

EE B ER
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{86.

Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

{6)(f) Open space set-asides;

#g) Signage;

{8)(h) Exterior lighting;

¢9)(i) Building design and form; and

20)(j) Road access and traffic circulation.

The extent to which a general or district-specific standard may be
modified.

22— Outdoor-advertising-signs-are prehibited-in-the-GEO-

SECTION 2.

Section 5.7.7 Exempt Signs, of the City of High Point Development Ordinance shall be amended

as foliows:

5.7.7. EXEMPT SIGNS

The following signs are exempt from the requirements of this section except that a
lighted sign requires an electrical permit:

A.

A governmental sign.

B.— Awerk-of art-with-no-commercial-message:

G.B.

Lights and decorations with no commercial message that are temporarily
displayed on traditienally-acecepted civic, patriotic or religious holidays.

A hand carried sign.

A sign located on the interior of a building, court, lobby, athletic field,
stadium, or other structure which is not intended to be seen from the
exterior of the building or structure.

A-sign-located-on-or-affixed to-an-athletic field-scoreboard-that-is-net
oriented-toward-the-playing-field-unless-the sign:

1.—|s-an-off-site-sigh-or-outdoor-advertising-sign;
2.—Islarger-than;-orprotrudes-from-the scoreboard;
3.——Is-a projecting sigh;-oF

4,—is-iluminated.



Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

G-E. A sign affixed to a vehicle or trailer used on a regular basis for in the
normal transport of goods or persons where-the siga-isincidental-and

HF. A sign affixed to the window of a vehicle displaying-information-on-the
terms-of sale forthe-vehiele which does not exceed the size of the
window.

LG. Asign notlegible from a public or private street.

+H. A flag without a commercial message with an area of not more than 60
square feet. Flags-efthe-United-States;North-Carelina;local
governmental jurisdictions, foreign-nations having diplematic-relatiens
with-the United-States;-and-any-other flags-adopted-or-sanctioned-by
the local governing-body;-except-they are subject to-the laws found in
the U:S-C; Fitle 4, Chapter-1; Title 18,-Chapter-33 and Title 36, Chapter
10.

¥Il. A window sign painted on or attached to a window, covering a maximum
of 25% of the window area.

LJ.  Asign painted on an active public water tower.

SECTION 3.

Table 5.7.8.B: Requirements For A Sign Not Requiring A Sign Permit, of the City of High Point
Development Ordinance shall be amended as follows:

TABLE 5.7.8.B: REQUIREMENTS FOR A SIGN NOT REQUIRING A SIGN PERMIT

NUMBER SETBACK MAXIMUM

SIGN TYPE .
PERMITTED (FEET) | HEIGHT (FEET) | NATION

Flags, emblems, insignia of corporate,
political, professional, fraternal, civic, or | 1/frontage 60 R/W 640 Indirect
educational organization in all districts

The remainder of the table is unchanged.



Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

SECTION 4.

Section 5.7.8 Signs Not Requiring A Sign Permit, shall be amended as follows:

PART A.

Section 5.7.8.A. General Standards for Signs Not Requiring a Permit, shall be amended as
follows:

1.——Except-where-otherwise specified;all-signs shall-be-restricted-to-an-on-
sitelocation.

2.Signs that include lighting or are illuminated shall be subject to an approved
building permit for electrical service.

PART B.

Section 5.7.8.B.2. Additional Specific Standards, shall be amended as follows:

(e) Temporary religious, philosophical, educational, real estate, yard
sale, construction, a and political eff-site signs shall comply with
the following standards:

(1) Be located outside the street right-of-way, or at least 6
feet from the back of curb or edge of pavement where no
curb exists;

(2) Not be placed in public street medians or traffic islands;

(3) Not interfere with or obstruct pedestrian or vehicular
traffic, or obstruct safe sight distances at intersections;

(4) Not be placed on private land without the consent of the
landowner or occupant;and.

{5}——Be-posted-only-within-the hours-from-neon-on-a-Fridayte
noon-on-the following Menday:

SECTION 5.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, of the City of High Point Development
Ordinance shall be amended as follows:



Text Amendment: TA-18-06
Ordinance # 7488 / 19-05
Applicant: City Attorney

PART A.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection A.1, Location Standards
shall be amended as follows:

1. Location Standards

(a) It shall be allowed only on a lot with as-an-aceessery-to an
existing principal use.

{b)  Execeptwhere-otherwise specified;-all-sigas-shall be-restricted-to
an-en-site location:

{e)(b) If greater than 6 feet in height, it shall not be located within 100
feet of a residential district.

{d}(c) Where 2 or more establishments at the same location receive
approval of directional signs, the signs shall share the same
support structure.

PART B.

Table 5.7.9.B: Requirements For A Freestanding Sign Requiring A Sign Permit, shall be amended
as follows:

TABLE 5.7.9.B: REQUIREMENTS FOR A FREESTANDING SIGN
REQUIRING ASIGN PERMIT

AREA (SQ ‘ AREA

MAXIMUM SETBACK
MAX COMPUTATION
ZONING DISTRICT NUMBER FROM' |
HEIGHT (SQUARE FEET PER

OR'SIGN TYPE PER LOT
(FEET) | EACH LINEAR FOOT OF
FRONTAGE
LOT FRONTAGE)

SIGN STANDARDS BY ZONING DISTRICT

development
RC A ”p i 1/street | 300 | 200
identification

District sigh frontage | 200 | n/a

10 30 (3] n/a




Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

Off-premise-directional
sighs-in-the GB, LI HI 1 total 8 |wfa YE 6 nfa
districts

The remainder of the table is unchanged.
PART C.

Section 5.7.9, Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended by deleting paragraphs (d) Instructional Sign (All Districts) and {e)
Off-Site Directional Sign in the GB, LI and HI Districts in their entirety, and re-lettering
paragraphs (f) Special Promotion Sign (All Districts), (g) Electronic Changeable Copy Sign
Requiring A Permit and (h} Video Signs — Freestanding as (d), (e) and (f) respectively.

PART D.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended as follows:

{g)le) Electronic Changeable Copy Sign Requiring a Permit
(1) General Standards
(iii) Location and Type
Electronic changeable copy signs shall be located
en-site; as a portion of; and on the same support
structure with a legal conforming accessory
freestanding sign. Such signs shall not be added to
a signthat is nonconforming, nor shall any part of
an existing nonconforming sign be converted to an
electronic changeable copy sign.

The remainder of this subsection is unchanged.



Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

PART E.

Section 5.7.9 Freestanding Signs Requiring A Sign Permit, subsection B.3. Specific Standards By
Sign Type shall be amended as follows:

tk)(f) Video Signs — Freestanding
(1) General Standards
(iii)  Location
Video signs shall be allowed only on a lot with an
existing principal use shall-belecated-en-site. No
part of a freestanding video sign shali be closer
than 25 feet from intersecting street rights-of-way.
No encroachment by any part of the sign face, its
base or support structure into the street right-of-
way is permitted. Such signs shall not be
incorporated with, or added to, any other
freestanding sign, nor shall any other freestanding
sign be converted to avideo sign.

{3}——Only-On-Site-Advertising Permitted
Videasigns shall-only-be-used te-advertise-geods-or
services-available on-site;-er-to-provide- information
related te-on-site-businesses; promotions-or-events:

The remainder of this subsection is unchanged.

SECTION 6.

Section 5.7.11 Outdoor Advertising Sign Requiring A Sign Permit, of the City of High Point
Development Ordinance shall be deleted in its entirety. Sections 5.7.12 Sign For Historic
Structures or Properties, 5.7.13 Common Signage Plan, and 5.7.14 Encroachment Agreement For
Entrance Sign shall be re-numbered as Sections 5.7.11., 5.7.12., and 5.7.13. respectively.




SECTION 7.

Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

A new Section 5.7.14. entitled Savings Clause shall be added to the City of High Point
Development Ordinance, which shall read as follows:

5.7.14. SAVINGS CLAUSE

Subject to the property owner’s consent, a noncommercial message of any type may

be substituted in whole or in part for the message displayed on any sign for which the

sign structure or

mounting device is legal, without consideration of message content.

Any change to the structure or mounting device, or the refacing of a sign shall be

subject to the requirements of Section 5.7. Signage, a common sighage plan, and

permitting, as may be applicable. The purpose of this provision is to prevent any

inadvertent favoring of commercial speech over noncommercial speech, and to

prevent favoring

of any particular noncommercial message over any other

noncommercial message.

SECTION 8.

Section 10.4 Definitions,
follows:

SIGN, GOVERNMENTAL

of the City of High Point Development Ordinance shall be amended as

A sign erected by or on behalf of agovernmental body to post a legal notice,
identify public property, convey public information of significant
importance, and direct or regulate pedestrian or vehicular traffic.

SIGN;-OFF-SITE

SIGN,; OFF-SITE
DIRECTIONAL

A-sigh-which-directs-attention to-a-business;-commeodity;-service;
entertainment,or-attraction-sold;-offered,-or-existing-elsewhere-than-upon
thelot-where-the sign-is-displayed:

Asign-%hat—-indie_e;t;—:;nly-the-nameand#er-lege-and—diree;iente
businesses;-churches;-hospitals;-colleges,or-similar campus-uses:

SIGN;-ON-SITE

A-sign-which-directs-attention-to-a-business;-commeodity,-service;
entertainment;-or-attraction-sold;-offered,-or-existing-on-the-same-lot




Text Amendment: TA-18-06
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Applicant: City Attorney

where-the-sign-is-displayed;provided,-an-on-site-sign-may-also-display-a
nencommercial-message:

A sign which directs attention-to-a business, commaodity; service,

SIGN; QUTBOOR

ADVERTISING entertainment;-or-attractionsold-offered; or-existing-elsewhere-than-the

{BILLBOARD) letwhere-the sign-is-displayed:

N | Asign-thatis displayed-in-aJocation-different than-the-principat-use it

SIGN, A ) s;gn-th 4sd+splaye a-Jecatien : -prineipa -use~ is
advertising;-is-not-permanently-mounted,and-in-place-foronly-a limited

period-of time-

An-en-site sign with no commercial message that displays information
SIGN, WARNING pertinent to the safety or legal responsibilities of the public such as signs
warning of high voltage, "no trespassing," and similar directives.

The remainder of this section is unchanged.

SECTION 9.

Should any section of provision of this ordinance be declared invalid, such decision shall not
affect the validity of the remaining portions of this ordinance.

SECTION 10.

All ordinances or parts of ordinances in conflict with the provisions of this ordinance are hereby
repealed.



Text Amendment: TA-18-06
Ordinance # 7488 / 19-05

Applicant: City Attorney

SECTION 11.
This ordinance shall become effective upon adoption.
Adopted by the City Council

City of High Point, North Carolina
The 4t day of February 2019

i b

Jay W. Wagner, Mayor

ATTEST: ‘_
T}\'&}& A, X Umg Ky N\
(

Lisa B. Vierling, City (%rk




CITY OF HIGH POINT
AGENDA ITEM

Title: Introducing Bond Orders Authorizing Street and Sidewalk Bonds, Parks and Recreation Bonds,
and Housing Bonds, and Calling a Public Hearing on the Bond Orders

Bobby D. Fitzjohn,

From: . . . )
Financial Services Director

Meeting Date: July 15, 2019

. . Advertising Date/ N/A
Public Hearing: No Advertised By: i
Attachments: Introduction of Bond Orders

Resolution Setting Public Hearing

PURPOSE:
The City Council is required by the NC Local Government Commission to initiate certain actions in order to authorize the
issuance of General Obligation Bonds pursuant to a voter referendum to be held on November 5, 2019, as follows:

June 17, 2019

The first step in the authorization process involves the adoption of a resolution by the City Council finding that 1) the bonds
are necessary for the City, 2) the proposed principal amount of the bonds is adequate and not excessive, 3) the City’s debt
management procedures and fiscal policies are carried out in compliance with applicable law and 4) any increase in taxes
to service the bonds will not be excessive. The resolution will also authorize the Finance Director to file an application for
approval of the bonds with the Local Government Commission.

July 15, 2019
The second step will involve actions to be taken by City Council to introduce individual bond orders, by purpose (first

reading), for the issuance of General Obligation Bonds and to call for a public hearing on the bond orders.

August 19, 2019
The third and final step requires the City Council to hold a public hearing on the bond orders, approve the bond orders
(second reading) and to vote on the calling of a voter referendum on the bonds.

BACKGROUND:
This referendum will fund various projects within the adopted FY 2020-2024 Capital Improvement Plan. The
proposed bond orders are summarized by purpose in the attached resolution.

BUDGET IMPACT:
The proposed referendum will authorize up to $50 million in bonds. No increase in property taxes are anticipated
to pay the debt service for the bonds authorized in this referendum.

RECOMMENDATION / ACTIONS REQUESTED:

It is recommended that the City Council approve the attached resolutions making certain findings related to the
authorization and issuance of bonds of the City and filing of an application for said bonds with the Local
Government Commission.



EXTRACTS FROM MINUTES OF CITY COUNCIL

* * *

A regular meeting of the City Council of the City of High Point, North Carolina (the “City
Council”) was duly held in the Council Chambers of the Municipal Building located at 211 South
Hamilton Street in High Point, North Carolina, the regular place of meeting, at 5:30 p.m. on July 15,
20109:

Members Present:

Members Absent;

Councilmember introduced the following bond orders, summaries of which had been
provided to each Councilmember, copies of which were available with the City Clerk and which were
read by title:

BOND ORDER AUTHORIZING THE ISSUANCE OF $22,000,000 GENERAL OBLIGATION
STREETS AND SIDEWALK BONDS OF THE CITY OF HIGH POINT, NORTH CAROLINA

WHEREAS, the City Council of the City of High Point, North Carolina has ascertained and
hereby determines that it is necessary to pay capital costs of providing streets and sidewalks, including
without limitation bridges, viaducts, causeways, overpasses, underpasses, alleys and bicycle lanes;
paving, grading, resurfacing, and widening streets; sidewalks, curbs and gutters, culverts, and drains;
traffic controls, signals, and markers; lighting; and grade crossings and the elimination thereof and grade
separations; streetscaping, landscaping and pedestrian improvements; transit stop improvements; and the
acquisition of land therefor; and

WHEREAS, an application has been filed with the Secretary of the Local Government
Commission of North Carolina requesting Commission approval of the General Obligation Streets and
Sidewalk Bonds hereinafter described as required by the Local Government Bond Act, and the City Clerk
has notified the City Council that the application has been accepted for submission to the Local
Government Commission.

NOW, THEREFORE, BE IT ORDERED by the City Council of the City of High Point, North
Carolina, as follows:

Section 1. In order to raise the money required for the purposes described above, in addition
to any funds which may be made available for such purpose from any other source, General Obligation
Streets and Sidewalk Bonds of the City are hereby authorized and shall be issued pursuant to the Local
Government Finance Act of North Carolina. The maximum aggregate principal amount of such General
Obligation Streets and Sidewalk Bonds authorized by this order shall be $22,000,000.

PPAB 4985273v1



Section 2. Taxes will be levied in an amount sufficient to pay the principal and interest on
the General Obligation Streets and Sidewalk Bonds.

Section 3. A sworn statement of the City’s debt has been filed with the City Clerk and is
open to public inspection.

Section 4. This bond order will take effect when approved by the voters of the City at a
referendum scheduled for November 5, 2019.

BOND ORDER AUTHORIZING THE ISSUANCE OF $21,500,000 GENERAL OBLIGATION
PARKS AND RECREATION BONDS OF THE CITY OF HIGH POINT, NORTH CAROLINA

WHEREAS, the City Council of the City of High Point, North Carolina has ascertained and
hereby determines that it is necessary to pay capital costs of providing for the acquisition, construction,
renovation, improvement, expansion, furnishing and equipping of parks and recreation facilities,
including without limitation senior centers, athletic fields, parks, playgrounds, recreation centers, shelters
and pool facilities and the acquisition of land therefor; and

WHEREAS, an application has been filed with the Secretary of the Local Government
Commission of North Carolina requesting Commission approval of the General Obligation Parks and
Recreation Bonds hereinafter described as required by the Local Government Bond Act, and the City
Clerk has notified the City Council that the application has been accepted for submission to the Local
Government Commission.

NOW, THEREFORE, BE IT ORDERED by the City Council of the City of High Point, North
Carolina, as follows:

Section 1. In order to raise the money required for the purposes described above, in addition
to any funds which may be made available for such purpose from any other source, General Obligation
Parks and Recreation Bonds of the City are hereby authorized and shall be issued pursuant to the Local
Government Finance Act of North Carolina. The maximum aggregate principal amount of such General
Obligation Parks and Recreation Bonds authorized by this order shall be $21,500,000.

Section 2. Taxes will be levied in an amount sufficient to pay the principal and interest on
the General Obligation Parks and Recreation Bonds.

Section 3. A sworn statement of the City’s debt has been filed with the City Clerk and is
open to public inspection.

Section 4. This bond order will take effect when approved by the voters of the City at a
referendum scheduled for November 5, 2019.
BOND ORDER AUTHORIZING THE ISSUANCE OF $6,500,000 GENERAL OBLIGATION

HOUSING BONDS OF THE CITY OF HIGH POINT, NORTH CAROLINA

WHEREAS, the City Council of the City of High Point, North Carolina (the “City Council”) has
ascertained and hereby determines that it is necessary to pay capital costs of providing housing projects

PPAB 4985273v1



for the benefit of persons of low income, or moderate income, or low and moderate income, including
without limitation construction or acquisition of projects to be owned by the City or a housing authority,
and loans, grants, interest supplements and other programs of financial assistance to persons of low
income, or moderate income, or low and moderate income, and developers of housing for persons of low
income, or moderate income, or low and moderate income, and the acquisition of land therefor; and

WHEREAS, an application has been filed with the Secretary of the Local Government
Commission of North Carolina requesting Commission approval of the General Obligation Housing
Bonds hereinafter described as required by the Local Government Bond Act, and the City Clerk has
notified the City Council that the application has been accepted for submission to the Local Government
Commission.

NOW, THEREFORE, BE IT ORDERED by the City Council of the City of High Point, North
Carolina, as follows:

Section 1. In order to raise the money required for the purposes described above, in addition
to any funds which may be made available for such purpose from any other source, General Obligation
Housing Bonds of the City are hereby authorized and shall be issued pursuant to the Local Government
Finance Act of North Carolina. The maximum aggregate principal amount of such General Obligation
Housing Bonds authorized by this order shall be $6,500,000.

Section 2. Taxes will be levied in an amount sufficient to pay the principal and interest on
the General Obligation Housing Bonds.

Section 3. A sworn statement of the City’s debt has been filed with the City Clerk and is
open to public inspection.

Section 4. This bond order will take effect when approved by the voters of the City at a
referendum scheduled for November 5, 2019.

PPAB 4985273v1



STATE OF NORTH CAROLINA )
) Ss:
)

CITY OF HIGH POINT

I, Lisa B. Vierling, City Clerk of the City of High Point, North Carolina, DO HEREBY
CERTIFY that the foregoing is a true and exact copy of so much of the proceedings of the City Council as
it relates to the introduction of the bond orders entitled “BOND ORDER AUTHORIZING THE ISSUANCE OF
$22,000,000 GENERAL OBLIGATION STREETS AND SIDEWALK BONDS OF THE CITY OF HIGH POINT,
NORTH CAROLINA,” “BOND ORDER AUTHORIZING THE ISSUANCE OF $21,500,000 GENERAL
OBLIGATION PARKS AND RECREATION BONDS OF THE CITY OF HIGH POINT, NORTH CAROLINA” and
“BOND ORDER AUTHORIZING THE ISSUANCE OF $6,500,000 GENERAL OBLIGATION HOUSING BONDS
OF THE CITY OF HIGH POINT, NORTH CAROLINA” by the City Council of the City of High Point, North
Carolina, at a meeting held on the 15th day of July, 2019 and that such proceedings are to be recorded in
the minute books of said City Council.

WITNESS my hand and the seal of the City of High Point, North Carolina, this the _ day of
, 2019.

City Clerk
City of High Point, North Carolina

(SEAL)

PPAB 4985273v1



EXTRACTS FROM MINUTES OF CITY COUNCIL

* * *

A regular meeting of the City Council of the City of High Point, North Carolina (the “City
Council”) was duly held in the Council Chambers of the Municipal Building located at 211 South
Hamilton Street in High Point, North Carolina, the regular place of meeting, at 5:30 p.m. on July 15,
20109:

Members Present:

Members Absent:
* * * * * *
* * *
Councilmember introduced the following resolution, a summary of which had been

provided to each Councilmember, a copy of which was available with the City Clerk and which was read
by title:

RESOLUTION OF THE CITY OF HIGH POINT, NORTH CAROLINA SETTING PUBLIC
HEARINGS ON GENERAL OBLIGATION BOND ORDERS AND RELATED MATTERS

WHEREAS, bond orders entitled:

“BOND ORDER AUTHORIZING THE ISSUANCE OF $22,000,000 GENERAL
OBLIGATION STREETS AND SIDEWALK BONDS OF THE CITY OF HIGH
POINT, NORTH CAROLINA;”

BOND ORDER AUTHORIZING THE ISSUANCE OF $21,500,000 GENERAL
OBLIGATION PARKS AND RECREATION BONDS OF THE CITY OF HIGH
POINT, NORTH CAROLINA;” AND

“BOND ORDER AUTHORIZING THE ISSUANCE OF $6,500,000 GENERAL
OBLIGATION HOUSING BONDS OF THE CITY OF HIGH POINT, NORTH
CAROLINA;”

have been introduced at a meeting of the City Council (the “City Council”) of the City of High Point,
North Carolina this 15th day of July, 2019; and
WHEREAS, the City Council desires to provide for the holding of a public hearing thereon on

August 19, 2019 and the submission of a statement of debt in connection therewith as required by The
Local Government Bond Act.
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NOW, THEREFORE, BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF
HIGH POINT, NORTH CAROLINA that the public hearing on said bond orders shall be held on the
19th day of August, 2019 at or about 5:30 p.m. in the Council Chambers of the Municipal Building
located at 211 South Hamilton Street in High Point, North Carolina.

BE IT FURTHER RESOLVED that the City Clerk is hereby directed to cause a copy of said
bond orders to be published with a notice of such hearing in the form prescribed by law in a newspaper of
general circulation in the City on or before the 13th day of August, 2019.

BE IT FURTHER RESOLVED that the City’s finance officer is hereby directed to file with the
City Clerk, prior to publication of the bond orders, along with the notice of such public hearing, a
statement setting forth the debt incurred or to be incurred, the net debt of the City, the assessed value of
property subject to taxation by the City and the percentage that net debt of the City bears to the assessed
value of property subject to taxation.

BE IT FURTHER RESOLVED that this Resolution shall become effective on the date of its
adoption.

PASSED, ADOPTED AND APPROVED this 15th day of July, 2019.
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STATE OF NORTH CAROLINA )
) Ss:
)

CITY OF HIGH POINT

I, Lisa B. Vierling, City Clerk of the City of High Point, North Carolina, DO HEREBY
CERTIFY that the foregoing is a true and exact copy of so much of the proceedings of the City Council as
it relates to a resolution entitled “RESOLUTION OF THE CITY OF HIGH POINT, NORTH CAROLINA
SETTING PUBLIC HEARINGS ON GENERAL OBLIGATION BOND ORDERS AND RELATED MATTERS”
duly adopted by the City Council of the City of High Point, North Carolina, at a meeting held on the 15th
day of July, 2019 and that such proceedings are to be recorded in the minute books of said City Council.

WITNESS my hand and the seal of the City of High Point, North Carolina, this the ___ day of
, 2019.

City Clerk
City of High Point, North Carolina

(SEAL)

PPAB 4985277v1



CITY OF HIGH POINT
AGENDA ITEM

Title:  NCDOT Municipal Agreement for Cost Participation
New Traffic Signal at N. University Parkway and Davis Avenue with
Upgrades to Decorative Poles and Mast Arms

From:  Mark McDonald, Transportation Director Meeting Date: Monday July 15, 2019

Advertising Date: NA

Public Hearing: No Advertised By: NA

Attachments: Agreement, Location Map, Pictures

PURPOSE:

Consideration of a Municipal Agreement with the North Carolina Department of Transportation (NCDOT) for cost
participation in the purchase of traffic signal pole and mast arm assemblies to be installed at the intersection of N. University
Parkway and Davis Avenue.

BACKGROUND:

A traffic study conducted by NCDOT has found that the referenced intersection meets the required warrants for
signalization, and funding for this traffic safety improvement was recently approved by the Board of Transportation. Plain,
galvanized steel poles have been proposed by NCDOT as supports for a span wire configuration, however, the
Transportation Department has requested that these poles be upgraded to match other signalized intersections that have been
reconstructed in recent years. Similar locations are N. Main Street & Montlieu Avenue/Sunset Drive, N. Centennial Street
& Montlieu Avenue, and University Parkway & E. Lexington Avenue. Other examples exist along the E. M.L. King, Jr.
Drive corridor, and throughout the central business/Market district.

This upgrade from standard strain poles will make the signal less susceptible to wind damage and more aesthetically
attractive. All service to the signal will be routed underground around the perimeter of the intersection.

BUDGET IMPACT:

The additional cost of black, powder-coated fluted pole and arm assemblies to fulfill the City’s request is estimated at
$11,177. Upon completion of the project, NCDOT will invoice the City. Given the lead time necessary for fabrication,
invoicing will not likely occur until FY 2021.

RECOMMENDATION /ACTION REQUESTED:

The Transportation Department requests City Council’s approval of the Municipal Agreement with NCDOT for upgrade to
the traffic signal pole and mast arm assemblies at the intersection of N. University Parkway and Davis Avenue.
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Tab Document

1. Digital Billboards PSA Real Time Messaging

2A. OAAA Digital Traffic Safety

2B. OAAA What does the Traffic Accident Data Say?

2C. Driving Performance and Digital Billboards - Final Report - March 22, 2007

2D. The Effects of Commercial Electronic Variable Message Signs (CEVMS) on
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2E. Federal Highway Administration - Driver Visual Behavior In The Presence
of Commercial Electronic Variable Message Signs (CEVMS) - September 2012
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We partnered with Peters Auto Mall to help raise awareness of their rafﬂe to
win a car that raised money for breast cancer research.

Peters Auto Mall - Breast Cancer Awareness
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We use digitals to bring awareness to the community of upcoming games and
ticket opportunities.

High Point University Lacrosse —~ Real Time Messaging
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CONGRATS ¢

We use the digital to show our support to our local sports teams and
universities.

Wake Forest University - Real Time Messaging
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We use the digitals for real time countdowns for baseball games.

Comimunity Sporting Venue — Real Time Countdown
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Greensboro Grasshoppers — Community Sporting Event Multi-Messaging




NCWineFestival.com
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We use the digitals to countdown the day s to events happehing inthe
community

rresenteDBY  FOOD S LION

NC Wine Festival — PSA Dynamic Content Countdown
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We used the digitals to help bring awareness to the community about a
$150,000 grant that Carolina Theatre was trying to get. They wound up
receiving the grant and sent us a letter stating that the digital billboards
were a huge reason the got the grant.

Carolina Theatre - $150,000 Grant — PSA Dynamic Content/ Real Time Fundraising Message
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PTEC Furniture City Classic— PSA Welcome Message For Community Event
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High Point Cycling Classic — PSA Community Event Advertising




s SHOUT

We used our digitals to give students, parents and teachers an opportunity
to shout their school, sports team, child, etc. using a twitter feed! Anyone
could tweet from their phone to the @tomisGCshoutout twitter page for it
to be shown all across the city.

Tomi’s Shoutouts — Real Time Dynamic Twitter Feed
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Congrats Tim Mabe - Real Time Community Interest Message
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Conquer the world.

[} UNCG ONLINE

N

UNCG - Multi-Message For University Development
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Steak N Shake - Multi-Messaging For Economic Growth
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FREE Breakfast
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Thruway Shopping Center @mm - |

FREE Breakfast
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Thruway Shopping Center @MW -

FREE Breakfast
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Thruway Shopping Center @‘wm -

Chick-Fil-A. - Economic Development Weel/Day Parting
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Cone Health - Multi-Message For Community Health and Development







WANTED

Kelvin Whiteside
Indecent Liberties witha Child ~ “wewmeme

Crime Stoppers - 336-373-1000
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Nicholas Garneau
Habitual Misdemeanor Assault TP

Crime Stoppers - 336-373-1000

We use digitals to help the local police departments find wanted people and
get them off the street.

GPD Crimestoppers — Wanted People - PSA Real Time Messaging




MISSING PERSON

Iorla Smith 5°7” | 130 Lbs
Last Seen 10/7/16 (336)373-2222

"‘w
"§

We use digitals for scenarios like Gloria Smith who was missing for over a
month. We put this image up on 10 digitals across Greensboro and within 2
hours of posting, her nurse saw the digital. She had been in the hospital as a

Jane Doe. She couldn’t remember who she was. The d1g1ta1 helped identify her
and bring her back to her family.

Missing Person - Greensboro Local Crimestopper Real Time Messaging




SEEKING
INFORMATION:

SUSPECT VICTIM VIGTIM

We work directly with the FBI to help with widespread awareness of current
cases whether it be seeking information or helping find criminals.

FBI - Seeking Information — Real Time Messaging




Justhnottmgham &

Male | Age 5YO | Blond Hair

Bmber Alert - Real Time Dynamic Content







LET’S SAVE THEM

BEFORF THFVRF RONE"

wildlifeday.crg HiProtectBighals = e NP *-’
World Witlite Bay March © ‘ - L s

&

LET’S SAVE TEEM

REFORF THEV'RE GONF

wildlifeday.org HiProtectBipDats
| Workd Wildlite Day March &

LET’S SAVE TH

BEFORE THEY'RE € 3"

Wildlieday, mg mpmmmatgaa

World Wildlife Day ~ National PSA Advertising Message




Dénate Today.

American
Red Cross

Help people affected by
Hurricane Harvey.

DONATE NOW

redcross.org

Armerican
. Red Cross

American Red Cross — PSA Digital Message




We can use our digitals to quickly put up tributes for people that had large
impacts on the community.

Billy Graham - PSA Tribute
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Aesthetics DIGITAL TRAFFIC SAFETY

Amortization
Research shows that billboards -- even the most attention-getting billboards -- are not related to

Bans & Moratoria accidents. The presence of billboards does not affect motorists’ behavior, such as changing lanes

or change speed.

Bonus Law Program
New technology enables billboard copy to change electronically. Known as digital billboards,

Condemnation b Advocacy these signs display static messages, typically for six or eight seconds. State and local governments
have reviewed accident records for roadways near digital billboards; they do not cite traffic safety

Content Control problems associated with digital billboards. Likewise, an engineering analysis of three years of
accident data in the Cleveland, OH, area showed no statistical relationship between digital

Dighal Biboaid Mvacacy billboards and accidents. A separate study of drivers in the same area said digital billboards are

safety neutral.
Digital Billboards

Accident Research

Digital Issue Brief

Bigltal Traffic Safety Analysis of accident data - by the industry and state and local governments — shows that digital
billboards are not related to accidents.

Exactions
Economic Impact/Jobs

Helping Law Enforcement & The

Community

Lighting

Logo and TOD Signs 1

Noise Barriers Albuquerque, NM 2010 Cleveland, OH 2009 Cleveland, OH 2007

Nonconforming foe
Permits & Fees .

Prescription Drug Advertising

Political Advertising

Public Opinion

Scenic Byways Reading, PA 2010 Richmond, VA 2010 Rochester, MN 2009

Spacing

Taxation

Tourism
Trafic Safety

Vegetation
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e gaad Jerry Wachlel's Review of

Zoning
Cleveland 2007

Summary of Accident

Research

State and local jurisdictions have reviewed accident data to determine if the rate of accidents increased in proximity to

digital billboards; these officials answered that question in the negative.

South Carolina Memorandum

Virginia DOT
“Our study has turned up no accidents reported to local police in the vicinity of the digital signs

we've been monitoring.”

James R. Barrett, C.P.ES.C.
Regulatory and Compliance Manager
Asset Management Division

Virginia Department of Transportation
September 24, 2007

El Paso Memorandum

New York Department of Transportation

“There is no empirical evidence at this time to indicate a CEVMS message changing every six
seconds results in an increased risk of accidents.”

From the NY DOT guidelines {October 28, 2008)

hitps://oaaa.org/ AboutOOH/Advocacy/PolicylssueBriefs/Di gital TrafficSafety.aspx 10/26/2017
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Rochester, MN Letters City of Albuguerque El Paso County, TX
Chamber of Commerce Sheriff's letter
Letter

Driver Behavior Research
Typical eye glances in the direction of digital billboards are less than one second, which is well
under the risk threshold identified in a major federal study (The NHTSA 100-car study performed

by VTTI).

In 2007, the outdoor advertising industry's foundation (FOARE), commissioned Virginia Tech
Transportation Institute (VTTI) to study driver behavior in relation to digital billboards in
Cleveland, OH. The study found: ’

= Drivers did not glance more frequently in the direction of digital billboards than in the
direction of other event types

= Drivers did take longer glances in the direction of digital billboards and comparison sites
than in the direction of static billboards and baseline sites

= The mean glance at the digital billboards lasted less than 1.6 seconds

B

Cunitz Review of Swedish
VTTI Cleveland 2007 Report Summary of Cunitz Review

FHWA Traffic Safety Research Documents

In early 2008, FHWA initiated driver behavior research similar to the industry's VTTI research to
determine whether or not digital billboards {“Commercial Electronic Variable Message Signs”) are
a potential driving hazard. In-car driving tests were conducted in Reading, PA, and Richmond,
VA. On December 30, 2013, FHWA released the final report. The results from the FHWA study
indicate the following:

1. The presence of digital billboards does not appear to be related to a decrease in looking
toward the road ahead, which is consistent with earlier industry sponsored field research
studies (VTTI).

2. The longest fixation to a digital billboard was 1.34 seconds, and to a standard billboard it
was 1.28 seconds, both of which are well below the accepted standard.

3. When comparing the gaze at a CEVMS versus a standard billboard, the drivers in this study
were more likely to gaze at CEVMS than at standard billboards.

4. The researchers were careful to note the FHWA study adds to the knowledge base of digital
billboard safety, but does not "present definitive answers” to the questions investigated. In
short, the FHWA study determined that digital billboard glances are well within federal
safety standards concerning driver distraction.

In short, the FHWA study determined that digital billboard glances are well within federal safety

standards concerning driver distraction.

https /loaaa.org/AboutOOH/Advocacy/PolicylssueBriefs/Digital TrafficSafety.aspx 10/26/2017
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‘What does the Traffic Accident Data Say?

Traffic accident data is a valued, standard tool for policy makers. The National Highway
Traffic Safety Administration (NHTSA) sums up this point:

“Traffic records are the basis for defining, managing, and evaluating traffic safety
and performance.”

Did you know that crash-data studies show no increase in accidents near
digital billboards? Industry in these markets reviewed:

e Cuyahoga County, OH (2007)
» Accident reports 3 years before and after installation of digital billboards
» 7 digital billboards located along Interstates
* 33,000 accident records from the Ohio Department of Transportation.

e Rochester, MN (2009)
( » Accident reports spanning more than 4 years before and after installation

» b digital billboards located along local roads
» 18,000 accident records from the local police department.

¢ Cuyahoga County, OH (2009)
This study updated the 2007 report, evaluating more time and data:
» Accident reports 4 years before and after installation
» 7 digital billboards along Interstates (same structures as 2007 study
* 60,000+ accident records from the Ohio DOT

e Albuquerque, NM (2010)
» Accident reports spanning 3%z years before and after the installation
» 17 digital billboards located along local roads
» 7,000+ accident records from the local police department

¢ Reading, PA (2010)
= Accident reports spanning 4 years before and after installation
» 26 digital billboard faces on 20 structures along expressways and local roads

» 35,000 accident records from Pennsylvania DOT and local police



Key Findings
e There is no statistically significant relationship between accidents and digital
billboards; digital billboards are “safety neutral”
e More than 120,000 accident records in proximity to 55 digital billboard faces were
analyzed
e Circumstances different . .. conclusion the same
»  Size of digital billboards were different:
e Standardized bulletins in Cuyahoga County (14'x48’)
e Standardized bulletins in Rochester (10'6"x36’)
e Standardized posters in Albuquerque (12'x24’)
e Variety of bulletins, posters, and miscellaneous sizes in Reading
» Digital billboard locations were different:
e Along Interstates in the Cuyahoga County
e Along local roads in Rochester and Albuguerque
e Along local roads and expressways in Reading
»  Combined traffic counts exceed one-half billion cars per year

e The age of driver is a neutral factor
» Younger drivers (under 21) show no increases in accident rates
= Older drivers (over 65) show no increases in accident rates
The researchers said: “For comparisons of younger, older or nighttime drivers,
there are no increases in accldent rates near these digital billboards”

e Time of day is a neutral factor
= Daytime and nighttime comparisons show no increases in rates in the area

surrounding the digital billboards

The consistent outcome from these studies:

Digital Billboards are NOT Linked to Accidents



Key Points regarding the FHWA Research

The Federal Highway Administration (FHWA) contracted the Science Applications
international Corporation (SAIC) to study the effects of digital billboards on driver attention
and distraction in 2007

This study was aimed at determining if digital billboards posed an unsafe driver distraction
and was based on how long drivers took their eyes off the road when in the presence of
digital billboards.

FHWA emphasized that the study employed highly accurate state of the art research
methodology and eye tracking equipment, which ensures a high levei of confidence in the
eventual findings. ‘

The study was completed in eatly 2010, and a draft report was subjected to peer review in
2012,

On December 30, 2013, FHWA released its final report

The FHWA conducted its research on digital billboards based on an eye-glance analysis in two test
markets: Reading, PA, and Richmond, VA,

in both cities, digital billboards were located on freeways and local arterials.

Results from the FHWA study indicate the following:

1. The presence of digital billhoards does not appear to be related to a decrease in looking toward
the road ahead, which is consistent with earlier industry sponsored field research studies (VTTI).

2. The longest fixation to a digital billboard was 1.34 seconds, and to a standard billboard it was
1.28 seconds, both of which are well below the accepted standard.”

3. When comparing the gaze at a CEVMS versus a standard billboard, the drivers in this study were
more likely to gaze at CEVMS than at standard biliboards. ‘

4. The researchers were careful to note the FHWA study adds to the knowledge base of digital
billboard safety, but does not "present definitive answers" to the questions investigated.

Bottom Line: 4

Digital billboard glances are well within federal safety standards ' l \ i ! ! ‘:
concerning driver distraction. Aatl

The full report is available on the FHWA website

Janvan OT. 201 0247 5=

hitp://www.fhwa.dot.gov/real estate/practitioners/oac/ don't distract drivers
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* According to the National Highway Traffic Safety Administration (NHTSA),
safety concerns arise when a driver's eyes are diverted from the roadway
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by glances that continue for more than 2.0 seconds.
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ABSTRACT

The results of a naturalistic study showed that several driving performance measures in the
presence of digital billboards are on a par with those associated with everyday driving, such as
the on-premises signs located at businesses. These performance measures included eyeglance
performance, speed maintenance, and lane keeping. The current study was conducted in
Cleveland, OH following the mode! of a previous study conducted in Charlotte, NC (which
showed no measurable effects of conventional billboards on eyeglance patterns, speed
maintenance, or lane keeping). Thirty-six drivers drove an instrumented vehicle on a 50-mile
loop route in the daytime along some of the interstates and surface streets in Cleveland.
Participants were not informed about the true purpose of the experiment, and were told that the
purpose was to help understand the way people drive in a natural environment. Along the route,
participants encountered five digital billboards, 15 conventional billboards, 12 comparison sites
(similar to items you might encounter in everyday driving), and 12 baseline sites (sites with no
signs). Twelve participants returned for a nighttime session to explore the potential effects of the

digital billboards at night.

The eight seconds leading up to the events of interest were then analyzed in terms of eyeglance
patterns, speed maintenance behavior, and lane keeping behavior. Ina post-drive questionnaire,
42% of drivers mentioned billboards as one of the top five items that caught their attention (out
of 18 choices). Eyeglance results showed that there were no differences in the overall glance
patterns (percent eyes-on-road and overall number of glances) between event types. Drivers also
did not glance more frequently in the direction of digital billboards than in the direction of other
event types, but drivers did take longer glances in the direction of digital billboards and
comparison sites than in the direction of conventional billboards and bascline sites. However,
the mean glance length towards the digital billboards was less than one second. Various
researchers have proposed that glance lengths of 1.6 seconds, 2.0 seconds, and longer may pose a
safety hazard. An examination of longer individual glances showed no differences in distribution
of longer glances between the four event types. There were only minor differences in speed
maintenance or lane keeping performance for the four event types.

The overall conclusion, supported by both the eyeglance results and the questionnaire results, is
that the digital biliboards seem to attract more attention than the conventional billboards and
baseline sites. Because of the lack of crash causation data, no conclusions can be drawn
regarding the ultimate safety of digital billboards. Although there are measurable changes in
driver performance in the presence of digital billboards, in many cases these differences are on a
par with those associated with everyday driving, such as the on-prenuses signs located at

businesses.




EXECUTIVE SUMMARY
The most notable findings from this study are as follows:

¢ Eyeglance results showed that there were no differences in the overall glance patterns
between digital billboards, conventional billboards, comparison events, and baseline events
during the daytime.

e Drivers did not glance more frequently in the direction of digital billboards than in the
direction of other event types during the daytime.

e Drivers took longer glances in the direction of digital billboards and comparison sites than in
the direction of conventional billboards and baseline sites during the daytime.

e An analysis of glances lasting longer than 1.6 seconds indicated that these longer glances
were distributed evenly across the digital billboards, conventional billboards, comparison
events, and baseline events during the daytime

e The nighttime results indicate that digital billboards and comparison events may be
associated with more active glance patterns, as well as with more frequent and longer glances
towards the digital billboards and comparison events.

e For the post-drive questionnaire, 42% of drivers mentioned billboards as one of the top five
items that caught their attention; note that drivers did not know this was billboard study.

« Inan open-ended question, three drivers mentioned billboards as the single most memorable
item on the trip, and two referred specifically to the digital billboards as being memorable.

The motivation for the current study was to examine driver performance in the presence of
digital billboards, as compared to other driving locations without them. There is a long history
of studying billboards in the context of traffic safety but, although the research record covers
many years (1951 until the present), it is lacking in volume and is primarily focused on
conventional billboards. There were a few epidemiological studies performed in the early 1950’s
examining traffic accidents in the presence and absence of billboards; however, much of this
early work was methodologically flawed. After a long gap in rescarch, there were a few
additional studies in the 1960’s through the 1980°s, none of which demonstrated that billboards
are unsafe. More recent studies conducted in Canada have shown that there may be changes in
driver behavior associated with video billboards (those with full motion), but those studies do not
address the digital billboards of interest in the current study (with a static message that changes
instantaneously without special effects).

Traffic accident analysis techniques have improved in recent years with the creation and
maintenance of national crash databases. A careful examination of these databases shows that
distraction caused by billboards fails to show up in any of the accident databases as an accident
cause. Likewise, an examination of numerous driver distraction studies demonstrates that
billboards fail to show up as a cause of driver distraction. The overall conclusion from all past
rescarch is that conventional billboards in general have not been shown fo cause traffic accidents
or change driver behavior. However, the question of whether digital billboards change driver
behavior in some way cannot be answered by these previous studies; this is the motivation for

the current study.




The current study was conducted in Cleveland, OH to assess the effects, if any, of digital
billboards on driver behavior and performance. The study was conducted following the model of
a previous study conducted in Charlotte, NC that showed no measurable effects of conventional
billboards on eyeglance patterns, speed maintenance, or lane keeping. Thirty-six drivers were
recruited with males and females equally represented; they were also equally divided by age
(older: 50-75, younger: 18-35). Participants drove an instrumented vehicle on their own (without
an experimenter in the vehicle) on a 50-mile loop route in the daytime along some of the
interstates and surface streets in Cleveland. Participants were not informed about the true
purpose of the experiment, and were told that the purpose was to help understand the way people
dtive in a natural environment. Along the route, participants encountered the following items:

e 5 digital billboards (all that were available on the route). The digital billboards were the
standard bulletin size (14 ft x 48 ft) and the copy changed instantaneously every eight
seconds (there were no special effects during the transition).

¢ 15 conventional billboards (similar to those studied in the Charlotte study).

¢ 12 comparison sites (similar to items you might encounter in everyday driving; comparable
to digital billboards in terms of visual activity/attractiveness, including on-premises signs
[some with digital elements], logo placards, landmark buildings, and murals).

e 12 baseline sites (sites with no signs).

After the drive, participants completed a questionnaire regarding which types of items and
activities they had noticed along the route. Participants were paid a nominal amount for their
participation. Twelve participants returned for a nighttime session to explore the potential

effects of the digital billboards at night.

The eight seconds leading up to the events of interest were then analyzed in terms of eyeglance
patterns, speed maintenance behavior, and lane keeping behavior. With 36 participants and 44
sites, there were 1,584 events available for analysis from approximately 63 hours of data
collection. A small amount of data was lost due to cell phone use, sensor outages, sun angle, and
vehicle stoppages, leaving 1,540 events for eyeglance analyses. Altogether, 124,740 video
frames were analyzed and 10,073 individual glances were identified. The speed data were
filtered to remove events as described above, and then further filtered to remove low speed
events, leaving 1,494 events in this dataset, with 121,014 data points. The lane position dataset
was further filtered to remove events indicating a possible lane change or lane position sensor
failure (often due to poor lane markings). After filtering, there were 1,188 events remaining in
the lane position dataset, with 96,228 data points.

In terms of demographics, the average age was 28 years for younger drivers and 59 years for
older drivers. Most had completed high school, but few had attended college. All participants
lived in the Cleveland area, and were familiar with at least some parts of the route. For the post-
drive questionnaire, 42% of drivers mentioned billboards as one of the top five items that caught
their attention (out of 18 choices). In a later open-ended question, three drivers mentioned
billboards as the single most memorable item on the trip, and two referred specifically to the
digital billboards as being memorable. By way of contrast, only 25% of drivers in the Charlotte
study checked off billboards in their top five list (of 18 choices), and none mentioned billboards
as being the most memorable aspect of the trip. Recall that drivers did not know that the purpose




of the study was to examine performance in the presence of billboards; in fact, they did not know
that the study had anything to do with billboards.

Eyeglance results showed that there were no differences in the overall glance patterns (percent
eyes-on-road and overall number of glances) between event types (digital billboard, conventional
billboard, comparison events, and baseline events). Drivers also did not glance more frequently
in the direction of digital billboards than in the direction of other event types. However, drivers
did take longer glances in the direction of digital billboards and comparison sites than in the
direction of conventional billboards and baseline sites. Given that three of the comparison sites
had digital components, the similar eyeglance findings for these two event types are not
surprising. An analysis of glances lasting longer than 1.6 seconds showed no obvious
differences in the distribution of these longer glances across event fypes.

There were differences in speed maintenance, with conventional billboards showing greater
variation in speed than digital billboards. However, this was thought to be the result of a road
type interaction, given that all of the digital billboards were on interstates. When only interstate
events were considered in the analysis, there were no significant differences in speed
maintenance across event types. There was a trend towards poorer lane keeping performance for
digital billboards and conventional billboards; however, this trend failed to reach significance.

A smaller exploratory study was also conducted at nighttime using a slightly shortened route.
Given that the digital signs being studied were intrinsically illuminated, this was felt to be an
important first step in determining whether there are driver performance differences in the
presence of these signs under different levels of ambient illumination. Twelve drivers were used,
again divided equally by age and gender. All of the nighttime drivers had previously driven the
route during the daytime and were thus somewhat familiar with the route (so were unlikely to get
Jost or go off route). The nighttime study was exploratory in nature with fewer data points, so
these data were examined descriptively rather than analyzed statistically (due to lack of statistical

power).

Four eyeglance measures were examined for the nighttime data: eyes-on-road percent, overall
glance frequency, mean glance duration in the direction of an event, and mean number of glances
in the direction of an event. The eyes-on-road measure showed that digital billboards and
comparison events tended to have less eyes-on-road time at nighttime than either baseline events
or conventional billboards. The overall glance frequency was also higher in the presence of
digital billboards and comparison events than in the presence of baseline events and conventional
billboards. These two findings taken together show a more active glance pattern at nighttime in
the presence of these two event types. The mean glance duration for glances in the direction of
an event also showed higher values for digital billboards and comparison events. Finally, the
mean number of glances in the direction of an event also showed digital billboards and
comparison events as having higher values than either baseline events or conventional billboards.
Taken together, these four findings indicate that digital billboards and comparison events may
result in more active glance patterns overall, as well as more frequent and longer glances towards
the digital billboards and comparison events at nighttime.




Two driving performance measures were examined for the nighttime data: standard deviation of
speed and standard deviation of lane position. The standard deviation of speed appeared to be
higher in the presence of both conventional and digital billboards than for baseline and
comparison cvents. Lane keeping also showed a trend towards greater lane deviations in the
presence of both digital billboards and conventional billboards.

The luminance values of many of the billboards, comparison events, and baseline events were
also measured at nighttime. The digital billboards had noticeably higher luminance values than
any of the other event types, even though their luminance was automatically reduced at night.
This probably explains some of the driver performance findings in the presence of the digital
billboards. The overall ranking of luminance by event (digital billboards were the highest,
followed in order by comparison events, conventional billboards, and baseline events) closely
mirrors the rankings of many of the performance measures for both daytime and nighttime,
including eyeglance, speed maintenance, and lane keeping.

The overall conclusion, supported by both the eyeglance results and the questionnaire results, is
that the digital billboards seem to attract more attention than the conventional billboards and
baseline sites (as shown by a greater number of spontaneous comments regarding the digital
billboards and by longer glances in the direction of the billboards). The comparison events, 25%
of which included signs with digital components, showed very similar results to the digital
billboards. Thus, there appears to be some aspect of the digital billboards and comparison events
that holds the driver’s attention, once the driver has glanced that way. This is most likely the
result of the intrinsic lighting of these signs, which is noticeable even during the daytime.
Drivers may also have maintained longer glances towards the digital billboards in the hopes of
catching the next message (knowing that the message changes periodically). Although
exploratory in nature, the nighttime results were very similar to the daytime results, with
indications of degraded driving performance for digital billboards and comparison events.

These particular LED billboards were considered safety-neutral in their design and operation
from a human factors perspective: they changed only once every eight seconds, they changed
instantaneously with no special effects or video, they looked very much like conventional
billboards, and their luminance was attenuated at night. It is thus quite likely that digital signs
with video, movement, higher luminance, shorter on-message duration, longer transition times,
and special effects would also be related to differences in driver behavior and performance.
Because of the lack of crash causation data, no conclusions can be drawn regarding the ultimate
safety of digital billboards. Although there are measurable changes in driver performance in the
presence of digital billboards, in many cases these differences are on a par with those associated
with everyday driving, such as the on-premises signs located at businesses. Conventional
billboards were shown both in the current study and in the Charlotte study to be very similar to
baseline and comparison events in terms of driver behavior and performance; thus, the design of
digital billboards should be kept as similar as possible to conventional billboards.
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INTRODUCTION

There is a long history of studying billboards in the context of traffic safety, but although the
research record covers many years (1951 until the present), it is lacking in volume. There were a
few epidemiological studies performed in the early 1950°s examining traffic accidents in the
presence and absence of billboards. As will be seen, much of this early work was
methodologically flawed. After a long gap in research, there were a few additional studies in the
1960°s through the 1980°s, none of which demonstrated that billboards are unsafe. Traffic
accident analysis techniques have improved in recent years with the creation and maintenance of
national crash databases. A careful examination of these databases shows that distraction caused
by billboards fails to show up in any of the accident databases as an accident cause. Likewisc, an
examination of numerous driver distraction studies demonstrates that billboards fail to show up
as a cause of driver distraction. The lead author of this report recently participated on an expert
panel charged with providing recommendations for a2 minimal data set to be included on police
accident reports; billboards were never raised as a possible distraction or as an item that should

be included on these accident reports.

As will be seen, there has been relatively little research on billboards and their effect on driver
behavior, and little original research on digital billboards of the type discussed in this report.

The current project was therefore undertaken to fill this research gap and to determine whether
digital billboards do in fact cause a change in driver behavior as he/she passes a billboard
Jocation. Several measures of eyeglance location were used as primary measures of driver visual
behavior. Additional measures of driver performance were included to provide further insight--
these included speed variation and lane deviation. Drivers in this study used an instrumented
vehicle, drove the route alone, and were uninformed as to the purpose of the study.

The report is organized as follows: a literature review, covering topics such as early accident
analysis studies, sign conspicuity studies, and later safety and driver distraction studies; a
methods section; a results section; conclusions; references; and supporting material contained in

appendices.
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REVIEW OF PREVIOUS RESEARCH

Early studies from the 1950°s attempted to correlate the occurrence and frequency of accidents
with the location of billboards or other roadway or roadside features. For example, a series of
studies by the Minnesota Highway Department (Rykken, 1951) analyzed accident features in
order to determine whether there was any direct relationship between accident frequency and
type and several elements of roadway and roadside design, including advertising sign type and
location. While a relationship between frequency of access points and accident occurrence was
evident, no apparent relationship was found between accident occurrence and advertising sign

type or location.

Rykken (1951) added that more accurate accident reports might reveal an unexpected
relationship between signs and accidents: the absence of signs when no other roadside objects are
present may increase the likelihood of accidents by decreasing the driver’s sense of a need for
caution, Immediately after 45 miles of highway with no billboards or advertising signs in
viewable distance, a roadside interviewing station investigated driver response. Because drivers
expressed a feeling of fatigue and unease after having driven the section, the author postulated
that the combination of a small number of distracting features and the complete absence of
billboards produced a feeling of security, which tends to result in higher average driving speed.
Several severe accidents that occurred over that siretch were attributed to excessive speed.

McMonagle, a researcher with the Michigan State Highway Department, analyzed 2,675
accidents on a 70-mile strip of highway from 1947 to 1948 in order to measure the relationship
between accidents and highway design and roadside features (McMonagle, 1951). The strip of
road included a variety of roadside features and design characteristics, including the number of
lanes and traffic volume. Findings showed that the highest incidence of crashes occurred near
intersections, particularly when gas stations, restaurants and other establishments were clustered
nearby. Only a slight association (correlation coefficient .11) existed between large advertising
signs and accidents. While total advertising signs correlated with accident frequency to a greater
degree (correlation coefficient .41), advertising signs still contributed less to accident frequency
than did groupings of design features or roadside features such as gas stations,

In an attempt to correlate accident frequency with density of advertising and roadside business,
Rusch (1951) analyzed crash reports originating in 1947 and 1948 that examined sections of
highway distributed across Iowa. The accidents were assigned one of three causes: 1) roadside
business, 2) inattention or misdirected attention, or 3) “other causes.” Roadside business was
listed as the cause of an accident only if the business was specifically named in the accident
report, as in the case of a vehicle exiting a gas station and being struck by oncoming traffic.
Results showed that twice as many collisions occurred on the portions of road in the high-density
category than occurred on the other parts of the test stretches put together. More accidents were
atiributed to inattention than to any other cause in the high-density category. In the low-density
category, more accidents were attributable to miscellaneous causes than to business and
inattention combined. Sections of highway in the low-density category showed lower accident
rates than those in the high-density category, even when traffic volume was held constant. In
addition, accidents on low-density stretches occurred more sporadically with less of a tendency
to recur in the same locations the following year. In reference to this study, Andreassen (1985)
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later claimed that “the greatest number of inattention accidents occurred on the sections where
business and advertising predominated as the roadside property usage, but this does not prove
anything about the effect of advertising signs on accident occurrence.”

Overall, these carly studies provided some initial insight into accident causation, but did not
demonstrate that billboards or other advertising signs were a possible cause of accidents.
Intersections and high-density roadways combined with inattention were most commonly
associated with an increased number of accidents. Interestingly, later analysts using modern
statistical techniques critiqued these early studies as being methodologically flawed (e.g.,
Wachtel and Netherton, 1980; Andreassen, 1985).

A critical research review sponsored by the Federal Highway Administration (FHWA; Wachtel
and Netherton, 1980) summarized knowledge concerning commercial electronic variable-
message signage (CEVMS) in an effort to recommend national standards for their regulation.
Because there was little research available in the area of CEVMS, their literature review focused
on standard (conventional) billboards. Wachte! and Netherton (1980) opined that roadside
advertising research based on accident studies has had limited value owing to either insufficient
information concerning location and traffic or problems with statistical analysis and sampling
error. While some studies have found positive relationships between outdoor advertising and
accident frequency, others have arrived at the opposite conclusion.

According to Wachtel and Netherton (1980), human factors laboratory research techniques are
capable of gathering much more precise, reliable, and valid data in the attempt to measure and
explain the effect of outdoor advertising on driver behavior. Literature from several related
fields indicated that outdoor advertising probably does not hurt driving performance noticeably
when driving conditions are favorable (in terms of weather, traffic, road, vehicle, etc.). This is
because the driver has sufficient spare processing capacity to pay attention to the signs without
compromising the primary task. When stimulation is extremely low, as when there is very little
traffic and very little to look at or to decide, unusual environmental features such as'road signs
may increase the driver’s arousal and improve driving performance. When the driving task
becomes highly demanding, the outdoor advertising must compete with more vital information
sources such as traffic, weather, and official signage.

In a review of published literature relating accidents to advertising signs, Andreassen (1985)
brought attention to weaknesses in the small amount of research that has been conducted in this
area. Almost all studies have relied on correlations and/or subjectively assigned “inattention”
factors, which can only produce very tenuous evidence for a causal link between advertising and

accident frequency.

Garvey, Thompson-Kuhn, and Pietrucha (1995) reviewed the studies that attempted to evaluate
directly the relationship between traffic accidents and advertising signs. The common problem
with these studies is attributing accident causation; high-advertising and low-advertising sites
may have different accident frequencies because of differing traffic densities, pedestrian activity,
and roadway geometry. Although most evidence argues against a strong causative link, it is still
not possible to ascertain the existence or nature of the relationship between advertising and

accidents.
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Recently, much attention has been focused on the causes and effects of distraction on driving,
especially in the area of cellular phones and other in-vehicle technology. A review of the recent
driver distraction literature failed to reveal any studies in which outdoor advertising was
mentioned as a cause for driver distraction. As a matter of fact, this report’s lead author recently
served on the advisory panel for the revised Model Minimum Uniform Crash Criteria in which
transportation safety experts recommended revisions to the minimum set of data to be collected
as part of every crash report. There were lengthy discussions over which distraction variables
should be recommended, and the words “billboard” or “advertising” were never mentioned.

The national crash databases do not mention billboards in their list of driver distractions. The
two most prominent databases are the General Estimates System (GES), which estimates the
number of all crashes based on a representative sample, and the Fatal Accident Reporting System
(FARS), which is a true census of every fatal crash. The only mention of billboards in the 216
page user’s manual for the GES database is in the Driver’s Vision Obscured By variable, which
has a category of Building, Billboard, or Other Design Features (GES, 2002). In other words, if
an accident was caused by a driver’s vision being obscured, billboards would be lumped together
with buildings and other design features, both of which are much more common than billboards.
The same holds true for the FARS user’s manual of 458 pages — billboards arc only mentioned in
the Driver’s Vision Obscured By variable, and are lumped together with buildings (Tessmer,

2002).

One recent study of driver distraction (Glaze and Ellis, 2003) reported one mention of the word
“billboard” in the context of an accident caused by driver distraction. Glaze and Ellis performed
a study to determine the nature of distraction/inattention crashes in the state of Virginia. A
complex system of accident report sampling was administered via surveys sent to all seven
Virginia state police divisions, four selected counties, and 14 independent cities. Roughly 2,800
crash scenes were reported, involving a total of almost 4,500 drivers. At least one distracted
driver was involved in 98% of those crashes. Every accident report had a space to write an open-
ended description of the main distracting factor in the accident, and over 1,400 responses were
recorded. One response (out of 2,800 crashes) included a billboard being repaired as a causal
factor for driver distraction leading to a crash. No mention of outdoor advertising was made in
any other place in the study, despite the fact that 35% of distracters were outside of the vehicle in
question (62% were in-vehicle and 3% were unknown). Typical in-vehicle distracters included
passenger/children distraction (8.7%), adjusting radio/changing CD or tape (6.5%), eating or
drinking (4.2%), and cell phone (3.9%). Typical out of vehicle distracters included looking at
crash, other roadside incident, or traffic (13.1%), looking at scenery or landmarks (9.8%), and
weather conditions (1.9%). There were also 25 cases of drivers being distracted by traffic signs

or signals (<1%).

Tantala and Tantala (2005) have been the most recent researchers to attempt a rigorous
examination of the relationship between advertising signs and traffic accidents. They used
methods intended to control for the analytical issues noted with early studies of this type. They
conducted two analyses for this research. In the first situation, a highway (New Jersey Turnpike)
with advertising signs was selected and studied, including analysis of sign location, road
conditions, and traffic-accident locations, to determine whether traffic accidents were more
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prevalent at or near existing signs. More than four years of data and 23,000 accidents were used
in this analysis. Statistical correlation coefficients showed that the correlation was statistically
low for all analyses conducted, including accident density and sign density (with and without
interchanges inctuded), accident distance and viewer reaction distance (again with and without
interchanges included), and accident density and proximity to the sign. They also found that
these correlation values were consistent from year to year. This section of the analysis led them
to conclude that there are no statistical or causal relationships between advertising signs and

accidents.

In the second analysis by Tantala and Tantala (2005), the location of a recently installed sign was
identified, and the incidence of traffic accidents near the sign was examined. Accidents before
and after sign installation were examined to determine whether traffic accidents occurred more
frequently in the presence of the sign. The sign was installed at a busy intersection near a mall in
Pennsylvania. The intersection was controlled by a traffic signal. One year of pre-installation
and one year of post-installation data were compared. There were no other changes to the
intersection during the two year study period. After instalation of the sign, the traffic volume
increased, the accident rate decreased, the maximum number of accidents in any given day or
week decreased, and the number of days without accidents increased. There were no statistically
significant changes in accident occurrences after the installation of the advertising sign.

Researchers are beginning to conduct more studies of driver performance in the presence of
various types of advertising signs. For example, Beijer, Smiley, and Eizenman (2004) studied
video advertising signs (those with full motion displays) in Toronto using eyeglance analysis
similar to that used in the Charlotte study. They compared the video signs to two other types of
active signs (scrolling text and roller bar) and to conventional billboards. Significantly more
glances, and even more importantly, significantly more glances that lasted > 0.75 s were made to
video signs than to scrolling text, roller bar, or conventional biliboard signs. Taking all active
signs together, these received significantly more glances and significantly more long glances per
sign than the conventional billboards. However, there were no digital billboards of the type
studied in the current research effort.

The most recent research paper in this area was conducted by Crundall, Van Loon, and
Underwood (2006). They conducted a laboratory study to examine the differences between
street level advertising (such as advertising on bus shelters) and raised level advertising (the
same sorts of signs, but raised 10 ft above the ground). They concluded that street level
advertisements attract and hold attention at inappropriate times as compared to raised level
advertising. Since the billboards studied in the current report were never at ground level, this

paper provided no new useful information.

1t should be noted that the Virginia Tech Transportation Institate (VTTI) undertook another
project for the Foundation for Outdoor Advertising Research and Education (FOARE) (Lee,
Olsen, and DeHart, 2004). This project was undertaken in Charlotte, NC using methods similar
to those used in the current study to determine whether there is any change in driving behavior in
the presence or absence of conventional billboards. Several measures of eyeglance location were
used as primary measures of driver visual performance. Additional measures were included to
provide further insight into driving performance; these included speed variation and lane
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deviation. The overall conclusion from this study was that there is no measurable evidence that
billboards cause changes in driver behavior in terms of visual behavior, speed maintenance, and
lane keeping. A rigorous examination of individual billboards that could be considered to be the
most visually attention-getting demonstrated no measurable relationship between glance location
and billboard location. Driving performance measures in the presence of these specific
billboards generally showed less speed variation and lane deviation.

Participants in this study drove a vehicle equipped with cameras in order to capture the forward
view and two views of the driver’s face and eyes. The vehicle was also equipped with a data
collection system that would capture vehicle information such as speed, lane deviation, Global
Positioning System (GPS) location, and other measures of driving performance. Thirty-six
drivers participated in the study, driving a 35-mile loop route in Charlotte, NC. A total of 30
billboard sites along the route were selected, along with six comparison sites and six baseline
sites. Several measures were used to examine driving performance during the seven seconds
preceding the billboard or other type of site. These included measures of driver visual
performance (forward, left, and right glances) and measures of driving performance (lane
deviation and speed variation).

With 36 participants and 42 sites, there were 1,512 events available for analysis. A small
amount of data was lost due to sensor ounttages, sun angle, and lane changes, leaving 1,481 events
for eyeglance analysis and 1,394 events for speed and lane position analysis. Altogether,
103,670 video frames were analyzed and 10,895 glances were identified. There were 97,580
data points in the speed and lane position data set.

The visual performance results indicate that billboards do not differ measurably from comparison
sites such as logo boards, on-premises advertisements, and other roadside items. No measurable
differences were found for visual behavior in terms of side of road, age, or familiarity, while
there was one difference for gender. Not surprisingly, there were significant differences for road
type, with surface streets showing a more active glance pattern than interstates. There were also
no measurable differences in speed variability or lane deviation in the presence of billboards as
compared to baseline or comparison sites. An analysis of specific, high attention-getting
billboards showed that some sites show a more active glance pattern than other sites, but the
glance locations did not necessarily correspond to the side of the road where the billboards were
situated. Taken as a whole, the results of the previous research conducted for FOARE support
the overall conclusion that driving performance does not change measurably in the presence or

absence of billboards.

The only currently available research report related to electronic billboards is a literature review
sponsored by the FHWA (Farbry, Wochinger, Shafer, Owens, and Nedzesky, 2001). The
motivation for this report was to fifl the knowledge gap in this area since the last attempt by
Wachtel and Netherton in 1980. However, the material does not appear to address the
instantaneously changing digital billboards of the type discussed in the current report. Examples
shown pictorially in Farbry et al. (2001) are signs with changeable elements (such as time and
temperature signs), tri-vision signs, and video digital billboards of the type studied by Beijer et
al. (2004). Farbry et al. (2001) raised questions about safety implications with regard to driver
distraction, summarized current knowledge in this research field, assessed areas needing
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exploration, and developed a research plan to address them. While some electronic billboards
(EBBs) display motion and color with fine detail, others just show a short sequence of words in
which each letter is composed of a matrix of LEDs (Farbry et al., 2001). This type of display is
also used by governmental agencies to present information to drivers and is known by several
different acronyms: variable message sign (VMS); dynamic message sign (DMS); and
changeable message sign (CMS). A tri-panel sign, also known as a tri-vision sign, is composed
of triangular cylinders that rotate periodically, showing a different composite image in between
each rotation. The only movement is that of the images in transition.

Studies attempting to draw causality from correlation between dynamic billboards and accident
frequency run into the same difficulties found by studies investigating conventional billboards
and accidents (Farbry et al., 2001). Common obstacles inciude consistently confounding traffic
conditions in areas with heavy advertising, incomplete or inaccurate accident reports, and driver
motivation to omit distraction when reporting crash causality. Even given these stumbling
blocks, the correlation is still statistically clear: after a dynamic, illuminated biliboard is installed,
crash rates go up. A common trend was exemplified when a 35% increase in sideswipe and rear-
end accidents on an interstate occurred after a variable message advertising sign was put up on
the side of a sports stadium. The correlation, while rarely this dramatic, is a consistent one.
However, even a cotrelation this strong is not sufficient evidence to assume causality. Enough
other variables were held to be confounding the situation that the sports stadium sign was not
deemed a traffic hazard in and of itself, and it remained in place for 16 years.

Farbry et al. (2001) caution that correlations alone provide little fodder for the development of
countermeasures. Researchers hypothesize that a safety hazard is posed by dynamic advertising
because it may cause greater distraction, which can be measured in several formal ways. One
common method is to ask the driver to perform another task while driving, then to measure the
degree to which the safe operation or control of the vehicle is affected. Lack of control is
typically quantified by one of three measures: lateral deviation, maintenance of appropriate
speed, and/or braking for emergencies. Lateral deviation is defined as either the degree to which
the vehicle swerves away from the center of the appropriate lane or a measure of the variability
in steering wheel position. Maintenance of appropriate speed refers to the headway between the
vehicle and the vehicle ahead; if the lead vehicle slows down, the participant vehicle should also
slow down and maintain an appropriate speed to keep the headway constant. Some experiments
present an emergency and measure distraction by the amount of time it takes the participant to

respond appropriately.

The literature review by Farbry et al. (2001) also revealed that the two demographic groups most
susceptible to the dangers of distraction while driving are drivers over the age of 65 or under the
age of 24. Older drivers’ visual processing speed and attention degrade with age, resulting in
little to no spare resources with which to encode and process anything but the most important
information in the driving environment. Younger drivers usually have faster processing speeds,
but they are less experienced and less efficient at resource allocation. Among other weaknesses,
younger drivers take more risks, may not recognize hazards, and have poor focus on the driving
task itself. Because of this, they may be more vulnerable 1o having their attention drawn by

irrelevant but attention-getting stimuli,

17




Other than age, a variable that may influence the degree to which a sign distracts a driver is route
familiarity (Farbry et al., 2001). A driver who is new to a road may be looking for navigational
or service cues, and this task may be take longer in a more complex visual environment
containing numerous advertising signs. On the same road, a familiar driver may not look around
much since he already has all of the information that he needs. Familiar signs may be less likely
to attract the attention of a driver who knows the roadway well and whose primary navigational
interests may be traffic conditions and incidents. According to this theory, a visitor would be
more likely to be distracted by an advertising sign than would a commuter.

Research regarding distraction, conspicuity, and legibility revealed that an increase in distraction,
a decrease in conspicuity, or a decrease in the legibility of a sign may cause an increase in the
crash rate (Farbry et al., 2001). The review shows that, at this point, there is no effective
technique for evaluating safety effects of EBBs on driver attention or distraction. Crash studies
may show a positive correlation between dynamic signs and crash rates, but driver age and route
familiarity are examples of confounding variables whose interference may hide the fact that very

little causality can be proven.

The final recommendation of the Farbry et al. (2001) report is for further rescarch in this area.
They recommend research using several methods, including crash analysis of the sort conducted
by Tantala and Tantala (2005), simulator research, test track research, and field studies.
Simulator and test track research both have limitations with regard to sign research, especially in
regard to digital billboards. For example, it can be difficult to achieve the visual effect of an
internally illuminated sign in a simulator. For test tracks, only a limited amount of driving
performance data could be obtained, which would likely not be worth the expense of installing a
digital billboard on the test track. However, both test track and simulator research are more
appropriate for highly controlled experiments in which the goal is to obtain information about the
design and content of the billboard copy, the timing of the change, and other design elements. If
the goal is to evaluate driver performance and behavior in the presence of digital billboards that
occur in the natural course of driving, then a field study is the appropriate technique, and this
was the technique selected for the current study.

The overall conclusion from all past research is that conventional billboards in general have not
been shown to cause traffic accidents or change driver behavior. However, the question of
whether digital billboards change driver behavior in some way cannot be answered by these
previous studies; this is the motivation for the current study.
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METHOD

Selection of City

Both Pittsburgh, PA and Cleveland, OH were scouted as possible locations for conducting this
study. The Pittsburgh strects where the digital billboards were located were generally very
curvy and hilly, often with nearby intersections. The digital billboards were often situated at the
bottom of a hill, at a curve, or just beyond an intersection. It would have thus been difficult to
conduct meaningful eyeglance and speed analyses under these conditions (i.e., the signs were
situated in most cases such that the driver had to look straight forward to see the signs). The
Cleveland digital billboards, on the other hand, were located off to the side of the roadway in
straight-away sections of interstate with no interference from hills, curves, or intersections. It
was thus apparent that choice of Cleveland would allow for a more robust analysis with fewer

dropped data points.

Digital Biliboards

The item of interest in this stady was digital Billboards. These billboards are illuminated from
within via a matrix of LEDs. These devices are capable of displaying several messages in a
rotation. The digital billboards are also capable of video and special transition effects (such as
fades or wipes from one message to the next). However, the digital billboards used in this study
simply transitioned from one message to the next in less than one second, using no transition
special effects or video; in other words, there was no motion or apparent motion used in
displaying the messages or transitioning between them. Messages changed once every cight
seconds. The billboards appeared very similar to conventional billboards, except that the copy
was crisper and easier to read from a distance even during the daytime, likely due to the intrinsic
lighting. The lighting level was automatically dimmed at night to adjust to the ambient lighting
level. Light measurements taken at night are presented in a different section of the report.

Experimental Design

This study was conducted as a mixed-factors research design (a2 x 2 x 2 x 2 x 4 design, with
four between-subjects cells). There were five independent variables: gender, age, route
familiarity (determined post-hoc, so not balanced across subjects), event type, and road type.

The between-subjects independent variables were gender (male or female) and age (younger or
older). For the within-subjects variables, the levels were as follows: route familiarity (familiar or
unfamiliar, defined later), event type (digital billboard, conventional billboard, baseline, and
comparison, also defined later), and road type (interstate or surface roads). All of the
participants drove each of the segments and were exposed to all of the billboards and comparison
sites. A representation of the experimental design is included in Figure 1.
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Gender

Male Female
Route Familiarity Familiar /~ M1-Mi8 / F1-FI8

Unfamiliar MI1-M18 / F1-F18

Younger M1-M9 F1-F9 / /

Older M10-M18 F10-F18 ) /

Age

Figure 1. Assignment of Participants to Experimental Conditions.

Independent Variables
The five independent variables are listed in Table 1.

Table 1. Independent Variables.

Independent Variable | Levels

Age Younger (18-35) or Older (50-75)

Gender Male or Female

Route Familiarity Unfamiliar or Familiar (familiarity with at least 4 segments
determined for each subject)

Event Type Digital Billboard, Conventional Billboard, Baseline (no
billboards or other large signs) or Comparison (other signs or
landmarks)

Road Type Interstate or Surface Street

Age and Gender. Of the 36 participants, eighteen were younger drivers (18 to 35 years old) and
eighteen were older drivers (50 to 75 years old). Eighteen of the participants were male and
eighteen were female. Age was equally balanced across gender, as is illustrated by Figure 1
(e.g., of the 18 younger participants, 9 were male and 9 were female).

Route Familiarity. Route familiarity referred to how often a section was normally driven by the
participant per week (unfamiliar = drove section less than once per weck; familiar = drove
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section at least once per week). Route familiarity was ascertained after the drive by asking
participants how familiar they were with the various segments they had just driven. Thus, this
variable was not balanced across the participant population.

Road Type. The two road types were interstates and surface roads. All of the participants were
exposed to both road types. Approximately 85% of the route consisted of interstate segments,
with the remainder being classified as surface streets.

Event Type. The four event types included digital Billboard, Conventional Billboard,
Comparison, and Baseline. All of the participants were exposed to all four event types. Events
were 8 seconds long (chosen because the digital billboards were programmed to change
messages instantaneously once every 8 seconds; an event length of 8 seconds thus made it highly
likely that a message change would be captured during the event). The end of an event was the
point at which the experimental vehicle passed the object, and the start of the event was then
defined as 8 seconds before the end point. All events on the route are listed and described in

Fable 2.

Digital Billboards. Five digital biflboards were included along the driving route. Displays on
the billboards changed instantancously (i.e., no special effects such as fades, wipes, or shuttering
occurred when the message changed) every 8 seconds; the signs followed standards for color,
brightness, and placement. These five locations are shown in Figure 2 with the black dots ().

Conventional Billboards, Conventional biliboard events were defined as areas in which
designated billboards were visible. These were identified by GPS coordinates (latitude and
longitude) associated with their exact location near the roadway. Most of the billboards were the
bulletin size, 14 ft (h) by 48 ft (w). Of the total set of billboards available on the route, a sample
of 15 billboards was selected for efficiency of data reduction and to ensure a balanced sample.
The sample was selected so that it was balanced in terms of side of the road, media type, road
type, and (where possible) varying degrees of “visual clutter.” None of the selected boards were
located directly prior to or after a road exit or entry (preliminary review of the video indicated
that drivers were likely to be changing lanes or monitoring items such as road signs during these
times, which could confound the results of the analysis). Each side of the road was equally
represented to the degree possible, and most of the digital and conventional billboards were 14 ft
x 48 ft bulletins. The remaining few were smaller boards, including standard poster, junior paint,
and 10°6” x 36’ bulletins. Table 3 lists the selected billboards, while the locations of the selected

billboards are indicated by red dots (@) in Figure 2.

Comparison Sites. Comparison events were arcas with visual elements other than billboards.
Examples include on-premise signs, logo placards, interesting landmark buildings, large wall
murals, and variable message signs. Several events had digital components. The events were
chosen before data collection began and were selected based on the experimenters’ perception
that these vents were comparable to the digital billboards in the visual attractiveness. These 12

sites are shown as aqua blue dots &) in Figure 2.

Baseline events, The baseline event type referred to areas with no billboards or other large signs
visible (except for perhaps speed limit and other small traffic control signs). These 12 areas
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served as locations with which to compare velocity, lane position, and glance patterns and are
indicated by blue dots (@) in Figure 2.

Table 2. Event Types Indicating Description, Side of the Road, Latitude, Longitude, and
Specific Site Location Information.

Event Road
Type |Description Side |Latitude Longitude Site Type

i 4 {Baseline Both | 41.41208267| -81.6701355]480 W, W/O Lancaster Dr. 1

2| 2 iStatic Billboard Left | 41.42123795| -81.69820404]480 W, W/O Broadview Rd. I

3] 3 |OnPrem/Logo Right| 4142151642 -81.70906067]480 W, E/O State Rd. 1

4] 2 [Static Biflboard Left | 41.42173767| -81.71897125]480 W, E/O Pearl Rd. ]

5] 4 |Baseline Both | 41.42321014] -81.74341583}480 W, W/O Ridge Rd. I

6] 2 |Static Billboard Left | 41.42559433] -81.76654053]480 W, W/O Tiedeman Rd. 1

71 2 |Static Billboard Right| 4142352295 -81.77274323|480 W, B/O W, 130th St. 1

gl 1 |LED Billboard Left | 41.42056274] -81.78245544{480 W, W/O W, 130th St. I

%9 3 |On Prem/Logo Left | 41.42053986] -81.7904892{480 W, @ W. 139ih St. 1
10 2 |Static Billboard Left | 41.42324829] -81.80148315|4866 West 150th S
11] 4 |Baseline Both 41.4307785] -81.80125427|4545 West 150th 8
12| 2 |Static Billboard Left | 41.43348694] -81.79000854]13986 Puritas Ave 5
13] 4 |Baseline Both | 41.43657303] -81.78400421113456 Beliaire Rd S
14] 3 }On Prem/Logo Left | 41.43969727] -81.77674103{12686 Bellaire Rd S
15| 3 [Tri-Vision Billboard Right| 4§ 442829131 -81.77227783{12071Bellaire Rd S
16] 4 |Baseline Both | 41.45092773] -81.7689361613757 West 117th S
17] 2 |Static Billboard Left | 41.46089554] -81.76893616§3370 West 117th S
18] 4 |Baseline Both | 41.46966553] -81.75019836{90E, @ W. 97th St. 1
19¢ 1 |LED Billboard Right] 41.47394943] -81.72478485[90 E, @ W. 55th St. 1
20} 2 [Static Billboard Teft | 41.47385406] -81.70856476{90 E, W/Q Fulton Rd. 1
21f 3  {On Prem/Logo Left | 41.43424911] -81.69098663{90 E, 5/0 Abbey Ave, 1
221 1 {LED Billboard Right] 41.4903717] -81.68776703190E, @ W. 3rd 5t. 1
73] 3 {On Prem LED Billboard {Left | 41.49866867] -81.67558285{2071 Camegie Ave. S
24! 3 |On Prem/Logo Left | 41.49928284] -81.67251587|2351 Camegie Ave. S
25 3 ]On Prem LED Billboard {Left | 41.52510452] -81.66101074|90 E, EfQ E. 45th St. I
26| 3 {Building : Right] 41.53549194| -81.64455414[90 E, W/O E. 72nd St, 1
27 2 {Static Billboard Right| 4154089737 -81.62488556[90 E, W/O E. 99th 51. 1
28] 2 [{Static Billboard Right] 41.54464722} -81.61724854{90 E, W/O E. 105th St. 1
29! 4 |Baseline Both 41.5479126} -81.60997009{90 E, @ E. 109th St. 1
30; 3 |On Prem/Logo Right| 41.55478668] -81.59642029190 E, @ Coit Rd. 1
31} 4 |Baseline Both | 41.56173325] -81.59170532|90 E, W/O E. 140th St 1
32j 4 |Baseline Both | 41.56638718] -81.57934161{90 E, W/O E. 152nd St. 1
33f 2 |Static Billboard Right{ 41.57143021| -81.56455994|90E, @ E. 167th St, 1
341 3 |On Prem/Logo Right] 41.57068634 -81.56790924|90 W, @ E. 16}st St. I
35] 4 |Baseline ~ IBoth | 41,56744385] -81.57712555|90 W, W/O E. 152nd 5t 1
36| 4 |Baseline Both | 41.55927277] -81.59375763]90 W, W/O E. 140th St. I
37] 1 |LED Billboard Left | 41.54701233| -81.61243439|90 W, W/O E. 105th St. I
38] 2 |Static Billboard Left | 41.54128647] -81.62450409{90 W, W/O E. 99th St. 1
39] 3 [On Prem LED Billboard |Right] 41 .52567673| -81.66069031190 W, W/O E. 55th St. 1
40| 2 [Static Billboard Left | 41.49006653] -81.66697693]778, 8/0 Woodland Ave. I
41] 2 [Static Billboard Right] 41.48295593] -81.66287231|77 S, @ 1490 Exit I
42] 1 [LED Billboard Right| 41.46414566 -81,65770721|77 8, 8/Q Pershing Ave. I
43] 4 [Baseline Both | 41.45179367| -81.65712738|77 S, N/O Harvard Ave, Exit I
44] 2 |Static Billboard Left 41.4439621| -81.65229797{77 8, N/O Grant Ave. Exit 1

Event Type: 1=LED Billboard, 2=Static Billboard, 3=Comparison, 4=Baseline
Road Type: I=Interstate, S=Surface Street
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Figure 2. Map Hlustrating Digital Billboards (black), Conventional Billboards (red),
Comparison Sites (aqua blue), and Baseline Sites (blue).

Dependent Variables

The dependent variables are discussed in more detail in the results section, but they are reviewed
briefly here. The purpose of the study was to determine if there are changes in driver behavior in
the presence of billboards. Eleven dependent measures were used as indicators of driver
behavior: nine eyeglance measures and two driving performance measures. The nine eyeglance
measures included: total number of glances for center forward, left forward, and right forward;
total glance duration for center forward, left forward, and right forward; and average glance
duration for center forward, left forward, and right forward. Keep in mind that all glance
locations reported here were out of the front windshield, but varied in location within the forward
view. The two driving performance measures were speed deviation (standard deviation of speed
over the 8 seconds of the event) and lane deviation (standard deviation of lane position over the 8
seconds of the event). Additional analyses examined driver glance behavior to certain other
locations, including interior locations and exterior locations other than forward. The next section
is a supplement to the literature review presented earlier, and lays the groundwork for the
selection of these dependent variables, which are similar to those typically used in transportation

safety research.
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Selection of Dependent Variables Based on Previous Driving Studies

Measures of Visual Demand

According to Farber, Blanco, Foley, Curry, Greenburg, and Serafin (2000), typical measures of
visual demand include: 1) glance frequency, 2) glance duration, 3) average duration per glance,
and 4) total eyes-off-road time. Such measures are time-consuming to record and analyze but are
typically used to measure visual attention, For example, previous research has reported on driver
performance of in-car tasks such as adjusting the radio, viewing in-car displays (e.g.,
speedometer) or interacting with a navigation system (Wierwille, Antin, Dingus, & Hulse, 1988;
Gellatly & Kleiss, 2000; Kurokawa & Wierwille, 1990; Tijerina, Palmer, & Goodman, 1999).
Visual glance duration and the number of glances per task were investigated while performing
conventional in-vehicle tasks and navigation tasks (Wierwille, Antin, Dingus, & Hulse, 1988).
Findings indicated that glance frequency varied depending upon the task, and that glance
duration for a single glance ranged from 0.62 s to 1.63 s. The mean number of glances across all
tasks was between 1.26 and 6.52 glances. Zwahlen, Adams, and DeBald (1988) reported that
“out of view” glance times (rear view mirror, speedometer, etc.) ranged from (.5 s to

2.0 s during straight driving. Another example of such research is an experiment by Parkes,
Ward, and Vaughan (2001) who measured glance frequency, glance duration, and average
duration per glance to evaluate two in-vehicle audio systems, in terms of total “eyes off road”

time.
Search and Scan Patterns

Early research included the investigation of visual search and scan patterns while driving
(Mourant, Rockwell, & Rackoff, 1969; Mourant & Rockwell, 1970; 1972). It was found that as
drivers became familiar with a route, they spent more time looking ahead, they confined their
sampling to a smaller area ahead, and they were better able to detect potential traffic threats (e.g.,
movement in the periphery). Mourant and Rockwell (1970) found that peripheral vision was
used to monitor other vehicles and lane line markers, that novice and experienced drivers
differed in their visual acquisition process, and that novice drivers may be considered to drive

less safely.

A recent field study investigated the influence of fatigue on critical incidents involving local
short haul truck drivers (Hanowski et al., 2003). Fatigued drivers involved in critical incidents
when making lane changes spent more time looking in irrelevant locations (i.e., locations other
than out-the-windshield, out-the-windows, at the mirrors, or at the instrument panel). The mean
proportion of time spent looking at irrelevant locations was 8%. However, during normal lane
changes (not a critical event), the mean proportion of time that drivers spent looking at irrelevant
locations was 3%, a significant difference. In terms of eye behavior, it appears that fatigued
drivers involved in critical incidents pay less attention to relevant locations such as the road

ahead and appropriate mirrors.
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Mirror Glance Duration

Based on available literature discussed in this section, mirror glance times range from 0.8 s to 1.6
s (M =1.15). Searches to the rear (blind spot) appeared to require a minimumni value of 0.8 s.
Nagata and Kuriyama (1985) investigated the influence of driver glance behavior in obtaining
information through door and fender mirror systems. For door mirror systems, they reported that
the average glance duration to the near-side (i.e., right side in this case) mirror was 0.69 s.
Rockwell (1988) reported that the average glance duration to the left mirror was 1.10 s (SD =
0.33 s). This finding was consistent across different participants in three different experiments
over a six-year period using the same data gathering and reduction technique. Taoka (1990)
modeled the eyeglance distributions of Rockwell and found they could be well represented by
means of a lognormal distribution. Taoka reported that the average time for viewing the left-side
mirror was also 1.10s (SD = 0.3 s). The 5" percentile value was 0.68 s and the 95" percentile
was 1.65 s. For right side mirror glances, Nagata and Kuriyama (1985) reported that average
glance duration was 1.38 s (angle difference from the vertical axis of 70 degrees), while
Rockwell reported an average glance duration of 1.21 s (10% larger than left glances), with an
approximate standard deviation of 0.36 s. For the rear view mirror, Taoka (1990) reported that
the average glance time was 0.75 s (SD = 0.36 5). The 5t percentile value was 0.32 s and the

95" percentile was 1.43 s.

Velocity

Velocity (traveling speed) has been used as a measure of driving performance for several
decades. For example, Brown, Tickner, and Simmonds (1969) found that driving while
telephoning had a 6.6% reduction in speed as compared to driving alone, in an early closed-
circuit driving experiment. They also concluded that telephoning while driving may impair
perception and decision-making skills. More recently, Alm and Nilsson (1994) concluded that a
mobile telephone task while driving led to a reduction in speed level. In another effort, Tijerina,
Kiger, Rockwell, and Tornow (1995) assessed driver workload for commercial vehicle operators
in conjunction with using an in-vehicle device. Various measures were monitored including
speed variance, which was highest for activities involving radio tuning and 10-digit cell-phone
dialing tasks. Another study monitored speed for a driving study involving talking on a cell
phone or talking to a passenger (Waugh, Glumm, Kilduff, Tauson, Smyth, & Pillalamarri, 2000).
Results indicated that driving speeds were lower when talking on the phone as compared to
talking to the passenger. It is generally recognized that tasks with high visual or cognitive
demand can result in large deviations in speed.

Lateral Position

Lateral lane position or deviation is one of the most common measures of driver performance
and distraction (Salvucei, 2002). Lane position can be measured in terms of lane exceedances
(i.e., drift across the line between the current lane and the next lane) or, in the absence of actual
lane crossings, lateral position in terms of distance from the center of the lane or the side Jane
line markings. Various researchers have used lateral position. For example, Serafin, Wen,
Paelke, and Green (1993) conducted an experiment involving a driving simulator and car phone
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tasks. Greater lane deviation was observed for dialing while driving as compared to tasks
involving listening, talking, or mental processing. In another study, Alm and Nilsson (1994)
reported that for difficult driving tasks, a mobile telephone task had an effect on the drivers’
lateral position during various 500 m driving segments. Results indicated that the mobile-
telephone task made drivers drive closer to the right lane line, especially for complex tracking
tasks. In another study, Tijerina, Kiger, Rockwell, and Tornow {1995) evaluated various
measures including lane position variance and lane exceedances. They concluded that lane
keeping was degraded when performing message reading tasks. Again, multiple research
findings indicate that high levels of visual and cognitive demand can result in a greater level of

iane deviation.

Participants

Thirty-six participants who were familiar with the Cleveland, OH freeway system and downtown
arca were recruited. Participants were recruited via newspaper advertisement (Figure 3), flyers,
and word of mouth. Participant selection was determined after a telephone screening and
selection process. All participants were between the ages of 18 and 71, with equal gender
representation (18 female, 18 male). The experimental protocol was approved by the Virginia
Tech Institutional Review Board (IRB) prior to any contact with participants. Figure 4 illustrates
an example of an experimenter seated in the experimental vehicle.

Driving Study

in Cleveland area, $20/hr for 2 hrs.
Must be 18-35 or 50-75 yrs old w/
driver’s lic. Virginia Tech
Transportation Institute.

Call 866-454-4568 or email

drivers @vtti.vt.edu
Figure 3: Newspaper Advertisement that appeared in the Cleveland Plain Dealer.
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Figure 4. Experimenter Seated in Experimental Vehicle.

Route and Equipment

Route

The pre-planned loop route was approximately 50 miles long and consisted of sections on
Interstates 480, 90, and 77, as well as surface streets in downtown Cleveland, OH. Prior to
collecting any data, experimenters from VTTI visited the area several times in order to determine
the final route by verifying the presence of suitable billboards. A potential 65-mile route was
originally recommended by associates from Clear Channel Outdoor Advertising, a local
company located in Cleveland. After personal examination of the suggested route, the final 50-
mile route was selected by the VTTI research team so that it could be completed in a timely
manner, while still allowing participants to be exposed to a mixture of interstate, downtown, and
residential road segments. This loop contained a variety of billboards and other outdoor
advertisements (e.g., on-premise signs, logo placards) as well as standard department of
transportation (DOT) roadway signs. Figure 5 illustrates the final route used for data collection,
while Table 3 lists the driving directions used for the experiment. The directions were mounted

on the dashboard as illustrated in Figure 6.
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Figure 5. Map of 50-mile Daytime Loop Route in Cleveland, Ohio.
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Table 3. Directions for 50-mile daytime route in Cleveland, OH.
Trip
Distance Notes

Directions

@ Left out of Residence Inn onto W, Creek Rd. 0.0

i E ft' onto Rocksule Rd

2 nghf toward 1-77 North _ | 0.5 |Go under overpass W0 ETTN
entrance

. Left]ane onto 1-480 West /Toledo . SRRt
ExIT| Right Exit 12A turn Right onto W, lSOth St. 9.9

= Ri"ht onto P;’;ntas

'Left onto W 117th ‘ — . — I3~.1. . Iust ;;a-s.t entrance to 1-71

'R:ght onto 1-90 East l Cleveland

Right [xit 172-A, East 9th St. T 301 |Stay to Right

‘";':',ji:_:RJghtontoC" de . oo o O L
Lcﬂ onto East 30t11 St T . | . 21..3 DODD Caméra oh fér icﬁ
comet

- Go 1 block, Leﬂ: onto Prospect

Go 500 ft., Left onto I-90 East

Stay R ght Lane and gei onto 1-9¢ West to 312 . Sﬁy on 90 W wl'.zén.éplits to
Downtown left

?}gf .:;-'VTake nght Ex1

72A to I-77 South

Follow I 77 South to Rocks:de Road e)ut

TET] Takc Eait 155 Rockside Road and Independence, | 48
22 fim Right onto Rockside Rd. - L
* Tum Right onto W, Creek Rd

" Tum Kightinto Residence Inn pariang ol | 492 |

29




Figure 6. Directions mounted on dashboard of vehicle (this picture is from a previous
experiment which used the same protocol and vehicle type).

Practice Route. A short, 1.5-mile practice route was also included. This route was driven prior
to data collection on the 50-mile loop route. During the practice route, the experimenter rode as
a passenger with the participant to make sure that the participant was familiar with the directions
and the vehicle’s displays and controls. Table 4 lists the directions for the practice route, which
was conducted on local streets near the hotel where the study began and ended.

Table 4. Directions for 1.5-mile Practice Route in Independence, Ohio.

Trip
Distance Notes

Directions

Right out of Residence Inn onto W. Creek Rd.

Right onto Jefferson Dr.

Go around the traffic circle

Left onto W, Creek Rd.

Right onto Patriot's Way

Straight at Stop Past Applebee's

Left into Parking lots, loop back onto Patriot's Way

Straight at Stop

Left onto West Creek Rd.

Right into Residence Inn parking lot 1.5 mi

4 |2 [$ VS
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Vehicle

A 2002 Chevrolet Malibu was used in this study and is shown in Figure 7. The vehicle had an
automatic transmission, an adjustable steering wheel, and other standard features.

i

" Figure 7. Experimental Vehicle, 2002 Chevrolet Malibu.

Data Collection System

The vehicle was instrumented with a data collection system, including cameras, a computer, and
sensors that continuously collected data. The system was activated approximately 2 min after
the ignition was turned on and was deactivated when the driver turned it off. A video system
with four cameras was used. Two cameras were mounted on the back side of the rear-view
mirror--one facing forward left and the other facing forward right (Figure 8). This captured the
forward views of the roadway as well as the sides where billboards and other objects were
visible. The other two cameras captured the driver’s face from two perspectives. One camera
was mounted on the top left comer of the windshield near the A-pillar (Figure 9). The other
camera was mounted just above the rear view mirror (Figure 10). Both faced the driver and
captured head and eye movements. Since data reductionists needed to review all four video
channels simultaneously, a quad-splitter was used to fuse the images. This produced a single,
compartmentalized image such that each camera was presented in one of four locations (Figure
11). The quad splitter, computer, monitor, and keyboard were located in the trunk of the vehicle
as shown in Figure 12. Finally, Figure 13 illustrates these components and shows how they
interacted with sensors. Infrared illumination was used to provide adequate illumination for a
smaller nighttime data collection effort, to be described later in the report.
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Figure 9. Driver Face Camera, Mounted near the left A-Pillar.
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Left Forward Right Forward

View View
Driver’s Face, Driver’s Face,
Left Side Right Side

Figure 11. Diagram of Simultaneous Presentation of Four Camera Views.
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Figure 12. Data Acquisition System Located in Trunk of Vehicle.

Lane

Right Side ED——-——— Plelee

Forward View | | ]

Quad Splitter Titler, Recording,
) and Storage
Driver’s Face ED— Systems
Left Side i [ pp——

Figure 13. Components of the Data Collection System.

All video data were recorded at 30 Hz (30 frames per s), using MPEG 4 compression algorithms
at a rate of 4 MB per minute. Driving performance data, including lane position and velocity,
were collected at 10 Hz (10 times per s). The lane tracking system used fuzzy logic and
statistical probabilities to detect lane edges in the forward camera view. Lane position was
collected with a resolution of +2 inches from the center of the lane. Raw performance data,
including lane position, velocity, and video data, were saved on the hard drive of a laptop
computer and then backed up onto individual DVDs for each participant. After each trial, the
experimenter reviewed the data to assure that the data collection system performed to

specification.
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Procedure

Participant Recruitment and Screening

Straight-text newspaper advertisements were placed in the Cleveland Plain Dealer (Figure 3)
and flyers were posted in strategic locations in Cleveland, OH to solicit volunteer participants for
the study. Respondents were instructed to contact the experimenter via email or by telephone. A
telephone/email screening form (Appendix A) was used to collect general information on age,
gender, medical, and driving history, familiarity with the route(s), and use of corrective lenses or
sunglasses. A list of potential participants was compiled as screenings were completed, and
participants who met all of the required criteria were then contacted to set up an appointment for
participation. The participant met the experimenter on the appropriate date and time in the hotel
lobby of the Residence Inn on West Creek Road, in Independence, OH (just south of Cleveland).

Experimental Protocol

Upon arrival, each participant presented a valid driver’s license for the experimenter’s
inspection. Each participant then completed an informed consent form (Appendix B) and a
health screening questionnaire (Appendix C). Participants also completed a vision test using a
Snellen eye chart. Only participants with vision of 20740 or better were cligible to participate.

Participants received an orientation (including the practice route), drove the 50-mile
experimental route, completed a post-drive questionnaire (Appendix D), and received $20/hr for
their time. Most participants completed the experiment in less than two hours. All procedures
for recruitment and data collection were approved by the Virginia Tech IRB, as required by

federal and state law.

In all, 36 drivers were recruited for the full experiment. Another participant completed the
experiment, but the data were not used because it rained during most of the session. Of the 36
drivers who completed the experiment, 3 repeated the experiment on a later date due to rain.
That is, their initial data were not used and were replaced with the second driving session. The
order in which participants were run in the experiment is shown in Table 5.
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Table 5. Order of Participation (shown by Age and Gender).

Number | AgeGrp | Gender
1 0 M
2 8] M
3 Y M
4 O M
5 Y F
6 Y F
7 O F
8 Y F
9 8] F

10 Y M
11 0 F
12 Y M
13 O M
14 0 M
15 Y M
16 O F
17 O F
18 9] F
19 8] M
20 Y F
21 Y M
22 Y F
23 Y F
24 8] M
25 Y F
26 0] F
27 8] M
28 Y M
29 O F
30 Y F
31 Y F
32 O F
33 Y M
34 Y M
35 Y M
36 Y F

The informed consent form explained the general purpose of the experiment to the driver and
obtained his/her permission to participate in the study. After the required paperwork was
completed, the following script describing the experiment was read aloud to the participant:

Today we will have you drive a pre-determined loop route along major freeways and
highways. The vehicle that you will be operating is specially equipped with
instruments that collect information about your driving habits. The purpose of this
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study is to collect information about the way people drive under normal
circumstances, in order to improve driver safety. We want you to drive as you would
if you were in your own vehicle and were driving, for example, to visit a friend, do
an errand, or go to work. With this in mind, we will also want you to obey all typical
traffic regulations as you normally would, including, but not limited to, posted speed
limits, lane markings, and traffic control devices (such as stoplights).

I will be riding in the passenger seat during a 5-minute orientation drive. You are
welcome to ask questions if necessary, as this orientation will help you become
familiar with the vehicle and its controls. As always, our first priority is your safety.
If at any time you feel uncomfortable please inform me and we can make any
necessary adjustments or end the study early.

After the 5-minute orientation, I will exit the vehicle and have you drive the pre-
determined route, which will bring you back to this location. This route will take
about 1.5 hours. A map and written instructions will be provided for your reference,
and I will also review the route with you before you depart. After the route is
completed, I will debrief you and the session will be complete.

Do you have any questions I can answer at this time?

The experimenter then reviewed the map (Figure 5) and directions (Table 4) in detail. A
laminated copy of the map was stored in the glove compartment for easy reference. A laminated
copy of the directions was prominently displayed on the dashboard (Figure 6). A cellular
telephone was also stored in the glove compartment for emergency use only.

The experimenter then oriented the participant to the vehicle, including adjustment of the seat,
seat belt, mirrors, and steering wheel. Displays and controls were also reviewed, including a
review of the map, directions, and cell phone operation instructions. The participant then drove
the 5-minute orientation route, with verbal reminders provided by the experimenter when
required. After the orientation route was completed, the experimenter checked the data,
reminded the participant to drive as he/she normally would, and then returned to the hotel. The
participant drove the 50-mile loop route, which eventually brought him/her back to the hotel.

After the experiment, in-vehicle eyeglance calibration was completed in the hotel parking lot.
With the vehicle parked, the experimenter sat in the passenger seat and provided verbal
instructions. The protocol included having the participant sit as if driving, while alternating 3-
second glances to various locations with a default forward glance location. The glances included
left blind spot, left window, left mirror, left forward, forward, right forward, right mirror, right
window, right blind spot, rear view mirror, instrument panel (speedometer), and climate and

radio controls.

After the eyeglance calibration, the participant and the experimenter returned to the hotel lobby,
where the post-drive questionnaire was completed (Appendix D). The experimenter then
reviewed the questionnaire to make sure that all of the answers were legible. Item #3, “Please
check the top five items that most caught your attention during your drive,” included a
“Billboards” option (among a list of 18 possible items). If the experimenter noticed that
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“Billboards” had been marked, she asked about every checked item in an attempt to discover the
details as to what caught their attention. For the billboard item specifically, the experimenter
noted what aspect of the billboard caught the participant’s attention, without conveying the
importance of that particular topic. Payment was then issued to the driver at a rate of $20 per
hour, (2 hours in most cases, for a total of $40) and a payment Jog was signed to verify that funds
were received. At no time was the participant made aware that this experiment was related to
driving behavior regarding billboards or other roadside items.

Data for each participant were briefly reviewed to verify that all the cameras were operating
correctly and that data had been recorded. Data and video files were then transferred from the
data collection system’s computer to a portable laptop computer. Each participant’s data were
copied onto a separate DVD as a second back-up measure. The results from the post-drive
questionnaire were then entered into an Excel spreadsheet for later processing.

Data Reduction

Analyst Training

Two data analysts worked on this project under the supervision of the principal investigator. All
analysts were experienced in video data reduction prior to this project. Training began with a 2-
hour session in which the user manual was reviewed and the analysis software was demonstrated
by the experimenter. Relevant functions were shown, and the process of how to Joad the map
and associated GPS coordinates was explained. Prior to actual data analysis, each analyst spent
an additional eight hours mastering eyeglance direction determination and spreadsheet use. This
period included time with an experienced analyst present. A large part of that time was
dedicated to establishing inter-analyst reliability by comparing judgments and modifying
techniques until all analysts’ independent determinations matched. Throughout the entire
analysis effort, at least one experienced analyst was available at all times to answer any questions
or review particular cases as needed. “Spot checks” were performed throughout the data
reduction process, with input provided as needed to maintain a high level of consistency. Robust
reliability was further assured by ascertaining that each analyst recorded a portion of the data
from each participant (i.e., a portion of the data for each of the 36 participants was analyzed by
each analyst). As events were completed, a written record was created with the analyst’s initials

and date of completion.
Software

This section outlines the data reduction software program developed to analyze digital billboard,
conventional billboard, comparison, and baseline events. The software, currently called DART
(Data Analysis and Reduction Tools), was originally developed by software engineers at VTTI
for a large-scale naturalistic driving study known as the 100 Car Study (Dingus, Klauer, Neale,
Petersen, Lee, et al., 2006). This program integrates Microsoft MapPoint 2003 using GPS data
for billboard, comparison, and baseline site Jocations with the data obtained from the multiple
sensors in the test vehicle via a graphical interface. A total of 36 files (representing the route
driven for each participant) were analyzed. After a file was opened, the software presented the
analyst with the relevant windows required for data identification and reduction. The MapPoint
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application allowed the analyst to view a map of the Cleveland, OH area, showing the
relationship between the site and the roads, so that video could be compared with GPS data
during site identification and eyeglance analysis. The map illustrated the route and the location
of the vehicle, which was represented by a green vehicle icon that moved as the event was
played. This map served solely as a visual display and could not be manipulated.

Procedure

Data reduction was performed by the two analysts for each of the 36 data files. This occurred in
three steps: software preparation, event identification, and eyeglance analysis. Analysts were
blind as to which event type was being analyzed (in other words, they knew the event only by its
number, and did not know what type of event was contained in that segment of data). This was
done to insure impartiality in this aspect of the data reduction (event identification and eyeglance
reduction were the only two aspects of data analysis which had a subjective component; this was
compensated for by re-doing 10% of the events and calculating inter-rater reliability).

Event Identification

Analysts first used the DART software to identify the locations of interest. The GPS coordinates
for each location were entered into a master map. Each file was then opened and the DART
software suggested the correct point for each location of interest based on the master GPS list.
The analyst compared the forward view shown in the video with a master file of forward views
and adjusted the event timing slightly if necessary to make sure the forward views were the same
for every participant (thus providing a common geographic point of reference for each event
analyzed). The end of an event was defined as the sync number (time reference) at which the
test vehicle passed the site, and the event’s beginning was calculated to be eight seconds before
the end point. Identification of the end point thus combined two methods: the GPS data was
used to align the vehicle directly in conjunction with the site, and then the video was used to
visually confirm accurate GPS positioning using comparison to a master file of forward views.

Eyeglance Analysis

Once all of the events were correctly identified and stored in the database, the analysts conducted
the eyeglance analysis for each event. The first step in eyeglance analysis was familiarization
with the participant’s individual glance patterns by means of a glance location calibration video,
during which participants looked at specific places according to a set script. Analysts referred
often to the calibration file collected for each participant to make sure that the glance locations

were being coded correctly.

As described in the procedures section, eye calibration was conducted after data collection was
complete, in order to serve as a record of how a particular driver’s glance to particular location is
shown in video. Analysts reviewed these records in order to become familiar with the
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participant’s glance style. The analyst was thus able to conduct the glance analysis according to
each participant’s glance style. Glances were coded according to the following abbreviations:

F - Forward

RF - Right Forward

LF - Left Forward

RVM - Rear View Mirror

OX - Outer eXterior, including side mirrors, side windows, blind spot, etc.
DIR - glances toward the experimental route DIRections

OINT - Other INTerior, including speedometer, sun visor, cell phone, etc.

Analysts reviewed events from beginning to end, one tenth of a second at a time, determining the
direction of glance for every tenth of a second for the eight-second duration of the event. New
glances were recorded as the sync number at which the participant’s glance rested in a new
location. Transition time to the new location was included in the glance location the driver was
moving away from. The DART program automatically calculated the duration of each glance.
Summary information for each event included the number of glances, average glance duration,
number of glances in cach direction, and the average duration of glances in each direction. The
final inter-rater reliability for the eyeglance reduction process was 96.5%, which is considered
quite good. Approximately 5% of the daytime events were analyzed by both raters
independently, resulting in 8,084 individual glance locations, each lasting 0.1 s. The agreement
between raters for each location was compared; the 96.5% reliability means that the raters were

in agreement for 7,804 glance locations.

Final Reduced Data Set

With 36 participants and 44 sites, there were 1,584 events available for analysis from
approximately 63 hours of data collection. A small amount of data was Jost due to cell phone
use, sensor outages, sun angle, and vehicle stoppages, leaving 1,540 events for eyeglance
analyses. Altogether, 124,740 video frames were analyzed (1,540 events x 81 frames/event) and
8,678 individual glances were identified. The speed data was filtered to remove events as
described above, and then further filtered to remove events in which the maximum speed failed
to read 20 mph or the minimum speed failed to reach 15 mph, leaving 1,494 events in this
dataset, with 121,014 data points for speed. The lane position dataset was further filtered to
remove events indicating a possible lane change or lane position sensor failure (often due to poor
lane markings). After filtering, there were 1,188 events remaining in the lane position dataset,

with 96,228 data points.

Statistical Analysis

Descriptive statistics were calculated using Excel. All other statistical analyses were conducted
using SAS statistical software. The analysis of variance (ANOVA) statistical technique was
used; in SAS this was accomplished by means of the general linear model (GLM) procedure.
Where significant differences were found, and there were more than two levels of the
independent variable, a post-hoc analysis was run using the Least Squares Difference procedure
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in SAS to determine which levels were significantly different from which other levels. (For
independent variables with just two levels that differ significantly, a simple examination of the
means will demonstrate which level is significantly greater than the other.)

Nighttime Study

A smaller exploratory study was also conducted at nighttime using an abbreviated route that
avoided some of the downtown streets. Given that the digital signs being studied were
intrinsically illuminated, this was felt to be an important first step in determining whether there
are driver performance differences in the presence of these signs under different levels of
ambient illumination. All of the nighttime drivers had previously driven the route during the
daytime and were thus somewhat familiar with the route (so were unlikely to get lost or go off
route). The nighttime route directions are shown in Table 6, while the order of participation is
shown in Table 7 (12 of the 36 drivers returned for the nighttime experiment). The nighttime

route map is shown in Figure 14.

Table 6. Nighttime Driving Directions.

Trip

Directigns Distance Notes

Left out of Residence Inn onto W. Creek Rd. 0.0

Rigﬁt towar.d I-77 North . - - 0.5 Go under overi)ass 0177 N
entrance

.Iégﬂé-]e;i;ieﬁpﬁ_{d 1:480 West { Toledo " e R 11
Right Exit 12A, turn Right onto W. §50th St. 9.9

" [Corves o Lt basomes
S Bellagre ™ s by
Just past entrance to I-7}

Lofi onto W, 117th

90 Ewst Cloveland

" Right Exit 1824, Right onto E. 185th St.

o5 fof oo

“Stay in Right Lane and get onto 1-90 West to™ 1"
Downtown PR T e e

" |Stay on 90 W when splits to.
Take Right Exit 172A fo 1-77 South . T

“Tollow 77 Soul o Reskaide

EIXIST Take Exit 155 Rocksi&e Roé& and Indepen&énce, -
= _tom Right onto Rockside Rd, _ — _
T TumRightonoW,CreskRd | 480 |

»; Turn Right into Residence Tnn pérking fot 48.3
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Figure 14, Map Tllustrating Nighttime Route with Digital Billboards (black), Conventional
Billboards (red), Comparison Sites (aqua blue), and Baseline Sites (blue).

Table 7. Nighttime order of participation.
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Number | Age group | Gender
1 Younger Female
2 Older Male
3 Older Female
4 Older Female
5 Younger Female
6 Older Male
7 Younger Male
8 Younger Male
9 Older Female
10 Older Male
11 Younger Male
12 Younger Female
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With 12 participants and 40 sites, there were 480 events available for analysis from
approximately 42 hours of data collection. A small amount of data was lost due to cell phone
use, sensor outages, and vehicle stoppages, leaving 470 events for eyeglance analyses.
Altogether, 38,070 video frames were analyzed (470 events x 81 frames/event) and 2,335
individual glances were identified. The speed data was filtered to remove events as described
above, and then further filtered to remove events in which the maximum speed failed to read 20
mph or the minimum speed failed to reach 15 mph, leaving 456 events in this dataset, with
36,936 data points for speed. The lane position dataset was further filtered to remove events
indicating a possible lane change or lane position sensor failure (often due to poor lane
markings). After filtering, there were 411 events remaining in the lane position dataset, with
33,291 data points. Because the nighttime study was exploratory in nature with fewer data
points, these data are shown descriptively, but were not analyzed statistically (due to lack of

statistical power).
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RESULTS

Post-Drive Questionnaire — Daytime Results

Participants completed the post-drive questionnaire (Appendix D) after they returned from
driving the daytime driving route as well as the nighttime route. The questionnaire gathered
information such as route familiarity and items noticed while driving; it also collected
demographic and personal information, including education level, matital status, ethnicity, and
income. The questionnaire was the same one used by Lee et al. (2004) in the previous study
using similar methods. The following sections summarize all questionnaire results for the
daytime drivers, followed by a section describing the results for the nighttime drivers.

Demographics Overview

In terms of demographics, the average age was 28 years for younger drivers and 59 years for
older drivers. The sample of drivers was quite diverse in terms of education level, marital status,
and income. All drivers lived and worked in the Cleveland, OH area and were familiar with
some or most of the route. The following sections provide details for relevant information about

the sample of drivers. Table 8 presents these findings as well.

Age. The sample of 36 drivers ranged in age from 18 to 71 years old. The mean age of all
participants was 43.3 years (SD = 16.7). The younger drivers ranged in age from 18 to 35 years
old, with a mean of 27.9 years (SD = 6.0). The older drivers ranged in age from 50 to 71 years
old, with a mean of 58.7 years (SD = 6.1).

Education Level. Participants were surveyed regarding the highest education level they had
completed. The number of responses and equivalent number of years were used to calculate the
product. This was used to calculate the mean education level for the sample by dividing the total
number of years completed by the number of participants (482/36). The average was 13.4 years
of education completed (equivalent to high school plus a year and a half of college). Most of the
participants had finished high school, but few had attended college.

Marital Status. Half of the participants were married, while 28% reported that they were single
and 17% were divorced. Two individuals (5.6%) indicated that they were separated.

Ethnicity. Most participants were European (Caucasian/White) with only one participant
identifying herself as African American.

Income. The income level with the most participants was the group eaming between $25,000
and $49,000 per year {16 participants or 44%).
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Table 8. Summary of Demographic Results for All Daytime Participants.
CATEGORY |LEVELS
Age (mean} Younger {Older All Drivers
Drivers Drivers
27.9 vears {58.7 years 143.3 vears
Education High Sch. [12-Yr Deg. |B.A/B.S.
Level 52.8% 25.0% 22.2%
Marital Status &gle Married Pivorced |[Separated
27.8% 50.0% 16.7% 5.6%
Ethnicity African European
American
2.8% 97.2%
Income Level |$0-24K $25-40K  |$50-T4K  >8100K
33.3% 44.4% 19.4% 2.8%

Route Familiarity

Route familiarity was assessed by three items in the questionnaire. Specific topics addressed
were: location of work, location of home, and frequency of driving on roads in the experimental
route (defined as familiarity). Table 9 presents the route familiarity findings.

Living and Working Location. All drivers reported that they were familiar with the Cleveland,
OH area and had driven on the interstates and surface roads included in the route. All of the
participants lived in the Cleveland area, and those who were employed also worked in the area.
Cleveland proper, Parma, and Independence were the most common locations where participants
lived and worked, with 39% of participants reporting that that they both lived and worked in one
of these three areas (Independence and Parma are adjacent suburbs of Cleveland).

Familiarity. Route familiarity was also evaluated in terms of five route segments that
represented various types of driving (i.e., various segments of interstate and downtown
Cleveland). Drivers were asked to indicate if they were either “familiar” (driven at least once a
week) or “not familiar” (driven less than one time a week) with each segment. In some cases,
participants inquired about this question item, indicating (verbally) that, although they were quite
familiar with certain areas, they may not drive on them every week. Nonetheless, the results
indicated that overall, drivers were familiar with the route, particularly 1-480 W between 1-77
and W150th (83% were familiar with this segment as shown in Table 9).
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Table 9. Route Segment Familiarity for Ali Daytime Participants.

Route Segment
1-480W  |W.130th- |1-90 Camegie | 1-77
between I- |Bellaire - jbetween  |Ave. between 1-
77 and W.117th  [9th and 90 and
W150th 185th Rockside
Familiar [83% 42% 64% 67% 72%

Overview of What Drivers Noticed

Drivers primarily noticed items such as traffic and other drivers, road or highway signs, and road
construction. Fifteen of 36 drivers (42%) marked “billboards™ as one of the top 5 items (out of
18 items) that caught their attention during the drive. Participants engaged in a variety of
activities while driving; listening to the radio or CD player and using the cell phone were the
most prevalent. At no point was it apparent that any participant knew the specific purpose of the
study; all responses indicated that drivers believed the study was related to observing drivers in a
natural driving situation, which was also true. The following sub-sections describe findings in
more detail, with tables illustrating drivers’ responses.

Attention Getters. Participants were asked to indicate “the top five items that most caught your
attention during your drive.” Over 50% of drivers indicated that they paid attention to traffic,
road signs, exit signs, and other drivers. The top 9 items (out of 18 listed) are shown in Figure
15. For those drivers who indicated “billboard” as one of the items that caught their attention,
the experimenter asked them to verbally expand upon all items; however, none of these drivers
made any additional comments about billboards except that they caught their attention. Three
drivers (8%) mentioned billboard under a separate question regarding the single most memorable
part of the drive. Their comments were “The lighted billboards,” “Ridiculous billboards,” and
“The light up billboards.” A fourth driver mentioned “Markers and signs” but did not elaborate
further. Even in the daytime, the digital billboards appeared to have been noticeably different
from conventional billboards and appeared to attract a certain amount of attention.
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Figure 15. Top Daytime Attention Getters (top nine of eighteen possible).

Most Memorable. Participants were asked “What was most memorable about the drive?” This
was an open-ended question, so the comments varied. For ease of categorization, similar
comments were grouped where possible. There were 35 comments. Over 68% of the comments
were related to construction; weathei/view, the experimental vehicle, or traffic, as presented in
Table 10.

Table 10. Number and Percent of Comments for Daytime Participants for the Question:
“What was most memorable about the drive? For example, were there any objects that
stood out?”

Comment Categories Number of | Percent of
Comments | Comments
Other Vehicles/Traffic 7 17.5%
New Route/feature about route 6 15.0%
Lake 5 12.5%
Weather/View 4 10.0%
Test Vehicle 3 7.5%
Digital Billboards/Billboards/signs 3 7.5%
Neighborhoods 3 7.5%
Rough Road 3 7.5%
Relaxing/Positive trip 2 5.0%
Construction 1 2.5%
Near accident/Accident 1 2.5%
Sports Arena 1 2.5%
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What Bothers You? Participants were asked, “What bothers you about other drivers?” This was
an open-ended question, so the comments varied. For ease of categorization, similar comments
were grouped where possible. A total of 30 comments were made. The large majority of the
comments were related to aggressive maneuvers or questionable driving behavior such as
tailgating, being cut off, not using turn signals, or driving slowly in the fast lane (Table 11).

Table 11. Number and Percent of Comments for Daytime Participants in Response to the
Question: “Does anything about other drivers bother you? If so, please briefly describe.”

Number of | Percent of
Comment Category Comments | Comments
Tailgating 7 23.3%
Cut off 6 20.0%
No signal 5 16.7%
Speeding 3 10.0%
Aggressive 3 10.0%
Slow in fast lane 3 10.0%
Cell phone talking 1 3.3%
Drivers who don't pay attention 1 3.3%
Inability to adjust to conditions 1 3.3%

Other Activities. Participants were asked, “What other activities do you engage in while
driving?” Again, this was open-ended and the comments varied, but similar comments were
grouped where possible. There were 72 comments in all. Listening to the radio or CDs was the
largest single activity, making up over 26% of the comments. Using the celi phone was also
common (15%). Other activities included singing or talking, drinking, smoking cigarettes, and

eating, as presented in Table 12.
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Table 12. Number and Percent of Comments for Daytime Participants in Response to the
Question: “What other activities do you typically engage in while driving?”

Comment Categories Number of | Percent of
Comments | Comments
Listen to radio/CDs 21 38.9%
Cell phone 11 20.4%
Smoking 4 7.4%
Eating 4 7.4%
Drinking 3 5.6%
Talk w/others 3 5.6%
Adjust radio/CDs 2 3.7%
Driving/steering 2 3.7%
Adjust AC/windows 1 1.9%
Look for something 1 1.9%
Homework 1 1.9%
Read directions/map 1 1.9%

Other questions asked participants for additional input about the written directions and the
purpose of the study. Substantively relevant participant responses included three separate
suggestions relating to conducting a driving study with passengers or children, the effect of video
cameras on driving behavior, and the statement that “driving in my own car would be more
‘normal.’ ” While no one reported problems with the directions, three drivers did get off-route at
one point during their trip; however, very few data points were missed. Drivers were also
queried as to their recollection of the purpose of the study; all responses were within the scope of
what they had been told verbally and in the informed consent form.

Post-Drive Questionnaire — Nighttime Results

Age

The sample of 12 nighttime drivers ranged in age from 25 to 62 years old and consisted of
drivers who had recently performed the daytime portion of the experiment. As for the main
experiment, the participant pool was balanced for age and gender. The mean age of the
nighttime participants was 44.5 years (SD = 14.0). The younger drivers ranged in age from 25 to
35 years old, with a mean of 31.5 years (SD = 4.1). The older drivers ranged in age from 54 to
62 years old, with a mean of 57.5 years (SD = 3.3). The demographics for these 12 drivers are

summarized in Table 13.
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Table 13. Summary of Demographic Results for Al Nighttime Participants.

CATEGORY LEVELS
Age {mean) Younger Older All Drivers
Drivers Drivers
31.5years  |57.5 years _ [44.5 years
Education High Sch, 2-Yr Deg. |B.AJ/B.S.
Level 58.3% 25.0% 16.7%
Marital Status [Single Married Divorced
8.3% 66.7% 25.0%
Ethnicity Eurcpean
100.0%
Income Level {50-24K $25-49K $50-74K
16.7% 41.7% 41.7%

Route Familiarity

Route familiarity was assessed by three items in the questionnaire. Specific topics addressed
were: location of work, location of home, and frequency of driving on roads in the experimental
route (defined as familiarity). As before, all nighttime drivers lived and worked in the
Cleveland, OH area. Route familiarity was also evaluated in terms of five route segments that
represented various types of driving (i.e., various segments of interstate). Drivers were asked to
indicate if they were either “familiar” (driven at least once a week) or “not familiar” (driven less
than one time a week) with each segment. Table 14 presents the route familiarity findings.

Table 14. Route Segment Familiarity for All Nighttime Participants.

Route Segment
1-480W  |W.130th- |1-90 Camnegie {177
between I- [Bellaire - |between  [Ave. between I-
77 and W.117th  |%th and 90 and
W150th 185th Rockside
% Familiar|75% 42% 58% 58% 50%

Attention Getters

Participants were asked to indicate “the top five items that most caught your attention during
your drive.” Over 50% of drivers indicated that they paid attention to traffic, road signs,
billboards, and exits. Figure 16 shows the top nine nighttime attention getters. For those drivers
who indicated “billboard” as one of the items that caught their attention, the experimenter asked
them to verbally expand upon all items, but no one made any remarks relevant to billboards.
However, 3 of the 12 nighttime drivers (25%) noted billboards as being the single most
memorable thing about the drive. One person just said “Billboards,” another said “I saw a
billboard that changed and I wished it hadn't because I wanted to read the previous message,”
and a third said “One billboard.” This is much higher than the 8% who mentioned billboards as
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being most memorable during the daytime, and may be a reflection of the nature of the digital
billboards.
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Figure 16, Top Nighttime Attention Getters (top nine of eighteen possible).

Most Memorable

Participants were asked “What was most memorable about the drive?” This was an open-ended
question, so the comments varied. For ease of categorization, similar comments were grouped
where possible. There were nine comments from the 12 nighttime drivers. As mentioned, three
comments concerned biliboards, while other common answers included the views and other
vehicles and traffic, as presented in Table 15. The drivers had previously answered the general
questions regarding “What bothers you about other drivers?” and “What other activities do you
engage in while driving?” during their daytime session, so these were not asked again here.
Likewise, the responses to “What is the purpose of this study?” were similar to what the same
participants had said during the daytime session; all responses were within the scope of what
they had been told verbally and in the informed consent form.
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Table 15. Number and Percent of Comments for Nighttime Participants in Response to the
Question: “What was most memorable about the drive? For example, were there any

objects that stood out?”

Comunent Categories Frequency
| Digital Billboards/Billboards 3
View 2
Other Vehicles/Traffic 2
Positive trip ' 1
Personal condition while driving 1

Driving Performance Results — Daytime

Event Type

Eyeglance Results. With regard to eyeglance behavior, there were six questions of interest, each
of which will be discussed in turn:

1.

2.

Does eyes-on-road percent (looking straight forward) vary in the presence of different

event types?
Is there a more active glance pattern in the presence of certain event types (as measured

by the number of individual glances to any location during the cight seconds of the

event)?
For events on the left side of the road, are there more glances in the left forward direction

for certain event types?
For events on the right side of the road, are there more glances in the right forward

direction for certain event types?
For events on the left side of the road, does the mean single glance time in the left

forward direction vary according to event type?
For events on the right side of the road, does the mean single glance time in the right

forward direction vary according to event type?
Are longer glances (longer than 1.6 s) associated more with any of the event types?
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Question 1 (Does eyes-on-road percent (looking straight forward) vary in the presence of
different event types?) was answered by examining the amount of time spend looking straight
forward in the course of an event, and dividing it by 8 s to obtain the percentage of time the
driver was looking forward. As shown in Figure 17, this ranged between 70% and 75% for the
various event types, with bascline, digital billboard, and conventional biliboard being close to
equal. Statistical analysis showed that this measure did vary across event types (Fags = 11.62, p
< 0.0001, using an o of 0.05 as a criterion, as is standard for studies of this type). The
comparison events had significantly less eyes-on-road percent than did the other event types,
which did not vary from one another.

100% ——{ E Percent Eyes-On-Road

76.7% 75.5% 74.1%
80% - — 70% ——
- 60% -
[
@
g
& 40% -
20% -
0% - i i . b
Baseline Comparison Digital Billboard Conventional
B#board
Event Type

Figure 17. Percent Eyes-on-Road Time for the Four Event Types. (Comparison events
were significantly lower than the other three event types, which did not differ from one
another).
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Question 2 (Is there a more active glance pattern in the presence of certain event types?) was
measured by examining the number of individual glances to any location during the eight
seconds of the event. A higher mean number of glances during the eight seconds indicated a
more active scanning pattern. As shown in Figure 18, there were very few differences in the
overall glance activity. The statistical analysis verified this observation, showing no significant

differences between event types (Fi 96 = 1.78, p = 0.1564).

Questions 1 and 2 were aimed at the larger question of whether overall driver eyeglance behavior
changed in the presence of certain event types. In other words, did driver total time looking
forward change in the presence of certain event types, and did drivers exhibit a more active
glance pattern for certain event types? Except for lower eyes-on-road time for comparison
events, there were no observed differences in overall eyeglance patterns. The next four questions
are concerned with the specific eyeglance patterns that might be expected to occur if drivers
were allocating more visual attention to specific objects located on the side of the road.

7.00 —4-* e Mean Number of Glances {to any location) During an Event —,
5,75 5.73
6.00 - 545 — 546 —
g 5 00 | : —
c
13
o 4.00
: L
0 5
E 2.00 - L
0.00 - : - _ N
Baseline Comparison Digital Billboard Conventional
Bifiboard
Event Type

Figure 18. Mean Number of Glances to Any Location During an Event. (There were no
significant differences between event types.)
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Question 3 (For events on the left side of the road, are there more glances in the left forward
direction for certain event types?) was aimed at the question of whether the presence of a site of
interest on the side of the road was related to a greater number of glances in that direction. All
baseline events were included in this analysis since these events were considered to have been
located on both sides of the road. As can be seen in Figure 19, digital billboards to the left side
of the road did garner a larger number of left forward glances during the eight seconds than did
any of the other event types. However, statistical analysis showed that these differences were

not significant (F3 73 = 1.49, p = 0.2244).

2.00 rv% @ Mean Number of Left Forward Glances for Events to the Left—,
1.80
1.60
1.40
1.20
1.00

1.56

Number of Glances

Baseling Comparison Digital Billboard Conventional
Billboard

Event Type

Figure 19. Mean Number of Left Forward Glances for Events on the Left Side of the Road.
(There were no significant differences between event types.)
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Question 4 (For events on the right side of the road, are there more glances in the right forward
direction for certain event types?) was similar in intent, but used events on the right side of the
road and right forward glances. Again, all baseline events were included in this analysis since
these events were considered to have been located on both sides of the road. As can be seen in
Figure 20, there appeared fo be little difference in the number of right forward glances across
event types. Statistical analysis showed that the observed differences were not significant

(F3,77 = 029,p = 08353)

2.00 B Mean Number of Right Forward Glances for Events to the Right;—

1.80
1.48 1'1
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Figure 20. Mean Number of Right Forward Glances for Events on the Right Side of the
Road. (None of the observed differences were significant.)
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Question 5 (For events on the left side of the road, does the mean single glance time in the left
forward direction vary according to event type?) was measured by examining the mean single
glance time for left forward glances. Longer glances in the left forward direction for events to
the left could indicate that the driver is paying greater visual attention to the event. Figure 21
shows that the digital billboard and comparison event types had longer mean single glance times
than did baseline or conventional billboard events. Statistical analysis showed that these
differences were significant (F3 73 = 3.59, p = 0.0176). Post hoc analysis showed that the digital
billboards to the left had significantly longer Jeft forward glances than did conventional
billboards or baseline sites, but that they did not differ from comparison sites. Comparison sites
differed from baseline sites, but not from conventional billboard sites, and conventional
billboards and baseline sites did not differ from one another.

1.40 —1 E Mean Single Glance Duration - Left Forward |

1.20
1.00 AB A

078 0.83 BC
0.80 _ Bt
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Billboard

Event Type

Figure 21. Mean Single Glance Time for Left Forward Glances for Events on the Left Side
of the Road. (Data points with a shared letter do not differ significantly from one another.)
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Question 6 (For events on the right side of the road, does the mean single glance time in the right
forward direction vary according to event type?) was similar to Question 5 in approach, except
that it examined right forward glances and events to the right. Statistical analysis showed that
the observed differences were significant (Fs 77 = 3.73, p = 0.0147). Post-hoc tests showed that
digital billboards located on the right had significantly longer glance times to the right than did
either baseline events or conventional billboards, but did not differ significantly from
comparison events. Comparison events had longer glance times than did baseline events, but did
not differ significantly from conventional billboards. Conventional billboards also had

significantly longer glances than did baseline events.

1.40 -— B Mean Single Glance Duration - Right Forward

94 B
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Figure 22. Mean Single Glance Time for Right Forward Glances for Events on the Right
Side of the Road. (Data points with a shared letter do not differ significantly from one
another,)
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Question 7 (Are longer glances (longer than 1.6 s) associated more with any of the event
types?) follows an approach provided by Horrey and Wickens (2007), who suggest analyzing
the tails of the distributions whenever eyeglance analysis is performed. Various researchers
have suggested that longer glances may be associated with poorer driving performance. For
example, Wierwille (1993) suggests a 1.6 s criterion as representing a long glance away from
the forward roadway. As shown in Figure 23, the distributions of glance duration were
similar across all event types, and there was no obvious pattern of longer glances being
associated with any of the event types.

Baseiine Comparison

w 30% w 30%

8 25% o

e o 2 25%

5 20% g 20%

s 15% 5 15%

E 10% E 10%

5 5%+ f i £ 5% i

[ ° s o -~

o 0% J]_rll """" Il.‘.'. N . 0. 0% 'l, A .I. YI.lll_lll.l.llllull_.. ol . B

I I BT GRS R R PO P B U IR S N SO S
Glance Length (s} Glance Length (s}
Conventional Billboard Digital Billboard

w 30% 7 o 30%

8 g & o5y

2 25% 8 b

8 20% & 20%

s 15% G 15%

£ 10% E 10%

2 5% £ 5% T

& 0% ..l‘ 1E1 Illlllllll‘l_l_ T Y S o ge il .I ‘Illlllllii . T T

O ST TS N, T T S A T AR Y o of PO I RN BN -y

Glance Length (s} Glance Length {s)

Figure 23. Tails analysis for the distribution of glance duration, (method described in
Horrey and Wickens, 2007).
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Discussion of Daytime Eveglance Results. Results showed that digital biltboards were not
associated with changes in overall glance patterns (overall number of glances or percent eyes-on-
road time). Likewise, digital billboards were not associated with more frequent glances towards
the direction where the billboard was located. However, digital billboards in both the left and
right directions were associated with longer glances in that direction.

There were only five digital billboards along the route (these were all that were available). This
led to low statistical power for the digital comparisons, especially when the digital billboards
were separated into left and right (two in one direction and three in the other). To increase
power and verify the above findings, the data were next aggregated so that all glances in the
direction where an event was located were included. For glance frequency, there were still no
significant differences in the number of glances depending on event type (F3 9y =122, p =
0.3065). For glance duration, the findings from above were also confirmed with this combined
analysis (Fs o1 = 4.98, p = 0.0030). Digital billboards and comparison sites did not differ from
one another, but each differed from conventional billboards and baseline events. Conventional
billboards and baseline events did not differ from one another; these results are shown in Figure

24.
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Figure 24. Mean Single Glance Time for Glances in the Direction of Events. (Data points
with a shared letter do not differ significantly from one another.)

It should also be noted that digital billboards did not differ in glance duration from comparison
events for left side, right side, or the combined comparison. Several of the comparison events
had a digital component, but in the form of on-premises signing rather than as billboards. One
comparison event used full motion video at times. Thus, it is not surprising that these event
types revealed similar glance duration patterns. Finally, it should be noted that the results for
conventional billboards were similar to those found in the Charlotte study, with very few
differences between conventional billboards and either comparison events or baseline events.
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Spveed maintenance. As shown in Figure 25, there were differences in the standard deviation of
speed for the different event types. These differences were statistically significant (F3 o5 = 5.33,
p = 0.0019), with conventiona} billboards showing a higher speed deviation than baseline and
digital billboards, but not different from comparison sites. Baseline events, comparison events,
and digital billboards did not differ from one another. Much of this difference may be because
there is typically greater speed deviation on surface streets than on interstates, and all of the
digital billboards were on interstates. To account for this in the research design, the same
analysis was conducted, but using only events occurring on interstates. In this analysis, there
were no significant differences in standard deviation of speed (F, 96 = 1.66, p = 0.1819), as

shown in Figure 26.
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Figure 25. Standard Deviation of Speed by Event, in miles per hour, (Data points with a
shared letter do not differ significantly from one another.)
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Figure 26. Standard Deviation of Speed by Event for Events Occurring on Interstates, in
miles per hour. (None of the observed differences was significant.)
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Lane keeping. The standard deviation of lane position was calculated for each event. Standard
deviation was used instead of average lane position, because average lane position can be to the
right or left, and thus an average would tend to wash out true differences, while standard
deviation takes overall deviation into account, regardless of left or right. While there appeared to
be differences in lane keeping for the different event types as shown in Figure 27, these
differences did not quite reach significance (F3, o1 = 2.46, p = 0.0673). Nevertheless, the trend is
that digital billboards and conventional billboards seem to be related to poorer lane keeping, and
it is likely that a larger sample would have shown significance for this measure.
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Figure 27. Standard Deviation of Lane Position by Event, in inches. (None of the observed
differences was significant.)

Other findings

Road Type. There were significant differences in the two overall eyeglance measures, both of
which indicated a more active glance pattern on surface streets. The eyes-on-road percentage was
higher for interstate events than for surface street events (71% for interstate vs. 64% for surface
streets; Fy 32 = 30.29, p < 0.0001). There were also more total glances during an event on
surface streets as opposed to on the interstates (6.3 glances for interstate vs. 7.2 glances for
surface streets; Fy 3, = 10.51, p < 0.0028). There were no significant differences for the
eyeglance measures associated with the left or right side of the road. These findings are
consistent with the findings of the Charlotte study, in that eyeglance patterns tend to be more
active while driving on surface strects due to driver monitoring of driveways, intersections, and

on-coming traffic.

Familiarity. Drivers spent significantly more time with their eyes on the road while driving on
unfamiliar roads (73% for familiar roads and 75% for unfamiliar roads; Fy 2 = 4.81,
p=0.0392). However, this small significant difference likely has no practical implications,
especially given that the overall glance frequency was not significant (Fy,22 = 1.38, p = 0.2530).
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There were no significant differences for speed maintenance or lane keeping depending on
familiarity with the route segment. These results are likely confounded by the fact that most of
the road segments that drivers classified as familiar were the interstate portions of the route,
while the unfamiliar roads tended to be the surface street sections.

Age. There were two age findings in the eyeglance measures. Older drivers had higher eyes-on-
road percentage than did younger drivers (73% for older and 67% for younger; F; 1, = 4.46,
p=0.0426). Younger drivers also had more frequent right forward glances for events to the
right than did older drivers (younger = 1.55 right forward glances per event; older = 1.34 right
forward glances per event; Fy 3, = 4.42, p = 0.0436). Younger drivers thus seemed to have a
slightly more active glance pattern than older drivers, but this did not show up in very many of
the eyeglance measures examined. There were no age differences for speed keeping or lane

maintenance.

Gender. There were no significant findings for gender for eyeglance, speed maintenance, or lane
keeping measures.

Driving Performance Results — Nighttime

Event Type

Eveglance results. As mentioned previously, there were about one-third fewer data points for the
nighttime portion of the study, which was considered an exploratory study. Thus, the results in
this section are presented descriptively, without statistical analysis. Where the differences shown
are strong, it is likely that a larger study would show statistical significance, while weak
differences may or may not hold up with a larger study. Four eyeglance measures were
examined for the nighttime data: eyes-on-road percent, overall glance frequency, mean glance
duration in the direction of an event, and mean number of glances in the direction of an event.
Eyes-on-road percent is presented in Figure 28, which shows that digital billboards and
comparison events tended to have less eyes-on-road time at nighttime than either baseline events
or conventional billboards. The overall glance frequency was also higher in the presence of
digital billboards and comparison events at nighttime, as shown in Figure 29. These two

findings taken together show a more active glance pattern at nighttime in the presence of these
two event types, which mirrors some of the daytime findings.
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Figure 28.
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Figure 29. Overall Glance Frequency by Event Type for the Nighttime Exploratory Study.

The mean glance duration for glances in the direction of an event also showed higher values for
digital billboards and comparison events; however, in this case, the comparison sites appeared to
have longer glance times than did the digital billboards (Figure 30). The mean number of
glances in the direction of an event again showed digital billboards and comparison events as
having higher values than either baseline events or conventional billboards, as shown in Figure
31. Taken together, these four findings indicate that digital billboards and comparison events
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may result in more active glance patterns overall, as well as more frequent and longer glances
towards the digital billboards and comparison events.
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Figure 30. Mean Glance Time for Glances in the Direction of an Event for the Nighttime
Exploratory Study.
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Figure 31. Mean Number of Glances in the Direction of an Event for the Nighttime
Exploratory Study.
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Speed maintenance. Figure 32 shows that the standard deviation of speed appeared to be higher
in the presence of both conventional and digital billboards than for baseline and comparison
events. If this effect is related to the event type, it may be due to the attempt to read the copy of
these signs at night while driving. If this is true, the higher value shown for conventional
billboards may indicate that these signs are more difficult to read at night than are the digital

billboards.
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Figure 32. Speed Maintenance as Measured by the Standard Deviation of Speed by Event
for the Nighttime Exploratory Study.

Lane keeping. Lane keeping also showed a trend towards greater lane deviations in the presence
of both digital billboards and conventional billboards as shown in Figure 33. As was tiue for
speed maintenance, conventional billboards showed higher values than did digital billboards.
Again, this may be an indication of the difficulty of reading these signs at night.
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Figure 33. Lane Keeping as Measured by the Standard Deviation of Lane Position by Event
for the Nighttime Exploratory Study.

Nighttime Luminance Measures

The luminance was measured with a Radiant Imaging Charge-Coupled Device (CCD)
photometer with a 300 mm lens. The CCD photometer provided a method of capturing the
Jluminance of an entire scene at one time. Luminance represents the amount of light that is
projected off a surface in a given direction. For this investigation, the direction of interest was
towards the driver. Luminance is measured in candelas per meter squared.

The photometer was located in the experimental vehicle as close to the driver's position as
possible (Figures 34 and 35). The experimental vehicle was then driven to the sign location and
stopped on the side of the road. Images of the sign were then acquired. For multiple face signs
such as the digital and the tri-visions signs, each of the presented messages was imaged. Using
the software provided with the system, the average luminance of the sign and each message was
measured. The photometer was connected to a laptop computer in the back seat that stored the
data as the images were acquired. All measurements were taken at night. Figure 36 shows the
average luminance measures for cach of the four event types measured in candelas per meter
squared. Note that the digital billboards had noticeably higher luminance values than any of the
other event types, even though their luminance was automatically reduced at night. This
probably explains some of the driver performance findings in the presence of the digital
billboards. The overall ranking of luminance by event (digital billboards were the highest,
followed in order by comparison events, conventional billboards, and bascline events) closely
mirrors the rankings of many of the performance measures for both daytime and nighttime,
including eyeglance, speed maintenance, and lane keeping. Altogether, there were 74
measurements (17 for comparison events, 36 for digital billboards, 6 for conventional billboards,
and 15 for baseline events). More readings were taken for the digital billboards because each

message was measured individually.
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Figure 34. Bracket for Radiant Imaging CCD Photometer.

Figure 35. Radiant Imaging CCD Photometer in Position for Measurements, with
Experimenter Making Final Adjustments.
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Figure 36. Average Luminance of the Four Event Types, in Candelas per Meter Squared.
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COMPARISONS TO THE CHARLOTTE STUDY

There were several similarities and several differences between this study and the study
conducted in Charlotte, NC. The original intent was to make the studies as similar as possible,
and this was achieved to the degree possible, as demonstrated by the following items:

e Both were conducted in mid-sized cities (Charlotte population: 540,828; Cleveland
population: 478,403; both figures taken from US Census 2000).

e Both were conducted in areas with similar terrain (fairly flat, with a few rolling hills;
Charlotte elevation: 650 feet; Cleveland elevation: 581 feet).

e Both studies included conventional billboards, comparison events, and baseline
events,

¢ Both studies showed similar results when conventional billboards were compared to
baseline and comparison sites (very few differences in eyeglance measures, speed
maintenance, or lane keeping for conventional billboards as compared to baseline
events and comparison events).

e Both studies used 36 participants who performed the experiment in the daytime,
equally divided into four age by gender cells (nine older males, nine older females,
nine younger males, and nine younger females).

¢ Both included participants who lived and worked in the area and were familiar with at
least some parts of the route.

¢ Both studies were conducted during similar times of day (between rush hours, from
about 9 a.m. to 4 p.m.).

e Both studies included surface streets and interstates.

e Both studies used the same make and model of vehicle, and similar instrumentation.

¢ Both studies used the same basic protocols and questionnaires.

¢ The data were reduced and analyzed in a similar fashion using the same software
tools.

e Both studies were sponsored by a foundation with strong ties to the outdoor
advertising industry. Thus, in each study every effort was made to remove sources of
potential bias. These efforts included:

o Final selection of route and events were made by VTTI project staff;

o Data collection and reduction was as automated as possible (speed and lane
keeping data were totally automated, and involved no human intervention or
interpretation); and

o In the case of eyeglance data reduction, where human intervention and
interpretation were necessary, data reductionists knew very little about the project,
its focus, or its sponsor. They evaluated each event according to a number code,
with no knowledge about whether the number represented a digital billboard,
conventional billboard, comparison event, or baseline event.

o In addition, the participants themselves did not know the true purpose of the

study.
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Differences between the two studies included the following items; these were motivated
primarily by the difference in focus between the two studies:

The focus of the Charlotte study was driver performance in relation to conventional
billboards, while the focus of the Cleveland study was driver performance in relation
to digital billboards.

The comparison events in each study were chosen to be comparable to the events of
interest. In the Charlotte study, the comparison events were chosen prior to data
collection and were considered by the experimenters to be visually similar to
conventional billboards. In the Cleveland study, the comparison events were again
chosen prior to data collection and were considered by the experimenters to be
visually similar to digital billboards.

The Cleveland route was longer (50 miles, versus 35 miles for the Charlotte study;
this was due to the need to include as many digital billboards as possible).

The Cleveland subject pool was not as representative of the demographics of
Cleveland as was the Charlotie subject pool (in terms of race and ethnicity). For
example, Cleveland is approximately 41% Caucasian, while 97% of the participants
were Caucasian. Charlotte is 58% Caucasian and 61% of the participants in that
study were Caucasian.

The Charlotte study examined the 7 seconds preceding each event, while the
Cleveland study used 8 seconds (to increase the chances of capturing data for a
message change for the digital billboards).

The Cleveland study included digital billboards, which were not present in the
Charlotte study.

The Cleveland study included an exploratory nighttime study using 12 of the daytime
participants.

Luminance measures were obtained for the Cleveland study as part of the nighttime
exploratory study.

The Charlotte study included some US highway type roads that were not available in
the Cleveland study.

Because the digital billboards were all located on the interstate segments of the route,
the road type and event type were confounded, unlike in the Charlotte study. To get
around this, some of the analyses examined only events occurring on interstates.
Because most of the drivers were more familiar with the interstate segments than with
the surface streets, road type and familiarity were also confounded to a greater degree
than in the Charlotte study. However, this interaction was not a primary focus of the
current study.

The Cleveland study was conducted in late fall and early winter, while the Charlotte

study was conducted in late spring.
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CONCLUSIONS

As with all studies, especially those conducted in real-world environments, the research design
demonstrated both limitations and strengths. The study was designed to be as similar as possible
to the study previously conducted in Charlotte, NC, with the major exception of the focus of the
study (conventional billboards for Charlotte and digital billboards for Cleveland). The studies
were similar in many important aspects with the exception of the location of the digital
billboards. In the Charlotte study, billboards were present on all road types, while in Cleveland,
all of the digital billboards were located along interstate highways. Thus, no conclusions can be
made regarding the potential impact of digital billboards located on surface streets on driver
behavior or performance. Despite this one flaw, necessitated by the real-world constraints of the
digital billboard locations, the overall findings of this study were consistent and compelling.

The overall conclusion, supported by both the eyeglance resuits and the questionnaire results, is
that the digital billboards seem to atiract more attention than the conventional billboards and
baseline sites (as shown by a greater number of spontaneous comments regarding the digital
billboards and by longer glances in the direction of the billboards). The comparison events, 25%
of which included signs with digital components, showed very similar results to the digital
billboards. Thus, there appears to be some aspect of the digital billboards and on-premises signs
that holds the driver’s attention once the driver has glanced in that direction. This is most likely
the result of the intrinsic lighting of these signs, which is noticeable even during the daytime.
Drivers may also have maintained longer glances towards the digital billboards in the hopes of
catching the next message (knowing that the message changed periodically), although an
analysis of longer glances did not bear this out.

Although exploratory in nature, the nighttime results were very similar to the daytime results,
with degraded eyeglance performance for digital billboards and comparison events. The digital
billboards were also found to have much higher luminance at nighttime than any of the other

event types.

These particular LED billboards were considered safety-neutral in their design and operation
from a human factors perspective: they changed only once every eight seconds, they changed
instantaneously with no special effects or video, they looked very much like conventional
billboards, and their luminance was attenuated at night. It is thus quite likely that digital signs
with video, movement, higher luminance, shorter on-message duration, longer transition times,
and special effects would also be related to differences in driver behavior and performance.
Because of the lack of crash causation data, no conclusions can be drawn regarding the ultimate
safety of digital billboards. Although there are measurable changes in driver performance in the
presence of digital billboards, in many cases these differences are on a par with those associated
with everyday driving, such as the on-premises signs located at businesses. Conventional
billboards were shown both in the current study and in the Charlotte study to be very similar fo
baseline and comparison events in terms of driver behavior and performance; thus, the design of
digital biliboards should be kept as similar as possible to conventional billboards.
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APPENDICES

Appendix A: Initial Participant Telephone Screening Form
FOARE Cleveland Participant Screening Script

Note to Researcher:
Initial contact between participants and researchers may take place over the phone. If this is the

case, read the following Introductory Statement, followed by the questionnaire. Regardless of
how contact is made, this questionnaire must be administered verbally before a decision is made

regarding suitability for this study.

Introductory Statement:
After prospective participant calls or you call him/her, use the following script as a guideline in

the screening interview.

Hello. My name is Melinda McElheny and I'm a researcher with the Virginia Tech
Transportation Institute in Blacksburg, Virginia. The project involves participation in a driving
study to help researchers understand how people drive.

This study involves coming to a meeting room at the Residence Inn by Marriott in Independence,
OH, just south of Cleveland on 1-77 one time for approximately 2 hours. During this session you
would help us by driving one of our vehicles along a pre-selected route for about 50 miles. The
vehicle will be equipped with data collection equipment. Does this sound interesting to you?

Next, I would like to ask you several questions to see if you are cligible to participate.

Questions
1. Do you have a valid driver's license?

Yes No

2. How often do you drive each week?

Every day At lcast 2 times a week  Less than 2 times a week
3. How old are you? (stop if not 18-35 years old or 50-75 years old.)

4. 'What type of vehicle do you usually drive?

5. Have you previously participated in any experiments at the Virginia Tech Transportation
Institute? If so, can you briefly describe the study?

Yes
No
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6. How long have you held your drivers' license?

7. Are you able to drive an automatic transmission without assistive devices or special
equipment? Yes No

8. Do you have a history of any of the following? If yes, please explain.

Stroke No Yes
Brain tumor No Yes
Head injury No_ Yes
Epileptic seizures No Yes
Respiratory disorders No Yes
Motion sickness No_ Yes
Inner ear problems No Yes
Dizziness, vertigo, or other balance problems No Yes
Diabetes No__ Yes
Migraine, tension headaches No_ Yes

9. (Females only, of course) Are you currently pregnant?

Yes No (If “yes” then read the following statement to the
participant: “It is not recommended that pregnant women participate in this study. However,
female participants who are pregnant and wish to participale must first consult with their
personal physician for advice and guidance regarding participation in a study where risks,
although minimal, include the possibility of collision and airbag deployment.”)

10. Are you currently taking any medications on a regular basis? If yes, please list them.

Yes
No

11. Do you have normal or corrected to normal hearing and vision? If no, please explain.

Yes
No

12. Have you ever had radial keratotomy, LASIK, or other eye surgeries? If yes, please specify.

Yes
No
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[ would like to take your name, phone number or phone numbers, and/or email where you can be
reached and hours/days when it's best to reach you.

Name Male/Female

Phone Numbers Age:

Best Time to Call

Email

When contacting participants for scheduling purposes, the following statement must be included
in the conversation. “We ask that all participants refrain from drinking alcohol and taking any
substances that will impair their ability to drive prior to participating in our study.”

Criteria for Participation:

Must hold a valid driver's license.

Must be 18-35 or 50-75 years of age.

Must drive at least 2 times a week.

Must have normal (or corrected to normal) hearing and vision.

Must be able to drive an automatic transmission without special equipment.

Cannot have lingering effects of brain damage from stroke, tumor, head injury, recent

concussion, or infection. Cannot have had epileptic seizures within 12 months,

respiratory disorders, motion sickness, inner ear problems, dizziness, vertigo, balance

problems, diabetes for which insulin is required, chronic migraine or tension

headaches.

7. Cannot currently be taking any substances that may interfere with driving ability
(cause drowsiness or impair motor abilities).

8. No history of vadial keratotomy, LASIK eye surgery, or any other ophthalmic surgery.

9. Must be willing to drive without sunglasses or tinted lenses.

10. Must live or work in the Cleveland area.

SR

A total of 2 hours of time will be needed. What days and times would you be able to participate?

Saturday Sunday Monday Tuesday Wednesday Thursday Friday
9:30 9:30 9:30 9:30 9:30 9:30 9:30
11:45 11:45 11:45 11:45 11:45 11:45 11:45
2:00 2:00 2:00 2:00 2:00 2:00 2:00

Thank you for your time. I will contact you to schedule a session if you are selected as a
participant,
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Appendix B: Informed Consent Form
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Informed Consent for Participants
of Investigative Projects

Title of Project: Influence of driver characteristics on driving performance
Investigators:  Dr. Suzanne E. Lee, Research Scientist, Virginia Tech Transportation Institute.

Dr. Ronald B. Gibbons, Research Scientist, Virginia Tech Transportation
Institute.

Melinda J. McElheny, Senior Research Specialist, Virginia Tech
Transportation Institute. '

1. The Purpose of this Research Project
This study will collect driver performance data to help understand the way people drive in a
natural environment (with no experimenter present). The goal of this study is improve the

understanding of how people drive.

II. Procedures
For this study you will be asked to drive on a loop-route on freeways and highways in Cleveland,

Ohio. We want you to drive as you normally would on any roadway, following the typical laws
and regulations of the road. The session is expected to last about two hours, including this

orientation. You will then be paid for your participation.

This vehicle contains sensors and data processing equipment that will capture aspects of your
driving behavior. Small video cameras are also mounted in the vehicle. One of these cameras
will be directed toward your face while you are driving. The equipment has been installed in
such a way that you will hardly be able to notice its presence. It will not mterfere with your
driving, and there is nothing special that you will need to do in regard to the equipment.

This experiment will consist of five experimental stages:

1. Introductory stage
This stage consists of preliminaries. You will be asked to read the informed consent form. Once

you have signed this form, we will also ask to see your driver's license, and an eye exam will be
administered. Finally, we will have you complete a medical questionnaire. Once you have
completed this stage we will go on to stage 2.

2. Familiarization with the test vehicle
While the instrumented vehicle is parked you will be shown how to operate the vehicle (for
example, lights, mirror adjustments, windshield wipers, etc.) as this may be different from your
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personal vehicle. You will then be asked to set each control to the best level for your comfort
and driving performance. You will then take a short drive with the experimenter riding along in
the passenger’s seat to become familiar with the vehicle. This stage should take approximately

15 minutes.

3. Preparation for loop route
The experimenter will then review the loop-route with you. You will be given a map and written

directions that the experimenter will review with you.

4. Driving the loop route

You will then drive the instrumented vehicle for approximately 1.5 hours over the pre-planned
- loop route of approximately 50 miles. You are expected to follow the posted speed limit and to
wear your seatbelt. Also, please stay in the right-hand lane to the extent possible during the
drive. The loop route is to be completed in one session if possible.

5. Debriefing and Payment
After completing the experiment, you will return here for a short debriefing session. You will

then be paid for your participation. It is expected that the complete session will last
approximately 2 hours, including orientation, loop-route, and debriefing.

II1. Risks

The experiment is believed to be minimal risk. There are risks or discomforts to which you are
exposed in volunteering for this research. The risks in this study are the same as the risks

normally associated with driving on public roadways. The risks involved include the following:

1) The risks normally associated with driving on commonly encountered roadway segments at
freeway speeds, and if you are participating in the nighttime driving study, the risks include
those normally associated with driving on similar roadway segments at night.

2) Possible fatigue due to the length of the experiment. However, the route will be selected to
minimize the amount of driving required. You will be instructed to exit the roadway to take
a break if you feel the need to do so at any time during the éxperimental session.

3) Cameras will videotape you as you drive the vehicle; therefore, we will ask you not to wear
sunglasses. However, you should feel free to put on your sunglasses if this request at any
time impairs your ability to drive the vehicle safely.

The following precautions will be taken to ensure minimal risk to you:

1) The experimenter will monitor you during the orientation drive and help you become familiar
with the experimental vehicle. However, as long as the you are driving the research vehicle,
it remains your responsibility to drive in a safe, legal manner.

2) You will be required to wear the lap and shoulder belt restraint system while in the car. The
vehicle is also equipped with a driver's side airbag supplemental restraint system.

3) If an accident does occur, you will be instructed to call appropriate emergency services via a
cell phone in the glove compartment, and then to call the experimenter. If a visit to a medical
facility is required, you would be required to undergo examination by medical personnel.
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4) A cell phone (stored in the glove compartment) will be made available for you to call the
experimenter for any reason. You will be instructed to call only while the vehicle is in a safe
location, and while the vehicle is not in motion.

5) All data collection equipment will be mounted such that, to the greatest extent possible, it
does not pose a hazard to you in any foreseeable case.

6) None of the data collection equipment or the display technology interferes with any part of
your normal field of view present in the automobile.

IV. Benefits of this Research Project

The information collected from this project will provide new information on how people tend to
drive in a natural setting. This information will be used to improve roadway and vehicle design,
so that roadside and in-vehicle devices can be better designed to fit in with what people expect.
While there are no direct benefits of participating in this study, you may find the experiment
interesting. No guarantee of benefits has been made to encourage you to participate. However,
to avoid biasing other potential participants, you are requested not to discuss this study with
anyone for at Jeast 8 months after participation.

V. Extent of Anonymity and Confidentiality

The results obtained from this study will be kept completely anonymous. Your name will not
appear on data derived from your session. Only a number will differentiate your data from
others who take part in the study. This number, and not your name, will also be used in

subsequent data analyses and reports.

As indicated, video will be recorded while you are driving. The video includes an image of your
face, so that we can determine where you are normally looking. The video will be treated with
confidentiality and kept secure. 1t will be shared only with other qualified researchers, and not

published except as noted in the following paragraph.

If at a later time we wish to use the video information for other than research purposes, say, for
public education, or if we wish to publish (for research or for other purposes) your likeness or
other information from the study that identifies you either directly or indirectly, we will only do
so after we have contacted you again and obtained your explicit permission.

V1. Compensation
You will be paid $20 per hour for the time you actually spend in the experiment. It is estimated

that the entire session, including orientation, driving, and debriefing will be 2 hours. Payment
will be made in cash immediately after you have finished your participation.

VII. Freedom to Withdraw
You are free to withdraw at any time without penalty. If you choose to withdraw from this study

you will be compensated for your time up until that point.

VHI. Medical Treatment and Insurance

If you should become injured in an accident, the medical treatment available to you would be
that provided to any driver or passenger by emergency medical services in the vicinity where the
accident occurs. The vehicle you will be driving is insured for automobile liability and
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collision/comprehensive through Virginia Tech and the Commonweaith of Virginia. There is
medical coverage for you under this policy. The total policy amount per occurrence is
$2,000,000. This coverage would apply in case of an accident, except as noted below.

Under certain circumstances, you may be deemed to be driving in the course of your
employment, and your employer's worker's compensation provisions may apply in lieu of the
Virginia Tech and Commonwealth of Virginia insurance provisions, in case of an accident. The
particular circumstances under which worker's compensation would apply are specified in
Virginia law. If worker's compensation provisions do not apply in a particular situation, the
Virginia Tech and Commonwealth of Virginia insurance provisions will provide coverage.

Briefly, worker’s compensation would apply if your driving for this research can be considered
as part of the duties you perform in your regular job. Ifit is not considered as part of your

regular job, then the insurance policy would apply.

IX. Approval of Research
You should know that this research project has been approved, as required by the Institutional

Review Board for Research Involving Human Participants at Virginia Polytechnic Institute and
State University, and the Virginia Tech Transportation Institution.

X. Participant's Responsibilities
I voluntarily agree to participate in this study. Ihave the following responsibilities:

1) I should not participate in this study if I do not have a valid driver's license or if I am
not in good health.

2) I should notify the experimenter if at any time I do not want to continue my
participation.

3) I should operate the instrumented vehicle in a safe and responsible manner.
4) 1 should answer all questions truthfully.
X1. Participant’s Permission

Check one of the following:

O 1have not had an eye injury/eye surgery (including, but not limited to, LASIK, Radial
Keratotomy, and cataract surgery.)

O I have had an eye injury/eye surgery and I've have been informed of the possible risks to
participants who have had eye surgery. I choose to accept this possible risk to participate

in this study.
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[ have read and understand the Informed Consent and conditions of this project. 1 have had all
my questions answered. I hereby acknowledge the above and give my voluntary consent for

participation in this project.

If I participate, I may withdraw at any time without penalty. I agree to abide by the rules of this
project.

Signature Date

Should 1 have any questions about this research project or its conduct, I may contact:

Dr. Suzanne E. Lee, Principal Investigator (540) 231-1511
Melinda J. McElheny, Senior Research Specialist (540) 231-1557
David Moore, Chair of the Virginia Tech Institutional Review Board (540) 231-4991

Participants must be given a complete copy (or duplicate original) of the signed Informed
Consent.
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Appendix C: Health Screening Questionnaire

1.

3.

Health Screening Questionnaire

Are you in good general health?

Yes

No

Participant #

If no, list any health-related conditions you are experiencing or have experienced in the

recent past.

Have you, in the last 24 hours, experienced any of the following conditions?

Inadequate sleep Yes No

Hangover Yes No

Headache Yes No

Cold symptoms Yes No

Depression Yes No

Allergies Yes No

Emotional upset Yes No
Do you have a history of any of the following?

Visual Impairment Yes No
(If yes, please describe.)

Seizures or other lapses of

consciousness Yes No
(If yes, please describe,)

Any disorders similar to the

above or that would impair

your driving ability Yes No

(If yes, please describe.)
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Participant #

List any prescription or non-prescription drugs you are currently taking or have taken in the
last 24 hours.

. List the approximate amount of alcohol (beer, wine, fortified wine, or liquor) you have

consumed in the last 24 hours.

. Are you taking any drugs of any kind other than those listed in 4 or 5 above?

Yes No

Signature Date
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Participant #

Appendix D: Post Drive-Questionnaire

Thank you for participating in this driving study. We appreciate your responses to the following
items. All information will remain confidential.

1. Please check either “Familiar” (driven at least once a week) or “Not Familiar” (driven less
than one time a week) for the following roadway sections:

[-480between 1-77 and 150" Familiar Not Familiar
W.130% _Bellaire-W.117" Familiar Not Familiar
1-90 between 9™ and 185" Familiar Not Familiar
Carnegie St. Familiar Not Familiar
1-77 between 1-90 and Rockside Familiar Not Familiar

2. For the following systems, please check what you liked or disliked:

Seating like neutral dislike
Air conditioning like neutral dislike
Engine power like neutral dislike
Visibility like neutral dislike
Steering like neutral dislike

3. Please check the top five items that most caught your attention during your drive:
Surrounding traffic
Other drivers
Construction areas
Road/street signs
Emergency vehicles
Buildings
Landmarks
Walls
Landscaping/scenery
Gas Stations
Restaurants
Motels/Hotels
Billboards
Towers
Highway/Exit Signs
Smoke Stacks
Apartments/housing
Other

RRUARERER

|

|
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4. Did you experience any problems while following the written directions? __ Yes __No
If yes, please describe:

5. What was most memorable about the drive? For example, where there any objects that stood
out?

6. What other activities do you typically engage in while driving?

7. Does anything about other drivers bother you? If so, please briefly describe:

8. Please provide any other input about this study:

9. In what city do you live?

10. In what city do you work?

11. What level of education have you completed?

Elementary/Secondary
Junior High School
High School degree
2-yr Associate degree
Bachelor’s degree
Master’s degree

Doctoral/Professional degree

12. Please indicate your marital status:

single married widowed divorced separated

13. Which of the following groups best represent your ethnicity?
African American
Hispanic (Latino)
Asian




Participant #

Native American (American Indian)
European (Caucasian, White)
Multi-racial

14. Which of the following best represents your annual household income?
$0-$24,999
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
> $100,000

|

15. What was the purpose of this study?
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FOREWORD

The Highway Beautification Act of 1965 outlined control of outdoor advertising, including
removal of certain types of advertising signs, along the Interstate Highway System and the
existing Federal-aid primary roadway system. Since that time, most States have evolved a body
of legislation and/or regulations to control off-premise outdoor advertising (billboards), and
many local governments have developed similar rules.

The advent of new electronic billboard technologies, in particular the digital Light-Emitting
Diode (LED) billboard, has necessitated a reevaluation of current legislation and regulation for
controlling outdoor advertising. In this case, one of the concerns is possible driver distraction.
In the context of the present report, outdoor advertising signs employing this new advertising
technology are referred to as Commercial Electronic Variable Message Signs (CEVMS). They
are also commonly referred to as Digital Billboards (DBB) and Electronic Billboards (EBB).

The present report reviews research concerning the possible effects of CEVMS used for outdoor
advertising on driver safety, including possible attention and distraction effects. The report
consists of an update of earlier published work, an investigation of applicable research methods
and technigques, recommendations for future research, and an extensive bibliography. The report
should be of interest to highway engineers, traffic engineers, highway safety specialists, the
outdoor advertising industry, environmental advocates, Federal policy makers, and State and
local regulators of outdoor advertising.
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1.0 INTRODUCTION

The present report reviews research concerning the possible effects of Commmercial Electronic
Variable Message Signs (CEVMS) used for outdoor advertising on driving safety. The report
consists of an update of eatlicr published work by Farbry et al., which consists of an investigation
of applicable research methods and techniques, recommendations for future research, and an
extensive bibliography.” The Federal Highway Administration (FHWA) has evaluated possible
safety effects of CEVMS in two previous studies. The first study was completed in 1980 and the
second in 2001.% Since then, CEVMS technology has evolved, in particular the expanded use
of digital Light Emitting Diode (LED) arrays, as well as the implementation of new
programmable formats and messages. The present report concentrates on identifying potential
factors that may contribute to determining whether there are any significant safety concerns or
distraction effects with regards to CEVMS used for outdoor advertising. Throughout the present
report, the acronym CEVMS will be employed to refer to both the singular and plural case.

1.1 BASIC RESEARCH QUESTION

The basic research question being addressed in this report is whether the presence of CEVMS
along the roadway is associated with a reduction in driving safety for the public. Increases in
vehicle crashes along a certain portion of the roadway are generally regarded as an indication of
a possible safety concern. Thus, the measurement of crash rates in the vicinity of CEVMS in
comparison with crash rates at matched control locations without CEVMS is one possible way to
determine possible safety impacts. But, the crashes are rare multicausal events which are difficult
to measure. Therefore, measurements of driving behavior in near-crash situations are sometimes
taken as a substitute for crashes. These safety surrogate measures may then be generalized to
other driving behaviors that represent possible precursors of crashes-—like sudden braking, sharp
swerving, or traffic conflicts—even though no crash occurs. Usually, because these safety
surrogate measures are more frequent and easier to measure, they are often employed instead of
or in addition to crashes. Thus, determining the frequency of occurrence of certain relevant
safety surrogate driving behaviors in the vicinity of CEVMS in comparison with the frequency of
occurrence of such behaviors at matched control locations without CEVMS is another possible
way to determine possible safety impacts. The validity of using such safety surrogate measures
rests on the assumption that they are related to actual vehicle crashes, which seems intuitively
reasonable but has not been conclusively demonstrated.

There is another approach to defermining the possible safety impact of CEVMS. This approach
is based upon the abstract psychological constructs of driver attention and distraction. A driver
must devote a certain amount of attention to the driving task at hand, and sufficient distraction
from that driving task could be associated with the higher risk of a crash. The measurement of
driver eye glance behavior is often taken as an indirect indicator of attention. Thus, the driver’s
eye glances should be concentrated in the region of the roadway ahead, and any frequent or long
eye glances away from this region toward other objects, including CEVMS, could be regarded as
an indication of possible driver distraction. If the eye glances toward a certain object and away
from the roadway ahead are sufficiently frequent or sufficiently long to exceed criteria
established for safe driving, this outcome can be taken as an indication of a possible safety
impact. The validity of using eye glance behavior measures in this manner rests on two




assumptions: that eye glances are related to attention and/or distraction and that there are
generally accepted safety criteria for excessive eye glances away from the roadway ahead. These
assumptions are not universally accepted.

In summary, the basic research question is whether the presence of CEVMS along the roadway is
associated with a reduction in driving safety for the public. The three fundamental methods for
answering this question include if there is an increase in crash rates in the vicinity of CEVMS, if
there is an increase in near-crashes or safety surrogate measures in the vicinity of CEVMS, and if
there are excessive eye glances away from the roadway ahead in the vicinity of CEVMS.

1.2 SCOPE

In this report, a CEVMS will be defined as a self-luminous advertising sign which depicts any
kind of light, color, or message change which ranges from static images to image sequences to
full motion video. The CEVMS may also be referred to as an Electronic Billboard (EBB) or a
Digital Billboard (DBB). The present report concentraies on the possible effects of CEVMS on
driver attention, driver distraction, and roadway safety. The report is divided into 10 sections:
Introduction, Literature Review Update, Key Factors and Measures, Research Strategies, Future
Research Program, Recommended First Stage Study, Conclusions, References, Bibliography,

and Appendices.

Investigating the possible safety effects of CEVMS is sufficiently complex so that no single
experiment will answer all of the relevant scientific and engineering questions, The present
report outlines a top-level broad program of potential future research, and it defines in greater
detail three possible studies, any one of which could serve as a possible first step. After these
discussions, a course of action is recommended. Although off-premise advertising signs
constitute the main focus of FHWA attention, the influence of on-premise advertising signs will
also be considered to create a more comprehensive and consistent research approach.

In parallel with the present project, a related study is being performed under National
Cooperative Highway Research Program (NCHRP) Project 20-7 (256), titled “Safety Impacts of
the Emerging Digital Display Technology for Outdoor Advertising Signs.” Both the present
project and the NCHRP study begin with the understanding that, despite years of research, there
have been no definitive conclusions about the presence or strength of adverse safety impacts
from CEVMS. The two projects differ in three significant ways. First, the NCHRP study is
undertaking a broad, critical review of the research literature in this field. The present project is
more focused on literature update oriented toward the identification of suitable independent and
dependent variables for future research. Second, the NCHRP study is reviewing current
regulations and guidelines for the control of roadside advertising that may exist in foreign
countries to assess their applicability to U.S. highways and streets. Aside from mention in the
literature review update portion, the present report does not directly address regulations and
guidelines. Third, the NCHRP study will synthesize current research results and current
regulations and guidance to recommend how State and local governments might enact reasonable
temporary guidance for the control of CEVMS within their own jurisdictions. Such guidance
may be applicable on an interim basis pending the outcome of future, more conclusive research
outlined in the present project. As a result, such interim guidance may need to change as new




technical information is developed. The present report does not provide guidance to States on the
control of CEVMS.







2.0 LITERATURE REVIEW UPDATE

2.1 BACKGROUND

The research that addresses the possible safety and distraction effects of outdoor advertising
billboards has been extensive and long standing, Dating back to the 1930s, this research reached
a peak in the 1950s and 1960s. Research continued at low ebb through the 1980s, and then all but
ceased. With the advent of newer billboard technologies (e.g., l]amp matrix, rotating disc, tri-
vision, and, most recentty, LED) and with the corresponding questions raised by regulators,
safety researchers, and the public, research has increased again since the turn of the century.
These newer billboard technologies, especially the LED technology, ushered in the increasing
use of CEVMS for on-premise and off-premise advertising. The current research focuses on
information that has become available since the publication of the most recent FHWA report, but
it also includes earlier relevant studies not previously identified. " The present review is
organized into five major categories according to the research context for the study: post-hoc
crash studies, field investigations, laboratory investigations, previous literature reviews, and
reviews of practice. The categories that contain empirical data have a brief discussion of
potential methodological problems inherent in the types of studies characteristic of that category.

2.2 POST-HOC CRASH STUDIES

Post-hoc crash studies review police traffic collision reports or statistical summaries of such
reports to understand the causes of crashes that have taken place in the vicinity of some change
to the roadside environment. In the present case, the change of concern is the intreduction of
CEVMS to the roadside or the replacement of conventional billboards with CEVMS.

A number of studies have been conducted over the years using the crash methodology. Three
such studies were not reviewed in prior FHWA studies. In a study similar to that conducted in
the 1970s in Massachusetts, the Freeway Operations Unit of the Wisconsin Department of
Transportation (WisDOT) analyzed bidirectional crashes on I-94 near an electronic billboard
with a 5.0 s message dwell time.®¥ Crash rate data were collected for 3 years prior to and

3 years after sign operation began. For eastbound traffic, total crashes increased 36 percent over
the 3 year post operational period compared to the baseline preoperational condition. In addition,
side-swipe crashes increased 8 percent, and rear-end crashes increased 21 percent. For
westbound traffic, total crashes increased 21 percent, sideswipe crashes increased 35 percent,
and rear-end crashes increased 35 percent. The authors of the WisDOT study concluded that, “it
is obvious that the variable message sign has had an effect on traffic, most notably in the increase

of the side-swipe rate” (p. 3).9

Stutts et al. conducted an analysis of several crash data reporting systems to identify major
sources of driver distraction and the relative importance of different types of distraction as
contributing factors in motor vehicle crashes.® Distraction was described as one form of
inattention, and it has been implicated as a factor in more than half of the police reported
inattention crashes identified by the National Highway Transportation Safety Administration.®
In this study, 8.3 percent of drivers involved in police-reported crashes were identified as
distracted, but 35.9 percent of these crashes were coded as “unknown.” For this and other
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reasons, it is believed that the reported percentage of distraction-related crashes substantiaily
under-represents the true statistics.” Among the types of distractions coded in the database, the
largest contributor (29.4 percent) was “outside person, object, or event,” and the second largest
(25.6 percent) was “other.”

Smiley et al. studied the relationship between video advertising signs and motor vehicle crashes
at downtown intersections and on the freeway.” Crash data were analyzed from three
intersections before and after the introduction of video advertising signs. When the three
intersections were evaluated individually, two demonstrated increases in both total and rear-end
crashes; the third showed no significant increase in such crashes. The authors believe that the
Jack of statistical significance may be due to the small number of crashes identified. For the
freeway environment, crash data on the video approach was compared to crash data for three
non-video approaches, one of which was deemed the most comparable (control) segment. For
this comparison, the authors report a negligible increase in injury collision crash frequencies on

the video approach.

Following the design of their earlier study on conventional billboards, Tantala and Tantala
analyzed police accident reporis in the vicinity of seven digital billboards on interstate highways
near Cleveland, OH.® Both their current and earlier studies were sponsored by the outdoor
advertising industry. Reported crashes were analyzed for a period of 18 months prior to and after
the conversion of these billboards from conventional to digital. They found essentially no
statistically significant differences in crash rates before and after the conversion.

Unfortunately, all post-hoc crash studies are subject to certain weaknesses, most of which are
difficult to overcome. For example, the vast majority—more than 80 percent in one study—of
accidents are never reported to police; thus, such studies are likely to underreport crashes. Also,
when crashes are caused by factors such as driver distraction or inattention, the involved driver
may be unwilling or unable to report these factors to a police investigator. Another weakness is
that police, under time pressure, are rarely able to investigate the true root causes of crashes
unless they involve serious injury, death, or extensive property damage. Furthermore, to have
confidence in the results, researchers need to collect comparable data in such studies before and
after the change and in the afier phase at equivalent but unaffected roadway sections. Last, since
crashes are infrequent events, data collection needs to span extended periods of time, both before
and after introduction of the change. Few studies are able to obtain such extensive data. For a
more specific analysis of some possible design and methodological concerns with the study by
Tantala and Tantala, see Wachtel,®?

2.3 FIELD INVESTIGATIONS

The spectrum of field investigations related to roadway safety is broad. It includes unobtrusive
observation, naturalistic driving studies, on-road instrumented vehicle investigations, test track
experiments, driver interviews, surveys, and questionnaires. Klauer et al,, in one of several
papers to emerge from a National Highway Traffic Safety Administration (NHTSA) project
known as the “100-Car Naturalistic Driving Study,” provides preliminary information about the
role of driver inattention in crashes and near-crashes."® Although the study did not specifically
address CEVMS, it represents an important methodology for investigating driver distraction.
Their results show that 78 percent of crashes and 65 percent of near-crashes included driver




inattention and/or distraction as a contributing factor. This contribution from inattention and
distraction is larger, by a facior of three, than previous research has indicated. The authors
believe that the “100-Car Naturalistic Driving Study” provides the first direct link (i.e., without
reliance on crash surrogate measures) showing distraction/inattention as a contributing factor to
motor vehicle crashes. In another variant of the “100-Car Naturalistic Driving Study,” Klauer et
al. identifies four specific unsafe behaviors that contributed to crashes and near-crashes."" One
of these, inattention and/or distraction, is of direct relevance to the present project. This term is
operationally defined by Klauer et al. as a driver looking away from the forward roadway for
greater than 2.0 s. Under these conditions, the odds of a crash or near-crash are nearly twice
those than when the driver attends to the forward roadway. The study stresses the importance of
including near-crashes in the database for two reasons. First, the kinematics of crashes and near-
crashes are similar, meaning they involved comparable levels of driver emergency actions, such
as swerving and hard braking. Second, 83 percent of the crashes in this study were not reported
to the police. Thus, the study indicates that relying on crash statistics alone will substantially
underreport crashes due to inattention and/or distraction.

Lee, McElheny, and Gibbons undertook an on-road instrumented vehicle study on interstate and
local roads near Cleveland, OH."? The project, conducted on behalf of the outdoor advertising
industry, looked at driver eye glance behavior toward digital biltboards, conventional billboards,
comparison sites (sites with buildings and other signs, including digital signs), and control sites
(those without similar signage). Performance measures, such as speed maintenance and lane
keeping, were also recorded. Although the major data collection was done in daylight, a small
pilot study was conducted at night. One of the key questions that the study sought to answer was
whether longer glances consisting of over 1.6 s were associated more with any of the event
types.U? This question is based on findings from various studies, including the “100-Car
Naturalistic Driving Study,” which indicates that longer glances away from the road are
associated with higher crash rates."> In discussing their results, the authors state, “...the
distributions of glance duration were similar across all event types, and there was no obvious
pattern of longer glances being associated with any of the event types” (p. 59)." The findings
from the nighttime pilot study led to, “the overall conclusion, supported by both the eye glance
results and the questionnaire results, that the digital billboards seem to attract more attention than
the conventional billboards and baseline sites (as shown by a greater number of spontaneous
comments regarding the digital billboards and by longer glances in the direction of these
billboards” (p. 10).”3) However, in view of the small number of participants, these data were not
analyzed. The authors suggest that at least some of these findings, “would show statistical
significance” if a larger study were to be conducted (p. 64).4

Beijer, Smiley, and Eizenman, working on behalf of the Government of Toronto, Canada,
evaluated driver eye glances toward four different types of roadside advertising signs on roads in
the Toronto, Canada area."” The study employed an on-road instrumented vehicle approach with
a head-mounted eye-tracking device. Active signs—all but traditional billboards—consistently
received longer glances and more total glances than fixed signs. The study found that 22 percent
of all glances were defined as long or greater than 0.75 s, Since 22 of the 25 subjects made at
least one long glance at an advertising sign, the authors conclude that, “distraction...was not just
an isolated incidence” (p. 101).“* The authors suggest that active signs may result in greater
distraction than past studies of the effects of commercial signing might indicate.




Afier a previous study raised concerns about the number and duration of glances made to video
adverlising signs along an expressway in Toronto, Canada, Smiley et al. conducted another study
at the request of the city government.”'” Five different measures were taken, including eye
movements, traffic conflicts, traffic speed and headway, crash data, and public surveys. The
crash data results were described earlier. The results from the other measures were mixed. All of
the video signs attracted attention; the probability of a driver’s looking at such a sign upon
approach was nearly 50 percent. The average glance duration was 0.5 s, similar to those for
official traffic signs. However, one-fifth of the video sign glances lasted longer than 0.75 s, and
some lasted as long as 1.47 s, which were considered unsafe amounts of time. About 38 percent
of glances at the video billboards were made when headways were 1.0 s or less, and

25 percent of the glances took place when the signs were more than 20 ° off the line-of-sight.
These glances were also considered to be unsafe. According to the study, glances at static
billboards and bus shelter ads were made at even greater angles and shorter headways.

It is noteworthy that the earlier study that led to this research, also evaluating a video billboard
on an expressway in Toronto, Canada, produced dramatically different results. This study found
five times the number of glances per subject and three times the glance duration than did the later
2004 study.”> Smiley et al. attribute thesc differences to the longer sight distance available for
the sign in the earlier study, the uninterrupted view, and the location of this sign on a curve.”

Smiley et al. also employed safety surrogate measures of conditions which might be precursors
of a possible crash.”’ The study measured these safety surrogate indicators by means of the
unobtrusive observation method. The drivers of the vehicles were not aware that they were being
observed. In this context, the study measured traffic conflicts, vehicle speed, and vehicle
headway. When comparing video and non-video approaches at the same intersection, at one
intersection the authors found no differences in traffic conflicts; however, at the other, they
found a significant increase in drivers who applied their brakes without cause on the video
approach. Given the comparability of sites, they concluded, “the only reason that could be found
for increased braking...was the presence of the video sign” (p. 108).(7) The speed and headway

data were inconclusive.

In addition, Smiley et al. employed a “public” survey method to determine whether video
advertising might be considered to have “a negative effect on traffic safety” (p. 1 10).
Participants in the survey were approached at three intersection sites which had video
advertising. Of the 152 persons surveyed at the 3 locations, 65 percent felt that video advertising
signs had a negative effect on the ability of a driver to attend to pedestrians and cyclists.
Furthermore, 59 percent of the people said that as drivers, their atiention was drawn to such
signs, while 49 percent of those felt that such signs had a negative effect on traffic safety. A
surprisingly farge number of people—9 out of 152—stated that they personally had experienced
near-crashes, and 2 had experienced actual rear-end crashes that they associated with video
advertising signs. In addition, 86 percent of the respondents suggested that restrictions should be
placed on those types of signs, such as their locations and brightness.

Three of the field investigations of CEVMS effects mentioned earlier employ indirect measures
of driver attention (eye glances) in the context of an on-road instrumented vehicle experimental
approach. Although CEVMS stimuli are real, the experimental approach suffers from a degree of
artificiality in its implementation. The research participants usually drive in an experimental




vehicle along a route which is contrived for experimental purposes, and the route does not serve
a useful purpose in their daily lives. The research participants sometimes drive with an
experimenter present in the instrumented vehicle, and they sometimes wear a head-mounted cye-
tracking device. Two of the three studies cited used a somewhat intrusive but more accurate
head-mounted eye-tracking device. One study used a less obtrusive but also less accurate
vehicle-mounted eye-tracking device, where cameras were mounted in the vehicle cab. Although
the research participants were not told the purpose of the investigation, the participants were
definitely aware that they were participating in a driving experiment of some kind, and they may
not have exhibited entirely natural behaviors as a result. Furthermore, eye glance behavior is
difficult to measure, and it is not easy to relate directly to attention and distraction. For a more
specific analysis of some further design and methodological concerns with the Lee et al. study

cited above, see Wachtel.!%?

The unobtrusive observation method employed in the field by Smiley et al. to collect safety
surrogate measures of potential crashes (e.g., sudden braking, inadequate headway, etc.} does not
create an artificial environment for the driver.” Usually, the sensing devices (loop detectors,
remote cameras, or posted human observers) are hidden in the environment, and they are not
noticed by the drivers. There is no problem of artificiality; the drivers in the study are not even
aware that they are part of a study. However, the safety surrogate variables being measured are
usually infrequent, often multicausal, comparatively subtle, and difficult to measure. For
CEVMS, these variables can also occur over great distances, adding to the difficulty in
accurately and reliably capturing data relating to these variables.

Finally, the public survey method employed by Smiley et al. collected the opinions, attitudes,
and feelings of passersby at intersections with video advertising signs.m The results, while
interesting as a measure of public sentiment, are difficult to relate to the basic research question
of determining whether there are any significant distraction effects or concrete safety concerns

with regards to CEVMS used for outdoor advertising.
2.4 LABORATORY INVESTIGATIONS

Laboratory investigations related to roadway safety can be classified into several categories:
driving simulations, non-driving simulator laboratory testing, and focus groups.

For one such investigation, a non-driving simulator laboratory testing environment was used.!?

For this study, researchers filmed a 27 minute drive and had 200 licensed drivers view the film
while their eye movements were recorded. Billboards generated greater levels of visual attention
than suggested by measures of recall. Billboards were viewed by individuals whether they were
in the “target” audience or not and regardless of whether the billboard was of high or low
interest. In addition, billboards located close to official highway signs received more attention
than those that were farther away.

In a driving simulation laboratory, Crundall et al. compared street level advertisements (SLAs),
such as those on bus shelters, to raised level advertisements (RLAs), which include elevated ads
on poles or streetlights.’” The study was based on the understanding that, in undemanding
situations, drivers have spare attentional capacity; however, when cognitive demands increase,
spare capacity diminishes. As a result, eye movements must focus on the driving task at hand.




Based on their prior research, Crundall et al. believe that if an advertisement is within the
driver’s visual field during a search for hazards, it will attract visual fixations and distract
attention needed to safely perform the driving task.!”’ Because the most relevant information for
hazard detection is distributed along a horizontal plane, the authors believe that the majority of
visual fixations will fall within this plane when the driver is looking for driving-relevant
information. Thus, if an advertisement is located within this window, it will receive more
fixations than will advertisements located outside this window. The principal research
hypotheses tested were that during conditions when drivers were looking for hazards, SLAs
would receive the most attention. When spare capacity was greater, the attention given to RLAs
would increase. The results supported these hypotheses. A post-drive survey showed that SLAs
were judged more hazardous than RLAs.

Young and Mahfoud used a driving simulator in which subjects drove three routes in the
presence and absence of biliboards.""® The presence of billboards adversely affected driving
performance in terms of lateral control and crashes. Billboards also had an adverse impact on
driver attention in terms of the number of glances made to them, and they were associated with a
higher subjective mental workload. In addition, the recall of official road signs was adversely
affected by billboards, which the authors interpreted to mean that drivers were attending to
billboards instead of relevant road signs. The authors reached a “persuasive overall conclusion
that advertising has adverse cffects on driving performance and driver attention” (p. 18).0%

Tn a recent study using a driving simulator, Chan and her colleagues compared the impacts of in-
vehicle versus external-to-vehicle distractors on performance of inexperienced versus
experienced drivers."® The authors were particularly concerned with young, novice drivers
because of the elevated crash risk for this segment of the driving population. They were also
concerned because the researchers believed that distraction could adversely affect the novice
drivers’ poorly developed hazard detection and avoidance skills. Chan et al. theorized that
external distraction may be more harmful than internal distraction because when drivers are
looking within the vehicle, it should be obvious to them that they are not processing relevant
roadway information. However, when drivers are looking at sources outside the vehicle, it is
likely that the forward roadway is still somewhere within the field of view. Thus, it may not be
obvious to drivers (particularly inexperienced drivers) that this important information is not
being fully processed since it is peripheral, unattended, or both.

Chan et al. were primarily interested in the longest glances away from the forward roadway since
these have been implicated in prior studies (e.g., Horrey and Wickens®?) as major contributors
to crashes. Thus, they used as their dependent measure the maximum time that drivers spent
continuously looking away from the forward roadway during a specific distraction task. In terms
of in-vehicle distractors, as hypothesized, inexperienced drivers showed a consistent pattern of
looking away from the roadway for longer periods of time than experienced drivers. However,
the findings about external distractions were quite different and unexpected in two key ways.
There was very little difference in the duration of distraction episodes between the experienced
and inexperienced drivers, and the maximum distraction durations were significantly longer for
the out-of-vehicle tasks than for the in-vehicle tasks. The two experience groups showed little
differences in the percentage of distraction episodes longer than 2.0's, 2.5 s, and 3.0 s, in all
cases longer for the external than for the in-vehicle distractors. The study also demonstrated that,
“drivers are more willing to make extended glances external to the vehicle than intemal to the
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vehicle” (p. 17).9% Chan et al. conclude that, “it is likely that our out-of-vehicle tasks (which not
only engage attention but also draw the eyes and visual attention away from in front of the
vehicle) would have %}lite significant detrimental effects on processing the roadway in front of

the vehicle” (p. 22).1

Three of the laboratory investigations of possible distraction effects mentioned above employ
indirect measures of driver attention (eye glances) in the context of a driving simulation
experimental approach. The inieractive driving simulator approach offers considerable
experimental control over stimulfus parameters, like the size, number, proximity, and change rate
of CEVMS or other advertising display. The simulator is also well suited for executing
parametric studies of the effects of these variables on possible driver distraction. However, the
approach suffers from all of the sources of artificiality found in the on-road instrumented vehicle
approach for conducting field research mentioned earlier. Also, the approach adds the important
source of virtual driving as opposed to real driving. Although the vehicle cab of the driving
simulator may have certain degrees of motion (pitch, roll, heave, etc.) to enhance the sense of
virtual driving, the vehicle cab does not move down the roadway. The visual scene passes by
while the driver and vehicle remain stationary. This degree of artificiality requires considerable
adaptation on the part of the research participants, most of whom need some amount of training
to become accustomed to the differences between driving in a simulator and driving on a real
road. Moreover, in the case of CEVMS, present driving simulators do not have sufficient visual
dynamic range, image resolution, and contrast ratio capability to produce the compelling visual
effect of a bright, photo-realistic LED-based CEVMS on a natural background scene.

One laboratory investigation had research participants watch films of driving scenes containing
billboards while their eye movements were being recorded.'® This study represents an example
of a non-driving simulator laboratory method. It suffers from all of the aforementioned
limitations of laboratory CEVMS or billboard research. In addition, it does not measure the
participants’ response while engaged in a driving task.

2.5 PREVIOUS LITERATURE REVIEWS

Garvey summarizes the literature on sign visibility, legibility, and conspicuity on behalf of the
advertising industry.?") One of his recommendations bears on the issue of distraction from
billboards. He suggests that signs need not be detectable at distances greater than the minimum
required legibility distance. Specifically, he states, “if a sign is detected before it is legible, the
driver will take numerous glances at the sign in attempts to read it” before it becomes legible,
and “these momentary diversions are inefficient and potentially dangerous” (p. 1)@

Cairney and Gunatillake, working on behalf of the Government of Victoria, Australia, undertook
a review of the literature with the goal of generating recommendations for guidelines for the
control of outdoor advertising in that State.®” They cited two prior reviews by Wachtel and
Netherton in the United States and by Andreassen in Australia as the basis of their review.**”
Since these earlier studies, the technology used for the display of roadside advertising and the
addition of in-vehicle distractors has changed. Cairney and Gunatillake conclude that the
principal concern remains the effects that a sign may have on a driver’s visibility of other road
users, the roadway, and traffic control devices, particularly at high-demand locations, such as
interchanges. They suggest several research approaches, including case studies, site
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investigations, and laboratory simulations to address these newer technologies. They conclude
that the best of the studies conducted to date demonstrate that when all confounding variables are
controlled statistically, sites with advertising signs have higher crash rates than sites without
them. However, large, well-controlled studies will be required to detect significant effects
because the effect size is small. They further conclude that changeable message signs may have a
more direct bearing on crash rate than static signs. The findings of the study suggest that
unregulated roadside advertising has the capability of creating a significant safety problem. The
conclusions from their review run counter to Andreassen’s conclusion that, “there is no current
evidence to say that advertising signs, in general, are causing accidents” (p. 4).®

On behalf of the Scottish government, Wallace undertook the most extensive and critical
review of the literature since the two earlier FHWA studies.*” The study concludes that driver
distraction from attention-getting sources can occur even when the driver is concentrating

on the driving task. Furthermore, there is abundant evidence that billboards can function as
distractors, particularly in areas of visual clutter. Billboards can distract in “Jow information™
settings, and distraction from external factors is likely to be underreported and underrepresented

in crash databases.

The Dutch National Road Safety Research Institute reviewed the recent literature for the Dutch
authorities and emphasized some of the stronger, more consistent points made in other studies,
such as billboards should not be placed near challenging road settings, especially at or near
intersections. Also, they should not resemble official traffic signs in pattern or color.®
Furthermore, dynamic signs that display motion or include moving parts should not be permitted.
A key conclusion was that, “precisely in a dangerous situation it is important for the driver to
have his attention on the road; an advertising billboard can slow the driver’s reaction time, which

increases the chance of a crash” (p. 2).%%

The WisDOT sponsored a study which summarizes available information about the safety
impacts of outdoor electronic billboards and tri-vision signs.®® Similar to Crundall, et al. and
Wallace, the authors of this study determined that greater visual complexity associated with a
high-volume location, such as intersections, required drivers to search the environment more
than at lower-volume locations.!?® The authors stated, “it can be conjectured that additional
visual stimuli such as billboards may add additional demand to driver workload in high-volume

mtersections” (p. 6).(26)

Bergeron, on behalf of the Government of Quebec, Canada, re-reviewed many of the studies
originally examined by Wachtel and Netherton and added reviews of several studies conducted
subsequent to 1980.%7 His findings and conclusions, similar to those of other researchers,
indicate that attentional resources needed for the driving task are diverted by the irrelevant
information presented on advertising signs. This distraction leads to degradation in oculomotor
performance, which adversely affects reaction time and vehicle control capability. The study
concludes that when the driving task imposes substantial attentional demands that might occur
on a heavily traveled, high-speed urban frecway, billboards can create an attentional overload
that can have an impact on micro and macroperformance requirements of the driving task.
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2.6 REVIEWS OF PRACTICE

Bergeron also performed a site review at a major elevated expressway in Montreal, Canada,
which was proposed for two future billboards.*® By reviewing the scene and considering various
parameters such as traffic volumes, road geomery, and traffic control devices, Bergeron
concludes that this 1.1 km section was already causing excessive cognitive demands, particularly
for the many unfamiliar drivers. He concluded that the billboards would be inadvisable for
several reasons. First, the location creates a substantial demand on drivers’ mental workloads
because of its complex geometry, heavy traffic, high traffic speeds, merging and diverging
traffic, and the presence of signs and signals that require drivers to make rapid decisions. Also, at
the perceptual level, the billboards would add confusion to the visual environment, thus
impairing drivers’ visual search, tracking, and reaction time. In addition, at an attention level,
billboards could distract drivers. Last, the billboards could add to a driver’s mental workload in a
setting where workload is already quite high. In a road situation such as this one, Bergeron
concludes that the billboard is a “useless drain on limited attentional resources” (p, 5), and it
could lead to reduced performance through inattention errors by overloading the driver’s

information processing abilities.*”

du Toit and Coetzee address the current regulatory process for advertising signs visible from
national roads.*® The authors report that the South African government engages in careful
scrutiny of proposed advertising signs before they are approved for use. All applications receive
a desktop review followed by a site visit. If a decision cannot be made at this point, the
authorities evaluate crash statistics for the proposed location to determine that if it is hazardous.

Key questions asked as part of the review include the following:
e Will the proposed sign obscure the view of an official road sign?
e Will the sign cause a disruption of information flow to the driver?

e Wil the sign’s location distract the driver’s attention at merge/diverge areas, curves, and
interchanges?

A clear system exists in South Africa that requires certain spacing between road signs,
particularly those that are close to interchanges; proposed advertising signs must fit within the
parameters. This system, as codified in the South African Road Traffic Signs Manual
(SARTSM), is intended, “to allow adequate time for the driver to read, interpret and react on the
information on the road sign” (p. 7).%” The authors report that for a recent review period,

86.7 percent of all applications were rejected. Of those, 40.8 percent were rejected because the
advertisement was too close to existing road signs, 20 percent were rejected because the sign
disrupted the flow of information to the driver, and 7.5 percent were rejected because the sign

was too close to a ramp gore.

As a result of his work cited immediately above, Coetzee reviewed literature, performed a
regulatory analarsis, and recommended changes to regulations for outdoor advertising control in
South Africa.®” Although superficially similar to regulations in the United States, billboard
control in South Africa goes much further, regulating the design and amount of information (in
bits) that can be displayed on a given sign, as well as the proximity of two or more advertising
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signs to one another and 1o road features, such as official signs and interchanges. In South
Africa, message sequencing, visual clutter, and sign size are restricted for different display
technologies. This document includes a description of the terms critical event and crifical zone,
and it demonstrates how regulations would control advertising signs in these applications.
Coetzee finds support from the earlier work of Ogden and the experiments of Johnston and Cole,
concluding that, whereas drivers may be able to ignore advertisements when the driving task
requires attention, it is possible that an attention-getting sign can assume primary importance and
interfere with not only any spare capacity that a driver might have but also the information
processing capacity reserved for primary task perfonnance.(“’m The danger arises, according to
Coetzee, when processing the information on the advertisement interferes with the driver’s
principal vehicle control task in situations that demand attention and rapid reactions.®” The
Coetzee report is the only work in the present review of the literature that has attempted to
establish the parameters of billboard location and content based on theories of information

processing and cognitive demand.

2.7 CONCLUSIONS FROM LITERATURE REVIEW

2.7.1 Basic Research Question

The basic research question being addressed in the present report is whether the presence of
CEVMS used for outdoor advertising is associated with a reduction in driving safety for the
public. When regarded from a scientific perspective, the present literature review does not
provide an adequate answer to this question. The studies reviewed are inconclusive.

The present literature review reveals a disjointed array of isolated studies revealing sometimes
contradictory and inconclusive results. Some studies show statistically significant driver safety
concemns or distraction effects, but not all levels of distraction have negative safety impacts.
Some studies go one step further and compare a statistically significant distraction with a
criterion level of distraction claimed to represent the threshold of negative safety performance.
This approach represents a substantial improvement, but it depends heavily upon the veridicality
of the chosen criterion level of distraction. Other studies show no statistically significant safety
or distraction effects at all, or they show mixed results. Some studies which show no statistically
significant safety or distraction effects have been demonstrated to have serious flaws in their
experimental and/or statistical designs. These studies are often plagued with two intrinsic
methodological problems. First, they may not have sufficient measurement accuracy and
precision to distinguish CEVMS distraction from noise in the data. Second, they may not have
sufficient statistical power to reveal a small but important distraction effect which may really
exist; i.e., they have not sampled enough events, drivers, or conditions to demonstrate an effect
which may be obscured by variability due to sampling. In summary, from the perspective of
strict statistical hypothesis testing, the present literature review is inconclusive with regard to
demonstrating a possible relationship between driver safety and CEVMS exposure. From this
perspective, the more stringent restrictions on the placement of billboards found in other
countries might be regarded as a conservative precautionary measure, erring on the side of
protecting public health from a possible but unproven threat and not as a response to an
established driving safety hazard. That is not to say that such a conservative approach is
inappropriate, but it should be acknowledged as such.
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The present literature review does reveal a preponderance in the number of studies (5:1) which
show some driver safety effects due to traditional billboards and CEVMS in comparison with the
number of studies that show no driver safety effects at all due to these stimuli. In addition, four
other studies show mixed resulis. Three lists were prepared below to demonstrate this outcome.
These lists included only empirical research studies, regardless of the methodology employed.
Studies that reviewed literature or practice were not included unless they also contained an
original research component. Studies previously reviewed in the earlier FHWA projects were

also not included.

The following research studies reported potential adverse safety effects for all dependent
measures:

¢ Wisconsin Department of Transpoﬂation.(4)

U Young.(m)

o Crundall, et al.t?

e Young and Mahfoud."®

e Chan, et al. ¥

The research study by Tantala and Tantala® reported no adverse safety cffect on any dependent
measure.

The following research studies reported potential adverse safety effects using some dependent
measures and no effects using other dependent measures:

e Lee, McElheny, and Gibbons."'?

¢ Beijer, Smiley, and Eizenman.¥

e Beijer.“s)

e Smiley et al.”

Such an outcome could lead one to conclude that there is more evidence for a possibly
meaningful negative safety impact than evidence against such an impact. This conclusion is not
warranted for at least two reasons. First, a simple tally of the number of studies which support a
given research hypothesis compared with the number of studies which do not support the
hypothesis may be misleading. Such a tally neglects to weight the various studies for their
intrinsic strength of experimental design, statistical power, and care of execution. One strong
landmark study with a robust experimental design and a sufficiently large sample of cases or
drivers can topple a host of weaker investigations with fewer credentials. Yet, credentialing and
weighting studies can become a subtle and subjective matter. It is difficult to judge studies on
their relative strengths because it requires experience and judgment. While it may be relatively
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casy to identify the champion study and give that study a strong weighting, it is more difficult to
evaluate the weaker studies at the middle and bottom of the list. '

Second, there is a strong propensity in scientific research to search for differences. The current
Western model of reductionist scientific inquiry, coupled with its reliance on the paradigm of
parametric statistics, is aligned against supporting the null hypothesis. This hypothesis states that
there are no observed differences between two or more different treatments, i.c., that matters
under scientific scrutiny are due to chance. This propensity to search for differences is so strong
that when anticipated results are small or subtle, researchers often seck out conditions in nature
that are worst case examples to find any affect at all. This causes the results to suffer from a lack
of generalization when the entire population becomes the frame of reference. Thus, the present
Jiterature review acknowledges a possible natural and intrinsic bias toward including more
studies that show a possible distraction effect of CEVMS exposure than studies that do not. Once
these two considerations are recognized—a lack of weightings for comparing studies and a
propensity to emphasize differences—the present literature review realigns to its original
inconclusive outcome. In summary, present scientific techniques are not adapted to providing
proof that CEVMS do not distract drivers; they only afford opportunities to demonstrate that they
do distract drivers and possibly to what extent. If the demonstrated extent of distraction is minor
and below the accepted criterion to interfere with safe driving, then the safety impact may be

considered negligible.
2.7.2 Methodological Implications

The inconclusive literature review findings suggest the need for carefiilly controlled and
methodologically sound investigations of the relationships between CEVMS, driver distraction,
and safety. The review also suggests several factors that need to be considered in future research.
One plausible model posits that drivers often have spare attentional capacity, and they can afford
to divert their visual attention away from the driving task to look at objects irrelevant to the
driving task, such as CEVMS. According to this model, when driving demand increases because
of fixed hazards (such as dangerous roadway geometry or complex interchanges) or transient
hazards (such as slowing traffic, vehicle path intrusion, or adverse weather), spare capacity is
reduced or eliminated, and the driver devotes more capacity to the driving task. In this model,
driver workload emerges as an important issue. By applying this model, in some countries,
outdoor advertisements are not allowed in areas where known fixed hazards exist. Such locations
include, but are not limited to, sharp horizontal or vertical curves and arcas where high cognitive
demand is imposed by the roadway, traffic, or environment, like intersections, interchanges, and
Jocations of merging or diverging traffic. In some countries, billboards are also not allowed
where they might interfere with the processing of important information from official road signs.
These prohibitions do not in themselves prove that distraction is worse in high driver workload
situations. However, they do point to the need to consider conditions of differing driver workload
in an effective future research program on possible safety effects from CEVMS exposure.

When scanning for hazards, drivers’ eye movements tend to fall within a horizontal window
centered on the focus of expansion in the forward view. This focus of expansion is related to the
visual flow of the moving scene where points and objects all emerge from a single point.
Because an attention-getting billboard may be able to attract a driver’s glance even
unintentionally, a CEVMS that falls within this scanning patiern can interrupt the pattern and
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cause a distraction at an inopportune time. Furthermore, research suggests that the distraction
from a roadside billboard may be unconscious. Consequently, drivers may not be aware that they
are being distracted, and they are unable to verbalize that any distraction occurred. Although
where someone’s eyes look may not be the same as where his or her attention is focused, a
theoretical connection may be implied. Through this connection, measurements of eye glance
behavior permit the researcher to gain potential entrance into this realm of unconscious
allocation of attention. This allocation of attention should play an important role in an effective

program for future research.

In addition, it cannot be assumed that all CEVMS are equal, even those of the same size, height,
and LED technology to display their images. The impact of a CEVMS in an undeveloped area
with relatively low levels of nighttime ambient lighting may be quite different from that ofa
CEVMS in a more urban context among other buildings and structures in an area with high
nighttime illumination levels. Furthermore, characteristics of the CEVMS displays may, in and
of themselves, lead to measurable differences in distraction, such as information density, colors
of figure and background, character size and font, and message content. These characteristics
cannot be assumed to be equivalent for purposes of comparisons. One possible solution to this
problem may be for future research studies to exercise a certain degree of experimental control
over the CEVMS message itself. This may require a deeper level of cooperation with the
billboard industry than has been encountered in previous studies. Such increased cooperation
could be beneficial in establishing a collaborative research environment among industry,

government, and university stakeholders.

Finally, a frequently changing CEVMS, which can generally be seen long before it can be
read, raises a particular concern for distraction. This is because drivers may continue to
glance at the CEVMS to observe changes in varying content with various sizes of lettering
until the sign content can be read. The implication here is that future studies may need to

embrace longer viewing distances.
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3.0 KEY FACTORS AND MEASURES

The study of possible CEVMS effects on driver safety represents a complex research endeavor.
There are numerous key factors affecting a driver’s response to CEVMS. Many of these
influential factors may be designated as independent research variables in need of specification
or control within a given research design. Likewise, there are numerous inferred measures of
driver safety which may serve as possible dependent variables for observation and measurement.
Depending upon the specific research design, some of these independent and dependent variables

may swap places.
3.1 KEY FACTORS (INDEPENDENT VARIABLES)

For classification purposes, the key factors, or major independent variables, may be categorized
into various types. The list of key factors shown below gives some of the independent variables
which might be considered in the study of possible safety effects of CEVMS. These key
independent variables were selected from a more comprehensive analysis by means of a process
to be described later. This analysis grouped all of the independent variables into five major
categories according to source as follows:

¢ Billboard.

¢ Roadway.
e Vehicle.
e Driver.

¢ Environment.

After this initial analysis, a subsequent evaluation selected only the most important, or key,
factors or variables. Each category lists the key independent variables which belong to that
category. The lists below contain independent variables from four of the five above mentioned
categories. The vehicle category is missing because all of the variables belonging to that
category were eliminated in the selection process. For cross reference purposes, the decimal
number shown in brackets to the right of each variable gives the outline number from the more
detailed analysis upon which the selection was based (see table 1 in appendix A). In parentheses
to the right of certain variables are given some examples and explanations which serve to clarify

that particular variable.

The following are the key factors relating to the billboard:
¢ Location [1.1] (lat./long., GPS, mile marker, survey location, reference location).
e Sight distance [1.1.3].

e Resolution [1.2.3] (dpi, LEDs/inch, crispness).

19




[ 4

Luminance [1.2.4] (brightness).

Contrast ratio [1.2.4].

Day/night settings [1.2.4].

Change rate [1.3.2] (image changes).

Dwell time [1.3.2].

Change time [1.3.2].

Sequencing [1.3.2] (apparent motion).

Full motion video [1.3.4].

Engagement value [1.3.5] (ability to hold attention).ﬁ

Message {1.4].

The following are the key factors relating to the roadway:

©

Category [2.1.1] (two-lane rural, collector, arterial, freeway).
Geometry [2.2.2] (curve radius: horizontal, vertical).
Intersection [2.2.3] (signalized, stop controlled).

Interchange [2.2.4].

Exit [2.2.4].

Entrance [2.2.4].

Merge [2.2.4].

Gore {2.2.4].

Traffic [2.3] (average daily traffic, peak traffic, level of service).

The following are the key factors relating to the driver:

!Age [4.1].

Gender [4.1].

Demographics [4.1].
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e Years driving [4.2].
e Route familiarity [4.2].
e State [4.3] (alert, fatigue, alcohol, drugs).
The following are the key factors relating to the environment:
¢ Visual clutter [5.1.1].
e Nearby billboards [5.1.1].
s Ambient lighting [5.1.1].
o Official signs [5.2] (illuminated, luminous (VMS), retro-reflective).
e On-premise signs [5.3] (conventional, tri-vision, digital, full motion video).

The combined list of key factors given above represents a subset of the most influential
independent variables in terms of importance to a future program of research. This subset of
variables was selected from a more extensive list of the major independent variables which
might play a role. As mentioned previously, the list of all major independent variables may

be found in outline form in table 1 in appendix A. The bracketed decimal numbers in the list
of key factors refer to the corresponding outline numbers in table 1. In addition, the table cites
some of the advantages and disadvantages of employing that particular variable. The combined
list of key factors presents the 32 variables which were judged to be the most influential

variables from table 1.

The more comprehensive and detailed analysis represented in table 1 identifies considerably
more possible independent variables. The approximately 60 types of variables listed i the table
are further broken down into 185 specific subtypes or levels of independent variables which
could play an important role in studying the possible effects of CEVMS on driver distraction and
roadway safety. It is encouraged to carefully examine the many independent variables and their
advantages and disadvantages, as described in table 1 in appendix A, to gain a greater
appreciation of the complexity of the research problem. With such a profusion of important
factors affecting the study of CEVMS effects, no single experiment could possibly answer all of
the relevant scientific or engineering questions.

The key independent variables were sclected from the expanded list represented in table 1 by
three senior research psychologists, all coauthors of the present report and familiar with CEVMS
research. The criterion for selection was the importance of that factor in conducting research on
CEVMS effects. Thus, the list of key factors indicates critical independent variables which need
to be considered in any proposed program of research. The brightness and crispness, or photo
realism, of the CEVMS images are extremely important. Any image changes, apparent motion or
video motion in the CEVMS, and location parameters are also critical factors. The next level of
importance relates to environmental factors. Two distinct classes of variables must be taken into
account: general visual clutter and the presence of other off-premise commercial CEVMS
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(nearby billboards). In particular, compelling information from CEVMS used for advertising
may conflict with important roadway safety information conveyed by nearby traffic control
devices (official signs). The question should also be raised concerning possible enhanced
distraction caused by the urgency of Amber Alerts and other public safety messages displayed on
CEVMS. Any contextual links among the messages from several sequential CEVMS, as well as
any specific user interactions with the CEVMS must be taken into account. Factors to consider
for drivers include their familiarity with the driving route and the expected presence or absence
of CEVMS. Lastly, the complexity of the roadway geometry and the volume of traffic are likely

to play significant roles.
3.2 KEY MEASURES (DEPENDENT VARIABLES)

The study of driver safety is a complex area of investigation. There are numerous objective,
inferred, and subjective measures of driver behavior which might serve as dependent variables in
a program of proposed research on the possible safety effects of CEVMS. As demonstrated in the
discussion concerning independent variables, the key measures or dependent variables may be
categorized into types. The list of key measures shown below gives 28 key measures, or
dependent variables, which might be considered possible safety effects of CEVMS. As was the
case for the list of key factors (independent variables), the list of key measures represents a down
selection from a more extensive list of the major dependent variables of interest (see table 2 in
appendix A). The dependent variables are grouped into the following four major categories:

¢ Vehicle behavior.
e Driver and vehicle interactions.
e Driver attention and distraction.

¢ Crashes.

The structure of the list of key measures for dependent variables is similar to that for the list of
key factors for independent variables. In the case of dependent variables, the major variable
categories of driver and vehicle interactions and crashes found in table 2 are missing from the list
of key measures below because all of the variables belonging to these two categories were

eliminated in the selection process.

Key measures relating to vehicle behavior are as follows:
e Speed [1.1] (continuous, exceeding speed, speed variance).
o Lane position [1.2] (continuous, lane excursions, lane variance).
e Acceleration [1.3] (longitudinal, lateral, heave).
¢ Other vehicle interactions [1.4].

¢ Headway [1.4.1] (time to collision).
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Gap acceptance [1.4.2] (merge, passing).

Conflicts [1.4.3] (near-crashes).

Violations [1.4.4] (red light running, failure to yield, failure to stop).
Errors [1.4.5] (missed exit, wrong lane).

Timing [1.4.6] (late movements, premature movements).
Infrastructure interactions [1.5].

Response to roadway geometry [1.5.1] (swerves, sudden braking).
Response to traffic control devices [1.5.2] (misses, delays).

Pedestrian interactions [1.5.3] (yields).

Key measures relating to driver attention/distraction are as follows:

Eye glance behavior [3.1.1] (number and duration of glances, glance object).
Distractor performance [3.1.2] (secondary task).

Visual occlusion [3.1.3].

Feature detection [3.1.4].

Feature recognition [3.1.5].

Driver workload [3.1.6] (task performance).

Head turning [3.1.7].

Driver errors [3.1.8].

Reaction time [3.1.9] (perception-reaction time).

Surprise {3.2.1] (orienting response). |
Conspicuity [3.2.2] (attention grabbing).

Search patterns [3.2.3].

Capacity [3.2.4] (self-regulated attention, spare capacity).

Subjective measures [3.3].
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FOREWORD

The Highway Beautification Act of 1965 outlined control of outdoor advertising, including
removal of certain types of advertising signs, along the Interstate Highway System and the
existing Federal-aid primary roadway system. Since that time, most States have evolved a body
of legislation and/or regulations to control off-premise outdoor advertising (billboards), and
many local governments have developed similar rules.

The advent of new electronic billboard technologies, in particular the digital Light-Emitting
Diode (LED) billboard, has necessitated a reevaluation of current legislation and regulation for
controlling outdoor advertising. In this case, one of the concerns is possible driver distraction.
In the context of the present report, outdoor advertising signs employing this new advertising
technology are referred to as Commercial Electronic Variable Message Signs (CEVMS). They
are also commonly referred to as Digital Billboards (DBB) and Electronic Billboards (EBB).

The present report reviews research concerning the possible effects of CEVMS used for outdoor
advertising on driver safety, including possible attention and distraction effects. The report
consists of an update of earlier published work, an investigation of applicable research methods
and technigques, recommendations for future research, and an extensive bibliography. The report
should be of interest to highway engineers, traffic engineers, highway safety specialists, the
outdoor advertising industry, environmental advocates, Federal policy makers, and State and
local regulators of outdoor advertising.
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1.0 INTRODUCTION

The present report reviews research concerning the possible effects of Commmercial Electronic
Variable Message Signs (CEVMS) used for outdoor advertising on driving safety. The report
consists of an update of eatlicr published work by Farbry et al., which consists of an investigation
of applicable research methods and techniques, recommendations for future research, and an
extensive bibliography.” The Federal Highway Administration (FHWA) has evaluated possible
safety effects of CEVMS in two previous studies. The first study was completed in 1980 and the
second in 2001.% Since then, CEVMS technology has evolved, in particular the expanded use
of digital Light Emitting Diode (LED) arrays, as well as the implementation of new
programmable formats and messages. The present report concentrates on identifying potential
factors that may contribute to determining whether there are any significant safety concerns or
distraction effects with regards to CEVMS used for outdoor advertising. Throughout the present
report, the acronym CEVMS will be employed to refer to both the singular and plural case.

1.1 BASIC RESEARCH QUESTION

The basic research question being addressed in this report is whether the presence of CEVMS
along the roadway is associated with a reduction in driving safety for the public. Increases in
vehicle crashes along a certain portion of the roadway are generally regarded as an indication of
a possible safety concern. Thus, the measurement of crash rates in the vicinity of CEVMS in
comparison with crash rates at matched control locations without CEVMS is one possible way to
determine possible safety impacts. But, the crashes are rare multicausal events which are difficult
to measure. Therefore, measurements of driving behavior in near-crash situations are sometimes
taken as a substitute for crashes. These safety surrogate measures may then be generalized to
other driving behaviors that represent possible precursors of crashes-—like sudden braking, sharp
swerving, or traffic conflicts—even though no crash occurs. Usually, because these safety
surrogate measures are more frequent and easier to measure, they are often employed instead of
or in addition to crashes. Thus, determining the frequency of occurrence of certain relevant
safety surrogate driving behaviors in the vicinity of CEVMS in comparison with the frequency of
occurrence of such behaviors at matched control locations without CEVMS is another possible
way to determine possible safety impacts. The validity of using such safety surrogate measures
rests on the assumption that they are related to actual vehicle crashes, which seems intuitively
reasonable but has not been conclusively demonstrated.

There is another approach to defermining the possible safety impact of CEVMS. This approach
is based upon the abstract psychological constructs of driver attention and distraction. A driver
must devote a certain amount of attention to the driving task at hand, and sufficient distraction
from that driving task could be associated with the higher risk of a crash. The measurement of
driver eye glance behavior is often taken as an indirect indicator of attention. Thus, the driver’s
eye glances should be concentrated in the region of the roadway ahead, and any frequent or long
eye glances away from this region toward other objects, including CEVMS, could be regarded as
an indication of possible driver distraction. If the eye glances toward a certain object and away
from the roadway ahead are sufficiently frequent or sufficiently long to exceed criteria
established for safe driving, this outcome can be taken as an indication of a possible safety
impact. The validity of using eye glance behavior measures in this manner rests on two




assumptions: that eye glances are related to attention and/or distraction and that there are
generally accepted safety criteria for excessive eye glances away from the roadway ahead. These
assumptions are not universally accepted.

In summary, the basic research question is whether the presence of CEVMS along the roadway is
associated with a reduction in driving safety for the public. The three fundamental methods for
answering this question include if there is an increase in crash rates in the vicinity of CEVMS, if
there is an increase in near-crashes or safety surrogate measures in the vicinity of CEVMS, and if
there are excessive eye glances away from the roadway ahead in the vicinity of CEVMS.

1.2 SCOPE

In this report, a CEVMS will be defined as a self-luminous advertising sign which depicts any
kind of light, color, or message change which ranges from static images to image sequences to
full motion video. The CEVMS may also be referred to as an Electronic Billboard (EBB) or a
Digital Billboard (DBB). The present report concentraies on the possible effects of CEVMS on
driver attention, driver distraction, and roadway safety. The report is divided into 10 sections:
Introduction, Literature Review Update, Key Factors and Measures, Research Strategies, Future
Research Program, Recommended First Stage Study, Conclusions, References, Bibliography,

and Appendices.

Investigating the possible safety effects of CEVMS is sufficiently complex so that no single
experiment will answer all of the relevant scientific and engineering questions, The present
report outlines a top-level broad program of potential future research, and it defines in greater
detail three possible studies, any one of which could serve as a possible first step. After these
discussions, a course of action is recommended. Although off-premise advertising signs
constitute the main focus of FHWA attention, the influence of on-premise advertising signs will
also be considered to create a more comprehensive and consistent research approach.

In parallel with the present project, a related study is being performed under National
Cooperative Highway Research Program (NCHRP) Project 20-7 (256), titled “Safety Impacts of
the Emerging Digital Display Technology for Outdoor Advertising Signs.” Both the present
project and the NCHRP study begin with the understanding that, despite years of research, there
have been no definitive conclusions about the presence or strength of adverse safety impacts
from CEVMS. The two projects differ in three significant ways. First, the NCHRP study is
undertaking a broad, critical review of the research literature in this field. The present project is
more focused on literature update oriented toward the identification of suitable independent and
dependent variables for future research. Second, the NCHRP study is reviewing current
regulations and guidelines for the control of roadside advertising that may exist in foreign
countries to assess their applicability to U.S. highways and streets. Aside from mention in the
literature review update portion, the present report does not directly address regulations and
guidelines. Third, the NCHRP study will synthesize current research results and current
regulations and guidance to recommend how State and local governments might enact reasonable
temporary guidance for the control of CEVMS within their own jurisdictions. Such guidance
may be applicable on an interim basis pending the outcome of future, more conclusive research
outlined in the present project. As a result, such interim guidance may need to change as new




technical information is developed. The present report does not provide guidance to States on the
control of CEVMS.







2.0 LITERATURE REVIEW UPDATE

2.1 BACKGROUND

The research that addresses the possible safety and distraction effects of outdoor advertising
billboards has been extensive and long standing, Dating back to the 1930s, this research reached
a peak in the 1950s and 1960s. Research continued at low ebb through the 1980s, and then all but
ceased. With the advent of newer billboard technologies (e.g., l]amp matrix, rotating disc, tri-
vision, and, most recentty, LED) and with the corresponding questions raised by regulators,
safety researchers, and the public, research has increased again since the turn of the century.
These newer billboard technologies, especially the LED technology, ushered in the increasing
use of CEVMS for on-premise and off-premise advertising. The current research focuses on
information that has become available since the publication of the most recent FHWA report, but
it also includes earlier relevant studies not previously identified. " The present review is
organized into five major categories according to the research context for the study: post-hoc
crash studies, field investigations, laboratory investigations, previous literature reviews, and
reviews of practice. The categories that contain empirical data have a brief discussion of
potential methodological problems inherent in the types of studies characteristic of that category.

2.2 POST-HOC CRASH STUDIES

Post-hoc crash studies review police traffic collision reports or statistical summaries of such
reports to understand the causes of crashes that have taken place in the vicinity of some change
to the roadside environment. In the present case, the change of concern is the intreduction of
CEVMS to the roadside or the replacement of conventional billboards with CEVMS.

A number of studies have been conducted over the years using the crash methodology. Three
such studies were not reviewed in prior FHWA studies. In a study similar to that conducted in
the 1970s in Massachusetts, the Freeway Operations Unit of the Wisconsin Department of
Transportation (WisDOT) analyzed bidirectional crashes on I-94 near an electronic billboard
with a 5.0 s message dwell time.®¥ Crash rate data were collected for 3 years prior to and

3 years after sign operation began. For eastbound traffic, total crashes increased 36 percent over
the 3 year post operational period compared to the baseline preoperational condition. In addition,
side-swipe crashes increased 8 percent, and rear-end crashes increased 21 percent. For
westbound traffic, total crashes increased 21 percent, sideswipe crashes increased 35 percent,
and rear-end crashes increased 35 percent. The authors of the WisDOT study concluded that, “it
is obvious that the variable message sign has had an effect on traffic, most notably in the increase

of the side-swipe rate” (p. 3).9

Stutts et al. conducted an analysis of several crash data reporting systems to identify major
sources of driver distraction and the relative importance of different types of distraction as
contributing factors in motor vehicle crashes.® Distraction was described as one form of
inattention, and it has been implicated as a factor in more than half of the police reported
inattention crashes identified by the National Highway Transportation Safety Administration.®
In this study, 8.3 percent of drivers involved in police-reported crashes were identified as
distracted, but 35.9 percent of these crashes were coded as “unknown.” For this and other
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reasons, it is believed that the reported percentage of distraction-related crashes substantiaily
under-represents the true statistics.” Among the types of distractions coded in the database, the
largest contributor (29.4 percent) was “outside person, object, or event,” and the second largest
(25.6 percent) was “other.”

Smiley et al. studied the relationship between video advertising signs and motor vehicle crashes
at downtown intersections and on the freeway.” Crash data were analyzed from three
intersections before and after the introduction of video advertising signs. When the three
intersections were evaluated individually, two demonstrated increases in both total and rear-end
crashes; the third showed no significant increase in such crashes. The authors believe that the
Jack of statistical significance may be due to the small number of crashes identified. For the
freeway environment, crash data on the video approach was compared to crash data for three
non-video approaches, one of which was deemed the most comparable (control) segment. For
this comparison, the authors report a negligible increase in injury collision crash frequencies on

the video approach.

Following the design of their earlier study on conventional billboards, Tantala and Tantala
analyzed police accident reporis in the vicinity of seven digital billboards on interstate highways
near Cleveland, OH.® Both their current and earlier studies were sponsored by the outdoor
advertising industry. Reported crashes were analyzed for a period of 18 months prior to and after
the conversion of these billboards from conventional to digital. They found essentially no
statistically significant differences in crash rates before and after the conversion.

Unfortunately, all post-hoc crash studies are subject to certain weaknesses, most of which are
difficult to overcome. For example, the vast majority—more than 80 percent in one study—of
accidents are never reported to police; thus, such studies are likely to underreport crashes. Also,
when crashes are caused by factors such as driver distraction or inattention, the involved driver
may be unwilling or unable to report these factors to a police investigator. Another weakness is
that police, under time pressure, are rarely able to investigate the true root causes of crashes
unless they involve serious injury, death, or extensive property damage. Furthermore, to have
confidence in the results, researchers need to collect comparable data in such studies before and
after the change and in the afier phase at equivalent but unaffected roadway sections. Last, since
crashes are infrequent events, data collection needs to span extended periods of time, both before
and after introduction of the change. Few studies are able to obtain such extensive data. For a
more specific analysis of some possible design and methodological concerns with the study by
Tantala and Tantala, see Wachtel,®?

2.3 FIELD INVESTIGATIONS

The spectrum of field investigations related to roadway safety is broad. It includes unobtrusive
observation, naturalistic driving studies, on-road instrumented vehicle investigations, test track
experiments, driver interviews, surveys, and questionnaires. Klauer et al,, in one of several
papers to emerge from a National Highway Traffic Safety Administration (NHTSA) project
known as the “100-Car Naturalistic Driving Study,” provides preliminary information about the
role of driver inattention in crashes and near-crashes."® Although the study did not specifically
address CEVMS, it represents an important methodology for investigating driver distraction.
Their results show that 78 percent of crashes and 65 percent of near-crashes included driver




inattention and/or distraction as a contributing factor. This contribution from inattention and
distraction is larger, by a facior of three, than previous research has indicated. The authors
believe that the “100-Car Naturalistic Driving Study” provides the first direct link (i.e., without
reliance on crash surrogate measures) showing distraction/inattention as a contributing factor to
motor vehicle crashes. In another variant of the “100-Car Naturalistic Driving Study,” Klauer et
al. identifies four specific unsafe behaviors that contributed to crashes and near-crashes."" One
of these, inattention and/or distraction, is of direct relevance to the present project. This term is
operationally defined by Klauer et al. as a driver looking away from the forward roadway for
greater than 2.0 s. Under these conditions, the odds of a crash or near-crash are nearly twice
those than when the driver attends to the forward roadway. The study stresses the importance of
including near-crashes in the database for two reasons. First, the kinematics of crashes and near-
crashes are similar, meaning they involved comparable levels of driver emergency actions, such
as swerving and hard braking. Second, 83 percent of the crashes in this study were not reported
to the police. Thus, the study indicates that relying on crash statistics alone will substantially
underreport crashes due to inattention and/or distraction.

Lee, McElheny, and Gibbons undertook an on-road instrumented vehicle study on interstate and
local roads near Cleveland, OH."? The project, conducted on behalf of the outdoor advertising
industry, looked at driver eye glance behavior toward digital biltboards, conventional billboards,
comparison sites (sites with buildings and other signs, including digital signs), and control sites
(those without similar signage). Performance measures, such as speed maintenance and lane
keeping, were also recorded. Although the major data collection was done in daylight, a small
pilot study was conducted at night. One of the key questions that the study sought to answer was
whether longer glances consisting of over 1.6 s were associated more with any of the event
types.U? This question is based on findings from various studies, including the “100-Car
Naturalistic Driving Study,” which indicates that longer glances away from the road are
associated with higher crash rates."> In discussing their results, the authors state, “...the
distributions of glance duration were similar across all event types, and there was no obvious
pattern of longer glances being associated with any of the event types” (p. 59)." The findings
from the nighttime pilot study led to, “the overall conclusion, supported by both the eye glance
results and the questionnaire results, that the digital billboards seem to attract more attention than
the conventional billboards and baseline sites (as shown by a greater number of spontaneous
comments regarding the digital billboards and by longer glances in the direction of these
billboards” (p. 10).”3) However, in view of the small number of participants, these data were not
analyzed. The authors suggest that at least some of these findings, “would show statistical
significance” if a larger study were to be conducted (p. 64).4

Beijer, Smiley, and Eizenman, working on behalf of the Government of Toronto, Canada,
evaluated driver eye glances toward four different types of roadside advertising signs on roads in
the Toronto, Canada area."” The study employed an on-road instrumented vehicle approach with
a head-mounted eye-tracking device. Active signs—all but traditional billboards—consistently
received longer glances and more total glances than fixed signs. The study found that 22 percent
of all glances were defined as long or greater than 0.75 s, Since 22 of the 25 subjects made at
least one long glance at an advertising sign, the authors conclude that, “distraction...was not just
an isolated incidence” (p. 101).“* The authors suggest that active signs may result in greater
distraction than past studies of the effects of commercial signing might indicate.




Afier a previous study raised concerns about the number and duration of glances made to video
adverlising signs along an expressway in Toronto, Canada, Smiley et al. conducted another study
at the request of the city government.”'” Five different measures were taken, including eye
movements, traffic conflicts, traffic speed and headway, crash data, and public surveys. The
crash data results were described earlier. The results from the other measures were mixed. All of
the video signs attracted attention; the probability of a driver’s looking at such a sign upon
approach was nearly 50 percent. The average glance duration was 0.5 s, similar to those for
official traffic signs. However, one-fifth of the video sign glances lasted longer than 0.75 s, and
some lasted as long as 1.47 s, which were considered unsafe amounts of time. About 38 percent
of glances at the video billboards were made when headways were 1.0 s or less, and

25 percent of the glances took place when the signs were more than 20 ° off the line-of-sight.
These glances were also considered to be unsafe. According to the study, glances at static
billboards and bus shelter ads were made at even greater angles and shorter headways.

It is noteworthy that the earlier study that led to this research, also evaluating a video billboard
on an expressway in Toronto, Canada, produced dramatically different results. This study found
five times the number of glances per subject and three times the glance duration than did the later
2004 study.”> Smiley et al. attribute thesc differences to the longer sight distance available for
the sign in the earlier study, the uninterrupted view, and the location of this sign on a curve.”

Smiley et al. also employed safety surrogate measures of conditions which might be precursors
of a possible crash.”’ The study measured these safety surrogate indicators by means of the
unobtrusive observation method. The drivers of the vehicles were not aware that they were being
observed. In this context, the study measured traffic conflicts, vehicle speed, and vehicle
headway. When comparing video and non-video approaches at the same intersection, at one
intersection the authors found no differences in traffic conflicts; however, at the other, they
found a significant increase in drivers who applied their brakes without cause on the video
approach. Given the comparability of sites, they concluded, “the only reason that could be found
for increased braking...was the presence of the video sign” (p. 108).(7) The speed and headway

data were inconclusive.

In addition, Smiley et al. employed a “public” survey method to determine whether video
advertising might be considered to have “a negative effect on traffic safety” (p. 1 10).
Participants in the survey were approached at three intersection sites which had video
advertising. Of the 152 persons surveyed at the 3 locations, 65 percent felt that video advertising
signs had a negative effect on the ability of a driver to attend to pedestrians and cyclists.
Furthermore, 59 percent of the people said that as drivers, their atiention was drawn to such
signs, while 49 percent of those felt that such signs had a negative effect on traffic safety. A
surprisingly farge number of people—9 out of 152—stated that they personally had experienced
near-crashes, and 2 had experienced actual rear-end crashes that they associated with video
advertising signs. In addition, 86 percent of the respondents suggested that restrictions should be
placed on those types of signs, such as their locations and brightness.

Three of the field investigations of CEVMS effects mentioned earlier employ indirect measures
of driver attention (eye glances) in the context of an on-road instrumented vehicle experimental
approach. Although CEVMS stimuli are real, the experimental approach suffers from a degree of
artificiality in its implementation. The research participants usually drive in an experimental




vehicle along a route which is contrived for experimental purposes, and the route does not serve
a useful purpose in their daily lives. The research participants sometimes drive with an
experimenter present in the instrumented vehicle, and they sometimes wear a head-mounted cye-
tracking device. Two of the three studies cited used a somewhat intrusive but more accurate
head-mounted eye-tracking device. One study used a less obtrusive but also less accurate
vehicle-mounted eye-tracking device, where cameras were mounted in the vehicle cab. Although
the research participants were not told the purpose of the investigation, the participants were
definitely aware that they were participating in a driving experiment of some kind, and they may
not have exhibited entirely natural behaviors as a result. Furthermore, eye glance behavior is
difficult to measure, and it is not easy to relate directly to attention and distraction. For a more
specific analysis of some further design and methodological concerns with the Lee et al. study

cited above, see Wachtel.!%?

The unobtrusive observation method employed in the field by Smiley et al. to collect safety
surrogate measures of potential crashes (e.g., sudden braking, inadequate headway, etc.} does not
create an artificial environment for the driver.” Usually, the sensing devices (loop detectors,
remote cameras, or posted human observers) are hidden in the environment, and they are not
noticed by the drivers. There is no problem of artificiality; the drivers in the study are not even
aware that they are part of a study. However, the safety surrogate variables being measured are
usually infrequent, often multicausal, comparatively subtle, and difficult to measure. For
CEVMS, these variables can also occur over great distances, adding to the difficulty in
accurately and reliably capturing data relating to these variables.

Finally, the public survey method employed by Smiley et al. collected the opinions, attitudes,
and feelings of passersby at intersections with video advertising signs.m The results, while
interesting as a measure of public sentiment, are difficult to relate to the basic research question
of determining whether there are any significant distraction effects or concrete safety concerns

with regards to CEVMS used for outdoor advertising.
2.4 LABORATORY INVESTIGATIONS

Laboratory investigations related to roadway safety can be classified into several categories:
driving simulations, non-driving simulator laboratory testing, and focus groups.

For one such investigation, a non-driving simulator laboratory testing environment was used.!?

For this study, researchers filmed a 27 minute drive and had 200 licensed drivers view the film
while their eye movements were recorded. Billboards generated greater levels of visual attention
than suggested by measures of recall. Billboards were viewed by individuals whether they were
in the “target” audience or not and regardless of whether the billboard was of high or low
interest. In addition, billboards located close to official highway signs received more attention
than those that were farther away.

In a driving simulation laboratory, Crundall et al. compared street level advertisements (SLAs),
such as those on bus shelters, to raised level advertisements (RLAs), which include elevated ads
on poles or streetlights.’” The study was based on the understanding that, in undemanding
situations, drivers have spare attentional capacity; however, when cognitive demands increase,
spare capacity diminishes. As a result, eye movements must focus on the driving task at hand.




Based on their prior research, Crundall et al. believe that if an advertisement is within the
driver’s visual field during a search for hazards, it will attract visual fixations and distract
attention needed to safely perform the driving task.!”’ Because the most relevant information for
hazard detection is distributed along a horizontal plane, the authors believe that the majority of
visual fixations will fall within this plane when the driver is looking for driving-relevant
information. Thus, if an advertisement is located within this window, it will receive more
fixations than will advertisements located outside this window. The principal research
hypotheses tested were that during conditions when drivers were looking for hazards, SLAs
would receive the most attention. When spare capacity was greater, the attention given to RLAs
would increase. The results supported these hypotheses. A post-drive survey showed that SLAs
were judged more hazardous than RLAs.

Young and Mahfoud used a driving simulator in which subjects drove three routes in the
presence and absence of biliboards.""® The presence of billboards adversely affected driving
performance in terms of lateral control and crashes. Billboards also had an adverse impact on
driver attention in terms of the number of glances made to them, and they were associated with a
higher subjective mental workload. In addition, the recall of official road signs was adversely
affected by billboards, which the authors interpreted to mean that drivers were attending to
billboards instead of relevant road signs. The authors reached a “persuasive overall conclusion
that advertising has adverse cffects on driving performance and driver attention” (p. 18).0%

Tn a recent study using a driving simulator, Chan and her colleagues compared the impacts of in-
vehicle versus external-to-vehicle distractors on performance of inexperienced versus
experienced drivers."® The authors were particularly concerned with young, novice drivers
because of the elevated crash risk for this segment of the driving population. They were also
concerned because the researchers believed that distraction could adversely affect the novice
drivers’ poorly developed hazard detection and avoidance skills. Chan et al. theorized that
external distraction may be more harmful than internal distraction because when drivers are
looking within the vehicle, it should be obvious to them that they are not processing relevant
roadway information. However, when drivers are looking at sources outside the vehicle, it is
likely that the forward roadway is still somewhere within the field of view. Thus, it may not be
obvious to drivers (particularly inexperienced drivers) that this important information is not
being fully processed since it is peripheral, unattended, or both.

Chan et al. were primarily interested in the longest glances away from the forward roadway since
these have been implicated in prior studies (e.g., Horrey and Wickens®?) as major contributors
to crashes. Thus, they used as their dependent measure the maximum time that drivers spent
continuously looking away from the forward roadway during a specific distraction task. In terms
of in-vehicle distractors, as hypothesized, inexperienced drivers showed a consistent pattern of
looking away from the roadway for longer periods of time than experienced drivers. However,
the findings about external distractions were quite different and unexpected in two key ways.
There was very little difference in the duration of distraction episodes between the experienced
and inexperienced drivers, and the maximum distraction durations were significantly longer for
the out-of-vehicle tasks than for the in-vehicle tasks. The two experience groups showed little
differences in the percentage of distraction episodes longer than 2.0's, 2.5 s, and 3.0 s, in all
cases longer for the external than for the in-vehicle distractors. The study also demonstrated that,
“drivers are more willing to make extended glances external to the vehicle than intemal to the
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vehicle” (p. 17).9% Chan et al. conclude that, “it is likely that our out-of-vehicle tasks (which not
only engage attention but also draw the eyes and visual attention away from in front of the
vehicle) would have %}lite significant detrimental effects on processing the roadway in front of

the vehicle” (p. 22).1

Three of the laboratory investigations of possible distraction effects mentioned above employ
indirect measures of driver attention (eye glances) in the context of a driving simulation
experimental approach. The inieractive driving simulator approach offers considerable
experimental control over stimulfus parameters, like the size, number, proximity, and change rate
of CEVMS or other advertising display. The simulator is also well suited for executing
parametric studies of the effects of these variables on possible driver distraction. However, the
approach suffers from all of the sources of artificiality found in the on-road instrumented vehicle
approach for conducting field research mentioned earlier. Also, the approach adds the important
source of virtual driving as opposed to real driving. Although the vehicle cab of the driving
simulator may have certain degrees of motion (pitch, roll, heave, etc.) to enhance the sense of
virtual driving, the vehicle cab does not move down the roadway. The visual scene passes by
while the driver and vehicle remain stationary. This degree of artificiality requires considerable
adaptation on the part of the research participants, most of whom need some amount of training
to become accustomed to the differences between driving in a simulator and driving on a real
road. Moreover, in the case of CEVMS, present driving simulators do not have sufficient visual
dynamic range, image resolution, and contrast ratio capability to produce the compelling visual
effect of a bright, photo-realistic LED-based CEVMS on a natural background scene.

One laboratory investigation had research participants watch films of driving scenes containing
billboards while their eye movements were being recorded.'® This study represents an example
of a non-driving simulator laboratory method. It suffers from all of the aforementioned
limitations of laboratory CEVMS or billboard research. In addition, it does not measure the
participants’ response while engaged in a driving task.

2.5 PREVIOUS LITERATURE REVIEWS

Garvey summarizes the literature on sign visibility, legibility, and conspicuity on behalf of the
advertising industry.?") One of his recommendations bears on the issue of distraction from
billboards. He suggests that signs need not be detectable at distances greater than the minimum
required legibility distance. Specifically, he states, “if a sign is detected before it is legible, the
driver will take numerous glances at the sign in attempts to read it” before it becomes legible,
and “these momentary diversions are inefficient and potentially dangerous” (p. 1)@

Cairney and Gunatillake, working on behalf of the Government of Victoria, Australia, undertook
a review of the literature with the goal of generating recommendations for guidelines for the
control of outdoor advertising in that State.®” They cited two prior reviews by Wachtel and
Netherton in the United States and by Andreassen in Australia as the basis of their review.**”
Since these earlier studies, the technology used for the display of roadside advertising and the
addition of in-vehicle distractors has changed. Cairney and Gunatillake conclude that the
principal concern remains the effects that a sign may have on a driver’s visibility of other road
users, the roadway, and traffic control devices, particularly at high-demand locations, such as
interchanges. They suggest several research approaches, including case studies, site
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investigations, and laboratory simulations to address these newer technologies. They conclude
that the best of the studies conducted to date demonstrate that when all confounding variables are
controlled statistically, sites with advertising signs have higher crash rates than sites without
them. However, large, well-controlled studies will be required to detect significant effects
because the effect size is small. They further conclude that changeable message signs may have a
more direct bearing on crash rate than static signs. The findings of the study suggest that
unregulated roadside advertising has the capability of creating a significant safety problem. The
conclusions from their review run counter to Andreassen’s conclusion that, “there is no current
evidence to say that advertising signs, in general, are causing accidents” (p. 4).®

On behalf of the Scottish government, Wallace undertook the most extensive and critical
review of the literature since the two earlier FHWA studies.*” The study concludes that driver
distraction from attention-getting sources can occur even when the driver is concentrating

on the driving task. Furthermore, there is abundant evidence that billboards can function as
distractors, particularly in areas of visual clutter. Billboards can distract in “Jow information™
settings, and distraction from external factors is likely to be underreported and underrepresented

in crash databases.

The Dutch National Road Safety Research Institute reviewed the recent literature for the Dutch
authorities and emphasized some of the stronger, more consistent points made in other studies,
such as billboards should not be placed near challenging road settings, especially at or near
intersections. Also, they should not resemble official traffic signs in pattern or color.®
Furthermore, dynamic signs that display motion or include moving parts should not be permitted.
A key conclusion was that, “precisely in a dangerous situation it is important for the driver to
have his attention on the road; an advertising billboard can slow the driver’s reaction time, which

increases the chance of a crash” (p. 2).%%

The WisDOT sponsored a study which summarizes available information about the safety
impacts of outdoor electronic billboards and tri-vision signs.®® Similar to Crundall, et al. and
Wallace, the authors of this study determined that greater visual complexity associated with a
high-volume location, such as intersections, required drivers to search the environment more
than at lower-volume locations.!?® The authors stated, “it can be conjectured that additional
visual stimuli such as billboards may add additional demand to driver workload in high-volume

mtersections” (p. 6).(26)

Bergeron, on behalf of the Government of Quebec, Canada, re-reviewed many of the studies
originally examined by Wachtel and Netherton and added reviews of several studies conducted
subsequent to 1980.%7 His findings and conclusions, similar to those of other researchers,
indicate that attentional resources needed for the driving task are diverted by the irrelevant
information presented on advertising signs. This distraction leads to degradation in oculomotor
performance, which adversely affects reaction time and vehicle control capability. The study
concludes that when the driving task imposes substantial attentional demands that might occur
on a heavily traveled, high-speed urban frecway, billboards can create an attentional overload
that can have an impact on micro and macroperformance requirements of the driving task.
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2.6 REVIEWS OF PRACTICE

Bergeron also performed a site review at a major elevated expressway in Montreal, Canada,
which was proposed for two future billboards.*® By reviewing the scene and considering various
parameters such as traffic volumes, road geomery, and traffic control devices, Bergeron
concludes that this 1.1 km section was already causing excessive cognitive demands, particularly
for the many unfamiliar drivers. He concluded that the billboards would be inadvisable for
several reasons. First, the location creates a substantial demand on drivers’ mental workloads
because of its complex geometry, heavy traffic, high traffic speeds, merging and diverging
traffic, and the presence of signs and signals that require drivers to make rapid decisions. Also, at
the perceptual level, the billboards would add confusion to the visual environment, thus
impairing drivers’ visual search, tracking, and reaction time. In addition, at an attention level,
billboards could distract drivers. Last, the billboards could add to a driver’s mental workload in a
setting where workload is already quite high. In a road situation such as this one, Bergeron
concludes that the billboard is a “useless drain on limited attentional resources” (p, 5), and it
could lead to reduced performance through inattention errors by overloading the driver’s

information processing abilities.*”

du Toit and Coetzee address the current regulatory process for advertising signs visible from
national roads.*® The authors report that the South African government engages in careful
scrutiny of proposed advertising signs before they are approved for use. All applications receive
a desktop review followed by a site visit. If a decision cannot be made at this point, the
authorities evaluate crash statistics for the proposed location to determine that if it is hazardous.

Key questions asked as part of the review include the following:
e Will the proposed sign obscure the view of an official road sign?
e Will the sign cause a disruption of information flow to the driver?

e Wil the sign’s location distract the driver’s attention at merge/diverge areas, curves, and
interchanges?

A clear system exists in South Africa that requires certain spacing between road signs,
particularly those that are close to interchanges; proposed advertising signs must fit within the
parameters. This system, as codified in the South African Road Traffic Signs Manual
(SARTSM), is intended, “to allow adequate time for the driver to read, interpret and react on the
information on the road sign” (p. 7).%” The authors report that for a recent review period,

86.7 percent of all applications were rejected. Of those, 40.8 percent were rejected because the
advertisement was too close to existing road signs, 20 percent were rejected because the sign
disrupted the flow of information to the driver, and 7.5 percent were rejected because the sign

was too close to a ramp gore.

As a result of his work cited immediately above, Coetzee reviewed literature, performed a
regulatory analarsis, and recommended changes to regulations for outdoor advertising control in
South Africa.®” Although superficially similar to regulations in the United States, billboard
control in South Africa goes much further, regulating the design and amount of information (in
bits) that can be displayed on a given sign, as well as the proximity of two or more advertising
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signs to one another and 1o road features, such as official signs and interchanges. In South
Africa, message sequencing, visual clutter, and sign size are restricted for different display
technologies. This document includes a description of the terms critical event and crifical zone,
and it demonstrates how regulations would control advertising signs in these applications.
Coetzee finds support from the earlier work of Ogden and the experiments of Johnston and Cole,
concluding that, whereas drivers may be able to ignore advertisements when the driving task
requires attention, it is possible that an attention-getting sign can assume primary importance and
interfere with not only any spare capacity that a driver might have but also the information
processing capacity reserved for primary task perfonnance.(“’m The danger arises, according to
Coetzee, when processing the information on the advertisement interferes with the driver’s
principal vehicle control task in situations that demand attention and rapid reactions.®” The
Coetzee report is the only work in the present review of the literature that has attempted to
establish the parameters of billboard location and content based on theories of information

processing and cognitive demand.

2.7 CONCLUSIONS FROM LITERATURE REVIEW

2.7.1 Basic Research Question

The basic research question being addressed in the present report is whether the presence of
CEVMS used for outdoor advertising is associated with a reduction in driving safety for the
public. When regarded from a scientific perspective, the present literature review does not
provide an adequate answer to this question. The studies reviewed are inconclusive.

The present literature review reveals a disjointed array of isolated studies revealing sometimes
contradictory and inconclusive results. Some studies show statistically significant driver safety
concemns or distraction effects, but not all levels of distraction have negative safety impacts.
Some studies go one step further and compare a statistically significant distraction with a
criterion level of distraction claimed to represent the threshold of negative safety performance.
This approach represents a substantial improvement, but it depends heavily upon the veridicality
of the chosen criterion level of distraction. Other studies show no statistically significant safety
or distraction effects at all, or they show mixed results. Some studies which show no statistically
significant safety or distraction effects have been demonstrated to have serious flaws in their
experimental and/or statistical designs. These studies are often plagued with two intrinsic
methodological problems. First, they may not have sufficient measurement accuracy and
precision to distinguish CEVMS distraction from noise in the data. Second, they may not have
sufficient statistical power to reveal a small but important distraction effect which may really
exist; i.e., they have not sampled enough events, drivers, or conditions to demonstrate an effect
which may be obscured by variability due to sampling. In summary, from the perspective of
strict statistical hypothesis testing, the present literature review is inconclusive with regard to
demonstrating a possible relationship between driver safety and CEVMS exposure. From this
perspective, the more stringent restrictions on the placement of billboards found in other
countries might be regarded as a conservative precautionary measure, erring on the side of
protecting public health from a possible but unproven threat and not as a response to an
established driving safety hazard. That is not to say that such a conservative approach is
inappropriate, but it should be acknowledged as such.
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The present literature review does reveal a preponderance in the number of studies (5:1) which
show some driver safety effects due to traditional billboards and CEVMS in comparison with the
number of studies that show no driver safety effects at all due to these stimuli. In addition, four
other studies show mixed resulis. Three lists were prepared below to demonstrate this outcome.
These lists included only empirical research studies, regardless of the methodology employed.
Studies that reviewed literature or practice were not included unless they also contained an
original research component. Studies previously reviewed in the earlier FHWA projects were

also not included.

The following research studies reported potential adverse safety effects for all dependent
measures:

¢ Wisconsin Department of Transpoﬂation.(4)

U Young.(m)

o Crundall, et al.t?

e Young and Mahfoud."®

e Chan, et al. ¥

The research study by Tantala and Tantala® reported no adverse safety cffect on any dependent
measure.

The following research studies reported potential adverse safety effects using some dependent
measures and no effects using other dependent measures:

e Lee, McElheny, and Gibbons."'?

¢ Beijer, Smiley, and Eizenman.¥

e Beijer.“s)

e Smiley et al.”

Such an outcome could lead one to conclude that there is more evidence for a possibly
meaningful negative safety impact than evidence against such an impact. This conclusion is not
warranted for at least two reasons. First, a simple tally of the number of studies which support a
given research hypothesis compared with the number of studies which do not support the
hypothesis may be misleading. Such a tally neglects to weight the various studies for their
intrinsic strength of experimental design, statistical power, and care of execution. One strong
landmark study with a robust experimental design and a sufficiently large sample of cases or
drivers can topple a host of weaker investigations with fewer credentials. Yet, credentialing and
weighting studies can become a subtle and subjective matter. It is difficult to judge studies on
their relative strengths because it requires experience and judgment. While it may be relatively
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casy to identify the champion study and give that study a strong weighting, it is more difficult to
evaluate the weaker studies at the middle and bottom of the list. '

Second, there is a strong propensity in scientific research to search for differences. The current
Western model of reductionist scientific inquiry, coupled with its reliance on the paradigm of
parametric statistics, is aligned against supporting the null hypothesis. This hypothesis states that
there are no observed differences between two or more different treatments, i.c., that matters
under scientific scrutiny are due to chance. This propensity to search for differences is so strong
that when anticipated results are small or subtle, researchers often seck out conditions in nature
that are worst case examples to find any affect at all. This causes the results to suffer from a lack
of generalization when the entire population becomes the frame of reference. Thus, the present
Jiterature review acknowledges a possible natural and intrinsic bias toward including more
studies that show a possible distraction effect of CEVMS exposure than studies that do not. Once
these two considerations are recognized—a lack of weightings for comparing studies and a
propensity to emphasize differences—the present literature review realigns to its original
inconclusive outcome. In summary, present scientific techniques are not adapted to providing
proof that CEVMS do not distract drivers; they only afford opportunities to demonstrate that they
do distract drivers and possibly to what extent. If the demonstrated extent of distraction is minor
and below the accepted criterion to interfere with safe driving, then the safety impact may be

considered negligible.
2.7.2 Methodological Implications

The inconclusive literature review findings suggest the need for carefiilly controlled and
methodologically sound investigations of the relationships between CEVMS, driver distraction,
and safety. The review also suggests several factors that need to be considered in future research.
One plausible model posits that drivers often have spare attentional capacity, and they can afford
to divert their visual attention away from the driving task to look at objects irrelevant to the
driving task, such as CEVMS. According to this model, when driving demand increases because
of fixed hazards (such as dangerous roadway geometry or complex interchanges) or transient
hazards (such as slowing traffic, vehicle path intrusion, or adverse weather), spare capacity is
reduced or eliminated, and the driver devotes more capacity to the driving task. In this model,
driver workload emerges as an important issue. By applying this model, in some countries,
outdoor advertisements are not allowed in areas where known fixed hazards exist. Such locations
include, but are not limited to, sharp horizontal or vertical curves and arcas where high cognitive
demand is imposed by the roadway, traffic, or environment, like intersections, interchanges, and
Jocations of merging or diverging traffic. In some countries, billboards are also not allowed
where they might interfere with the processing of important information from official road signs.
These prohibitions do not in themselves prove that distraction is worse in high driver workload
situations. However, they do point to the need to consider conditions of differing driver workload
in an effective future research program on possible safety effects from CEVMS exposure.

When scanning for hazards, drivers’ eye movements tend to fall within a horizontal window
centered on the focus of expansion in the forward view. This focus of expansion is related to the
visual flow of the moving scene where points and objects all emerge from a single point.
Because an attention-getting billboard may be able to attract a driver’s glance even
unintentionally, a CEVMS that falls within this scanning patiern can interrupt the pattern and
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cause a distraction at an inopportune time. Furthermore, research suggests that the distraction
from a roadside billboard may be unconscious. Consequently, drivers may not be aware that they
are being distracted, and they are unable to verbalize that any distraction occurred. Although
where someone’s eyes look may not be the same as where his or her attention is focused, a
theoretical connection may be implied. Through this connection, measurements of eye glance
behavior permit the researcher to gain potential entrance into this realm of unconscious
allocation of attention. This allocation of attention should play an important role in an effective

program for future research.

In addition, it cannot be assumed that all CEVMS are equal, even those of the same size, height,
and LED technology to display their images. The impact of a CEVMS in an undeveloped area
with relatively low levels of nighttime ambient lighting may be quite different from that ofa
CEVMS in a more urban context among other buildings and structures in an area with high
nighttime illumination levels. Furthermore, characteristics of the CEVMS displays may, in and
of themselves, lead to measurable differences in distraction, such as information density, colors
of figure and background, character size and font, and message content. These characteristics
cannot be assumed to be equivalent for purposes of comparisons. One possible solution to this
problem may be for future research studies to exercise a certain degree of experimental control
over the CEVMS message itself. This may require a deeper level of cooperation with the
billboard industry than has been encountered in previous studies. Such increased cooperation
could be beneficial in establishing a collaborative research environment among industry,

government, and university stakeholders.

Finally, a frequently changing CEVMS, which can generally be seen long before it can be
read, raises a particular concern for distraction. This is because drivers may continue to
glance at the CEVMS to observe changes in varying content with various sizes of lettering
until the sign content can be read. The implication here is that future studies may need to

embrace longer viewing distances.
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3.0 KEY FACTORS AND MEASURES

The study of possible CEVMS effects on driver safety represents a complex research endeavor.
There are numerous key factors affecting a driver’s response to CEVMS. Many of these
influential factors may be designated as independent research variables in need of specification
or control within a given research design. Likewise, there are numerous inferred measures of
driver safety which may serve as possible dependent variables for observation and measurement.
Depending upon the specific research design, some of these independent and dependent variables

may swap places.
3.1 KEY FACTORS (INDEPENDENT VARIABLES)

For classification purposes, the key factors, or major independent variables, may be categorized
into various types. The list of key factors shown below gives some of the independent variables
which might be considered in the study of possible safety effects of CEVMS. These key
independent variables were selected from a more comprehensive analysis by means of a process
to be described later. This analysis grouped all of the independent variables into five major
categories according to source as follows:

¢ Billboard.

¢ Roadway.
e Vehicle.
e Driver.

¢ Environment.

After this initial analysis, a subsequent evaluation selected only the most important, or key,
factors or variables. Each category lists the key independent variables which belong to that
category. The lists below contain independent variables from four of the five above mentioned
categories. The vehicle category is missing because all of the variables belonging to that
category were eliminated in the selection process. For cross reference purposes, the decimal
number shown in brackets to the right of each variable gives the outline number from the more
detailed analysis upon which the selection was based (see table 1 in appendix A). In parentheses
to the right of certain variables are given some examples and explanations which serve to clarify

that particular variable.

The following are the key factors relating to the billboard:
¢ Location [1.1] (lat./long., GPS, mile marker, survey location, reference location).
e Sight distance [1.1.3].

e Resolution [1.2.3] (dpi, LEDs/inch, crispness).
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[ 4

Luminance [1.2.4] (brightness).

Contrast ratio [1.2.4].

Day/night settings [1.2.4].

Change rate [1.3.2] (image changes).

Dwell time [1.3.2].

Change time [1.3.2].

Sequencing [1.3.2] (apparent motion).

Full motion video [1.3.4].

Engagement value [1.3.5] (ability to hold attention).ﬁ

Message {1.4].

The following are the key factors relating to the roadway:

©

Category [2.1.1] (two-lane rural, collector, arterial, freeway).
Geometry [2.2.2] (curve radius: horizontal, vertical).
Intersection [2.2.3] (signalized, stop controlled).

Interchange [2.2.4].

Exit [2.2.4].

Entrance [2.2.4].

Merge [2.2.4].

Gore {2.2.4].

Traffic [2.3] (average daily traffic, peak traffic, level of service).

The following are the key factors relating to the driver:

!Age [4.1].

Gender [4.1].

Demographics [4.1].
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e Years driving [4.2].
e Route familiarity [4.2].
e State [4.3] (alert, fatigue, alcohol, drugs).
The following are the key factors relating to the environment:
¢ Visual clutter [5.1.1].
e Nearby billboards [5.1.1].
s Ambient lighting [5.1.1].
o Official signs [5.2] (illuminated, luminous (VMS), retro-reflective).
e On-premise signs [5.3] (conventional, tri-vision, digital, full motion video).

The combined list of key factors given above represents a subset of the most influential
independent variables in terms of importance to a future program of research. This subset of
variables was selected from a more extensive list of the major independent variables which
might play a role. As mentioned previously, the list of all major independent variables may

be found in outline form in table 1 in appendix A. The bracketed decimal numbers in the list
of key factors refer to the corresponding outline numbers in table 1. In addition, the table cites
some of the advantages and disadvantages of employing that particular variable. The combined
list of key factors presents the 32 variables which were judged to be the most influential

variables from table 1.

The more comprehensive and detailed analysis represented in table 1 identifies considerably
more possible independent variables. The approximately 60 types of variables listed i the table
are further broken down into 185 specific subtypes or levels of independent variables which
could play an important role in studying the possible effects of CEVMS on driver distraction and
roadway safety. It is encouraged to carefully examine the many independent variables and their
advantages and disadvantages, as described in table 1 in appendix A, to gain a greater
appreciation of the complexity of the research problem. With such a profusion of important
factors affecting the study of CEVMS effects, no single experiment could possibly answer all of
the relevant scientific or engineering questions.

The key independent variables were sclected from the expanded list represented in table 1 by
three senior research psychologists, all coauthors of the present report and familiar with CEVMS
research. The criterion for selection was the importance of that factor in conducting research on
CEVMS effects. Thus, the list of key factors indicates critical independent variables which need
to be considered in any proposed program of research. The brightness and crispness, or photo
realism, of the CEVMS images are extremely important. Any image changes, apparent motion or
video motion in the CEVMS, and location parameters are also critical factors. The next level of
importance relates to environmental factors. Two distinct classes of variables must be taken into
account: general visual clutter and the presence of other off-premise commercial CEVMS
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(nearby billboards). In particular, compelling information from CEVMS used for advertising
may conflict with important roadway safety information conveyed by nearby traffic control
devices (official signs). The question should also be raised concerning possible enhanced
distraction caused by the urgency of Amber Alerts and other public safety messages displayed on
CEVMS. Any contextual links among the messages from several sequential CEVMS, as well as
any specific user interactions with the CEVMS must be taken into account. Factors to consider
for drivers include their familiarity with the driving route and the expected presence or absence
of CEVMS. Lastly, the complexity of the roadway geometry and the volume of traffic are likely

to play significant roles.
3.2 KEY MEASURES (DEPENDENT VARIABLES)

The study of driver safety is a complex area of investigation. There are numerous objective,
inferred, and subjective measures of driver behavior which might serve as dependent variables in
a program of proposed research on the possible safety effects of CEVMS. As demonstrated in the
discussion concerning independent variables, the key measures or dependent variables may be
categorized into types. The list of key measures shown below gives 28 key measures, or
dependent variables, which might be considered possible safety effects of CEVMS. As was the
case for the list of key factors (independent variables), the list of key measures represents a down
selection from a more extensive list of the major dependent variables of interest (see table 2 in
appendix A). The dependent variables are grouped into the following four major categories:

¢ Vehicle behavior.
e Driver and vehicle interactions.
e Driver attention and distraction.

¢ Crashes.

The structure of the list of key measures for dependent variables is similar to that for the list of
key factors for independent variables. In the case of dependent variables, the major variable
categories of driver and vehicle interactions and crashes found in table 2 are missing from the list
of key measures below because all of the variables belonging to these two categories were

eliminated in the selection process.

Key measures relating to vehicle behavior are as follows:
e Speed [1.1] (continuous, exceeding speed, speed variance).
o Lane position [1.2] (continuous, lane excursions, lane variance).
e Acceleration [1.3] (longitudinal, lateral, heave).
¢ Other vehicle interactions [1.4].

¢ Headway [1.4.1] (time to collision).

22




Gap acceptance [1.4.2] (merge, passing).

Conflicts [1.4.3] (near-crashes).

Violations [1.4.4] (red light running, failure to yield, failure to stop).
Errors [1.4.5] (missed exit, wrong lane).

Timing [1.4.6] (late movements, premature movements).
Infrastructure interactions [1.5].

Response to roadway geometry [1.5.1] (swerves, sudden braking).
Response to traffic control devices [1.5.2] (misses, delays).

Pedestrian interactions [1.5.3] (yields).

Key measures relating to driver attention/distraction are as follows:

Eye glance behavior [3.1.1] (number and duration of glances, glance object).
Distractor performance [3.1.2] (secondary task).

Visual occlusion [3.1.3].

Feature detection [3.1.4].

Feature recognition [3.1.5].

Driver workload [3.1.6] (task performance).

Head turning [3.1.7].

Driver errors [3.1.8].

Reaction time [3.1.9] (perception-reaction time).

Surprise {3.2.1] (orienting response). |
Conspicuity [3.2.2] (attention grabbing).

Search patterns [3.2.3].

Capacity [3.2.4] (self-regulated attention, spare capacity).

Subjective measures [3.3].
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As mentioned above, the more detailed analysis underlying the combined list of key measures
shown above may be found in table 2 in appendix A. Table 2 for the dependent variables

has the same general structure as table 1 for the independent variables. The approximately 65
types of dependent variables listed in table 2 are further broken down into 105 specific subtypes
or levels of variables which could play an important role in measuring the possible effects of
CEVMS on driver distraction. As noted before, it is encouraged to carefully examine the

many dependent variables and their advantages and disadvantages, as described in table 2 in
appendix A, to gain a greater appreciation of the wide variety of ways that driver safety can

be measured as they relate to possible influences from CEVMS. With so many potential
measurement techniques available, care must be taken in selecting appropriate dependent

variables for any proposed program of research.

Only the key dependent variables are listed in the combined list of 28 key measures given above.
They were selected by the same process used to select the key independent variables in the list of
key factors. As indicated before, the criterion for selection was importance in conducting
research on CEVMS effects. Thus, the list of key measures indicates critical measures which
need to be considered in future research. Eye glance behavior can serve as a particulaily
important potential indicator of specific visual distractions. The concept of self-regulated
attention is very important for establishing excessive levels of distraction, despite difficulties in
establishing a criterion threshold. This concept refers to attention that is under the driver’s
conscious control, as opposed to involuntary attention, which may compel the driver to glance
away from the road for an excessive amount of time. Increases in driving conflicts and errors are
likewise effective measures of safety. The next level of importance relates to other observations
of vehicle behaviors, including determinations of acceleration, lane position, and speed.
Similarly important infrastructure interactions, such as driver responses to roadway geometry

and traffic control devices, need to be considered.
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4.0 RESEARCH STRATEGIES

To successfully investigate the potential safety effects of CEVMS, the key factors (independent
variables) and key measures (dependent variables) described in the previous section need to be
selected, combined, and integrated into an effective research strategy. There are a number of
possible research strategies that could address the basic research question. The list of
recommended research strategies shown below lists eight key research approaches that might be
considered. This list was generated from a more comprehensive and detailed analysis of the
rescarch strategies which might be of interest. This comprehensive analysis of research strategies
was divided into six major groups (see table 3 in appendix A). The first group focuses on
observing or counting actual motor vehicle crashes as they might occur or have occurred in the
field. This field portion includes retrospective crash data base studies. The second group entails
observing motor vehicle crashes as they might occur in a driving simulator. The third group
involves observing safety surrogate measures as they might actually occur in the field. The
fourth group focuses on observing safety surrogate measures as they might oceur in a driving
simulator. The fifth and sixth groups relate to social surveys and analytical studies. In this
instance, the down-selection process eliminated all research strategies concerning crashes, social
surveys, and analytical studies. Within the parentheses next to each strategy are some selected
advantages and disadvantages associated with using that type of strategy in conducting research.

Only the key strategies are shown in the list of recommended research strategics. They were
selected by the same process used to select the key independent and dependent variables, with
one important exception. This exception involves the incorporation of several assumptions which
were derived from the antecedent analysis of potential independent and dependent variables.
First, the brightness, sharpness, photo realism, and visual context of the CEVMS are extremely
important. Since these characteristics are difficult to reproduce in a laboratory, laboratory
methods tended to be judged low. In addition, certain participant-related variables, in particular
eye glance behavior, are highly effective measures of distraction and workload. Any rescarch
method that supported the measurement of such variables tended to be judged high. Last, crash
data involve rare events with multiple causal factors, making them difficult to measure. The
CEVMS technology is too new to have an adequate crash heritage. In general, crash estimation

methods tended to be judged low.

After incorporation of the above assumptions, the following final list of recommended research
strategies was developed. This final list included strategies from only two of the original six

groups of strategies.

The recommended research strategies for the safety surrogate field group include the following:
¢ Unobtrusive observation [3.1] (natural driving context/no eye glance data, expensive).
e Naturalistic driving [3.2] (natural driving context/insensitive eye glance data, expensive).

e On-road instrumented vehicle [3.3] (experimental control, sensitive eye glance data,
efficient, cost effective/artificial drive purpose).
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¢ Closed-course test track [3.4] (stimulus control, efficient, cost effective/out of context
driving).

e Commentary driving [3.5] (easy/artificial response, interfere with driving).
¢ Non-vehicle based field testing [3.6] (casy/artificial, out of context).

The recommended research strategies for the safety surrogate laboratory group include the
folowing:

e Driving simulator [4.1] (experimental control, sensitive eye glance data, efficient/limited
stimulus, artificial).

¢ Non-simulator laboratory [4.2] (relatively easy/artificial, out of context).

The more detailed analysis underlying the above combined list of recommended research
strategies may be found in table 3 in appendix A. In the table, the more comprehensive analysis
of research strategies is further broken down into approximately 55 specific categories and

165 subtypes or levels of these categories. The reader is encouraged to carefully examine the
many strategics and their advantages and disadvantages, as described in the table, to gain a
greater appreciation of the wide variety of potentially relevant research methods which might be
employed to study possible CEVMS effects.

Table 3 can be used to discriminate among potential candidate research strategies. Certain
research strategies can be eliminated from further consideration. Analytical studies cannot fiil
knowledge gaps and consequently often fall prey 1o reliance on unfounded assumptions. Social
surveys are based on memory and opinion, and they are generally administered far from the
event of interest both in terms of time and space. Crash rates, whether observed in the field or in
the laboratory, represent extremely rare events, which are often the result of multiple complex
causes and thereby difficult to evaluate. CEVMS technology has not been deployed long enough
to accumulate a sufficient number of proximal motor vehicle crashes to make reliable estimates
concerning population crash statistics in the field. Driving simulators used to measure safety
surrogates have the advantage of careful control over stimulus parameters and testing conditions,
but they suffer the disadvantage of being unnatural and artificial. More importantly, driving
simulators have difficulty reproducing the luminance contrast and bright photorealism of the new
CEVMS technology. In a similar manner, the closed-course test track and non-vehicle based
field testing techniques represent a comparatively artificial and out-of-context experimental
environment even though they are conducted in the field. Finally, commentary driving also
affords natural billboard stimuli, but the driving task becomes somewhat artificial.

The three research strategies which were judged to be the most effective were the on-road
instrumented vehicle, the naturalistic driving, and the unobtrusive observation method, which
were all used to measure driver distraction and safety surrogates. Thus, the outcome of the
present investigation of rescarch strategies recommends three primary candidates for
consideration in any program of future research to study the possible effects of CEVMS on
driver distraction and roadway safety. Each of the three study methods represented has its own
unique advantages and disadvantages. All three of these top candidate research strategies should
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be considered in developing any future research program on CEVMS effects. They provide the
basis for selecting a recommended first stage study in such a program.

This is not to say that other research strategies do not have a significant role to play in a
comprehensive research program dirccted toward a common goal. For example, if significant
negative CEVMS safety cffects have already been found using one of the primary research
strategies, subsequent driving simulator experiments might be employed to systematically vary
certain billboard location, timing, or spacing parameters in a controlled and consistent manner to
establish billboard placement guidance. In addition, combinations of research strategies can
result in synergistic efficiency. For example, both the unobtrusive observation and the
naturalistic driving methods naturally support the simultaneous collection of crash, near-crash, or
safety surrogate data. The analysis of crash data will also be needed to relate measures of driver

distraction to more direct determinants of roadway safety.
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5.0 FUTURE RESEARCH PROGRAM

As stated previously, it is not possible to answer all of the critical questions concerning possible
attention, distraction, and safety impacts from CEVMS in a single experiment. Instead, a
carefully crafted program of research needs to be conceived and implemented to embrace a series
of interrelated experiments and studies directed at answering different facets of this complex
issue. This section describes the important elements of a recommended research program. This
research program is broadly defined to provide a background and context for more concrete
alternative first stage studies outlined in section 6.0. This section describes a long-range
multistudy research program covering a number of years. Section 6.0 will outline three methods
for implementing the first stage of that program. )

5.1 STAGES
The proposed research program would have the following three stages:

« Stage 1—The attention and distraction effects of CEVMS would be investigated to
determine whether any observed or measured distractions due to CEVMS is sufficient to
interfere with attentional criteria for safe driving. This stage is directed at discovering
whether or not distraction from CEVMS represents a potential driving hazard. Initial
CEVMS parameters must be chosen carefully so as not to bias the result from the outset.

«  Stage 2—If potential interfering distraction is observed, it would be necessary to
investigate the relationship between the observed distraction and various CEVMS
parameters (e.g., luminance, change rate, distance, CEVMS spacing, engagement level of
sign content, and road geometry) to determine possible limitations on CEVMS
deployment and operation which might reduce distraction to noninterfering levels. This
stage is directed at developing empirical data to support the development of possible
restrictions or regulation of CEVMS to reduce potential driving hazards.

+  Stage 3—As related to CEVMS, researchers would have to investigate the relationship
between distraction, defined in terms of eye glance behavior and safety surrogate
measures (driving conflicts, errors, etc.), and safety, defined more directly in terms of
crashes, fatalities, injuries, and property damage. This stage focuses on validating the eye
glance and safety surrogate measures used to infer attention and distraction effects of
CEVMS through the primary safety criterion of protecting life, health, and property.

The above stages of the proposed research program are to be pursued sequentially. The initial
stage is directed at determining whether or not a potentially harmful CEVMS distraction effect
exists. To demonstrate such a distraction effect, an independent and objective threshold criterion
of excessive distraction must be employed. If no potentially harmful distraction is shown, at least
as far as driving safety is concerned, there would be little need to pursue the second stage of
developing a basis for regulating CEVMS or the third stage of relating CEVMS distraction to
more direct measures of safety (crashes). If potentially harmful distraction is shown in the first
stage, the second and third stages would be implemented in order. The order of the last two
stages may appear to be reversed. Normally, it would seem desirable to establish a relationship
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between CEVMS distraction and crashes before developing a basis for regulation. However, in
this instance, the LED-based digital CEVMS technology is so new that it will not be possible to
reliably measure crashes for some time. Meanwhile, if possible distraction is shown, the
community of practitioners engaged in outdoor advertising control will need near-term technical
information on the luminance, contrast, change rates, and spacing of CEVMS to minimize that
distraction. For this reason, the stages have been proposed in the order given above.

5.2 APPROACH

The literature review update in section 2.0 points to some important principles that should be
incorporated into the proposed program of research to enhance the probability that the program
can successfully achieve its goals. These principles can be regarded as lessons learned from the
experience of previous research. First, empirical studies should employ CEVMS stimuli, as well
as a variety of comparison stimuli, including standard (non-digital) billboards, built objects of
casual visual interest (.g., houses, barns), and natural background control scenery (e.g., trees,
fields). This principle establishes a relevant visual context against which to contrast CEVMS
stimuli. Next, empirical studies should be constructed so as to compare the effects of CEVMS
and the effects of the various comparison stimuli. This principle implies that some measurable
(statistically significant) effect should be demonstrated for as many of the comparison stimuli as
possible, at least for the standard billboards. It is necessary to show some distraction effect for
both CEVMS and standard billboards relative to a baseline to be sure that the study is not just
measuring random noise in the data. In addition, for the case of distraction and safety surrogate
performance measures, the measured effects of CEVMS and standard billboards need to be
compared with each other and with an independently determined criterion of potentially harmful
consequences. The application of this criterion needs to incorporate the concept of self-regulated
attention, as indicated in section 3.0. Last, to the degree possible, direct experimental control
should be exerted over the CEVMS stimuli. In the first stage of determining a meaningful
distraction effect, this control can be limited to turning the CEVMS on and off for predetermined
periods according to a strict experimental protocol. In the second stage of establishing possible
parameter limitations, this control may need to be expanded to changing the luminance, message
change rate, or some other CEVMS characteristic according to an experimental protocol.

These four principles define the basic approach for implementing the proposed research
program. They provide guidance and direction to the proposed program. It should be emphasized
that only a systematic multiyear broad program of research can adequately answer the important
questions posed by the community interested in outdoor advertising control concerning the
possible distraction effects and safety implications of CEVMS. No single experiment can
provide the solution. It should also be emphasized that all stages of the research program must be
sensitive to the practical needs of the outdoor advertising community, which includes highway
engineers, traffic engineers, the outdoor advertising industry, environmental advocates, and
outdoor advertising regulators. Even though the second stage is where most of these practical
needs are addressed, at all stages of the research, investigators need to try to provide practical
information on the luminance, contrast, change rate, display size, display spacing, or other
parameters over which the outdoor advertising community could possibly exert some control.
Administrators concerned with issuing permits for billboards need practical engineering results

to assist them in there daily jobs.
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5.3 STRUCTURE

As outlined above, the proposed research program consists of three stages. The first stage
focuses on determining the potential existence of harmful distraction effects due to CEVMS. The
second stage involves determining limitations or restrictions to CEVMS parameters which could
reduce or eliminate the implied potentially harmful distracting effects. The third stage focuses on
relating the reduction in implied potentially harmful distraction to actual safety benefits of
decreasing crashes, fatalities, injuries, and property damage on the roadway. The sections below
describe these stages in more detail.

5.3.1 Stage 1—Determination of Distraction

The first stage, to determine the potential existence of harmful CEVMS distraction, may be
implemented in many different ways. According to the analysis of rescarch strategies in
section 4.0, the three most effective approaches are the on-road instrumented vehicle, the
naturalistic driving, and the unobtrusive observation methods.

The on-road instrumented vehicle method is sensitive to a wide range of variables, including
accurate eye glance measurements. It affords the opportunity to ensure that the test participants
drive by many CEVMS and comparison sites in a structured and reproducible manner.

The naturalistic driving method is similar to the on-road instrumented vehicle technique, but it
has less control since the test participants drive their own vehicles according to their own
personal daily schedules. As a result, the participants may pass few, if any, billboards.
Furthermore, the naturalistic driving method has difficulty supporting accurate eye glance
measurements, and it requires considerably more effort and expense. However, the naturalistic
driving method is less artificial and has a high degree of face validity.

Although the unobtrusive observation method also involves considerable effort and expense, the
data collecied are based on the observation of vehicles rather than individual drivers. The
unobtrusive observation method is the least artificial of the three because with this technique,

rescarch participants are generally unaware of being observed.

This first stage of the research program would employ one or more of these study approaches as
a first step. A single method could be selected, or more than one approach could be combined.
For example, the on-road instrumented vehicle and the unobtrusive observation method could
make an effective combination, but the cost would be high. In either case, this first stage should
also be designed to answer, at least in a preliminary manner to whatever degree possible, some of
the practical questions of interest to the community concerned with outdoor advertising control.

5.3.2 Stage 2—Basis for Regulation

If the results of the first stage reveal a CEVMS driver distraction effect sufficient for public
concern, then the second stage of the proposed research program would be implemented to
provide an initial technical basis for possible regulation. This stage would consist of a series of
eye glance and safety surrogate evaluations in the field and in the laboratory designed to
investigate the various parameters of CEVMS which contribute to driver distraction. Although
field methods can capture the realism of the CEVMS stimulus, they do not allow the researcher
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to independently vary a variety of CEVMS parameters one at a time so as to isolate the effect of
that variable, as some of the laboratory techniques would. For example, this second stage might
begin with attempts to estimate the gross effects of certain salient CEVM S parameters in the
field. Throughout this section, the brightness of the CEVMS will be used as an example, but the
approach can be adapted to many other relevant CEVMS characteristics. For example, many
current CEVMS displays adjust their brightness for day and night. If the outdoor advertising
industry would agree to adjust the brightness of several installations both during the day and at
night for the purposes of experimentation, partial estimates of the effects of brightness on eye
glance behavior might be elaborated for selected luminance levels.

To obtain a more complete functional relationship between eye glance distraction and CEVMS
luminance, a test track or driving simulator experiment might be devised. If it were possible to
erect an experimental CEVMS installation at a test track location, the test track experiment
would have realistic brightness and contrast levels, as well as controlled exposure conditions.
However, it would suffer from a highly constrained and unnatural driving environment. The
driving simulator experiment could easily portray a wide variety of driving environments with
realistic contexts, but it would suffer from a severely restricted range of luminance and contrast
ratios. Nonetheless, to overcome these disadvantages, correction factors or transformations might
be applied to the test track data to account for discrepancies in level of attention and to the
driving simulator data to account for photometric discrepancies. The incorporation of such
correction factors or transformations to relate test track and laboratory data to driving data on
real roads underscores the necessity of conducting a combination of ficld and laboratory testing
environments in this stage of the proposed research program. Some degree of field validation
needs to be a part of any laboratory component of the research during this stage.

This second stage of the research program must be designed to answer, to the degree possible,
the practical questions of the community interested in outdoor advertising control, This is the
stage of research which addresses functional relationships regarding the effects of CEVMS
luminance (brightness), change rates, size, display spacing, and other variables on driver
distraction and roadway safety. These functional relationships could subsequently be translated
by outdoor advertising administrators and regulators info concrete rules which protect the safety
of the driving public while at the same time allowing commercial growth and the rights of the
outdoor advertising industry. To be fully successful, this stage of the research program must be
pursued with active participation from all stakeholders, which include industry,
environmentalists, researchers, and regulators alike.

5.3.3 Stage 3—Relationship to Crashes

The third stage of the proposed research program relates changes in potentially harmful
distraction effects due to various CEVMS parameters to changes in actual roadway safety
(crashes and their consequent fatalities, injuries, and property damage). This stage is directed at
validating the earlier findings with regard to CEVMS distraction based on eye glance and safety
surrogate measures in the context of retrospective crash data. This stage of the program would
likely employ the Empirical Bayes, or Bayesian, method of analyzing crash statistics. The
Bayesian approach formally incorporates prior knowledge into the process of current research,
and it translates probabilistic calculations into statements of belief concerning statistical
hypotheses in place of the classical confidence interval concept employed in parametric
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statistics. The Empirical Bayes method also incorporates the crash history of other control sites
with similar traits to account for extraneous factors which may be influencing the crash data at
the site of interest. In short, the Empirical Bayes method possesses distinct statistical advantages
over the naive before/after technique and even the before/after technique with a simple control.
The Empirical Bayes method is well suited for the task of estimating vehicle crash rates along
different stretches of roadway, including those stretches with CEVMS, The prediction of
baseline crash rates, and their potential increase or decrease with the introduction of CEVMS, is
essential to this final stage of the proposed research program. This final stage should also be
designed to answer, to whatever degree possible based on crash statistics, some of the practical
questions of interest to the community concerned with outdoor advertising control. Because of
the low numbers of crashes and their susceptibility to multiple determining causes, considerable
effort, time, and expense will likely have to be expended on this final stage.
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6.0 RECOMMENDED FIRST STAGE STUDY

The first stage of the rescarch program, determination of distraction, provides the context for
selecting the recommended next study. The first goal of this stage of the program is to determine
whether any observed or measured distraction due to CEVMS is sufficient to interfere with
attentional criteria for safe driving. The second goal is to provide some preliminary practical
technical information that could be of help to the community interested in outdoor advertising
control. This goal could consist of furnishing initial indications of the possible distraction effects
produced by one or more of the concrete variables over which the community might exert some
control, such as luminance (brightness), change rate, display size, and display spacing.
According to the analysis summarized in section 4.0, to provide an initial answer to these types
of questions, the three most effective research strategies are the on-road instrumented vehicle,
the naturalistic driving, and the unobtrusive observation methods. In the present section, one
possible preliminary study is briefly described using each of these three approaches. A more
detailed description of cach study approach is given in appendix B. This detailed description
includes more specific information on the general method, factors and measures employed,
advantages and disadvantages, and budgetary cost. After project initiation, a more

comprehensive work plan and more in-depth budget will need to be developed. That
comprehensive work plan should receive inputs from all of the important stakeholders in
CEVMS research, which include industry, environmentalists, researchers, and regulators alike.
After careful and thorough deliberation, the final details of that comprehensive work plan and
budget may differ considerably from what is suggested in this section or in appendix B.

6.1 SUMMARY OF STUDY APPROACHES

6.1.1 On-Road Instrumented Vehicle

The on-road instrumented vehicle method employs an instrumented vehicle which is brought to
the study site. The study site is a location where there are one or more CEVMS installations
along a public access roadway. Each research participant drives the instrumented vehicle along a
prescribed route, which includes CEVMS installations, standard (non-digital) billboards, objects
of casual visual interest (e.g., houses and barns), and natural background control scenery (e.g.,
trees and fields). Each participant completes several such drives. The instrumented vehicle is
capable of measuring vehicle speed, vehicle lane position, longitudinal acceleration, lateral
acceleration, GPS time and position, and driver eye glance direction and duration. The
instrumented vehicle is also equipped with accurate vehicle-mounted or head-mounted eye-
tracking equipment, video cameras (forward and cab views), and a voice recorder. The major
independent variable in the study is the presence or absence of CEVMS and other comparison
visual stimuli along the driving path. If possible, the CEVMS should be capable of being turned
off and on or changing along some other dimension like luminance ot change rate, according to a
prearranged experimental design. Other important independent variables are the time of day
(day/might), traffic conditions (peak, nonpeak) and driver variables (age, gender, and route
familiarity). The primary dependent variables are the frequency, direction, and duration of driver
eye glances. Secondary dependent measures are safety surrogate indicators associated with driver
errors and other measures of driver performance, such as speed changes, headway, lane
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deviation, and traffic conflicts. A rough budgetary estimate for conducting such an on-road
instrumented vehicle study is between $400,000 and $800,000 (see appendix B for more details).

6.1.2 Naturalistic Driving

The naturalistic driving method employs a standardized instrument package which is installed in
each participant’s own private vehicle or in a vehicle loaned to the participant. The participant’s
vehicle appears and performs as it normally would. Participants drive their vehicles as part of
their daily life routines, making control of CEVMS exposure difficult. The instrument package is
capable of measuring speed, lane position, acceleration, GPS time and position, driver eye glance
frequency, direction, and duration. However, because of the unobtrusive nature of the
experimental technique, this method cannot support the use of accurate head-mounted or vehicle-
mounted eye-tracking equipment. Once the participant’s vehicle has been instrumented, data are
collected by means of automatic wireless downloads without participant awareness or
involvement. The major independent variable is the presence or absence of CEVMS and other
comparison visnal stimuli (standard billboards, buildings, control settings, etc.) along the driven
path. If possible, the CEVMS should be controlled according to a prearranged experimental
protocol, Secondary independent variables could include the type of vehicle (sedan, pickup, or
SUV) and driver characteristics (age, gender, and route familiarity). The primary measures or
dependent variables are the frequency, direction, and duration of the driver’s eye glances.
However, as a result of the lower degree of accuracy in eye movement recording, this study
method depends more heavily on secondary dependent variables. Safety surrogate measures
associated with driver errors and other measures of driver performance (headway, lane deviation,
conflicts, and erratic maneuvers) are of increased importance in this method. Additional
dependent variables may include the time of day (day/night), traffic conditions (peak, nonpeak),
in-vehicle distractions (eating, cell phone use), state of fatigue, etc. A rough budgetary estimate
for conducting such a naturalistic driving study is between $2 million and $4 million (see

appendix B for more details).
6.1.3 Unobtrusive Observation

The unobtrusive observation method employs an array of static cameras or other sensors
mounted near the locations of the CEVMS and other comparison stimuli. The cameras are
capable of recording the behavior of vehicles passing the various relevant visual stimuli as a part
of the natural flow of traffic. The drivers are usually completely unaware that their vehicles are
being observed. Post-hoc analysis of the video recordings from these cameras can yield data
similar to some of that obtained by the on-road instrumented vehicle and naturalistic driving
methods including vehicle speed, lane position, acceleration, and time. However, the data from
distal video cameras are usually far less accurate and reliable than what can be collected by
instruments on board the vehicle. Moreover, with present measurement technology, such video
recordings cannot yield any data concerning driver eye glance movements. The major
independent variable is the presence or absence of CEVMS and other comparison visual stimuli
(standard billboards, buildings, etc.) along the driving path. If possible, the CEVMS should be
controiled according to a prearranged experimental protocol.

Some secondary independent variables might include the time of day (day/night) and traffic
conditions (peak, nonpeak). This study method depends completely on safety surrogate measures
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associated with driver errors and other measures of driver performance (headway, lane deviation,
and erratic maneuvers), and it requires a large camera array over a long distance recording

for extended periods, as well as extensive data analysis. A rough budgetary estimate for
conducting such an unobtrusive observation study is between $1 million and $3 million (see

appendix B for more details).
6.2 COMPARISON OF STUDY ALTERNATIVES

This section has introduced and described three different candidate approaches for the
recommended next study, which include the on-road instrumented vehicle method, the
naturalistic driving method, and the unobtrusive observation method. Each study method would
be capable of addressing the two-part basic rescarch question to determine whether any observed
or measured distraction due to CEVMS is sufficient to interfere with attentional criteria for safe
driving, and to provide some preliminary practical technical information that could be of help to
the community interested in outdoor advertising conirol. However, each method has certain
advantages and disadvantages with regard to its ability to address these two questions.

The on-road instrumented vehicle method was judged the best, having the advantage of being
sensitive to a wide range of participant variables, including accurate eye glance measurements
with real CEVMS stimuli in natural settings. The degree of experimental control afforded by this
method makes it the most productive of the three. Driving scenarios can be selected with a
number of CEVMS and standard billboard stimuli along a single drive, which can be repeated
both within and across research participants, To the degree that accurate measurements of visual
distraction and eye glance behavior are pivotal dependent variables, the on-road instrumented
vehicle method has the clear advantage. The high degree of experimental control ensures that
exposure to CEVMS and to comparing visual stimuli is uniform and consistent. The on-road
instrumented vehicle approach is the most productive research method for producing quality data

in the shortest amount of time for the least cost.

The naturalistic driving method was judged the second best, offering some similar advantages to
the on-road instrumented vehicle method. However, it suffered from less experimental control
over CEVMS exposure, less ability to capture participant-related variables, and more logistical
complication and expense. Both of these methods are somewhat related from the perspective of
the research participant. In both cases, the research participant is driving in an instrumented
vehicle on a real road. Both allow the determination of driver eye glance behavior to some
degree, but the increased level of experimental control exercised in the on-road instrumented
vehicle method gives this technique a distinct advantage, both in terms of more accurate eye
glance measurements and more consistent driver exposure.

Finally, unobtrusive observation of safety surrogate measures involves no direct contact with the
driver, thus preserving a completely natural driving environment. However, this method is not
sensitive to participant variables. In particular, it is not possible to measure eye glance behavior
with this method. This method depends solely on safety surrogate measures. Furthermore, since
these safety surrogate measures are relatively subtle to detect at a distance, this method can be

costly and time-consuming to implement.
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The on-road instrumented vehicle method has a strong advantage in productivity and efficiency.
The major advantage of the other two methods is the natural and unobtrusive nature of the study
procedure from the perspective of the research participants. However, some degree of artificiality
may be a small price to pay to gain the cost effectiveness of the on-road instrumented vehicle
method. In the final analysis, the present report recommends the on-road instrumented vehicle
method as the best choice for the first stage study. This recommendation is made on the basis of

scientific merit, timeliness of producing a meaningful result, and cost.
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7.0 CONCLUSIONS

The present report reviews the possible safety effects of CEVMS. The report consists of an
update of earlier published work, an investigation of applicable research methods and techniques,
recommendations for future research, and an extensive reference list and bibliography. The
literature review update covers recent post-hoc crash studies, field investigations, laboratory
investigations, previous literature reviews, and reviews of practice. The conclusion of the
literature review is that the current body of knowledge represents an inconclusive scientific result
with regard to demonstrating detrimental driver safety effects due to CEVMS exposure. This
outcome points toward the importance of conducting carefully controlled and methodologically

sound future research on the issue.

The present report also analyzes the key factors or independent variables affecting a driver’s
response to CEVMS and the key measures or dependent variables which serve as indicators of
driver safety. These key factors and measures are selected, combined, and integrated into a st of
optimal research strategies. Based on these strategies, as well as on lessons learned from the
literature review update, a proposed long-term program of research has been developed to
address the problem. This rescarch program consists of three stages, which include determination
of distraction, basis for possible regulation, and relationship of distraction to crashes.

The present report only addresses the first stage of the proposed research program in detail. For
this first stage, three candidate studies, which are an on-road instrumented vehicle study, a
naturalistic driving study, and an unobtrusive observation study, have been introduced and
compared. An analysis of the relative advantages and disadvantages of each study indicate that
the on-road instrumented vehicle study is the best choice as the recommended first stage in

answering the basic research question.
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APPENDIX A—EXPANDED TABLES

A.1 KEY FACTORS (INDEPENDENT VARIABLES)

Table 1. Expanded key factors (independent variables).

Variable Ref.# | Advantages Disadvantages
1.0 Billboard
1.1 Location 8, 129,

38, 15,

44,32
1.1.1 Lat/long.; GPS; mile | 13, 53, | Important to define stimulus; | Likely to require travel
marker; survey location; 160 Easy to measure. expenses.
reference location; mobile
1.1.2 Distance from Less important.
roadway; setback
1.1.3 Sight distance; visual | 13,53 | Determines exposure time.
occlusions; distance first
detected
1.1.4 Orientation; angle to | 144 Less important.
road; side of road; two-
sided
1.2 Display 144
1.2.1 Type: Conventional; | 125,48 | Digital type stands out. Tri-vision likely to disappear.
Digital; Tri-vision
1.2.2 Size; length; height; | 129, 32 | Off-premise sizes somewhat | On-premise sizes variable.
visual angle; mounting standard.
height
1.2.3 Resolution; dpi; 95, 48, | Crispness (sharpness) of
LEDs/in 53 image important.
1.2.4 Luminance; contrast | 48, 53, | Brightness (luminance) Night setting may depend
ratio; day/night settings 144 extremely important, upon background

' illumination.

1.3 Dynamics 31
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Variable Ref. # | Advantages Disadvantages
1.3.1 Type: static; changing | 158, Changing images extremely
129, 26 | important, Static serves as
control.
1.3.2 Change rate; dwell 48, 50, [ Change pattern important.
time; change time; 158, 94 | Easy to measure.
sequencing
1.3.3 Special effects: wipe, Adds to uniqueness and More difficult to measure.
dissolve, scintillate conspicuity.
1.3.4 Full motion video 125, Full motion video extremely | Difficult to specify exact
126 compelling. content seen.
1.3.5 Engagement value: Important overall distraction | Difficult to measure; requires
ability to hold attention variable subjective rating.
1.3.6 Sound
1.4 Message 129,
44,
144, 53
1.4.1 Type: text; graphics; | 32,31 | Particular message may be
mixed; targeted secondary.
1.4.2 Text: word count; 32,48 Many variations. Less
font size; color; content; important.
legibility; affect
1.4.3 Graphics: size; 31,50 Difficult to specify. Many

complexity; color; content,
affect

varieties.

1.4.4 Public safety alerts

Social benefit.

May be more distracting than

advertising.

1.4.5 Interactive:
encourages driver response

Interactive may require more
attention.

2.0 Roadway

2.1 Type
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Variable Ref. # | Advantages Disadvantages
2.1.1 Category: two-lane 13,15 | Important determinate of Many variations even in
rural; collector; arterial; 71, 54 | driver workload. single category.
freeway
2.1.2 Lanes: number; Less important.
width; markings; medians;
shoulders; rumble strips
2.1.3 Speed: é)osted; 50 Changes urgency of correct
advisory; 85" percentile; driving responses.
median
2.1.4 Condition: dry, wet, Important to driver control
ice, rain; oil slick over vehicle.
2.1.5 Traction: coefficient
of friction
2.2 Complexity 15
2.2.1 Tangent: level; grade Less important.
2.2.2 Curve: horizontal, 13, 44, | May place sudden demand on
vertical 118 driver attention.
2.2.3 Intersection: 129, Increased driver workload. Wide variety of intersection
signalized; stop controlled | 38, 48 complexities.
2.2.4 Interchange: exit, 26, 44, | Controlled access. More
entrance, merge, gore 32,48 | carefully engineered.
2.2.5 Driveway, entrance Less important.
2.2.6 Lane change: merge; May place sudden demand on
diverge; lane drop driver attention.
2.2.7 Other: bicycle lane; Less important.
fire house
2.3 Traffic 158,

38, 15,

113,
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Variable

Ref. #

Advantages

Disadvantages

2.3.1 Average daily traffic;
peak traffic; level of
service

118

Likely to increase driver
workload.

2.3.2 Traffic mix: cars,
trucks, buses, motorcycles

Less important.

233 Pedesfrians

Mainly only in urban
settings,

3.0 Vehicle

59

3.1 Type: automobile;
SUV,; truck; motorcycle

Motorcycie has least
obstructed view.,

3.2 Condition: response;
vehicle dynamics

Hard to determine in field.

3.3 Windshield: size;
tinting; field of view

Defines some stimulus
exposure characteristics.

4.0 Driver

10

4.1 Characteristics: age;
gender; demographics

53,23,
12, 54

Less important.

4.2 Experience: years
driving; route familiarity

15,106

Route familiarity extremely
important.

4.3 State: alert; fatigue;
alcohol; drugs

Difficult to measure.

4.4 Distractions:
conversation; eating; cell
phone

24, 90,

5.0 Environment

5.1 Visual—general

113

5.1.1 Visual clutter; nearby
billboards; ambient lighting

160,
15,32,
44

Complexity of visual
environment extremely
important.

Difficult to specify.
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Variable Ref. # | Advantages Disadvantages
5.1.2 Day/night viewing: 53 Nighttime viewing of bright
dawn; dusk; sun-glare images important.
5.1.3 Visual flow Less important.
5.2 Official signs 160, 2,
26, 100
5.2.1 Type: regulatory, 94 Regulatory most important,
advisory, navigational
5.2.2 Location: left, right, 44, 15 | Billboard can conflict with
overhead sign,
5.2.3 Lighting: illuminated,; Luminous (VMS) signs most
luminous (VMS); retro- important.
reflective
5.2.4 Density: number in i5 Many variations in urban
view, type mix settings.
5.2.5 Dynamics: change Extremely important point of | Motion and video not yet
rate; motion; video possible conflict. allowed.
5.2.6 Message: text; Less important
graphics
5.3 On-premise signs
5.3.1 Type: conventional; 144 Digital and video most Tri-vision likely to disappear.
Tri-vision; digital; full important.
motion video
5.3.2 Location: left, right, 144
high, low
5.3.3 Lighting: illuminated; | 144 Bright, high resolution very Difficult to measure.
luminous; LED compelling.
5.3.4 Density: number in Can add to visual clutter. Many variations possible.
view, type mix
5.3.4 Dynamics: change 144 Extremely important variable.

rate; motion; video; sound
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Variable

Ref. #

Advantages

Disadvantages

5.3.5 Message: text;
graphics; interactive

Interactive important.

Text and graphics less
important.

5.4 Geographic

15

5.4.1 Population: urban;
suburban; rural

13,71

Can affect visual clutter.

Many variations.

5.4.2 Terrain: mountain;
valley; desert; hilly; near
water

Can affect driver workload.

Many variations.

5.4.3 Area: city; state;
region

Iess important,

5.5 Meteorological

5.5.1 Temperature,
humidity; cloud cover

53

Less important.

5.5.2 Precipitation: rain;
snow; fog; ice; visibility

53

Can affect driver workload.
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A.2 KEY MEASURES (DEPENDENT VARIABLES)

Table 2. Expanded key measures (dependent variables).

Variable Ref. # Advantages Disadvantages
1.0 Vehicle Behavior 48
1.1 Speed 125, 50
I.1.1 Continuous More accurate profile. Large amounts of data.
Expensive.

1.1.2 Discrete locations Less data. Cheaper.
1.1.3 Speed exceedances: Distraction indicator.
high; low
1.1.4 Speed variance Distraction indicator, Best with continuous data.
1.2 Lane position 161, 48,

54
1.2.1 Continuous More accurate profile. Large amounts of data.

Expensive.
1.2.2 Discrete locations Less data. Cheaper.
1.2.3 Lane excursions: 23 Distraction indicator. More difficult to measure.
right; left
1.2.4 Lane variance Distraction indicator. Best with continuous data.
1.3 Acceleration 48, 54
1.3.1 Longitudinal: hard Excellent surrogate for
braking; delayed distraction.
acceleration; braking
without cause
1.3.2 Lateral: swerves 39 Good surrogate for
distraction.

1.3.3 Heave: bumps 125, 48 Not important.
1.4 Other vehicle 39

interactions
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Variable

Ref. #

Advantages

Disadvantages

1.4.1 Headway (car
following); time to
collision

125, 48,
118

Good surrogate for
distraction.

1.4.2 Gap acceptance:
merge; passing

Good surrogate for
distraction.

Difficult to measure.

1.4.3 Conflicts; near-
crashes

125

Extremely important
measure.

1.4.4 Violations: red light
running; failure to yield,
failure to stop

Low probability events.

1.4.5 Errors: missed exit;
wrong lane

Good surrogate for
distraction.

1.4.6 Timing: late
movements; premature
movements

Difficuit to measure.

1.5 Infrastructure
interactions

1.5.1 Response to roadway
geometry: swerves; sudden
braking

118,15

Surrogate for distraction.

1.5.2 Response to traffic
control devices: misses,
delays

15

Surrogate for distraction.

1.5.3 Pedestrian
interactions; yields

Only in urban settings.

1.6 Signals

39

1.6.1 Brake light

125

Indication of sudden
deceleration.

1.6.2 Turn signals

Less important.

1.6.3 Other: backup lights

Not important.
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—
Variable

Ref. #

Advantages

Disadvantages

2.0 Driver/Vehicle
Interactions

2.1 Steering

2.1.1 Gross movements:
curves; turns

Surrogate for distraction.

2.1.2 Fine movements: lane
keeping

60

Difficult to measure.

2.2 Throttle

2.2.1 Pedal press; pedal
position; duration

Less important.

2.2.2 Pedal release;
duration

Less important.

2.3 Brake

125

2.3.1 Pedal press; duration;
excursion

Surrogate for distraction.

2.3.2 Pedal release

Less important.

2.4 Shift (manual only)

2.4.1 Gear selection (speed)

Not important.

2.4.2 Gear transitions
(shifts)

Not important.

2.5 Displays

154

2.5.1 Speedometer

Secondary visual distractor.

2.5.2 Other: gauges; radio

Less important.

2.6 Other controls

154, 25

2.6.1 Safety: windshield
wipers; instrument lights;
horn; turn signals

54

Less important, except turn
signals.
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perception-reaction time

distraction.

—
Variable Ref. # Advantages Disadvantages
2.6.2 Entertainment: radio; | 48, 24, Secondary distractor.

CD player 54
2.6.3 Auditory/vocal: voice | 154 Low probability of
actuated occurrence,
3.0 Driver Attention / 79,113,
Distraction 32, 146,
145
3.1 Objective measures 129
3.1.1 Eye glance behavior: | 129,42, | Excellent measure of Delicate, expensive
eye movements; number of | 125,53, | unconscious attention / equipment. Difficuit to
glances; duration of 160, 83, | distraction. calibrate. Expensive to
glances; glance object 161, 78 analyze data.
3.1.2 Distractor 83, 53 Excelient measure of Can increase risk in field
performance; secondary distraction. experiments. Can be
task artificial,
3.1.3 Visual occlusion 15 Good measure of Can increase risk in field
distraction. experiments. Unnatural
driving task.
3.1.4 Feature detection 48
3.1.5 Feature recognition 48 Good measure.
3.1.6 Driver workload; task | 38, 15, Excellent indicator of Complicated to measure.
performance 113 distraction.
3.1.7 Head turning 78 Easy to measure. Less important.
3.1.8 Driver errors 83 Excellent measure of Many varieties. Low
distraction. probability of occurrence.
3.1.9 Reaction time; 15 Good indicator of Difficult to measure.

3.2 Inferred measures

3.2.1 Surprise; orienting
response

Difficult to measure.
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Variable Ref. # Advantages Disadvantages
3.2.2 Conspicuity; attention Difficuit to measure.
grabbing
3.2.3 Search patterns 15 Indicative of visual
hypotheses.
3.2.4 Capacity: self- 15 Extremely important Hard to establish criterion
regulated attention; spare concept. threshold.
capacity
3.3 Subjective measures 161
3.3.1 Conversational drive Good possible method. Lots of extraneous data.
3.3.2 Rating scale Inexpensive. Imprecise.
3.3.3 Questionnaire Inexpensive. Imprecise.
3.3.4 Survey 125 Relatively inexpensive. Sampling frame difficult,
3.3.5 Focus group Small sample. Lots of data. | Confounding social
variables.

4.0 Crashes 158, 125,

26, 44,

128, 161,

95, 121
4.1 Type: head-on; 39 Very important Rare events. Many
sideswipe; rear-end; discriminator variable. confributing factors. Difficult
backing; run-off-road,; Related to ultimate goal. to estimate statistically.
pedestrian
4.2 Severity: fatal; injury; Important to determine Rare events. Many factors.
property damage; impact. Difficult to estimate
unreported statistically.
4.3 Method of Rare events. Hard to
measurement estimate.
4.3.1 Direct observation: 42 Best studied in simulator.
simulator; field camera No chance of injury.
4.3.2 Before/after study 39, 158 Most common study type. No control site. Regression

toward mean.
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Variable

Ref. #

Advantages

Disadvantages

4.3.3 Before/after with
control

Control adds rigor.

Regression toward mean.

4.3.4 Before/afler/before

More convincing causal
effect.

Regression toward mean.

4.3.5 Regression model

Directly account for
multiple factors

Large amounts of data on
many variables

4.3.6 Empirical Bayes

Control for regression
toward mean.

More complicated statistical
model.

4.3.7 Full Bayes

More complete treatment of
conditional probabilities.

Not widely used.
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A3 KEY RESEARCH STRATEGIES

Table 3. Expanded key research strategies.

Method Ref. # Advantages Disadvantages
1.0 Crashes: Field 97, 95,

21
1.1 Unobtrusive observation
1.1.1 Participant: random, 49 No sampling bias. Do not know participant sample.
uncontrolied; usually unknown
1.1.2 Experimenter: usually 49 No artificial participant
absent; remote observation; behaviors due to
unknown to participant experimenter.
1.1.3 Stimuli: natural, ordinary, | 49 Natural stimuli. Stimuli not uniform; e.g.,
in context; variable, weather effects.
uncontrolled
1.1.4 Responses: crashes; 49 Directly related to the safety | Extremely rare events;
antecedent vehicle behaviors; goal. insensitive to participant
rare; few participant variables variables.
1.1.5 Scenario: natural route 49 Completely natural Long-term monitoring required.
and purpose; uses own vehicle experimental context; uses

own vehicle.

1.2 Naturalistic driving
1.2.1 Participant: selected, 79, 78, | Know participant sample. Possible sampling bias.
sampled 42
1.2.2 Experimenter: absent; 79, 78, Possible artificial participant
remote observation; known to 42 behaviors.
participant
1.2.3 Stimuli: natural, ordinary, | 79, 78, | Natural stimuli. Stimuli not uniform; e.g.,
in conlext; variable, 64,42 weather effects.
uncontrolled
1.2.4 Responses: crashes; 79, 78, | Directly related to ultimate Extremely rare events; difficult
antecedent vehicle and 64,42 | goal; sensitive to some to collect adequate sample of
participant behaviors; rare participant variables, crashes.
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Method

Ref. #

Advantages

Disadvantages

1.2.5 Scenario: natural route
and trip purpose; uses own
vehicle

79, 78,
64, 42

Mostly natural experimental
context; uses own or
borrowed vehicle.

Participant aware of test status;
may be injured or killed; vehicle
may be damaged or destroyed,;
expensive.

1.3 Retrospective database:
fatal, injury, property damage

87,49,
128,
14, 58,

Directly related to ultimate
goal.

Crashes are rare events; difficult
to estimate.

1.3.1 Before-after study

158, 1,
130

Most common study type.

No control site; regression
toward mean.

1.3.2 Before-after study with
control

120

Control adds rigor.

Regression toward mean.

1.3.3 Before-after-before study

More convincing causal
effect.

Regression toward mean.

1.3.4 Regression model

Directly account for multiple
factors.

Large amounts of data on many
variables.

1.3.5 Empirical Bayes

Control for regression toward
mean.

More complicated statistical
model.

1.3.6 Full Bayes

More complete treatment of
conditional probabilities.

Not widely used.

2.0 Crashes: Laboratory

2.1 Driving simulator

2.1.1 Participant: selected,
sampled

70

Know participant sample.

Possible sampling bias.

2.1.2 Experimenter: remotely
present, unobtrusive
observation

70

More experimenter control.

Possible artificial participant
behaviors.

2.1.3 Stimuli: simulated,
artificial; consistent, controlled

70

Extremely repeatable
stimulus conditions.

Artificial stimuli; hard to
simulate conspicuity and
legibility.
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Method

Ref, #

Advantages

Disadvantages

2.1.4 Responses: programmed
crashes; antecedent participant
and vehicle behaviors; can be
more frequent crashes

70

Some control over crashes;
can program more frequent
crash opportunities.

Lack of negative consequences
can unnaturally alter frequency
of crashes.

2.1.5 Scenario; contrived route,
artificial; unnatural vehicle and
environment; safe from harm

70

Control over driving
scenario; participant safe
from harm.

Unnatural vehicle and
environment; artificial scenario,
simulator sickness.

2.2 Non-simulator laboratory

87

2.2.1 Crash scenarios: movies,
pictures, acting out

Relatively easy; less
resources.

Artificial, out-of-context testing
environment.

2.2.2 Crash reconstructions:
guestionnaires, focus groups

Relatively easy; focus groups
more expensive.

Artificial, out-of-context testing
environment; focus group social
biases.

3.0 Safety Surrogate: Field

34, 85

3.1 Unobtrusive observation

3.1.1 Participant: random,
uncontrolled; usunally unknown

15

No sampling bias.

Do not know participant sample.

3.1.2 Experimenter: usually
absent; remote observation;
unknown to participant

15

No artificial participant
behaviors due to
experimenter.

3.1.3 Stimuli: natural, ordinary,
in context; variable,
uncontrolled

15

Natural stimuli.

Stimuli not uniform; e.g.,
weather effects.

3.1.4 Responses: crash
precursors; antecedent vehicle
behaviors; more frequent; few
participant variables

15

More frequent events than
crashes; can collect more
data with less risk.

Crash precursors only indirect
indicators; insensitive to
participant variables.

3.1.5 Scenario: natural route
and trip purpose; uses own
vehicle

15

Completely natural
experimental context; uses
own vehicle.

3.2 Naturalistic driving
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Method

Advantages

Disadvantages

3.2.1 Participant: selected,
sampled

Know participant sample.

Possible sampling bias.

3.2.2 Experimenter: absent;
remote observation; known to
participant

Possible artificial participant
behaviors.

3.2.3 Stimuli: natural, ordinary,
in context; variable,
uncontrolied

79, 78,

Natural stimuli.

Stimuli not uniform; e.g.,
weather effects.

3.2.4 Responses: crash
precursors; antecedent vehicle
and participant behaviors; more
frequent events

79,78,
42

More frequent events than
crashes; can collect more
data with less risk.

Crash precursors only indirect
indicators.

3.2.5 Scenario: natural route
and trip purpose; uses own
vehicle

79, 78,
118,42

Mostly natural experimental
context; uses own or long-
term borrowed vehicle.

Participant aware of test status,;
may be injured or killed; vehicle
may be damaged or destroyed,
expensive.

3.3 On-road instrumented
vehicle

14

3.3.1 Participant: selected,
sampled

54, 18

Know participant sample.

Possible sampling bias.

3.3.2 Experimenter: present;
direct observation and
interaction

83

More experimenter control;

increased experiment safety.

Possible artificial participant
behaviors.,

3.3.3 Stimuli: selected; natural,
in context

83,18

Natural stimuli.

Stimuli not uniform; e.g.,
weather effects,

3.3.4 Responses: crash
precursors; antecedent vehicle
and participant behaviors; more
frequent

54, 18

More frequent events than
crashes; can collect more
data with less risk,

Crash precursors only indirect
indicators.

3.3.5 Scenario: natural route,
artificial trip purpose; uses
experimental vehicle

54, 83,
18

Semi-natural experimental
context; more safe.

Artificial trip purpose;
unfamiliar vehicle.

3.4 Closed-course test track
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Method

Ref, #

Advantages

Disadvantages

3.4.1 Participant: selected,
sampled

136

Know participant sample.

Possible sampling bias.

3.4.2 Experimenter: present;
direct observation and
interaction

136

More experimenter control;

increased experiment safety.

Possible artificial participant
behaviors,

3.4.3 Stimuli: selected; out of
context

136

Semi-natural stimuli.

Stimuli not uniform; some
possible controi.

3.4.4 Responses: crash
precursors; antecedent vehicle
and participant behaviors; more
frequent

136

More frequent events than
crashes; can collect more
data with less risk.

Crash precursors only indirect
indicators.

3.4.5 Scenario; unnatural route,
artificial trip purpose; uses
experimental vehicle

136

Low probability of harm to
participant or vehicle.

Unnatural experimental context.

3.5 Commentary driving

3.5.1 Participant: selected,
sampled

36

Know participant sample.

Possible sampling bias.

3.5.2 Experimenter: present;
direct observation; extensive
interaction

36

More experimenter control;

increased experiment safety.

Possible artificial participant
behaviors.

3.5.3 Stimuli: selected; natural,
in context

36

Natural stimuli.

Stimuli not uniform; ¢.g.,
weather effects.

3.5.4 Responses: extensive
driver commentary; running
verbal description; crash
precursors observable

Collect large amounts of
data; direct observation of
gross attention.

Commentary could interfere
with driving task; artificial task.

3.5.5 Scenario: natural route,
artificial trip purpose

Semi-natural experimental
context; more safe.

Artificial trip purpose.

3.6 Non-vehicle based field
testing

3.6.1 Roadside interviews

14,
125, 85

Relatively easy; less
resources.

Artificial, distal testing
environment.
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Method

Ref. #

Advantages

Disadvantages

3.6.2 Fuel station, nearby mall
interviews

Relatively easy; less
resources.

Artificial, out-of-context testing
environment.

4.0 Safety Surrogate:
Laboratory

36

4.1 Driving simulator

4.1.1 Participant: selected,
sampled

161, 4,
70, 82

Know participant sample.

Possible sampling bias.

4.1.2 Experimenter: remotely
present, unobtrusive
observation

161, 4,
70, 82

More experimenter control,

Possible artificial participant
behaviors.

4.1.3 Stimuli: simulated,
artificial; consistent, controlled

161, 4,
70, 82

Extremely repeatable
stimulus conditions.

Artificial stimuli; hard to
simulate conspicuity and
legibility.

4.1.4 Responses: programmed
crash precursors; antecedent
participant and vehicle
behaviors; can have more
frequent events

10, 82,

Some control over near-
crashes; can program morc
frequent near-crash
opportunities.

Lack of negative consequences
can unnaturally alter frequency
of near-crashes.

4.1.5 Scenario: contrived route,
artificial; unnatural vehicle and
environmeni; safe from harm

161, 4,
70, 82

Control over driving
scenario; participant safe
from harm.

Unnatural vehicle and
environment; artificial scenario;
simulator sickness.

4.2 Non-simulator laboratory

75

4.2.1 Pre-crash scenarios:
movies, pictures, acting out

160, 36

Relatively easy; less
TeSOUrces.

Artificial, out-of-context testing
environment; weak response
measure.

4.2.2 Pre-crash reconstructions:

questionnaires, focus groups

36

Relatively easy; focus groups
more expensive.

Artificial, out-of-context testing
environment; weak response
measure; focus group social
biases.

5.0 Social Survey

14,125

5.1 Telephone survey

Less resources; personal
interviewer; more flexible.

Out of context; opinions only;
more labor intensive; smaller
scale.
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Method

Ref. #

Advantages

Disadvantages

5.2 Mail survey

Less resources; standardized,;
larger scale.

Out of context; opinions only.

5.3 E-mail survey

Less resources; standardized,;
large scale.

Out of context; opinions only;
internet user bias.

6.0 Analytical Study

6.1 Liferature review

53,38,
26,
129, 52

Benefit from previous
knowledge and mistakes.

Based on old information;
abstract; hard to apply.

6.2 Review of practice

15, 44

Socially oriented, practical,
legal.

Based on old information; not
scientific; possibly misleading.

6.3 Deductive-inductive
reasoning study

26

Less resources; no need for
new data.

Must often make dangerous
assumptions; cannot fill in
knowledge gaps.
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APPENDIX B—DETAILED DESCRIPTION OF STUDIES

B.1 ON-ROAD INSTRUMENTED VEHICLE APPROACH

The most effective research strategy to emerge from the analysis undertaken in section 6.0 is the
on-road instrumented vehicle method. The following describes one possible study which might
be conducted using this method.

B.1.1 Method

The on-road instrumented vehicle method employs an instrumented vehicle which is brought to
the study site, along with a crew of about two or three researchers. The study site is a location
where there is at least one CEVMS installation along a public access roadway. Preferably, there
would be several CEVMS installations at the location so that a single test driving scenario might
pass a few different CEVMS in the course of about half an hour of driving. The investigation
should include at least two or three study sites which already have CEVMS in place. At each
study site, approximately 20 to 30 research participants would be recruited from the local area.

Each research participant would drive the instrumented vehicle along a prescribed route, which
inchades CEVMS installations, standard (non-digital) billboards, human-constructed objects of
casual visual interest (houses, barns, etc.), and natural background control scenery (trees, ficlds,
etc.). Each drive takes less than 1 hour (preferably about 30 minutes), and each participant would
return for several drives on different days. Other aspects would vary as well, such as the time of
day, traffic density, and CEVMS conditions (e.g., CEVMS turned on versus CEVMS turned off).
Each participant would complete between three and six such drives. The instrumented vehicle
and crew would usually remain at a given study site for about 1 to 2 months. The crew would
consist of an experimenter and a safety observer, who would both be present in the instrumented
vehicle, The safety observer would also serve as a research assistant or technician. The
instrumented vehicle is capable of measuring vehicle speed, vehicle lane position, longitudinal
acceleration, lateral acceleration, GPS time and position, and driver eye glance direction and
duration. The instrumented vehicle is also equipped with accurate vehicle-mounted or head-
mounted eye-tracking equipment, video cameras (forward and cab views) and a voice recorder.

B.1.2 Factors and Measures

The major factors or independent variables in the study are the presence or absence of CEVMS
and other comparison visual stimuli (standard billboards, buildings, etc.) along the driving path.
If possible, the CEVMS should be capable of being turned off and on or changed along some
other dimension like luminance or change rate, according to a prearranged experimental design.
The period of time that the CEVMS is off or changed could be kept relatively brief and carefully
controlled since the study will follow a strict protocol. Other important independent variables are
the time of day (day/night), traffic conditions (peak and nonpeak), and driver variables (age,
gender, and route familiarity). One or more of the primary CEVMS variables of interest to the
community concerned with outdoor advertising control should be represented by varying levels
along the driving route (e.g., different degrees of luminance, change rate, or display spacing) as
much as possible. Direct experimental control would be preferable to site selection in this regard.
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The primary measure or dependent variable in this study is the frequency, direction, and duration
of driver eye glances, which serves as an indication of visual attention and distraction. The
fundamental hypothesis is that drivers have limited attention; they self-regulate their attention to
perform demanding tasks. In the case of the driving task, a certain proportion of their attention
needs to be concentrated on the roadway scene ahead. To the degree that eye glance behavior can
serve as a measure of visual attention, eye glances need to be concentrated on the roadway

ahead. If the frequency and duration of eye glances away from the roadway ahead exceed
accepted norms or criteria for keeping a driver’s eyes on the road, then driver safety may be
compromised. Thus, eye glance behavior is the primary dependent variable in the study. Eye
glance behavior has an intuitive connection to visual attention and is sensitive to subtle visual
search strategies, including those which are below the level of conscious awareness (see

section 2.7.2). Depending upon the type of eye glance measuring instrumentation selected, the
act of measuring eye glance behavior may prove to be a more or less significant distraction to the
driver in itself. This experimentally-induced artifact can be controlled by selecting a minimally
intrusive measurement method or by ensuring adequate adaptation to the instrumentation on the

part of the research participant.

This study includes another class of secondary dependent variables. These are safety surrogate
measures associated with driver errors and other measures of driver performance, such as speed
changes, headway, lane deviation, and traffic conflicts. These secondary variables can be
measured by instrumentation in the vehicle in terms of speed, acceleration, and lane position.
These secondary variables can also be directly observed and noted by the experimenter and/or
safety observer in the instrumented vehicle for later analysis in terms of sudden braking,
inadequate headway, swerving, and conflicts. Thus, events indicative of possible driver error or
other maladaptive behavior can be flagged by human observers. Also, for these events, only
objective vehicle performance data needs to be analyzed, saving considerable effort and expense
by eliminating the need to analyze large amounts of continuous vehicle performance data.

B.1.3 Advantages/Disadvantages

One advantage of this method is its ability to implement accurate eye-tracking measurements
which afford the opportunity to observe subtle and often unconscious eye movements. This
ability to measure unconscious eye movements correlates with unconscious distraction facilitates
incorporation of the notion of self-regulated attention into the experimental paradigm. When a
driver is attempting to concentrate on the roadway ahead, a distractor, which unconsciously
diverts attention away from the roadway against the driver’s will, may have a more severe safety
consequence than a distractor which can be maintained under conscious and voluntary control.
Thus, in addition to being able to measure distraction which is both conscious and voluntary,
accurate eye-tracking delerminations have the potential to probe other phenomena, such as
unconscious and involuntary distraction as they relate to CEVMS exposure.

Another advantage of this method is the ability to structure driving scenatios to have an
appropriate number of CEVMS, standard billboard, and other visual stimuli all located on a
controlled course, which all research participants drive in a consistent manner. The ability to
choose and structure the test drive assures adequate and uniform exposure to CEVMS and other
relevant visual stimuli. The ability to exert experimental control is a valuable asset to this
method. Tt facilitates a clean and robust statistical analysis of the data because all of the
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participants are exposed 1o all of the experimental conditions the same number of times in a
relatively controlled manner. Experimental control ensures a high level of CEVMS exposure,
thereby contributing to the productivity and cost effectiveness of this technique.

However, examined from a different perspective, such a degree of experimental control may also
be regarded as a disadvantage. A certain amount of artificiality is mtroduced into the driving
situation thereby. Research participants are definitely aware that they are participating in a
controlied experiment, driving someone else’s car on a contrived route which does not serve a
personal purpose related to daily life. In addition, with the experimenter riding along with the
participants in the vehicle, there may be a tendency for the participants to try to please the
experimenter and to drive in some unnatural way. The introduction of eye-tracking equipment
adds to the artificiality of the situation. Wearing head-mounted eye-tracking gear definitely
represents unnatural driving attire. However, most research participants rapidly adapt to the gear
with time, and they often report that they are unaware of its presence afier a short drive, Vehicle-
mounted eye-tracking equipment can be far less intrusive, although the tedious calibration
procedures and the presence of the cameras in the car remind participants that their head and eye
movements are constantly being monitored. These are all valid experimental concems; however,
none of these interventions is likely to profoundly alter the driving behavior, much less the eye
glance movements, of the research participants, as long as they are not informed of the purpose
of the study. The enhanced experimental efficiency that this approach has to offer far outweighs

its artificiality drawbacks.

B.1.4 Budgetary Cost

A rough budgetary estimate for conducting such an on-road instrumented vehicle study is
between $400,000 and $800,000. The main cost drivers for this method are the eye glance
measuring technology and the crew needed to implement the experiment at the study sites. The
range in this estimate relates to the number of study sites, adequacy of the sites, length of the
experimental drive, number of experimental drives, number of research participants, difficulty in
obtaining research participants, ability to turn the CEVMS off and on, and numerous other
factors which cannot be determined without further planning.

B.2 NATURALISTIC DRIVING APPROACH

The naturalistic driving method is similar to the on-road instrumented vehicle method. The major
difference is that the participants drive their own vehicles (or loaned vehicles) for their own
personal purposes. The method typically employs a large number of such vehicles. The
following describes one possible study which might be conducted using this method.

B.2.1 Method

The naturalistic driving method employs a standardized instrument package which is installed in
the participant’s own private vehicle or in a vehicle loaned to the participant. The installation is
made as unobtrusive as possible so that the participant’s vehicle appears and performs as it
normally would. The instrument package is capable of measuring many of the same variables as
the on-road instrumented vehicle, such as speed, lane position, acceleration, GPS time and
position, driver eye glance frequency, direction, and duration. The instrument package is also
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connected to the vehicle data bus so that additional vehicle-related measures of engine, braking,
and steering performance are also recorded. However, because of the unobtrusive nature of the
experimental technique, this method cannot support the use of extremely accurate head-mounted
or vehicle-mounted eye-tracking equipment. In the present state of technology, these accurate
eye movement instruments involve careful calibration procedures with the driver. With this
method, the eye-tracking system is mounted in the dashboard in a manner which involves little or
no driver interaction. Once the participant’s vehicle has been instrumented, data are collected by
means of automatic wireless downloads without participant awareness or involvement. The
instrumentation is left in the vehicle for a period of 3 to 6 months, during which time the
participant drives the vehicle for normal personal or business use.

The fact that participants drive their own vehicles for their own use reduces control and adds
uncertainty to the study. It is difficult to control where the participants are going to drive and
when. The study site must be selected carefully so that participants are likely to drive by at least
some of the target CEVMS installations. The participants must be selected carefully so that they
are likely 1o take the selected roadway with some reasonable frequency. As a result of this
increased uncertainty, the number of study sites must be increased to 4 and 5, the number of
research participants selected at each site must be increased to 50 and 75, and the duration of
measurement for each participant must be increased to 3 and 6. In this study, it is even more
important that there are several CEVMS installations at each study site. As was the case for the
on-road instrumented vehicle study, each study site needs to include CEVMS installations,
standard (non-digital) billboards, objects of casual visual interest (houses, barns, etc.), and
natural background control scenery (trees, fields, etc.).

B.2.2 Factors and Measures

As with the on-road instrumented vehicle study, the major factors or independent variables are
the presence or absence of CEVMS and other comparison visual stimuli (standard billboards,
buildings, control settings, etc.) along the driven path. If possible, the CEVMS should be turned
off and on or changed in some other way, according to a prearranged experimental design.
However, in this instance, the CEVMS would have to be turned off or changed for longer periods
of time because it is not certain when the instrumented test vehicles might pass. These are the
primary independent variables. Secondary independent variables could include the type of
vehicle (sedan, pickup, or SUV) and driver characteristics (age, gender, and route familiarity).

In addition, as much as possible, one or more of the primary CEVMS variables of interest to the
community concerned with outdoor advertising control should be represented by varying levels

in the selection of CEVMS stimuli.

As in the on-road instrumented vehicle study, the primary measure or dependent variable is the
frequency, direction, and duration of driver eye glances. The fundamental hypothesis of self-
regulated attention which needs to be concentrated on the roadway scene ahead remains the
same. As before, if the frequency and duration of eye glances away from the roadway ahead
exceed accepted norms or criteria, then driver safety is assumed be compromised. Thus, eye
glance behavior is the primary dependent variable in this study, as well. However, the particular
unobtrusive and disengaged dashboard-mounted eye-tracking device may not be capable of
making as accurate measurements of eye-movements as can other more delicate vehicle-mounted
or head-mounted devices which require periodic participant calibration. Consequently, this study
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method depends more heavily on secondary dependent variables. Safety surrogate measures
associated with driver errors and other measures of driver performance (headway, lane deviation,
conflicts, and erratic maneuvers) become increasingly important in this method. Since the
participants will be driving according to their own personal schedules, additional dependent
variables may include the time of day (day/night), traffic conditions (peak and nonpeak), in-
vehicle distractions (eating and/or cell phone use), and state of fatigue.

B.2.3 Advantages/Disadvantages

The naturalistic driving method possesses one major advantage over the on-road instrumented
vehicle method: the driving scenario, driving task, and driving purpose are all completely
natural. The research participants drive their own vehicles (or ones loaned to them) on their own
personal schedules along personally selected routes to meaningful destinations. Although to a
lesser degree, the naturalistic driving method shares another advantage with the on-road
instrumented vehicle method: its ability to implement eye-tracking measurements. In fact, the
dashboard-mounted eye-tracking device is far less intrusive to the driver than the head-mounted
eye-tracking device sometimes employed in the on-road instrumented vehicle method.

Unfortunately, some dashboard-mounted eye-tracking devices may not be as sensitive and
accurate as a head-mounted device. Also, they may not be able to track extensive head
movements or measure subtle eye glances indicative of unconscious distraction. The useful field
of view can also be an issue with certain unobtrusive vehicle-mounted eye-tracking equipment.
Consequently, this experimental method may be less effective in its ability to probe the subtle
phenomena of unconscious and involuntary distraction as they relate to CEVMS exposure.

Another disadvantage of this method is its inherent lack of structured driving scenarios. Since
participants drive whenever and wherever they want, it is difficult to ensure adequate and
uniform exposure to CEVMS and other relevant visual stimuli. This lack of experimental control
and higher degree of uncertainty necessitate an increase in the number of study sites, research
participants, and duration of the study, which negatively impacts the productivity and cost
effectiveness of the technique, For example, this method typically requires the instrumentation of
a relatively large number of vehicles at any given study site instead of the instrumentation of just
one vehicle which is shared by many research participants. Another minor disadvantage is that
research participants arc aware that they are participating in an experiment, even if the study is
minimally intrusive in terms of daily life routine.

B.2.4 Budgetary Cost

A rough budgetary estimate for conducting such a naturalistic driving study is between

$2 million and $4 million. The main cost drivers for this method include increasing the number
of study sites, installing instruments in a large mumber of vehicles at a single site, and collecting
and analyzing data covering a long period of time. The range in this budgetary estimate relates to
the number of study sites, adequacy of the sites, number of vehicles which need to be
instrumented at one time, number of research participants, difficulty in obtaining research
participants, driving patterns of the research participants, length of the study at any given site,
ability to turn the CEVMS off and on, and numerous other factors which cannot be determined

without further planning.

65




B.3 UNOBTRUSIVE OBSERVATION APPROACH

The unobtrusive observation method is different from the on-road instrumented vehicle
method and the naturalistic driving method. The major distinction is that no study participants
are selected, and all data are obtained from the natural flow of traffic past the CEVMS and
other comparison stimuli. The following describes one possible study which might be
conducted using this method.

B.3.1 Method

The unobtrusive observation method employs an array of static cameras or other sensors
mounted near the locations of the CEVMS and other comparison stimuli. The other sensors may
include loops, tubes, or radar to measure vehicle passes and driving parameters. The present
report will focus on video recording of traffic. The cameras are capable of recording the behavior
of vehicles passing the various relevant visual stimuli as a part of the natural flow of traffic. The
drivers are usually completely unaware that their vehicles are being observed. Post-hoc analysis
of the video recordings from these cameras can yield data similar to some of that obtained by the
on-road instrumented vehicle and naturalistic driving methods, which include vehicle speed, lane
position, acceleration, and time. However, the data from distal video cameras are usually far less
accurate than what can be collected by instruments onboard the vehicle. Moreover, with present
measurement technology, such video recordings cannot yield any data concerning driver eye
glance frequency, direction, and duration. The camera arrays are usually left in place for a period
of several months to 1 year at each study site. There would typically be three to four such sites in
the study. At each study site, separate camera arrays would need to be installed at the locations
of all selected CEVMS displays, standard (non-digital) billboards, objects of casual visual
interest (houses, barns, etc.), and natural background control scenery (trees, fields, etc.).

B.3.2 Factors and Measures

As in the on-road instrumented vehicle and naturalist driving studies, the major independent
variables are the presence or absence of CEVMS and other comparison visual stimuli (standard
billboards, buildings, etc.) along the driving path. If possible, the CEVMS should be controlled
according to a prearranged experimenta)] protocol. However, in this instance, the CEVMS
would have to be changed for longer durations because it is possible to predict when vehicles
might pass. In addition, one or more of the primary CEVMS variables of interest to the
community concerned with outdoor advertising control should be represented by varying levels
in the selection of CEVMS stimuli. These constitute the primary independent variables. Since
continuous video recording will be employed, the experimenter can decide to select different
times of data collection for further analysis. This capability can provide insight into some
secondary independent variables such as time of day (day/night) and traffic conditions

(peak, nonpeak).

In contrast to the on-road instrumented vehicle and naturalistic driving studies, the primary
dependent variable is not driver eye glance behavior. Instead, this study method depends
completely on safety surrogate measures associated with driver errors and other measures of
driver performance (headway, lane deviation, and erratic maneuvers). These are subtle driving
behaviors to measure by means of distal cameras mounted along the roadway. Unless the
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cameras are mounted very high, multiple vehicle images may occlude each other. For a long
stretch of roadway, such as might required for CEVMS exposure, a relatively large array of
cameras may be needed. Thus, a large amount of data needs to be collected and analyzed in such
a study. Automatic machine vision video analysis algorithms can help in the data analysis
process, but such algorithms are not yet sufficiently sensitive and robust to reliably identify all of
the subtle indicators of driver errors, conflicts, or maladaptive performance which might
accompany CEVMS exposure. The use of other sensors instead of or in addition to cameras may
mitigate some of these data analysis problems to a certain extent.

B.3.3 Advantages/Disadvantages

The unobtrusive observation method possesses one major advantage over the other two methods:
the data are derived from the natural flow of traffic. Other than erecting camouflaged camera
arrays at various locations along the roadway, the experimenter does not disturb the natural flow
of human driving. As opposed to the other two methods, the vast majority of drivers are
completely unaware that they are part of a study depending on how well the camera camouflage
works. Other sensors used for this application can also be hidden and made extremely hard to
detect. This is the major advantage of the unobtrusive observation method. Another strong
advantage is the large number of vehicles which pass by the CEVMS and other comparison

stimuli every day. Sample sizes can be relatively large.

Like the other techniques, the unobtrusive observation method has disadvantages as well. First,
with present technology, it is not possible to implement eye-tracking measurements in such a
study. The inability to measure eye glance behavior makes it difficult to investigate important
constructs, like self-regulated attention and unconscious distraction as they relate to CEVMS
exposure. The method is left to rely on safety surrogate measures, such as driver errors and
maladaptive maneuvers. These relatively subtle pre-crash and near-crash driving behaviors are
difficult to measure by means of distal video cameras. Such driving behaviors also occur very
seldom and need to be observed over great distances, leading to the necessity to collect large
amounts of video data from extended camera arrays over long periods of time. The collection,
reduction and analysis of such large amounts of data tend to make this method time-consuming

and expensive.

B.3.4 Budgetary Cost

A rough budgetary estimate for conducting such an unobtrusive observation study is between

$1 million and $3 million. The main cost drivers for this method include designing camera arrays
which can measure subtle vehicle mancuvers, installing camera arrays to record a large extent of
roadway for all CEVMS and comparison stimuli, and collecting and analyzing data covering a
long period of time. The range in this budgetary estimate relates to the number of study sites,
adequacy of the sites, number and location of cameras in an array, method of recognizing safety
surrogate measures, length of the study at any given site, ability to turn the CEVMS off and on,
and numerous other factors which cannot be determined without further planning.
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FOREWORD

The advent of electronic billboard technologies, in particular the digital Light-Emitting Diode
(LED) billboard, has necessitated a reevaluation of current legislation and regulation for
controlling outdoor advertising, In this case, one of the concerns is possible driver distraction. In
the context of the present report, outdoor advertising signs employing this new advertising
technology are referred to as Commercial Electronic Variable Message Signs (CEVMS), They
are also commonly referred to as Digital Billboards and Electronic Billboards.

The present report documents the results of a study conducted to investigate the effects of
CEVMS used for outdoor advertising on driver visual behavior in a roadway driving
environment. The report consists of a brief review of the relevant published literature related to
billboards and visual distraction, the rationale for the Federal Highway Administration research
study, the methods by which the study was conducted, and the results of the study, which used an
eye tracking system to measure driver glances while driving on roadways in the presence of
CEVMS, standard billboards, and other roadside elements. The report should be of interest to
highway engineers, traffic engineers, highway safety specialists, the outdoor advertising
industry, environmental advocates, Federal policymakers, and State and local regulators of

outdoor advertising.
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EXECUTIVE SUMMARY

This study examines where drivers look when driving past commercial electronic variable
message signs (CEVMS), standard billboards, or no off-premise advertising. The results and
conclusions are presented in response to the three research questions listed below:

1. Do CEVMS attract drivers’ attention away from the forward roadway and other driving-
relevant stimuli?

2. Do glances to CEVMS occur that would suggest a decrease in safety?
3. Do drivers look at CEVMS more than at standard billboards?

This study follows a Federal Highway Administration (FHWA) review of the literature on the
possible distracting and safety effects of off-premise advertising and CEVMS in particular. The
review considered laboratory studies, driving simulator studies, field research vehicle studies,
and crash studies. The published literature indicated that there was no consistent evidence
showing a safety or distraction effect due to off-premise advertising. However, the review also
enumerated potential limitations in the previous research that may have resulted in the finding of
no distraction effects for off-premise advertising. The study team recommended that additional
research be conducted using instrumented vehicle research methods with eye fracking

technology.

The eyes are constantly moving and they fixate (focus on a specific object or area), perform
saccades (eye movements to change the point of fixation), and engage in pursuit movements
(track moving objects). It is during fixations that we take in detailed information about the
environment, Eye tracking allows one to determine to what degree off-premise advertising may
divert attention away from the forward roadway. A finding that areas containing CEVMS result
in significantly more gazes to the billboards at a cost of not gazing toward the forward roadway
would suggest a potential safety risk. In addition to measuring the degree to which CEVMS may
distract from the forward roadway, an eye tracking device would allow an examination of the
duration of fixations and dwell times (multiple sequential fixations) to CEVMS and standard
billboards. Previous research conducted by the National Highway Traffic Safety Administration
(NHTSA) led to the conclusion that taking your eyes off the road for 2 seconds or more presents
a safety risk. Measuring fixations and dwell times to CEVMS and standard billboards would also

allow a determination as to the degree to which these advertising signs lead to potentially unsafe
gaze behavior.

Most of the literature concerning eye gaze behavior in dynamic environments suggests that task
demands tend to override visual salience (an object that stands out because of its physical
properties) in determining attention allocation. When extended to driving, it would be expected
that visual attention will be directed toward task-relevant areas and objects (e.g., the roadway,
other vehicles, speed limit signs) and that other salient objects, such as billboards, would not
necessarily capture attention, However, driving is a somewhat automatic process and conditions
generally do not require constant, undivided attention. As a result, salient stimuli, such as
CEVMS, might capture driver atiention and produce an unwanted increase in driver distraction.

The present study addresses this concern.




This study used an instrumented vehicle with an eye tracking system to measure where drivers
were looking when driving past CEVMS and standard billboards. The CEVMS and standard
billboards were measured with respect to fluminance, location, size, and other relevant variables
to characterize these visual stimuli extensively. Unlike previous studies on digital billboards, the
present study examined CEVMS as deployed in two United States cities. These billboards did
not contain dynamic video or other dynamic elements, but changed content approximately every
8 to 10 seconds. The eye tracking system had nearly a 2-degree level of resolution that provided
significantly more accuracy in determining what objects the drivers were looking at compared to
an earlier naturalistic driving study. This study assessed two data collection efforts that employed

the same methodology in two cities.

In each city, the study examined eye glance behavior to four CEVMS, two on arterials and two
on freeways. There were an equal number of signs on the left and right side of the road for
arterials and freeways. The standard billboards were selected for comparison with CEVMS such
that one standard billboard environment matched as closely as possible that of each of the
CEVMS. Two control locations were selected that did not contain off-premise advertising, one
on an arterial and the other on a freeway. This resulted in 10 data collection zones in each city
that were approximately 1,000 feet in length (the distance from the start of the data collection
zone to the point that the CEVMS or standard billboard disappeared from the data collection

video).

In Reading, Pennsylvania, 14 participants drove at night and 17 drove during the day. In
Richmond, Virginia, 10 participants drove at night and 14 drove during the day. Calibration of
the eye tracking system, practice drive, and the data coliection drive took approximately 2 hours

per participant to accomplish.

The following is a summary of the study results and conclusions presented in reference to the
three research questions the study aimed to address.

Do CEVMS attract drivers’ attention away from the forward roadway and other driving
relevant stimuli?

e On average, the drivers in this study devoted between 73 and 85 percent of their visual
attention to the road ahead for both CEVMS and standard billboards. This range is
consistent with eatlier field research studies. In the present study, the presence of
CEVMS did not appear to be related to a decrease in looking toward the road ahead.

Do glances to CEVMS occur that would suggest a decrease in safety?

e The average fixation duration to CEVMS was 379 ms and to standard billboards it was
335 ms across the two cities. The average fixation durations to CEVMS and standard
billboards were similar to the average fixation duration to the road ahead.

e The Jongest fixation to a CEVMS was 1,335 ms and to a standard billboard it was
1,284 ms. The current widely accepted threshold for durations of glances away from the
road ahead that result in higher crash risk is 2,000 ms. This value comes from a NHTSA




naturalistic driving study that showed a significant increase in crash odds when glances
away from the road ahead were 2,000 ms or longer.

Four dwell times (aggregate of consecutive fixations to the same object) greater than
2,000 ms were observed across the two studies. Three were to standard billboards and
one was to a CEVMS. The long dwell time to the CEVMS occurred in the daytime to a
billboard viewable from a freeway. Review of the video data for these four long dwell
times showed that the signs were not far from the forward view while participant’s gaze
dwelled on them. Therefore, the drivers still had access to information about what was in

front of them through peripheral vision.

The results did not provide evidence indicating that CEVMS, as deployed and tested in
the two selected cities, were associated with unacceptably long glances away from the
road. When dwell times longer than the currently accepted threshold of 2,000 ms
occurred, the road ahead was still in the drivet’s field of view. This was the case for both

CEVMS and standard billboards.

Do drivers look at CEVMS more than at standard billboards?

When comparing the probability of a gaze at a CEVMS versus a standard billboard, the
drivers in this study were generally more likely to gaze at CEVMS than at standard
billboards. However, some variability occurred between the two locations and between

the types of roadway (arterial or freeway).

In Reading, when considering the proportion of time spent looking at billboards, the
participants looked more often at CEVMS than at standard billboards when on arterials
(63 percent to CEVMS and 37 percent to a standard billboard), whereas they looked more
often at standard billboards when on freeways (33 percent to CEVMS and 67 percent to a
standard billboard). In Richmond, the drivers looked at CEVMS more than standard
billboards no matter the type of road they were on, but as in Reading, the preference for
gazing at CEVMS was greater on arlerials (68 percent to CEVMS and 32 percent to
standard billboards) than on freeways (55 percent to CEVMS and 45 percent to standard
billboards). When a gaze was to an off-premise advertising sign, the drivers were
generally more likely to gaze at a CEVMS than at a standard billboard.

In Richmond, the drivers showed a preference for gazing at CEVMS versus standard
billboards at night, but in Reading the time of day did not affect gaze behavior. In
Richmond, drivers gazed at CEVMS 71 percent and at standard billboards 29 percent at
night. On the other hand, in the day the drivers gazed at CEVMS 52 percent and at

standard billboards 48 percent.

In Reading, the average gaze dwell time for CEVMS was 981 ms and for standard
billboards it was 1,386 ms. The difference in these average dwell times was not
statistically significant. In contrast, the average dwell times to CEVMS and standard
billboards were significantly different in Richmond (1,096 ms and 674 ms, respectively).




The present data suggest that the drivers in this study directed the majority of their visual
attention to areas of the roadway that were relevant to the task at hand (e.g., the driving task).
Furthermore, it is possible, and likely, that in the time that the drivers looked away from the
forward roadway, they may have elected to glance at other objects in the surrounding
environment (in the absence of billboards) that were not relevant to the driving task. When
billboards were present, the drivers in this study sometimes looked at them, but not such that

overall attention to the forward roadway decreased.

It also should be noted that, like other studies in the available literature, this study adds to the
knowledge base on the issues examined, but does not present definitive answers to the research

questions investigated.




INTRODUCTION

“The primary responsibility of the driver is to operate a motor vehicle safely. The task of driving
requires full attention and focus. Drivers should resist engaging in any activify that takes their
eyes and attention off of the road for more than a couple of seconds. In some circumstances even
a second or two can make all the difference in a driver being able fo avoid a crash.” — US
Department of Tmnsportation”)

The advent of electronic billboard technologies, in particular the digital Light-Emitting Diode
(LED) billboard, has prompted a reevaluation of regulations for controlling outdoor advertising.
An attractive quality of these LED billboards, which are hereafter referred to as Commercial
Electronic Variable Message Signs (CEVMS), is that advertisements can change almost
instantly. Furthermore, outdoor advertising companies can make these changes from a central
remote office. Of concern is whether or not CEVMS may attract drivers’ attention away from the

primary task (driving) in a way that compromises safety.

The current Federal Highway Administration (FHWA) guidance recommends that CEVMS
should not change content more frequently than once every 8 seconds.”) However, according to
Scenic America, the basis of the safety concern is that the “...distinguishing trait...” of a
CEVMS “... is that it can vary while a driver watches it, in a setting in which that variation is
likely to attract the drivers’ attention away from the roadway.”(”This study was conducted to
provide the FHWA with data to determine if CEVMS capture visual attention differently than

standard off-premise advertising billboards.

BACKGROUND

A 2009 review of the literature by Molino et al. for the FHWA failed to find convincing
empirical evidence that CEVMS, as currently implemented, constitutes a safety risk greater than
that of conventional vinyl billboards.® A great deal of work has been focused in this area, but
the findings of these studies have been mixed.*> A summary of the key past findings is
presented here, but the reader is referred to Molino et al. for a comprehensive review of studies

prior to 2008,

Post-Hoce Crash Studies

Post-hoc crash studies use reviews of police traffic collision reports or statistical summaries of
such reports in an effort to understand the causes of crashes that have taken place in the vicinity
of some change to the roadside environment. In the present case, the change of concern is the
introduction of CEVMS to the roadside or the replacement of conventional billboards with

CEVMS.

The literature review conducted by Molino et al. did not find compelling evidence for a
distraction effect attributable to CEVMS.® The authors concluded that all post-hoc crash studies
are subject to certain weaknesses, most of which are difficult to overcome. For example, the vast
majority of crashes are never reported to police; thus, such studies are likely to underreport
crashes. Also, when crashes are caused by factors such as driver distraction or inattention, the
involved driver may be unwilling or unable to report these factors to a police investigator.




Another weakness is that police, under time pressure, are rarely able to investigate the true root
causes of crashes unless they involve serious injury, death, or extensive property damage.
Furthermore, to have confidence in the results, such studies need to collect comparable data
before and after the change, and, in the after phase, at equivalent but unaffected roadway
sections. Since crashes are infrequent events, data collection needs to span extended periods of
time both before and after introduction of the change. Few studies are able to obtain such

extensive data.

Two recent studies by Tantala and Tantala examined the relationship between the presence of
CEVMS and crash statistics in Richmond, Virginia, and Reading, Pennsylvania.®” For the
Richmond area, 7 years of crash data at 10 locations with CEVMS were included in the analyses.
The study used a before-after methodology where most sites originally contained vinyl billboards
{before) that were converted to CEVMS (after). The quantity of crash data was not the same for
all locations and ranged from 1 year before/after to 3 years before/after. The study employed the
Empirical Bayes (EB) method to analyze the data.®® The results indicated that the total number
of crashes observed was consistent with what would be statistically expected with or without the
introduction of CEVMS. The analysis approach for Reading locations was much the same as for
Richmond other than there were 20 rather than 10 CEVMS and 8 years of crash statistics. The
EB method showed results for Reading that were very similar to those of Richmond.

The studies by Tantala and Tantala appear to address many of the concerns from Molino et al.
regarding the weaknesses and issues associated with crash studies. %" For example, they
include crash comparisons for locations within multiple distances of each CEVMS to address
concerns about the visual range used in previous analyses. They used EB analysis techniques to
correct for regression-to-mean bias. Also, the EB method would better reflect crash rate changes
due to changes in average daily traffic and the interactions of these with the roadway features
that were coded in the model. The studies followed approaches that are commonly used in post-
hoc crash studies, though the results would have been strengthened by including before-after
results for non-CEVMS locations as a control group.

Field Investigations

Field investigations include unobtrusive observation, naturalistic driving studies, on-road
instrumented vehicle investigations, test track experiments, driver interviews, surveys, and
questionnaires. The following focuses on relevant studies that employed naturalistic driving and
on-road instrumented vehicle research methods.

Lee, McElheny, and Gibbons undertook an on-road instrumented vehicle study on Interstate and
local roads near Cleveland, Ohio.® The study looked at driver glance behavior in the vicinity of
digital billboards, conventional billboards, comparison sites (sites with buildings and other signs,
including digital signs), and control sites (those without similar signage). The results showed that
there were no differences in the overall glance patterns (percent eyes-on-road and overall number
of glances) between the different sites. Drivers also did not glance more frequently in the
direction of digital billboards than in the direction of other event types (conventional billboards,
comparison events, and baseline events) but drivers did take longer glances in the direction of
digital billboards and comparison sites than in the direction of conventional billboards and
baseline sites. However, the mean glance length toward the digital billboards was less than




1,000 ms. It is important to note that this study employed a video-based approach for examining
drivers® visual behavior, which has an accuracy of no better than 20 degrees.'"Y While this
technique is likely to be effective in assessing gross eye movements and looks that are away
from the road ahead, it may not have sufficient resolution to discriminate what specific object the
driver is looking at outside of the vehicle.

Beijer, Smiley, and Eizenman evaluated driver glances toward four different types of roadside
advertising signs on roads in the Toronto, Canada, area.!'V The four types of signs were: (a)
billboard signs with static advertisements; (b) billboard advertisements placed on vertical rollers
that could rotate to show one of three advertisements in succession; (c) scrolling text signs with a
minor active component, which usually consisted of a small strip of lights that formed words
scrolling across the screen or, in some cases, a larger area capable of displaying text but not
video; and (d) signs with video images that had a color screen capable of displaying both moving
text and moving images. The study employed an on-road instrumented vehicle with a head-
mounted eye tracking device. The researchers found no significant differences in average glance
duration or the maximum glance duration for the various sign types; however, the number of
glances was significantly lower for billboard signs than for the roller bar, scrolling text, and

video signs.

Smiley, Smahel, and Eizenman conducted a field driving study that employed an eye tracking
system that recorded drivers’ eye movements as participants drove past video signs located at
three downtown intersections and along an urban expressway.(lz) The study route included static
billboards and video advertising. The results of the study showed that on average 76 percent of
glances were 1o the road ahead. Glances at advertising, including static billboards and video
signs, constituted 1.2 percent of total glances. The mean glance durations for advertising signs
were between 500 ms and 750 ms, although there were a few glances of about 1,400 ms in
duration. Video signs were not more likely than static commercial signs to be looked at when
headways were short; in fact, the reverse was the case. Furthermore, the number of glances per
individual video sign was small, and statistically significant differences in looking behavior were

not found.

Kettwich, Kartsen, Klinger, and Lemmer conducted a field study where drivers’ gaze behavior
was measured with an eye tracking system.”"? Sixteen participants drove an 11.5 mile (18.5 km)
route comprised of highways, arterial roads, main roads, and one-way streets in Karlsruhe,
Germany. The route contained advertising pillars, event posters, company logos, and video
screens. Mean gaze duration for the four types of advertising was computed for periods when the
~ vehicle was in motion and when it was stopped. Gaze duration while driving for all types of

advertisements was under 1,000 ms. On the other hand, while the vehicle was stopped, the mean
gaze duration for video screen advertisements was 2,750 ms. The study showed a significant
difference between gaze duration while driving and while stationary: gaze duration was affected
by the task at hand. That is, drivers tended to gaze longer while the car was stopped and there

were few driving task demands.

The previously mentioned studies estimated the duration of glances to advertising and computed
mean vajues of less than 1,000 ms. Klauer et al., in his analysis of the 100-Car Naturalistic

Driving Study, concluded that glances away from the roadway for any purpose lasting more than
2,000 ms increase near-crash/crash risk by at least two times that of normal, baseline driving. ¥




Klauer et al. also indicated that short, brief glances away from the forward roadway for the
purpose of scanning the driving environment are safe and actually decrease near-crash/crash
risk.“¥ Using devices in a vehicle that draw visual attention away from the forward roadway for
more than 2,000 ms (e.g., texting) is incompatible with safe driving. However, for external
stimuli, especially those near the roadway, the evaluation of eye glances with respect to safety is
less clear since peripheral vision would allow the driver to still have visual access to the forward

roadway.

Laboratory Studies

Laboratory investigations related to roadway safety can be classified into several categories:
driving simulations, non-driving-simulator laboratory testing, and focus groups. The review of
relevant laboratory studies by Molino et al. did not show conclusive evidence regarding the
distracting effects of CEVMS.® Moreover, the authors concluded that present driving simulators
do not have sufficient visual dynamic range, image resolution, and contrast ratio capability to
produce the compelling visual effect of a bright, photo-realistic LED-based CEVMS against a
natural background scene. The following is a discussion of a driving simulator study conducted
after the publication of Molino et al.”) The study focused on the effects of advertising on driver

visual behavior.

Chattington, Reed, Basacik, Flint, and Parkes conducted a driving simulator study in the United
Kingdom (UK) to evaluate the effects of static and video advertising on driver glance
behavior."” The researchers examined the effects of advertisement position relative to the road
(left, right, center on an overhead gantry, and in all three locations simultaneously), type of
advertisement (static or video), and exposure duration of the advertisement. (The paper does not
provide these durations in terms of time or distance. The exposure duration had to do with the
amount of time or distance that the sign would be visible to the driver.) For the advertisements
presented on the left side of the road (recall that drivers travel in the left lane in the UK), mean
glance durations for static and video advertisements were significantly longer (approximately
650 to 750 ms) when drivers experienced long advertisement exposure as opposed to medium
and short exposures. Drivers looked more at video advertisements (about 2 percent on average of
the total duration recorded) than at static advertisements (about 0.75 percent on average). In
addition, the location of the advertisements had an effect on giance behavior. When
advertisements were Jocated in the center of the road or in all three positions simultaneously, the
glance durations were about 1,000 ms and were significantly longer than for signs placed on the
right or left side of the road. For advertisements placed on the left side of the road, there was a
significant difference in glance duration between static (about 400 ms) and video (about 800 ms).
Advertisement position also had an effect on the proportion of time that a driver spent looking at
an advertisement. The percentage of time looking at advertisements was greatest when signs
were placed in all three locations, followed by center location signs, then the left location signs,
and finally the right location signs. Drivers looked more at the video advertisements relative to
the static advertisements when they were placed in all three locations, placed on the left, and
placed on the right side of the road. The center placement did not show a significant difference in
percent of time spent looking between static and video.




Summary

The results from these key studies offer some insight into whether CEVMS pose a visual
distraction threat. However, these same studies also reveal some inconsistent findings and
potential methodological issucs that are addressed in the corrent study. The studies conducted by
Smiley et al. showed drivers glanced forward at the roadway about 76 percent of the time in the
presence of video and dynamic signs where a few long glances of approximately 1,400 ms were
observed.®"? However, the video and dynamic signs used in these studies portray moving objects
that are not present in CEVMS as deployed in the United States. In another field study
employing eye tracking, Kettwich et al. found that gaze duration while driving for all types of
advertisements that they evaluated was less than 1,000 ms; however, when the vehicle was
stopped, mean gaze duration for advertising was as high as 2,750 ms."® Collectively, these
studies did not demonstrate that the advertising signs detracted from drivers’ glances forward at
the roadway in a substantive manner while the vehicle was moving.

In contrast, the simulator study by Chattington et al. demonstrated that dynamic signs showing
moving video or other dynamic elements may draw attention away from the roadway."®
Furthermore, the location of the advertising sign on the road is an important factor in drawing
drivers’ visual attention. Advertisements with moving video placed in the center of the roadway
on an overhead gantry or in all three positions (right, left, and in the center) simultaneously are

very likely to draw glances from drivers,

Finally, in a study that examined CEVMS as deployed in the United States, Lee et al. did not
show any significant effects of CEVMS on driver glance behavior.”) However, the methodology
that was used likely did not employ sufficient sensitivity to determine at what specific object in

the environment a driver was looking,

None of these studies combined all necessary factors to address the current CEVMS situation in
the United States. Those studies that used eye tracking on real roads had animated and video-
based signs, which are not reflective of current off-premise CEVMS practice in the United

States.

STUDY APPROACH

Based on an extensive review of the literature, Molino et al. concluded that the most effective
method to use in an evaluation of the effects of CEVMS on driver visual behavior was the
instrumented field vehicle method that incorporated an eye tracking system,® The present study
employed such an instrumented field vehicle with an eye tracking system and examined the
degree to which CEVMS attract drivers’ attention away from the forward roadway.

The following presents a brief overview and discussion of studies using eye tracking
methodology with complex visual stimuli, especially in natural environments (walking, driving,
etc.). The review by Molino et al. recommended the use of this type of technology and method;
however, a discussion laying out technical and theoretical issues underlying the use of eye
tracking methods was not presented.(‘” This background is important for the interpretation of the

results of the studies conducted here.




Standard and digital billboards are often salient stimuli in the driving environment, which may
make them conspicuous. Cole and Hughes define attention conspicuity as the extent to which a
stimulus is sufficiently prominent in the driving environment to capture attention. Further, Cole
and Hughes state that attention conspicuity is a function of size, color, brightness, contrast
relative to surroundings, and dynamic components such as movement and change.!"” It is clear
that under certain circumstances image salience or conspicuity can provide a good explanation of
how humans orient their attention.

At any given moment a large number of stimuli reach our senses, but only a limited number of
them are selected for further processing. In general, attention can be focused on a stimulus
because it is important for achieving some goal, or because the properties of the stimulus can
attract the attention of the observer independent of their intentions (e.g., a car horn may elicit an
orienting response). When the focus of attention is goal directed, it is referred to as top-down.
When the focus of attention is principally a function of stimulus attributes, it is referred to as

bottom-up. '

In general, billboards (either standard or CEVMS) are not relevant to the driving task but are
presumably designed to be salient stimuli in the environment where they may draw a driver’s
attention. The question is to what degree CEVMS draw a driver’s attention away from driving-
relevant stimuli {e.g., road ahead, mirrors, and speedometer) and is this different from a standard
billboard? In his review of the literature Wachtel leads one to consider CEVMS as stimuli in the
environment where attention to them would be drawn in a bottom-up manner; that is, the salience
of the billboards would make them stand out relative to other stimuli in the environment and
drivers would reflexively look at these signs."'” Wachtel’s conclusions were in reference to
research by Theeuwees who employed simple letter stimulus arrays in a laboratory task.®*
Research using simple visual stimuli in a laboratory environment are very useful for testing
different theories of perception, but often lack direct application to tasks such as driving. The
following discusses research using complex visual stimuli and tasks that are more relevant to
natural vision as experienced in the driving task. :

A recent review of stimulus salience and eye guidance by Tatler et al. shows that most of the
evidence for the capture of attention by the conspicuity of stimuli comes from research in which
the stimulus is a simple visual search array or in which the target is uniquely defined by simple
visual features.*? In other words, these are Iaboratory studies that use letters, arrays of letters, or
simple geometric patterns as the stimuli. Pure salience-based models are capable of predicting
eye movement endpoint in simple displays, but are less successful for more complex scenes that
contain task-relevant and task-irrelevant salient areas,?2*)

Research by Henderson et al. using photographs of actual scenes showed that subjects looked at
non-salient scene regions containing a search target and rarely looked at salient non-task-relevant
regions of the scenes.?* Salience of the stimulus alone was not a good predictor of where
participants looked. Additional research by Henderson using photographs of real world scenes
also showed that subjects fixated on regions of the pictures that provided task-relevant
information rather than visually salient regions with no task-relevant information. However,
Henderson acknowledges that static pictures have many shortcomings when used as surrogates

for real environments.*>
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Land’s review of eye movements in dynamic environments concluded that the eyes are proactive
and typically seek out information required in the second before each new activity
commences.%? Specific tasks (e.g., driving) have characteristic but flexible patterns of eye
movement that accompany them, and these patterns are similar between individuals. Land
concluded that the eyes rarely visit objects that are irrelevant to the task, and the conspicuity of
objects is Jess important than the objects” roles in the task. In a subsequent review of eye
movement and natural behavior, Land concluded that in a task that requires fixation on a
sequence of specific objects, the capture of gaze by irrelevant salient objects would, in general,

be an obtrusive nuisance.’

The literature examining gaze control under natural behavior suggests that it is principally top-
down driven, or intentional,®**’ 26222121 However, top-down processing does not explain all
gaze control or eye movements. For example, imagine driving down a two-lane country road and
a deer jumps into the road. It is most likely that you will attend and react to this deer. Unplanned
or unexpected stimuli capture our attention as we engage in complex natural tasks. Research by
Jovancevic-Misic and Hayhoe showed that human gaze patterns are sensitive (o the probabilistic
nature of the environment.?® In this study, participants’ eye movement behavior was observed
while walking among other pedestrians. The other pedestrians were confederates and were either
safe, risky, or rogue pedestrians. When the study began, the risky pedestrian took a collision
course with the participant 50 percent of the time, and the rogue pedestrian always assumed a
collision course as he approached the participant, whereas the safe pedestrian never took a
collision course. Midway through the study the rogue and safe pedestrians exchanged roles but
the risky pedestrian role remained the same. The participants were not informed about the
behavior of the other pedestrians. Participants were asked to follow a circular path for several
laps and to avoid other pedestrians. The study showed that the participants modified their gaze
behavior in response to the change in the other pedestrians’ behavior. Jovancevic-Misic
concluded that participants learned new priorities for gaze allocation within a few encounters and

looked both sooner and longer at potentially dangerous pedestrians.(zs)

Gaze behavior in natural environments is affected by expectations that are derived through long-
term learning. Using a virtual driving environment, Shinocda et al. asked participants to look for
stop signs while driving an urban route.*®) Approximately 45 percent of the fixations fell in the
general arca of intersections during the simulated drive, and participants were more likely to
detect stop signs placed near intersections than those placed in the middle of a block. Over time,
drivers have learned that stop signs are more likely to appear near intersections and, as a resuit,
drivers prioritize their allocation of gazes to these areas of the roadway.

The Tatler et al. review of the literature concludes that in natural vision, a consistent set of
principles underlies eye guidance. These principles include relevance or reward potential,
uncertainty about the state of the environment, and learned models of the environment, !
Salience of environmental stimuli alone typically does not explain most eye gaze behavior in
naturalistic environments.

In sum, most of the literature concerning eye gaze behavior in dynamic environments suggests
that task demands tend to override visual salience in determining attention allocation. When
extended to driving, it would be expected that visual attention will be directed toward task-
relevant areas and objects (e.g., the roadway, other vehicles, speed limit signs, etc.) and other

I1




salient objects, such as billboards, will not necessarily capture attention. However, driving is a
somewhat automatic process and conditions generally do not require constant undivided
attention. As a result, salient stimuli, such as CEVMS, might capture driver attention and provide

an unwarranted increase in driver distraction. The present study addresses this concern.

Research Questions

The present research evaluated the effects of CEVMS on driver visual behavior under actual
roadway conditions in the daytime and at night. Roads containing CEVMS, standard billboards,
and areas not containing off-premise advertising were selected. The CEVMS and standard
billboards were measured with respect to luminance, location, size, and other relevant visual
characteristics. The present study examined CEVMS as deployed in two United States cities.
Unlike previous studies, the signs did not contain dynamic video or other dynamic elements. In
addition, the eye tracking system used in this study has approximately a 2-degree level of
resolution. This provided signiﬁcantly more accuracy in determining what objects the drivers
were looking at than in previous on-road studies examining looking behavior (recall that Lee et
al. used video recordings of drivers’ faces that, at best, examined gross eye movements).”

Two studies are reported. Each study was conducted in a different city. The two studies
employed the same methodology. The studies” primary research questions were:

1. Do CEVMS attract drivers’ attention away from the forward roadway and other driving
relevant stimuli?

2. Do glances to CEVMS occur that would suggest a decrease in safety?

3. Do drivers look at CEVMS more than at standard billboards?
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EXPERIMENTAL APPROACH

The study used a field research vehicle equipped with a non-intrusive eye tracking system. The
vehicle was a 2007 Jeep® Grand Cherokee Sport Utility Vehicle. The eye tracking system used
(SmartEye® vehicle-mounted infrared (IR) eye-movement measuring system) is shown in
figure 1.%9 The system consists of two IR light sources and three face cameras mounted on the
dashboard of the vehicle. The cameras and light sources are small in size, and are not attached to
the driver in any manner. The face cameras are synchronized to the IR light sources and are used
to determine the head position and gaze direction of the driver.

Figue 1. Eye tracking systém camera placement.

As a part of this eye tracking system, the vehicle was outfitted with a three-camera panoramic
scene monitoring system for capturing the forward driving scene. The scene cameras were
mounted on the roof of the vehicle directly above the driver’s head position. The three cameras
together provided an 80-degree wide by 40-degree high field of forward view. The scene
cameras captured the forward view area available to the driver through the left side of the
windshield and a portion of the right side of the windshield. The area visible to the driver
through the rightmost area of the windshield was not captured by the scene cameras.

The vehicle was also outfitted with equipment to record GPS position, vehicle speed, and vehicle
acceleration. The equipment also recorded events entered by an experimenter and synchronized
those events with the eye tracking and vehicle data. The research vehicle is pictured in figure 2.
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Figure 2. FHWA’s field research vehicle.

EXPERIMENTAL DESIGN OVERVIEW

The approach entailed the use of the instrumented vehicle in which drivers navigated routes in
cities that presented CEVMS and standard billboards as well as areas without off-premise
advertising. The participants were instructed to drive the routes as they normally would. The
drivers were not informed that the study was about outdoor advertising, but rather that it was
about examining drivers’ glance behavior as they followed route guidance directions,

Site Selection

More than 40 cities were evaluated in the selection of the test sites. Locations with CEVMS
displays were identified using a variety of resources that included State department of
transportation contacts, advertising company Web sites, and a popular geographic information
system. A matrix was developed that listed the number of CEVMS in each city. For each site, the
number of CEVMS along limited access and arterial roadways was determined.

One criterion for site selection was whether the location had practical routes that pass by a

number of CEVMS as well as standard off-premise billboards and could be driven in about |
30 minutes. Other considerations included access to vehicle maintenance personnel/facilities, :
proximity to research facilities, and ease of participant recruitment. Two cities were selected:

Reading, and Richmond.

Table 1 presents the 16 cities that were included on the final list of potential study sites.
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Table 1. Distribution of CEVMS by roadway classification for various cities.

State § Area Limited Access Arterial Other ¥ Total
VA Richmond 4 7 0 11
PA Reading 7 1 0 18
VA Roanoke 0 I3 0 11
PA Pittsburgh 0 0 15 15
TX San Antorio 7 2 6 15
WI Milwaukee 14 2 0 i6
AZ Phoenix 10 6 0 16
MN St. Paul/Minneapolis 8 5 3 16
™ Nashville 7 16 0 17
FL Tampa-St. Petersburg 7 11 0 18
NM Albuquerque 0 19 1 20
PA Scranton-Wilkes Barre 7 14 1 22
OH Columbus 1 22 0 23
GA Atlanta 13 11 0 24
I Chicago 22 2 1 25
CA Los Angeles 3 71 4 78

(1) Other includes roadways classified as both limited access and arterial or instances where the road
classification was unknown. Source: www.lamar.com and www.clearchannel.com

In both test cities, the following independent variables were evaluated:

e The type of advertising. This included CEVMS, standard billboards, and no off-premise
advertising. (It should be noted that in areas with no off-premise advertising, it was still
possible to encounter on-premise advertising; e.g., for gas stations, restaurants, and other

miscellaneous stores and shops.)
e Time of day. This included driving in the daytime and at night.

e The functional class of roadways in which off-premise advertising signs were
located. Roads were classified as either freeway or arterial. It was observed that the
different road classes were correlated with the presence of other visual information that
could affect the driver’s glance behavior. For example, the visual environment on
arterials may be more complex or cluttered than on freeways because of the close
proximity of buildings, driveways, and on-premise advertising, etc.
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READING

The first on-road study was conducted in Reading. This study examined the type of advertising
(CEVMS, standard billboard, or no off-premise advertising), time of day (day or night) and road
type (freeway or arterial) as independent variables. Eye tracking was used to assess where
participants gazed and for how long while driving. The luminance and contrast of the advertising
signs were measured to charactetize the billboards in the current study.

METHOD
Selection of Data CoHection Zone Limits

Data collection zones (DCZ) were defined on the routes that participants drove where detailed
analyses of the eye tracking data were planned. The DCZ were identified that contained a

CEVMS, a standard biliboard, or no off-premise advertising.

The rationale for selecting the DCZ limits took into account the geometry of the roadway (e.g.,
road curvature or obstructions that blocked view of billboards) and the capabilities of the eye
tracking system (2 degrees of resolution). At a distance of 960 ft (292.61 m), the average
billboard in Reading was 12.8 ft (3.90 m) by 36.9 ft (11.25 m) and would subtend a horizontal
visual angle of 2.20 degrees and a vertical visual angle of 0.76 degrees, and thus glances to the

billboard would just be resolvable by an eye tracking system with 2 degrees of accuracy.
Therefore 960 ft was chosen as the maximum distance from billboards at which a DCZ would
begin. If the target billboard was not visible from 960 ft (292.61 m) due to roadway geometry or
other visual obstructions, such as trees or an overpass, the DCZ was shortened to a distance that
prevented these objects from interfering with the driver’s vision of the billboard. In DCZs with
target off-premise billboards, the end of the DCZ was marked when the target billboard left the
view of the scene camera. If the area contained no off-premise advertising, the end of the DCZ
was defined by a physical landmark leaving the view of the eye tracking systems’ scene camera.

Table 2 shows the data collection zone limits used in this study.

Advertising Conditions

The type of advertising present in DCZs was examined as an independent variable. DCZs fell
into one of the following categories, which are listed in the second column of table 2:

e CEVMS. These were DCZs that contained one target CEVMS. Two CEVMS DCZs were
located on freeways and two were located on arterials. Figure 3 and figure 4 show
examples of CEVMS DCZs with the CEVMS highlighted in the pictures.

e Standard billboard, These were DCZs that contained one target standard billboard. Two
standard billboard DCZs were located on freeways and two were located on arterials.
Figure 5 and figure 6 show examples of standard billboard DCZs; the standard billboards

are highlighted in the pictures.
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¢ No off-premise advertising conditions. These DCZs contained no off-premise

advertising. One of these DCZs was on a freeway (see figure 7) and the other was on an

arterial (see figure 8).

Table 2. Inventory of target billboards with relevant parameters.

pez  Advertising Dinergons  Sideof frif;b;zﬁd Stg::’;f;-d Approach Type of
ype ) Road ) Rillboards Length (ft) Roadway
1 CONTROL N/A N/A N/A N/A 786 Freeway
6 CONTROL N/A N/A N/A N/A 308 Arterial
3 CEVMS 10'6" x 22'9" L 12 0 375 Arterial
5 CEVMS 14'0" x 48'0" L 133 | 853 Freeway
9 CEVMS | 106"x229" R 43 0 537 Arterial
10 CEVMS 14'0" x 48'0" R 133 1 991 Freeway
2 Standard 14'0" x 48'0" L 20 0 644 Arterial
7 Standard 14'0" x 48'0" R 35 1 774 Freeway
8 Standard 10'6" x 22'9" R 40 1 833 Arterial
4 Standard 14'0" x 48'0" L 10 0 770 Freeway

*NJ/A indicates that there were no off-premise advertising in these areas and these values are undefined.

Figure 3. DC with atarget CEVMS on a freeway.
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F_lgure 6. DCZ with a arget standard billboad on an arterial.

R
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Photometric Measurement of Signs

Two primary metrics were used to describe the photometric characteristics of a sample of the
CEVMS and standard billboards present at each location: luminance (cd/m”) and contrast (Weber

contrast ratio).

Photometric Equipment

Luminance was measured with a Radiant Imaging ProMetric 1600 Charge-Coupled Device
(CCD) photometer with both a 50 mm and a 300 mm lenses. The CCD photometer provided a
method of capturing the luminance of an entire scene at one time.

The photometric sensors were mounted in a vehicle of similar size to the eye tracking research
vehicle. The photometer was located in the experimental vehicle as close to the driver’s position
as possible and was connected to a laptop computer that stored data as the images were acquired.

Measurement Methodology

Images of the billboards were acquired using the photometer manufacturer’s software. The
software provided the mean luminance of each billboard message. To prevent overexposure of
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images in daylight, neutral density filters were manually affixed to the photometer lens and the
luminance values were scaled appropriately. Standard billboards were typically measured only
once; however, for CEVMS multiple measures were taken to account for changing content.

Photometric measurements were taken during day and night. Measurements were taken by
centering the billboard in the photometer’s field of view with approximately the equivalent of the
width of the billboard on each side and the equivalent of the billboard height above and below
the sign. The areas outside of the billboards were included to enable contrast calculations.

Standard billboards were assessed at a mean distance of 284 ft (ranging from 570 fi to 43 ft). The
CEVMS were assessed at a mean distance of 479 ft (ranging from 972 {i to 220 ft). To include
the background regions of appropriate size, the close measurement distances required the use of
the 50 mm lens whereas measurements made from longer distances required the 300 mm lens. A
significant determinant of the measurement locations was the availability of accessible and safe

places from which to measure.

The Weber contrast ratio was used because it characterizes a billboard as having negative or
positive contrast when compared to its background area.®V A negative contrast indicates the
background areas have a higher mean luminance than the target billboard. A positive contrast
indicates the target billboard has a higher mean luminance than the background. Overall, the
absolute value of a contrast ratio simply indicates a difference in luminance between an item and
its background. From a perceptual perspective luminance and contrast are directly related to the
perception of brightness. For example, two signs with equal luminance may be perceived
differently with respect to brightness because of differences in contrast.

Visual Complexity

Regan, Young, Lee and Gordon presented a taxonomic description of the various sources of
driver distraction.®® Potential sources of distraction were discussed in terms of: things brought
into the vehicle; vehicle systems; vehicle occupants; moving objects or animals in the vehicle;
internalized activity; and external objects, events, or activities. The external objects may include
buildings, construction zones, billboards, road signs, vehicles, and so on. Focusing on the
potential for information outside the vehicle to attract (or distract) the driver’s attention,
Horberry and Edquist developed a taxonomy for out-of-the-vehicle visual information. This
suggested taxonomy includes four groupings of visual information: built roadway, situational
entities, natural environment, and buitt environment.®? These two taxonomies provide an
organizational structure for conducting research; however, they do not currently provide a
systematic or quantitative way of classifying the level of clutter or visual complexity present in a

visual scene.

The method proposed by Rozenholtz, Li, and Nakano provides quantitative and perhaps reliable
measures of visual clutter.®® Their approach measures the feature congestion in a visual image.
The implementation of the feature congestion measure involves four stages: (1) compute local
feature covariance at multiple scales and compute the volume of the local covariance ellipsoid,
(2) combine clutter across scale, (3) combine clutter across feature types, and (4) pool over space
to get a single measure of clutter for each input image. The implementation that was used
employed color, orientation and luminance contrast as features. Presumably, less cluttered
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images can be visually coded more efficiently than cluttered images. For example, visual clutter
can cause decreased recognition performance and greater difficulty in performing visual

search.®”

Participants

In the present study participants were recruited at public libraries in the Reading area. A table
was set up so that recruiters could discuss the requirements of the experiment with candidates.
Individuals who expressed interest in participating were asked to complete a pre-screening form,
a record of informed consent, and a department of motor vehicles form consenting to release of

their driving record.

All participants were between 18 and 64 years of age and held a valid driver’s license. The
driving record for each volunteer was evaluated to eliminate drivers with excessive violations.
The criteria for excluding drivers were as follows: (a) more than one viclation in the preceding
year; (b) more than three recorded violations; and (c) any driving while intoxicated violation.

Forty-three individuals were recruited to participate. Of these, five did not complete the drive
because the eye tracker could not be calibrated to track their eye movements accurately. Data
from an additional seven participants were excluded as the result of equipment failures (e.g.,
loose camera). In the end, usable data was collected from 31 participants (12 males, M = 46
years; 19 females, M = 47 years). Fourteen participants drove at night and 17 drove during the

day.
Procedures

Data were collected from two participants per day (beginning at approximately 12:45 p.m. and
7:00 p.m.). Data collection began on September 18, 2009, and was completed on October 26,

2009.
Pre-Data Collection Activities

Participants were greeted by two researchers and asked to complete a fitness to drive
questionnaire. This questionnaire focused on drivers’ self-reports of alertness and use of
substances that might impair driving (e.g., alcohol). All volunteers appeared fit.

Next, the participant and both researchers moved to the eye tracking calibration location and the
test vehicle. The calibration procedure took approximately 20 minutes. Calibration of the eye
tracking system entailed development of a profile for each participant. This was accomplished by
taking multiple photographs of the participant’s face as they slowly rotate their head from side to
side. The saved photographs include points on the face for subsequent real-time head and eye
tracking. Marked coordinates on the face photographs were edited by the experimenter as needed
to improve the real-time face tracking. The procedure also included gaze calibration in which
participants gazed at nine points on a wall. These points had been carefully plotted on the wall
and correspond to the points in the eye tracking system’s world model. Gaze calibration relates
the individual participant’s gaze vectors to known points in the real world. The eye tracking
system uses two pulsating infrared sources mounted on the dashboard to create two comneal glints
that are used to calculate gaze direction vectors. The glints were captured at 60 Hz. A second set
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of cameras (scene cameras), fixed on top of the car close to the driver’s viewpoint, were used to
produce a video scene of the area ahead. The scene cameras recorded at 25 Hz. A parallax
correction algorithm compensated for the distance between the driver’s viewpoint and the scene
cameras so that later processing could use the gaze vectors to show where in the forward scene

the driver was gazing.

If it was not possible to calibrate the eye tracking system to a participant, the participant was
dismissed and paid for their time. Causes of calibration failure included reflections from eye
glasses, participant height (which put their eyes outside the range of the system), and eyelids that

obscure a portion of the pupil.

Practice

After eye-tracker calibration, a short practice drive was made. Participants were shown a map of
the route and written turn-by-turn directions prior to beginning the practice drive. Throughout the
drive, verbal directions were provided by a GPS device.

During the practice drive, a researcher in the rear seat of the vehicle monitored the accuracy of
eye tracking. If the system was tracking poorly, additional calibration was performed. If the
calibration could not be improved, the participant was paid for their time and dismissed.

Data Collection

Participants drove two test routes (referred to as route A and B). Each route required 25 to 30
minutes to complete and included both freeway and arterial segments. Route A was 13 miles
long and contained 6 DCZs. Route B was 16 miles long and contained 4 DCZs. Combined,
participants drove in a total of 10 DCZs. Similar to the practice drive, participants were shown a
map of the route and written turn-by-turn directions. A GPS device provided turn-by-turn
guidance during the drive. Roughly one half of the participants drove route A first and the
remaining participants began with route B. A 5 minute break followed the completion of the first

route.

During the drives, a researcher in the front passenger seat assisted the driver when additional
route guidance was required. The researcher was also tasked with recording near misses and
driver errors if these occurred, The researcher in the rear seat monitored the performance of the
eye tracker. If the eye tracker performance became unacceptable (i.e., loss of calibration), then
the researcher in the rear asked the participant to park in a safe location so that the eye tracker
could be recalibrated. This recalibration typically took a minute or two to accomplish.

Debriefing

After driving both routes, the participants provided comments regarding their drives. The
comments were in reference to the use of a navigation system. No questions were asked about
billboards. The participants were given $120.00 in cash for their participation.
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DATA REDUCTION

Eye Tracking Measures

The Multiple-Analysis of Psychophysical and Performance Signals (MAPPS™) software was
used to reduce the eye tracking data.®® The software integrates the video output from the scene
cameras with the output from the eye tracking software (e.g., gaze vectors). The analysis
software provides an interface in which the gaze vectors determined by the eye tracker can be
related to areas or objects in the scene camera view of the world. Analysts can indicate regions of
interest (ROIs) in the scene camera views and the analysis software then assigns gaze vectors to

the ROls.

Figure 9 shows a screen capture from the analysis software in which static ROIs have been
identified. These static ROIs slice up the scene camera views into six areas. The software also
allows for the construction of dynamic ROIs. These are ROIs that move in the video because of
own-vehicle movement (e.g., a sign changes position on the display as it is approached by the
driver) or because the object moves over time independent of own-vehicle movement (e.g.,
pedestrian walking along the road, vehicle entering or exiting the road).

Static ROIs need only be entered once for the scenario being analyzed whereas dynamic ROIs

need to be entered several times for a given DCZ depending on how the object moves along the

video scene; however, not every frame needs to be coded with a dynamic ROI since the software

interpolates across frames using the 60-Hz data to compute eye movement statistics.
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Figure 9. Screen capture showing static ROIs on a scene video output.

The following ROIs were defined with the analysis software:

Static ROIs

These ROIs were entered once into the software for each participant. The static ROIs for the
windshield were divided into top and bottom to have more resolution during the coding process.
The subsequent analyses in the report combines the top and bottom portion of these ROIs since it
appeared that this additional level of resolution was not needed in order to address research

questions:

e Road ahead: bottom portion (approximately 2/3) of the area of the forward roadway
(center camera).
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Road ahead top: top portion (approximately 1/3) of the area of the forward roadway
(center camera).

Right side of road bottom: bottom portion (approximately 2/3) of the area to the right of
the forward roadway (right camera).

Right side of road top: top portion (approximately 1/3) of the arca to the right of the
forward roadway (right camera).

Left side of road bottom (LSR_B): bottom portion (approximately 2/3) of the area to the
left of the forward roadway (left camera).

Left side of road bottom (LLSR_T): top portion (approximately 1/3) of the area to the left
of the forward roadway (left camera).

Inside vehicle: below the panoramic video scene (outside of the view of the cameras, but
eye tracking is still possible).

Top: above the panoramic video scene (outside of the view of the cameras, but eye
tracking is still possible).

Dynamic ROIs

These ROls are created multiple times within a DCZ for stimuli that move relative to the driver: .

Driving-related safety risk: vehicle which posed a potential safety risk to the driver,
defined as a car that is/may turn into the driver’s direction of travel at a non-signalized or
non-stop-controlled intersection (e.g., a car making a U-turn, a car waiting to turn right,
or a car waiting to turn left). These vehicles were actively turning or entering the roadway
or appeared to be in a position to enter the roadway. '

Target standard billboard: target standard billboard that defines the start and end of the
DCZ.

Other standard biliboard: standard billboard(s) located in the DCZ, other than the target
standard billboard or the target digital billboard.

CEVMS: target digital billboard that defines the start and end of the DCZ.

The software determines the gaze intersection for each 60 Hz frame and assigns it to an ROI In
subsequent analyses and discussion, gaze intersections are referred to as gazes. Since ROIs may
overlap, the software allows for the specification of priority for each ROI such that the ROI with
the highest priority gets the gaze vector intersection assigned to it. For example, an ROI for a
CEVMS may also be in the static ROI for the road ahead.
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The 60 Hz temporal resolution of the eye tracking software does not provide sufficient
information to make detailed analysis of saccade characteristics,’ such as latency or speed. The
analysis software uses three parameters in the determination of a fixation: a fixation radius,
fixation duration, and a time out. The determination begins with a single-gaze vector
intersection. Any subsequent intersection within a specified radius will be considered part of a
fixation if the minimum fixation duration criterion is met. The radius parameter used in this
study was 2 degrees and the minimum duration was 100 ms, The 2-degree selection was based
on the estimated accuracy of the eye tracking system, as recommended by Recarte and Nunes.!
The 100 ms minimum duration is consistent with many other published studies; however, some
investigators use minimums of as little as 60 ms.®7*® Because of mini-saccades and noise in the
eye tracking system, it is possible to have brief excursions outside the 2 degree window for a
fixation. In this study, an excursion time outside the 2-degree radius of less than 90 ms was
ignored. Once the gaze intersection fell outside the 2-degree radius of a fixation for more than
90 ms, the process of identifying a fixation began anew.,
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Other Measures

Driving Behavior Measures

During data collection, the front-seat researcher observed the driver’s behavior and the driving
environment. The researcher used the following subjective categories in observing the
participant’s driving behavior:

¢ Driver Error: signified any error on behalf of the driver in which the researcher felt
slightly uncomfortable, but not to a significant degree (e.g., driving on an exit ramp too
quickly, turning too quickly).

e Near Miss: signified any event in which the researcher felt uncomfortable due to driver
response to external sources (e.g., slamming on brakes, swerving). A near miss is the

extreme case of a driver error,

e Incident: signified any event in the roadway which may have had a potential impact on
the attention of the driver and/or the flow of traffic (e.g., crash, emergency vehicle,

animal, construction, train).

These observations were entered into a notebook computer linked fo the research vehicle data
collection system.

Level of Service Estimates

For each participant and each DCZ the analyst estimated the level of service of the road as they
reviewed the scene camera video. One location per DCZ was selected (approximately halfway
through the DCZ) where the number of vehicles in front of the rescarch vehicle was counted.
The procedure entailed (1) counting the number of travel lanes visible in the video, (2) using the

: During visual scanning, the point of gaze alternates between brief pauses (ocular fixations) and rapid shifts
{saccades).
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skip lines on the road to estimate the approximate distance in front of the vehicle that constituted
the analysis zone, and (3) counting the number of vehicles present within the analysis zone.
Vehicle density was calculated with the formula:

Vehicle Density = [(Number of Vehicles in Analysis Zone)/(Distance of Analysis
Zone in ft/5280))/Number of Lanes.

Vehicle density is the number of vehicles per mile per lane.

Vehicle Speed

The speed of the research vehicle was recorded with GPS and a distance measurement
instrument. Vehicle speed was used principally to ensure that the eye tracking data was recorded
while the vehicle was in motion.

RESULTS

Results are presented with respect to the photometric measures of signs, the visual complexity of
the DCZs, and the eye tracking measures. Photometric measurements were taken and analyzed to
characterize the billboards in the study based on their luminance and contrasts, which are related

to how bright the signs are perceived to be by drivers.
Photometric Measurements

Luminance

The mean daytime luminance of both the standard billboards and CEVMS was greater than at
night. Nighttime luminance measurements reflect the fact that CEVMS use illuminating LED
components while standard billboards are often illuminated from below by metal halide lamps.
At night, CEVMS have a greater average lJuminance than standard billboards. Table 3 presents
summary statistics for luminance as a function of time of day for the CEVMS and standard

billboards.

Contrast

The daytime and nighttime Weber contrast ratios for both types of billboards are shown in

table 3. Both CEVMS and standard billboards had contrast ratios that were close to zero (the
surroundings were about equal in brightness to the signs) during the daytime. On the other hand,
at night the CEVMS and standard billboards had positive contrast ratios (the signs were brighter
than the surrounding), with the CEVMS having higher contrast than the standard billboards.
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Table 3. Summary of luminance (cd/mz) and contrast (Weber ratio) measurements.

Luminance (cd/m’) Contrast
Day Mean St. Dev. Mean St .Dev.
CEVMS 2126 798.81 -0.10 0.54
Standard Billboard 2993 2787.22 -0.27 0.84
Night
CEVMS 56.00 23.16 73.72 56.92
Standard Billboard 17.80 17.11 36.01 30.93
Visual Complexity

The DCZs were characterized by their overall visual complexity or clutter. For each DCZ, five
pictures were taken from the driver’s viewpoint at various locations within the DCZ. In Reading,
the pictures were taken from 2:00 p.m. to 4:00 p.m. In Richmond, one route was photographed
from 11:00 a.m. to noon and the other from 2:30 p.m. to 3:30 p.m. The pictures were taken at the
start of the DCZ, quarter of the way through, half of the way through, three quarters of the way
through, and at the end of the DCZ. The photographs were analyzed with MATLAB® routines
that computed a measure of feature congestion for each image. Figure 10 shows the mean feature
congestion measures for each of the DCZ environments. The arterial control condition was
shown to have the highest level of clutter as measured by feature congestion. An analysis of
variance was performed on the feature congestion measure to determine if the conditions differed
significantly from each other. The four conditions with off-premise advertising did not differ
significantly with respect to feature congestion; F(3,36) = 1.25, p > 0.05. Based on the feature
congestion measure, the results indicate that the four conditions with off-premise advertising
were equated with respect to the overall visual complexity of the driving scenes.

450 — S
4.00 - w Arterial ——M—————
3.50 1 Highway —
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Mean Feature Congestion
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Figure 10. Mean feature congestion as a function of advertising condition and road type
(standard errors for the mean are included in the graph).
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Effects of Billboards on Gazes to the Road Ahead

For each 60 Hz frame, a determination was made as to the direction of the gaze vector. Previous
research has shown that gazes do not need to be separated into saccades and fixations before
calculating such measures as percent of time or the probability of looking to the road ahead.®”
This analysis examines the degree to which drivers gaze toward the road ahead across the
different advertising conditions as a function of road type and time of day. Gazing toward the
road ahead is critical for driving, and so the analysis examines the degree to which gazes toward
this area are affected by the independent variables (advertising type, type of road, and time of
day) and their interactions.

Generalized estimating equations (GEE) were used to analyze the probability of a participant
gazing at driving-related information.“%? The data for these analyses were not normally
distributed and included repeated measures. The GEE model is appropriate for these types of
data and analyses. Note that for all results included in this report, Wald statistics were the chosen
alternative to likelihood ratio statistics because GEE uses quasi-likelihood instead of maximum
likelihood.“? For this analysis, road ahead included the following ROIs (as previously described
and displayed in figure 9): road ahead, road ahead top, and driving-related risks. A logistic
regression model for repeated measures was generated by using a binomial response distribution
and Logit (i.e., log odds) link function. Only two possible outcomes are allowed when selecting a
binomial response distribution. Thus, a variable (RoadAhead) was created to classify a
participant’s gaze behavior. If the participant gazed toward the road ahead, road ahead top, or
driving-related risks, then the value of RoadAhead was set to one. If the participant gazed at any
other object in the panoramic scene, then the value of RoadAhead was set to zero. Logistic
regression typically models the probability of a success. In the current analysis, a success would
be a gaze to road ahead information (RoadAhead = 1) and a failure would be a gaze toward non-
road ahead information (RoadAhead = 0). The resultant value was the probability of a participant

gazing at road-ahead information.

Time of day (day or night), road type (freeway or arterial), advertising condition (CEVMS,
standard billboard, or control), and all corresponding second-order interactions were explanatory
variables in the logistic regression model. The interaction of advertising condition by road type
was statistically significant, y* (2) = 6.3, p = 0.043. Table 4 shows the corresponding
probabilities for gazing at the road ahead as a function of advertising condition and road type.

Table 4. The probability of gazing at the road ahead as a function of advertising condition
and road type.

Advertising Condition Arterial Freeway
Control 0.92 0.86
CEVMS 0.82 0.73
Standard 0.80 6.77

Follow-up analyses for the interaction used Tukey-Kramer adjustments with an alpha level of
0.05. The arterial control condition had the greatest probability of looking at the road ahead
(M = 0.92). This probability differed significantly from the remaining five probabilities. On
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arterials, the probability of gazing at the road ahead did not differ between the CEVMS

(M = 0.82) and the standard billboard (M = 0.80) DCZs. In contrast, there was a significant
difference in this probability on freeways, where standard billboard DCZs yielded a higher
probability (M = 0.77) than CEVMS DCZs (M = (.73). The probability of gazing at the road
ahead was also significantly higher in the freeway control DCZ (M = 0.86) than in either of the
corresponding freeway off-premise advertising DCZs. The probability of gazing at road-ahead
information in arterial CEVMS DCZs was not statistically different from the same probability in

the freeway control DCZ.

Additional descriptive statistics were computed to determine the probability of gazing at the
various ROls that were defined in the panoramic scene. Some of the ROls depicted in figure 9
were combined in the following fashion for ease of analysis:

¢ Road ahead, road ahead top, and driving-related risks combined to form road ahead.
e Left side of road bottom and left side of road top combined to form left side of vehicle.
e Right side of road bottom and right side of road top combined to form right side of

vehicle.
e Inside vehicle and top combined to form participant vehicle.

Table 5 presents the probability of gazing at the different ROISs,

Table 5. Probability of gazing at ROISs for the three advertising conditions on arterials and

freeways.
Standard
Road Type ROI CE¥MS Billboard Control
Arterial CEVMS 0.07 N/A N/A
Left Side of Vehicle 0.06 0.06 0.02
Road ahead 0.82 0.80 0.92
Right Side of Vehicle 0.03 0.06 0.04
Standard Billboard N/A 0.03 N/A
Participant Vehicle 0.03 0.05 0.02
Freeway CEVMS 0.05 N/A N/A
Left Side of Vehicle 0.08 0.07 0.04
Road ahead 0.73 0.77 0.86
Righr Side of Vehicle 0.09 0.02 0.05
Standard Billboard 0.02* 0.09 N/A
Participant Vehicle 0.04 0.05 0.05

* The CEVMS DCZs on freeways each contained one visible standard billboard.

The probability of gazing away from the forward roadway ranged from 0.08 to 0.27. In
particular, the probability of gazing toward a CEVMS was greater on arterials (M = 0.07) than on
freeways (M = 0.05). In contrast, the probability of gazing toward a target standard biltboard was
greater on freeways (M = 0.09) than on arterials (M = 0.03).
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Fixations to CEVMS and Standard Billboards

About 2.4 percent of the fixations were to CEVMS. The mean fixation duration to a CEVMS

was 388 ms and the maximum duration was 1,251 ms. Figure 11 shows the distribution of
fixation durations to CEVMS during the day and night. In the daytime, the mean fixation
duration to a CEVMS was 389 ms and at night it was 387 ms. Figure 12 shows the distribution of
fixation durations to standard biilboards. Approximately 2.4 percent of fixations were to standard
billboards. The mean fixation duration to standard billboards was 341 ms during the daytime and
370 ms at night. The maximum fixation duration to standard billboards was 1,284 ms (which
occurred at night). For comparison purposes, figure 13 shows the distribution of fixation
durations to the road ahead (i.e., top and bottom road ahead ROIs) during the day and night. In
the daytime, the mean fixation duration to the road ahead was 365 ms and at night it was 390 ms.

Percentage Distribution of Fixation Duration
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Figure 11. Distribuﬁoﬁ of fixation duration for CEVMS in the hcllayﬁme and nighttime.
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Percentage Distribution of Fixation Duration
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Figure 12. Distribution of fixation duration for standard billboards in the daytime and

nighttime.
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Dwell times on CEVMS and standard billboards were also examined. Dwell time is the duration
of back-to-back fixations to the same ROL“**" The dwell times represent the cumulative time
for the back-to-back fixations. Whereas there may be no long, single fixation to a billboard, there
might still be multiple fixations that yield long dwell times. There were a total of 25 separate
instances of multiple fixations to CEVMS with a mean of 2.4 fixations (minimum of 2 and
maximum of 5). The 25 dwell times came from 15 different participants distributed across four
different CEVMS. The mean duration of these dwell times was 994 ms (minimum of 418 ms and

maximum of 1,467 ms).

For standard billboards, there were a total of 17 separate dwell times with a mean of 3.47
sequential fixations (minimum of 2 fixations and maximum of 8 fixations). The 17 dwell times
came from 11 different participants distributed across 4 different standard billboards. The mean
duration of these multiple fixations was 1,172 ms (minimum of 418 ms and maximum of

3,319 ms). There were three dwell-time durations that were greater than 2,000 ms. These are

described in more detail below.

In some cases several dwell times came from the same participant. In order to compute a statistic
on the difference between dwell times for CEVMS and standard billboards, average dwell times
were computed per participant for the CEVMS and standard billboard conditions. These average
values were used in a t-test assuming unequal variances. The difference in average dwell time
between CEVMS (M = 981 ms) and standard billboards (M= 1,386 ms) was not statistically

significant, (12} = -1.40, p > .05.

Figure 14 through figure 23 show heat maps for the dwell-time durations to the standard
billboards that were greater than 2,000 ms. These heat maps are snapshots from the DCZ and
attempt to convey in two dimensions the pattern of gazes that took place in a three dimensional
world. The heat maps are set to look back approximately one to two seconds and integrate over
time where the participant was gazing in the scene camera video. The green color in the heat map
indicates the concentration of gaze over the past one to two seconds. The blue line indicates the

gaze trail over the past one to two seconds.

Figure 14 through figure 16 are for a DCZ on an arterial at night. The standard billboard was on
the right side of the road (indicated by a pink rectangle). There were eight fixations to this
billboard, and the single fixations were between 200 to 384 ms in duration. The dwell time for
this billboard was 2,019 ms. At the start of the DCZ (see figure 14), the driver was directing
his/her gaze to the forward roadway. Approaching the standard billboard, the driver began to
fixate on the billboard. However, the billboard was still relatively close to the road ahead ROL
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Figure 15. Heat map for the middle of a DCZ for a standard billboard at night on an
arterial.
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Figure 17 through figure 19 are for a DCZ on a freeway at night. The standard billboard was on
the right side of the road (indicated by a green rectangle). There were six consecutive fixations to
this billboard, and the single fixations were between 200 and 801 ms in duration. The dwell time
for this billboard was 2,753 ms. At the start of the DCZ (see figure 17), the driver was directing
his/her gaze to a freeway guide sign in the road ahead and the standard billboard was to the left
of the freeway guide sign. As the driver approached the standard billboard, his/her gaze was
directed toward the billboard. The billboard was relatively close to the top and bottom road
ahead ROls. Near the end of the DCZ (see figure 19), the billboard was accurately portrayed as
being on the right side of the road.
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Figure 16. Heat ap near the end of a DCZ for a standard billboard at night on an arterial.




Figure 19. Heat map near the end of a DCZ for a standard billboard at night on a freeway.

Figure 20 through figure 23 are for a DCZ on a freeway during the day. The standard billboard
was on the right side of the road (indicated by a pink rectangle). This is the same DCZ that was
discussed in figure 17 through figure 19. There were six consecutive fixations to this billboard,
and the single fixations were between 217 and 767 ms in duration. The dwell time for this
billboard was 3,319 ms. At the start of the DCZ (see figure 20), the driver was principally
directing his/her gaze to the road ahead. Figure 21 and figure 22 show the location along the
DCZ where gaze was directed toward the standard billboard. The billboard was relatively close
to the top and bottom road-ahead ROIs. As the driver passed the standard billboard, his’her gaze

returned to the road ahead (see figure 23).
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Fiéhre 20. Heat map for the start of a DCZ for a standard billboard in the daytime on a
freeway.
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Figure 21. Heat map near the middle of a DCZ for a standard billboard in the daytime on a
freeway.
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igufé 22. Heat mai; near the end of DCZ for standard billboard in the daytime on a
freeway.

Figure 23. Heat map at the end of DCZ for standard billbeard in the daytime on a freeway.
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Comparison of Gazes to CEVMS and Standard Billboards

The GEE were used to analyze whether a participant gazed more toward CEVMS than toward
standard billboards, given that the participant was gazing at off-premise advertising. With this
analysis method, a logistic regression model for repeated measures was generated by using a
binomial response distribution and Logit link function. First, the data was partitioned to include
only those instances when a participant was gazing toward off-premise advertising (either to a
CEVMS or to a standard billboard); all other gaze behavior was excluded from the input data set.
Only two possible outcomes are allowed when selecting a binomial response distribution. Thus,
a variable (SBB_ CEVMS) was created to classify a participant’s gaze behavior. If the participant
gazed toward a CEVMS, the value of SBB_CEVMS was set to one. If the participant gazed
toward a standard billboard, then the value of SBB_ CEVMS was set to zero.

Logistic regression typically models the probability of a success. In the current analysis, a
success would be a gaze to a CEVMS (SBB_CEVMS = 1) and a failure would be a gaze to a
standard billboard (SBB_CEVMS = 0).” A success probability greater than 0.5 indicates there
were more successes than failures in the sample. Therefore, if the sample probability of the
response variable (i.e., SBB_CEVMS) was greater than 0.5, this would show that participants
gazed more toward CEVMS than toward standard billboards when the participants gazed at off-
premise advertising. In contrast, if the sample probability of the response variable was less than
0.5, then participants showed a preference to gaze more toward standard billboards than toward

CEVMS when directing gazes to off-premise advertising.

Time of day (i.e., day or night), road type (i.e., freeway or arterial), and the corresponding
interaction were explanatory variables in the logistic regression model. Road type was the only
predictor to have a significant effect, ¥’ (1) = 13.17, p < 0.001. On arterials, participants gazed
more toward CEVMS than toward standard billboards (M = 0.63). In contrast, participants gazed
more toward standard billboards than toward CEVMS when driving on freeways (M = 0.33).

1]

Observation of Driver Behavior

No near misses or driver errors were observed in Reading.

Level of Service

The mean vehicle densities were converted to level of service as shown in table 6. As
expected, less congestion occurred at night than in the day. In general, there was traffic during
the data collection runs. Review of the scene camera data verified that all eye tracking data
within the DCZs were recorded while the vehicle was in motion.

2 Success and failure are not used to reflect the merits of either type of sign, but only for statistical purposes.
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Table 6. Level of service as a function of advertising type, road type, and time of day.

Arterial Freeway
Day Night Day Night
Control B A C B
CEVMS C A B A
Standard A A B A

DISCUSSION OF READING RESULTS

Overall the probability of gazing at the road ahead was high and similar in magnitude to what
has been found in other field studies addressing billboards. 1212} For the DCZs on freeways,
CEVMS showed a lower proportion of gazes to the road ahead than the standard biliboard
condition, and both off-premise advertising conditions had lower probability of gazes to the road
ahead than the control. On the other hand, on the arterials, the CEVMS and standard biliboard
conditions did not differ from each other but were significantly different from their respective
control condition. Though the CEVMS condition on the freeway had the lowest proportion of
gazes to the road ahead, in this condition there was a lower proportion of gazes to CEVMS as
compared to the arterials (see table 5 for the trade-off of gazes to the different ROIs). A greater
proportion of gazes to other ROIs (left side of the road, right side of the road, and participant
vehicle) contributed to the decrease in proportion of gazes to the road ahead. Also, for the
CEVMS on freeways, there were a few gazes to a standard billboard located in the same DCZ
and there were more gazes distributed to the left and right side of the road than in standard
billboard and control conditions. The gazes to ROIs other than CEVMS contributed to the lower
probability of gazes to the road ahead in this condition.

The control condition on the arterial had buildings along the sides of the road and generally
presented a visually cluttered area. As was presented carlier, the feature congestion measure
computed on a series of photographs from each DCZ showed a significantly higher feature
congestion score for the control condition on arterials as compared to all of the other DCZs.
Nevertheless, the highest probability for gazing at the road ahead was seen in the control

condition on the arterial.

The area with the highest feature congestion, especially on the sides of the road, had the highest
probability for drivers looking at the road ahead. Bottom-up or stimulus driven measures of
salience or visual clutter have been useful in predicting visual search and the effects of visual
salience in laboratory tasks.®**® These measures of salience basically consider the stimulus
characteristics (e.g., size, color, brightness) independent of the requirements of the task or plans
that an individual may have. Models of visual salience may predict that buildings and other
prominent features on the side of the road may be visually salient objects and thus would attract
a driver’s attention.*” Figure 24 shows an example of a roadway photograph that was analyzed
with the Salience Toolbox based on the Itti et al. implementation of a saliency based model of
bottom-up attention.®*” The numbered circles in figure 24 are the first through fifth salient
areas selected by the software. Based on this software, the most salient areas in the photographs
are the buildings on the sides of the road where the road ahead (and a car) is the fifth selected

salient area.
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Figure 24. m of identified salient areas in a road scen based om—up analysis.

It appears that in the present study participants principally kept their eyes on the road even in the
presence of visual clutter on the sides of the road, which supports the hypothesis that drivers tend
to look toward information relevant to the task at hand.®®***?) In the case of the driving task,
visual clutter may be more of an issue with respect to crowding that may affect the driver’s
ability to detect visual information in the periphery.®" Crowding is generally defined as the
negative effect of nearby objects or features on visual discrimination of a target.*? Crowding
impairs the ability to recognize objects in clutter and principally affects perception in peripheral
vision. However, crowing effects were not analyzed in the present study.

Stimulus salience, clutter, and the nature of the task at hand interact in visual perception. For
tasks such as driving, the task demands tend to outweigh stimulus salience when it comes to gaze
control. Clutter may be more of an issue with the detection and recognition of objects in
peripheral vision (e.g., detecting a sign on the side of the road) that are surrounded by other

stimuli that result in a crowding effect.

The mean fixation durations to CEVMS, standard billboards, and the road ahead were found to
be very similar. Also, there were no long fixations (greater than 2,000 ms) to CEVMS or
standard billboards. The examination of multiple sequential fixations to CEVMS yielded average
dwell times that were less than 1,000 ms. However, when examining the tails of the distribution,
there were three dwell times to standard billboards that were in excess of 2,000 ms (the three
dwell times came from three different participants to two different billboards). These three
standard billboards were dwelled upon when they were near the road ahead area but drivers quit
gazing at the signs as they neared them and the signs were no longer near the forward field of
view. Though there were three dwell times for standard billboards greater than 2,000 ms, the |
difference in average dwell times for CEVMS and standard billboards was not significant.

Using a gaze duration of 2,000 ms away from the road ahead as a criterion indicative of
increased risk has been developed principally as it relates to looking inside the vehicle to in-
vehicle information systems and other devices (e.g., for texting) where the driver is indeed
looking completely away from the road ahead."****¥) The fixations to the standard billboards in
the present case showed a long dwell time for a billboard. However, unlike gazing or fixating
inside the vehicle, the driver’s gaze was within the forward roadway where peripheral vision
could be used to monitor for hazards and for vehicle control. Peripheral vision has been shown to
be important for lane keeping, visual search orienting, and monitoring of surrounding

objects.***? .
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The results showed that drivers were more likely to gaze at CEVMS on arterials and at standard
billboards on freeways. Though every attempt was made to select CEVMS and standard
billboard DCZs that were equated on important parameters (e.g., which side of the road the sign
was located on, type of road, level of visual clutter), the CEVMS DCZs on freeways had a
preater setback from the road (133 ft for both CEVMS) than the standard billboards (10 and

35 ft). Signs with greater setback from the road would in a sense move out of the forward view
(road ahead) more quickly than signs that are closer to the road. The CEVMS and standard
billboards on the arterials were more closely matched with respect to setback from the road (12
and 43 ft for CEVMS and 20 and 40 ft for standard billboards).

The differences in setback from the road for CEVMS and standard billboards may also account
for differences in dwell times to these two types of billboards. However, on arterials where the
CEVMS and standard billboards were more closely matched there was only one long dwell time
(greater than 2,000 ms) and it was to a standard biliboard at night.
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RICHMOND

The objectives of the second study were the same as those in the first study, and the design of the
Richmond data collection effort was very similar to that employed in Reading, This study was
conducted to replicate as closely as possible the design of Reading in a different driving
environment. The independent variables included the type of DCZ (CEVMS, standard billboard,
or no off-premise advertising), time of day (day or night) and road type (freeway or arterial). As
with Reading, the time of day was a between-subjects variable and the other variables were

within subjects.
METHOD
Selection of DCZ Limits
Selection of the DCZ limits procedure was the same as that employed in Reading.
Advertising Type
Three DCZ types (similar to those used in Reading) were used in Richmond:
¢ CEVMS. DCZs contained one target CEVMS.
¢ Standard billboard. DCZs contained one target standard billboard.
e Control conditions. DCZs did not contain any off-premise advertising.

There were an equal number of CEVMS and standard billboard DCZs on freeways and arterials.
Also, there two DCZ that did not contain off-premise advertising with one located on a freeway
and the other on an arterial.

Table 7 is an inventory of the target employed in this second study.

Table 7. Inventory of target billboards in Richmond with relevant parameters.
Copy Sethack Other

DCZ Adv;).r;:img Dirm(z;;sions S;lf;;f Srom (fgoad ;;;;::::gs f% ‘;:'gi') R”;;::“y
5 CONTROL D 710 Asterial
3 CONTROL 845 Freeway
9 CEVMS 140" x 28'0" L 37 0 696 Arterial
13 CEVMS 14'0" x 280" R 37 0 602 Arterial
2 CEVMS 125" x 400" R 91 0 297 Freeway
3 CEVMS 110 x 230" L 71 0 321 Freeway
10 Standard 14'0" x 48'0" L 79 1 857 Arterial
12 Standard 10'6" x 453" R 79 2 651 Arterial
1 Standard 14'0" x 48'0" L 87 0 997 Freeway
7 Standard 14'0" x 48'0" R 88 0 816 Freeway

* N/d indicates that there were no off-premise advertising in these areas and these values are undefined.
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Figure 25 through figure 30 below represent various pairings of DCZ type and road type. Target
off-premise billboards are indicated by red rectangles.

DT ? 0 i

s rrﬁil_w")_;aq-* s Ty

y ;.{

ple of a CEVMS DCZ on a fréeway.' |

ighre 25, Exam

| Figure 27. xaple of a stadard billboar DCZ on a freeway.

41




p—

Figure 30. Exmple of a contr DCZ on an arterial.

Photometric Measurement of Signs

The methods and procedures for the photometric measures were the same as for Reading.

Visual Complexity

The methods and procedures for visual complexity measurement were the same as for Reading.
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Participants

A total of 41 participants were recruited for the study. Of these, 6 participants did not complete
data collection because of an inability to properly calibrate with the eye tracking system, and 11
were excluded because of equipment failures. A total of 24 participants (13 male, M = 28 years;
11 female, M = 25 years) successfully completed the drive. Fourteen people participated during

the day and 10 participated at night.

Procedures

Research participants were recruited locally by means of visits to public libraries, student unions,
community centers, etc. A large number of the participants were recruited from a nearby
university, resulting in a lower mean participant age than in Reading.

Participant Testing

Two people participated each day. One person participated during the day beginning at
approximately 12:45 p.m. The second participated at night beginning at around 7:00 p.m. Data
collection ran from November 20, 2009, through April 23, 2010. There were several long gaps in
the data collection schedule due to holidays and inclement weather.

Pre-Data Collection Activities
This was the same as in Reading.

Practice Drive

Except for location, this was the same as in Reading.

Data Collection

The procedure was much the same as in Reading. On average, each test route required
approximately 30 to 35 minutes to complete. As in Reading, the routes included a variety of
freeway and arterial driving segments. One route was 15 miles long and contained two target
CEVMS, two target standard billboards, and two DCZs with no off-premise advertising. The
second route was 20 miles long and had two target CEVMS and two target standard billboards.

The data collection drives in this second study were longer than those in Reading. The eye
tracking system had problems dealing with the large files that resulted. To mitigate this technical
difficuity, participants were asked to pull over in a safe Jocation during the middle of each data
collection drive so that new data files could be initiated.

Upon completion of the data collection, the participant was instructed to return to the designated
meeting location for debriefing.

Debriefing

This was the same as in Reading.
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DATA REDUCTION
Eye Tracking Measures

The approach and procedures were the same as used in Reading.

Other Measures

The approach and procedures were the same as used in Reading,

RESULTS
Photometric Measurement of Signs

The photometric measurements were performed using the same equipment and procedures that
were employed in Reading with a few minor changes. Photometric measurements were taken
during the day and at night, Measurements of the standard billboards were taken at an average
distance of 284 ft, with maximum and minimum distances of 570 ft and 43 ft, respectively. The
average distance of measurements for the CEVMS was 479 ft, with maximum and minimum
distances of 972 ft and 220 fi, respectively. Again, the distances employed were significantly
affected by the requirement to find a safe location on the road from which to take the

measurements.

Luminance

The mean luminance of CEVMS and standard billboards, during daytime and nighttime are
shown below in table 8. The results here are similar to those for Reading.

Confrast

The daytime and nighttime Weber contrast ratios for both types of billboards are shown in

table 8. During the day, the contrast ratios of both CEVMS and standard billboards were close to
zero (the surroundings were about equal in brightness to the signs). At night, the CEVMS and
standard billboards had positive contrast ratios. Similar to Reading, the CEVMS showed a higher

contrast ratio than the standard billboards at night.

Table 8. Summary of luminance (cd/mz) and contrast (Weber ratio) measurements.

Luminance (cd/m’) Contrast
Day Mean St. Dev. Mean St. Dev,
CEVMS 2134 798.70 -0.20 0.53
Standard Billboard 3063 2730.92 0.03 0.32
Night
CEVMS 56.44 16.61 69.70 59.18
Standard Billboard 8.00 5.10 6.56 3.99
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Visual Complexity

As with Reading, the feature congestion measure was used to estimate the level of visual
complexity/clutter in the DCZs. The analysis procedures were the same as for Reading.

Figure 31 shows the mean feature congestion measures for each of the advertising types
(standard errors are included in the figure). Unlike the results for Reading, the selected off-
premise advertising DCZs for Richmond differed in terms of mean feature congestion; F{(3, 36) =
3.95, p = 0.016. Follow up t-tests with an alpha of 0.05 showed that the CEVMS DCZs on
arterials had significantly lower feature congestion than all of the other off-premise advertising
conditions. None of the remaining DCZs with off-premise advertising differed from each other.
The selection of DCZs for the conditions with off-premise advertising took into account the type
of road, the side of the road the target billboard was placed, and the perceived level of visual
clutter. Based on the feature congestion measure, these results indicated that the conditions with
off-premise advertising were not equated with respect to level of visual clutter.
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Figure 31. Mean feature congestion as a function of advertising condition and road type.

Effects of Billboards on Gazes to the Road Ahead

As was done for the data from Reading, GEE were used to analyze the probability of a
participant gazing at the road ahead. A logistic regression model for repeated measures was
generated by using a binomial response distribution and Logit link function. The resultant value
was the probability of a participant gazing at the road ahead (as previously defined).

Time of day (day or night), road type (freeway or arterial), advertising type (CEVMS, standard
billboard, or control), and all corresponding second-order interactions were explanatory variables
in the logistic regression model. The interaction of advertising type by road type was statistically
significant, ¥* (2) = 14.19, p < 0.001. Table 9 shows the corresponding probability of gazing at
the road ahead as a function of advertising condition and road type.
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Table 9. The probability of gazing at the road ahead as a function of advertising condition

and road type.
Advertising Condition Arterial Freeway
Control 0.78 0.92
CEVMS 0.76 0.82
Standard 0.81 0.85

Follow-up analyses for the interaction used Tukey-Kramer adjustments with an alpha level of
0.05. The freeway contro] had the greatest probability of gazing at the road ahead (M = 0.92).
This probability differed significantly from the remaining five probabilities. On arterials, there
were no significant differences among the probabilities of gazing at the road ahead among the
three advertising conditions. On freeways, there was no significant difference between the
probability associated with CEVMS DCZs and the probability associated with standard billboard

DCZs.

Additional descriptive statistics were computed for the three advertising types to determine the
probability of gazing at the ROls that were defined in the panoramic scene. As was done with the
data from Reading, some of the ROIs were combined for ease of analysis. Table 10 presents the
probability of gazing at the different ROls.

Table 10. Probability of gazing at ROIs for the three advertising conditions on arterials
and freeways.

Standard

Road Type ROI CEVMS Billboard Control

Arterial CEVMS 0.06 N/A N/A
Left Side of Vehicle 0.03 0.03 0.04
Road ahead 0.76 0.81 0.78
Righi Side of Vehicle 0.07 0.06 0.09
Standard Billboard N/A 0.02 N/A
Participant Vehicle 0.07 0.06 0.09

Freeway CEVMS 0.05 N/A N/A
Left Side of Vehicle 0.03 0.01 0.01
Road ahead 0.82 0.85 0.92
Right Side of Vehicle 0.04 0.04 0.03
Standard Billboard N/A 0.04 N/A
Participant Vehicle 0.06 0.06 0.05

The probability of gazing away from the forward roadway ranged from 0.08 to 0.24. In

' particular, the probability of gazing toward a CEVMS was slightly greater on arterials
(M = 0.06) than on freeways (M = 0.05). In contrast, the probability of gazing toward a standard
billboard was greater on freeways (M = 0.04) than on arterials (M = 0.02). In both situations, the
probability of gazing at the road ahead was greatest on freeways.
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Fixations to CEVMS énd Standard Billboards

About 2.5 percent of the fixations were to CEVMS. The mean fixation duration to a CEVMS
was 371 ms and the maximum fixation duration was 1,335 ms. Figure 32 shows the distribution
of fixation durations to CEVMS during the day and at night. In the daytime, the mean fixation
duration to a CEVMS was 440 ms and at night it was 333 ms. Approximately 1.5 percent of the
fixations were to standard billboards. The mean fixation duration to standard billboards was

318 ms and the maximum fixation duration was 801 ms. Figure 33 shows the distribution of
fixation durations for standard billboards. The mean fixation duration to a standard billboard was
313 ms and 325 ms during the day and night, respectively. For comparison purposes, figure 34
shows the distribution of fixation durations to the road ahead during the day and night. In the
daytime, the mean fixation duration to the road ahead was 378 ms and at night it was 358 ms.
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Figure 32. Fixation duration for CEVMS in the day and at nigh.
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As was done with the data for Reading, the record of fixations was examined to determine dwell
times to CEVMS and standard billboards. There were a total of 21 separate dwell times to
CEVMS with a mean of 2.86 sequential fixations (minimum of 2 fixations and maximum of 6
fixations). The 21 dwell times came from 12 different participants and four different CEVMS.
The mean dwell time duration to the CEVMS was 1,039 ms (minimum of 500 ms and maximum
of 2,720 ms). There was one dwell time greater than 2,000 ms to CEVMS. To the standard
billboards there were 13 separate dwell times with a mean of 2.31 sequential fixations (minimum
of 2 fixations and maximum of 3 fixations). The 13 dwell times came from 11 different
participants and four different standard billboards. The mean dwell time duration to the standard
billboards was 687 ms (minimum of 450 ms and maximum of 1,152 ms). There were no dwell
times greater than 2,000 ms to standard billboards.

In some cases several dwell times came from the same participant. To compute a statistic on the
difference between dwell times for CEVMS and standard billboards, average dwell times were
computed per participant for the CEVMS and standard billboard conditions. These average
values were used in a f-test assuming unequal variances. The difference in average dwell time
between CEVMS (M = 1,096 ms) and standard billboards (M= 674 ms) was statistically

significant, #(14) = 2.23, p = .043.

Figure 35 through figure 37 show heat maps for the dwell-time durations to the CEVMS that
were greater than 2,000 ms. The DCZ was on a freeway during the daytime. The CEVMS is
located on the left side of the road (indicated by an orange rectangle). There were three fixations
to this billboard, and the single fixations were between 651 ms and 1,335 ms. The dwell time for
this billboard was 2,270 ms. Figure 35 shows the first fixation toward the CEVMS. There are no
vehicles near the participant in his/her respective travel lane or adjacent lanes. In this situation,
the billboard is relatively close to the road ahead ROL Figure 36 shows a heat map later in the
DCZ where the driver continues to look at the CEVMS. The heat map does not overlay the
CEVMS in the picture since the heat map has integrated over time where the driver was gazing.
The CEVMS has moved out of the area because of the vehicle moving down the road. However,
visual inspection of the video and eye tracking statistics showed that the driver was fixating on
the CEVMS. Figure 37 shows the end of the sequential fixations to the CEVMS. The driver
returns to gaze directly in front of the vehicle. Once the CEVMS was out of the forward field of

view, the driver quit looking at the billboard.

Figure 35. Heat map for first fixation to CEVMS with long dwell time.
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Figure 37. Heat map at end of fixations to CEVMS with long dwell time.

Comparison of Gazes to CEVMS and Standard Billboards

As was done for the data from Reading, GEE were used to analyze whether a participant gazed
more toward CEVMS than toward standard billboards, given that the participant was looking at
off-premise advertising. Recall that a sample probability greater than 0.5 indicated that
participants gazed more toward CEVMS than standard billboards when the participants gazed at
off-premise advertising. In contrast, if the sample probability was less than 0.5, participants
showed a preference to gaze more toward standard billboards than CEVMS when directing
visual attention to off-premise advertising.

Time of day (i.e., day or night), road type (i.e., freeway or arterial), and the corresponding
interaction were explanatory variables in the logistic regression model. Time of day had a
significant effect on participant gazes toward off-premise advertising, ¥ (1) =4.46, p = 0.035.
Participants showed a preference to gaze more toward CEVMS than toward standard billboards
during both times of day. During the day the preference was only slight (M = 0.52), but at night
the preference was more pronounced (M = 0.71). Road type was also a significant predictor of
where participants directed their gazes at off-premise advertising, ¥* (1) =3.96, p=0.047.
Participants gazed more toward CEVMS than toward standard billboards while driving on both
types of roadways. However, driving on freeways yielded a slight preference for CEVMS over
standard billboards (M = 0.55), but driving on arterials resulted in a larger preference in favor of

CEVMS (M = 0.68).
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Observation of Driver Behavior

No near misses or driver errors occurred.

Level of Service

Table 11 shows the level of service as a function of advertising type, type of road, and time of
day. As expected, there was less congestion during the nighttime runs than in the daytime. In
general, there was traffic during the data collection runs; however, the eye tracking data were
recorded while the vehicles were in motion.

Table 11. Estimated level of service as a function of advertising condition, road type, and

time of day.
Arterial Freeway
Day Night Day Night
Control B A C B
CEVMS B A B A
Standard C A C C

DISCUSSION OF RICHMOND RESULTS

Overall the probability of looking at the forward roadway was high across all conditions and
consistent with the findings from Reading and previous related research.® > In this second
study the CEVMS and standard billboard conditions did not differ from each other. For the
DCZs on arterials there were no significant differences among the control, CEVMS, and
standard billboard conditions. On the other hand, while the CEVMS and standard biliboard
conditions on the freeways did not differ from each other, they were significantly different from
their respective control conditions. The control condition on the freeway principally had trees
along the sides of the road and the signs that were present were freeway signs located in the road

ahead ROI.

Measures such as feature congestion rated the three DCZs on freeways as not being statistically
different from each other. These types of measures have been useful in predicting visual search
and the effects of visual salience in laboratory tasks.®* Models of visual salience may predict
that, at least during the daytime, trees on the side of the road may be visnally salient objects that
would attract a driver’s attention.”” However, it appears that in the present study, participants

principally kept their eyes on the road ahead.

The mean fixations to CEVMS, standard billboards, and the road ahead were found to be similar
in magnitude with no long fixations. Examination of dwell times showed that there was one long
dwell time for a CEVMS greater than 2,000 ms and it occurred in the daytime on a sign located
on the left side of the road on a freeway DCZ. Furthermore, when averaging among participants
the mean dwell time for CEVMS was significantly longer than to standard billboards, but still
under 2,000 ms. For the dwell time greater than 2,000 ms, examination of the scene camera
video and eye tracking heat maps showed that the driver was initially Jooking toward the forward
roadway and made a first fixation to the sign. Three fixations were made to the sign and then the
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driver started looking back to the road ahead as the sign moved out of the forward field of view.
On the video there were no vehicles near the subject driver’s own lane or in adjacent lanes.

Only the central 2 degrees of vision, foveal vision, provide resolution sharp enough for reading
or recognizing fine detail.°” However, useful information for reading can be extracted from
parafoveal vision, which encompasses the central 10 degrees of vision.®” More recent research
on scene gist recognition® has shown that peripheral vision (beyond parafoveal vision) is more
useful than central vision for recognizing the gist of a scene.®® Scene gist recognition is a
critically important early stage of scene perception, and influences more complex cognitive
processes such as directing attention within a scene and facilitating object recognition, both of
which are important in obtaining information while driving.

The results of this study do show one duration of eyes off the forward roadway greater than
2,000 ms, the duration at which Klauer et al. observed near-crash/crash risk at more than twice
those of normal, baseline driving,""“*® When looking at the tails of the fixation distributions, few
fixations were greater than 1,000 ms, with the longest fixation being equal to 1,335 ms.®>% The
one long dwell time on a CEVMS that was observed was a rare event in this study, and review of
the video and eye tracking data suggests that the driver was effectively managing acquisition of
visual information while driving and fixated on the advertising. However, additional work needs
to be done to derive criteria for gazing or fixating away from the forward road view where the

road scene is still visible in peripheral vision.

The results showed that drivers are more likely to look at CEVMS than standard billboards
during the nighttime across the conditions tested (at night the average probability of gazing at
CEVMS was M= 0.71). CEVMS do have greater luminance than standard billboards at night and
also have higher contrast. The CEVMS have the capability of being lit up so that they would
appear as very bright signs to drivers (for example, up to about10,000 cd/m? for a white square
on the sign.). However, our measurements of these signs showed an average luminance of about
56 cd/m*. These signs would be conspicuous in a nighttime driving environment but significantly
less so than other light sources such as vehicle headlights. Drivers were also more likely to look
at CEVMS than standard billboards on both arterials and freeways, with a higher probability of

gazes on arterials.

In this second study, CEVMS and standard billboards were more nearly equated with respect to
setback from the road. Gazes to the road ahead were not significantly different between CEVMS
and standard billboard DCZs across conditions and the proportion of gazes to the road ahead
were consistent with previous research, One long dwell time for a CEVMS was observed in this
study; however, it occurred in the daytime where the luminance and contrast (affecting the
perceived brightness) of these signs are similar to those for standard billboards.

3 “Seene gist recognition” refers to the element of human cognition that enables us to determine the meaning of a
scene and categorize it by type (e.g., a beach, an office) almost immediately upon seeing it
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GENERAL DISCUSSION

This study was conducted to investigate the effect of CEVMS on driver visual behavior in a
roadway driving environment. An instrumented vehicle with an eye tracking system was used.
Roads containing CEVMS, standard billboards, and control areas with no off-premise
advertising were selected. The CEVMS and standard billboards were measured with respect to
luminance, location, size, and other relevant variables to characterize these visual stimuli. Unlike
previous studies on digital billboards, the present study examined CEVMS as deployed in two
United States cities and did not contain dynamic video or other dynamic elements. The CEVMS
changed content approximately every 8 to 10 seconds, consistent within the limits provided by
FHWA guidance.*” In addition, the eye tracking system used had nearly a 2-degree level of
resolution that provided significantly more accuracy in determining what objects the drivers were
gazing or fixating on as compared to some previous field studies examining CEVMS.

CONCLUSIONS

Do CEVMS attract drivers’ attention away from the forward roadway and other driving
relevant stimuli?

Overall, the probability of looking at the road ahead was high across all conditions. In Reading,
the CEVMS condition had a lower proportion of gazes to the road ahead than the standard
billboard condition on the freeways. Both of the off-premise advertising conditions had a lower
proportion of gazes to the road ahead than the control condition on the freeway. The lower
proportion of gazes to the road ahead can be attributed to the overall distribution of gazes away
from the road ahead and not just to the CEVMS. On the other hand, for the arterials the CEVMS
and standard billboard conditions did not differ from each other, but both had a lower proportion
of gazes to the road ahead compared to the control. In Richmond there were no differences
among the three advertising conditions on the arterials. However, for the freeways the CEVMS
and standard billboard conditions did not differ from each other but had a lower proportion of
gazes to the road ahead than the control.

The control conditions differed across studies. In Reading, the control condition on arterials
showed 92 percent for gazing at the road ahead while on the freeway it was 86 percent. On the
other hand, in Richmond the control condition for arterials was 78 percent and for the freeway it
was 92 percent. The control conditions on the freeway differed across the two studies. In
Reading there were businesses off to the side of the road; whereas in Richmond the sides of the
road were mostly covered with trees. The control conditions on the arterials also differed across
cities in that both contained businesses and on-premise advertising; however, in Reading arterials
had four lanes and in Richmond arterials had six lanes. The reason for these differences across
cities was that these control conditions were selected to match the other conditions (CEVMS and
standard billboards) that the drivers would experience in the two respective cities. Also, the
selection of DCZs was obviously constrained by what was available on the ground in these cities.

The results for the off-premise advertising conditions are consistent with Lee et al., who

observed that 76 percent of drivers’ time was spent 1001(111% at the road ahead in the CEVMS
scenario and 75 percent in the standard billboard scenario. % However, it should be kept in mind
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that drivers did gaze away from the road ahead even when no off-premise advertising was
present and that the presence of clutter or salient visual stimuli did not necessarily control where

drivers gazed.
Do glances to CEVMS occur that would suggest a decrease in safety?

In DCZs containing CEVMS, about 2.5 percent of the fixations were to CEVMS (about 2.4
percent to standard biltboards). The results for fixations are similar to those reported in other
field data collection efforts that included advertising signs.">'"*'*) Fixations greater than
2,000 ms were not observed for CEVMS or standards billboards.

However, an analysis of dwell times to CEVMS showed a mean dwell time of 994 ms
(maximum of 1,467 ms) for Reading and a mean of 1,039 ms (maximum of 2,270 ms) for
Richmond. Statistical comparisons of average dwell times between CEVMS and standard
billboards were not significant in Reading; however, in Richmond the average dwell times to
CEVMS were significantly longer than to standard billboards, though below 2,000 ms. There
was one dwell time greater than 2,000 ms to a CEVMS across the two cities, On the other hand,
for standard billboards there were three long dwell times in Reading; there were no long dwell
times to these billboards in Richmond. Review of the video data for these four long dwell times
showed that the signs were not far from the forward view when participants were fixating,
Therefore, the drivers still had access to information about what was in front of them through

peripheral vision.

As the analyses of gazes to the road ahead showed, drivers distributed their gazes away from the
road ahead even when there were no off-premise billboards present. Also, drivers gazed and
fixated on off-premise signs even though they were generally irrelevant to the driving task.
However, the results did not provide evidence indicating that CEVMS were associated with long
glances away from the road that may reflect an increase in risk. When long dwell times occurred
to CEVMS or standard billboards, the road ahead was still in the driver’s field of view.

Do drivers jook at CEVMS more than at standard biliboards?

The drivers were generally more likely to gaze at CEVMS than at standard billboards. However,
there was some variability between the two locations and between type of roadway (arterial or
freeway). In Reading, the participants looked more often at CEVMS when on arterials, whereas
they looked more often at standard biltboards when on freeways. In Richmond, the drivers
looked at CEVMS more than standard billboards no matter the type of road they were on, but as
in Reading the preference for gazing at CEVMS was greater on arterials (68 percent on arterials
and 55 percent on freeways). The slower speed on arterials and sign placement may present
drivers with more opportunities to gaze at the signs.

In Richmond, the results showed that drivers gazed more at CEVMS than standard billboards at
night; however, for Reading no effect for time of day was found. CEVMS do have higher
luminance and contrast than standard billboards at night. The results showed mean luminance of
about 56 cd/m® in the two cities where testing was conducted. These signs would appear clearly

visible but not overly bright.
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SUMMARY

The results of these studies are consistent with a wealth of research that has been conducted on
vision in natural environments.?*?>?! In the driving environment, gaze allocation is principally
controlled by the requirements of the task. Consistent results were shown for the proportion of
gazes to the road ahead for off-premise advertising conditions across the two cities. Average
fixations were similar to CEVMS and standard billboards with no long single fixations evident
for either condition. Across the two cities, four long dwell times were observed: one to a
CEVMS on a freeway in the day, two to the same standard billboard on a freeway (once at night
and once in the daytime), and one to a standard billboard on an arterial at night. Examination of
the scene video and eye tracking data indicated that these long dwell times occurred when the
billboards were close to the forward field of view where peripheral vision could still be used to
gather visual information on the forward roadway.

The present data suggest that the drivers in this study directed the majority of their visual
attention to areas of the roadway that were relevant to the task at hand (i.e., the driving task).
Furthermore, it is possible, and likely, that in the time that the drivers looked away from the
forward roadway, they may have elected to glance at other objects in the surrounding
environment (in the absence of billboards) that were not relevant to the driving task. When
billboards were present, the drivers in this study sometimes looked at them, but not such that
overall attention to the forward roadway decreased.

LIMITATIONS OF THE RESEARCH

In this study the participants drove a research vehicle with two expetimenters on board. The
participants were provided with audio turn-by-turn directions and consequently did not have a
taxing navigation task to perform. The participants were instructed to drive as they normally
would. However, the presence of researchers in the vehicle and the nature of the driving task do
limit the degree to which one may generalize the current results to other driving situations. This
is a general limitation of instrumented vehicle research.

The two cities employed in the study appeared to follow common practices with respect to the
content change frequency (every 8 to 10 seconds) and the brightness of the CEVMS. The current
results would not generalize to situations where these guidelines are not being followed.

Participant recruiting was done through libraries, community centers and at a university. This
recruiting procedure resulted in a participant demographic distribution that may not be
representative of the general driving population.

The study employed a head-free eye tracking device to increase the realism of the driving
situation (no head-mounted gear). However, the eye tracker had a sampling rate of 60 Hz, which
made determining saccades problematic. The eye tracker and analyses software employed in this
effort represents a significant improvement in technology over previous similar efforts in this

ared.

The study focused on objects that were 1,000 feet or less from the drivers. This was dictated by
the accuracy of the eye tracking system and the ability to resolve objects for data reduction. In
addition, the geometry of the roadway precluded the consideration of objects at great distances.
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The study was performed on actual roadways, and this limited the control of the visual scenes
except via the route selection process. In an ideal case, one would have had roadways with
CEVMS, standard billboards, and no off-premise advertising and in which the context
surrounding digital and standard billboards did not differ. This was not the case in this study,
although such an exclusive environment would be inconsistent with the experience of most
drivers. This presents issues with the interpretation of the specific contributions made by
billboards and the environment to the driver’s behavior.

Sign content was not investigated (or controlled) in the present study, but may be an important
factor to consider in future studies that investigate the distraction potential of advertising signs.
Investigations about the effect of content could potentially be performed in driving simulators
where this variable could be systematically controlled and manipulated.
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ROGER FETERSON

Chiefl of Police
Rechester Police Department
101 4th St S.E.
Rochester, MM 55804-3761
www.rochestermn.gov

December 2, 2008

To Whom It May Concern,

Approximately one year ago, Magic Media offered to incorporate the national Amber
Alert System into their digital billboards in Rochester, MN. If the need arises, the
Rochester Police Department can immediately take over all of the digital billboards
letting the public know that an incident exists. Not only is this program being provided at
no expense to the taxpayers, but Magic Media also had a technician train me on its
operation without a fee. Time is of the essence in the case of a child abduction, and this
system is unsurpassed in gettimg the name and photograph in front of the pubhe.

To the best of my recollection, Magic Media installed its first digital display about two
years ago. They placed them on city streets where the vehicle speed is slow and some
traffic signals exist. In fact, one location is at two main intersecting streets, Broadway
and Civic Center Drive. Despite being placed on heavily traveled city streets, there has
not been one accident attributed to a driver being distracted by the billboard.

Magic Media has been generous and law abiding in working with the public safety
agencies in Rochester, MN and I have no reason to believe that the new digital billboards

are unsafe to motorists.

Sincerely,

ochester Police Dcpartment
101 4" Street SE

Rochester, MN 55904
Phone: (507) 328-6908

Fax: (507) 287-2672

E-Mail: pmulleneaux{@rochesteroin.goy

S Egqual Opportuuiny Luaploger
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ROCHESTER

December 1, 2008

As the City of Rochester Council President, I listened to many opinions and concerns
about off-premise digital billboards before there was one in place in our city. After
working with Magic Media and learning of the standards and policies they were adhering
to, the city agreed to allow them to install their first one about two years ago. Since then,
four additional existing static billboards were converted and history has proven that the

initial concerns were unfounded.

Magic Media has worked with the City of Rochester and agreed to a policy of not
allowing the messages to flash, scroll or have any streaming video. The ambient lighting
is within our ordinance standards and most importantly, there has not been any
suggestion that these displays have remotely caused any accidents.

Furthermore, these displays can be used for informing the community instantaneously of
events, concerts, promotions and even traffic issues. In addition, Magic Media has
teamed with the City of Rochester and the Sheriff®s Department to allow all of the units
to display local or national disasters, At the touch of a button, the Sheriff can take
control of all of the displays and inform the public of  train derailinent, display a
crimina} they are trying to apprehend or any other such cominunity emergency. Magic
Media also participates in the national Amber Alert system to inform the public on these
displays to be on the look out of a missing child or person.

In my opinion, dynamic digital biliboards enhance our city and we are prateful to Magic
Media for teaming with us in helping to make Rochester a safer and more informed city.

8 ly,
Dennis L. Hanson
City Council President

An Equal Opportunity/ Alfimative Artion Employer
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EL PASO COUNTY SHERIFF’S OFFICE

: Sin_cé . y, .

RECEIVED 87/13/2009 15:45

SHERIFF'S OFFICE - 9155382028 p.2

_Richard D, Wiles, Sheriff
‘Sylvia Agulilar, Chief Deputy
3830 Justiee Drive
2 Pasp, Yoxas 79938
‘Email; epshicrif@epcounty.com

July 13,2009

Honorable Mayor and City Representatives
City of E! Paso, Texas

#2 Civic Center Plaza

El Paso, Texas 79901

Desir Mayor and Representatives:

As you may know, during my lenurc as El Paso Chief of Police, in 2007 7 was

- presented the opportunity to festify before the Texas Department of Transportation
regarding digital billbcards, At that time, 1 had been working with Clear Channel

Outdoor 1o display Amber Alert and similar messages in El Paso on the digital
billboards that were ‘in place; 1 saw this as an: opportunify to biing to El Paso a
dynamic method of informing the traveling public about items of critical Interest 16 our
community,

| testified to the Texas Transportation Cominission that | had no concerns whatsoever
that digital billboards presented a safety hazard to El Paso residents. My duty as Chief
of Police would prevent me from allowing, much less enthusiasticelly endorsing,
anything that I believed would: place our citizenry at risk. In addition 1o my own, |
brought Mayor Cook's endorsement of the digital billboards to the Commission.

1 had, and to this day still have, no indication that digital billboards posc any safety
thret to the traveling public, With the number of digital signs that are cuirrently in El
Pasa, both of the business and billboard type, and the long time in which they have
been presént in our Cily, any safely issues surely would have surfaced by now. Those
in Bl Paso. who claim there are safety problems with the digital billboards are ignoring

the evidence.

In closing, when aperated as Clear Channe] is currently, digital billboards are an asset

* to El Paso. 1 endorse their use and respectfully request the City Council io prudently

allow more to be erected,

- Richard D. Wiles

Sheriff

First Natiowally Accredited Skerifi*s Office in Texas
Firgt Two Nationslly Aceredited Connty Jails in Texas
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CITY OF ALBUQUERQUE

July 30, 2008

El Paso Chamber of Commerce
10 Civic Center Plaza
El Paso, Texas 79901

Dear Chamber Members:

As Planning Director for the City of Albuquerque, within which digital biliboards have
been in use for almost three years, Clear Channel Qutdoor requested that ] present you
my opinion regarding the use of digital displays contemplated for the City of El Paso.

1 would endorse their use in any city that is concerned about sesthetic quality and in any
city that is at the same time wishes to benefit local business end promote public service

advertising in a compact format.

The digital displays erected by Clear Channel Qutdoor in Albuguerque significantly
improve the image quality of the message, and thus the overall appearance of the
structure. The compact nature of the panels and the format are much more effective in
message delivery than larger billboards. The copy and image quality is very sharp and
completely legible during the day without having undue brightness at night. While there
is distinctively sharper image, I am not been made aware of any safety issues caused by
the light intensity of the billboard image, nor have I heard of, or received, any complaints
Albuquerave of driver distraction caused by the level of sign information. Ialso have not received or
heard of any complaints regarding excessive nighttime brightness levels.

PO Box 1293

I believe the reason for the success of the biltboard program in Albuquerque is pnmarily
due to the responsible and sensitive manner in which Clear Channel Outdoor has
deployed this new technology. Clear Channel has also worked diligently with the city to
insure that all proper safeguards and considerations were undertaken prior to placement

www.aiby.povgnd erection of the signs.

NM 87103

In summary from my experience as Planning Director of the City of Albuquerque, I sce
no reason why any city would shun the use of this exciting lechnology. If you bave any
question, please do not hesitate to contact me at 505 924 3352.

Sincerely yours,
/%"W

Richard Dineg/ A
Planning Diréctor

City of Albuquerque

Adbwgwergme - Muking Heutory 1706 2006
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OFFICE OF THE CHIEF OF POLICE

December 3, 2007

Mr. John Campbell

Director, Right of Way Division
Texas Department of Transportation
126 E. 11" Street

Austin, Texas 78701-2488

Dear Mr. Campbell:

As Chiel of Police I support electronic displays on illboards. T commend TX DOT's
reeent decision 1o consider allowing the use of such displayvs in Texas., Our local experience with
these displays hays elearly demonstrated the sale and effective use of this technology. I addition.
| have included my comments before TX DOT on Wednesday November 28 for vour review,

CGood Morning. Richard Wiles, Chicef ol Police of L Paso.

Texas - - and 1 don’™t know if anybody noticed, bul Mro Smith and 1 are actually color
coordinated. 1 just gaughi that.

Anyway, 1'd Hike 10 read into the record a letter ffom the Honorable Mayor of El Paso,
John Cook, and then say just a couple of words:

“The City of E] Paso looked into the issue of billbourds several vears ago. As a result, we
had a comprehensive rewrite of the ardinance regarding ofl-premise signage. Subsceguently, we
examined the potential for improving the image billboards had in our community. and anwended
the ordinanee 10 allow for electronic billboards,

We have found that they are pot only accepted by the conmmunity, but are more atlractive
than other technologies. As Mayor ol the sixth largest city in Texas, Lwounld certainly encourage
other cities 1o congider modernizing their off-premise sign ordinances.

n, & &

DEEN R mom D Poanie DN T9903 2 [ D 3617008 5 woa s g pely i,




As aresult of our experience, the City of EI Paso supports TXDOT s efforts (o allow us to
expand our program to those highways under state jurisdiction.”

That's from Mavor Cook.  In regards to the Police Department’s stance on thiy issug.
there™s two major issues that T see. One is the issue of safety, Certaindy traffic crashes and the
injuries and latalities that are related to thase are of great concern o me as a law enforcement
professional.  And | would not want (o have something on the roadway that would distract ihe
drivers,

But 1 have 1o 1ell you that in my conversations with the depoty chief in eharge of our
traflic units, eertainly over the last ive years that we've done research, we have found no
instances of traffic collisions being cansed as a result of inaltentiveness for biltboards,

And as' My, Smith mentioned, the cleetronic billboards have gone up on city streets, cighi
ol them, and since they’ve been up over thi last several mouths. we have had no instanees that
they have contributed (o any driver inattention that has resulted in a collision. So ! don't believe
that that's an issue. Certainly not within the City of El Paso.

And the second issue is in regards to the support that these billboards can give 1o law
enforcement in times of crisis. As you're well aware, when an Amber Alert oceurs, TxDOY
flashes information on 1heir electronic message bowrds, but i°s all - there’s no photes. it's all
wriling.

And the problem with that is, the information does not cateh the atiention of the fraveling
motorist many tmes and iC's hot ~ and because human beings are visual animals, it is not as - it
doesn’t pive us the same impaet as if we can put up a photo of the missing a child, of a vehicle
involved, of the subject that’s involved.

S0 we think these billhoards will be a great asset to any community, certainly in 1 Puso.
by providing our community with information related (o crisex such Amber Alerts or other
emergeneics that conld oceur within the ¢ity., Thank vou very much.

Yours tmly,

i‘\ - ‘{/(:éu,u C’,AJM

Richard 1), Wiles
Chief of Police

N
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it South Caralina
Depattrent of Transportation

September 6, 2007

Mr. W, Scott Shockley.

General Manager
L amar Quidoor-Advertising— -

1221 Atlas Road

Columbia, South Carolina 29209

_ Dear Mr. Shockley:

Thank you for your request of August 29, 2007, regarding safety coricerns about the
digital billboards in and around the Columbia area. We have evaluated crash history in the
vicinity of three digital billboards recently installed on US 378 at Mineral Springs Road in
Lexington County, 1-77 northbound of SC 768 (Shop Road) in Richland County, and 1-26
‘Swestbound- west of St. Andrews Road in Lexington County. I have attached a copy of our
findings for your information. '

A. comparison was made between the six-month period following installation of the
digital billboards with the same timeframe from the prior year. Please note on safety related
studies, it is our procedure to review crash history for three year before and three years after the
event being studied, The three digital billboards have not been up long enough for us to
formulate an official opinion, however, the attached study based on the period of review does not
highlight a problem with the digital billboards. Also, as of August 28, 2007, the South Garolina -

' Department of Transportation (SCDOT) has not received any ‘complaints in regard to the digital
.7 billboards.

Research will be evaluated as it comes available concerning any safety issues related to
digital billboards, but currently SCDOT has no opinion on this issue. .

AR

. Dipak M. Patel .
Deputy State Highway Engineer

DMP;jb

Enclosure

cc: Tony L. Chapman, State Highway Engincer
John Hardee, Lamar Outdoor Advertising

File:SHE/DMP

Post Office Box 191 Phane: (803) 737-2314
Columbia, South Carclina  29202-0191 . TTY: {803) 787-3B70

AN EQUAL ORPORTUNITY/
AFFIRMATIVE AGTION EMPLOYER
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BrisN DEWINE
PrEsmENT € MaNAGING MEMBER

To Whom It May Concern:

We have used Lamar Qutdoors’ digital billboards for numerous years now. Through their Twitter technology,
we are able to change our marketing message as many times a day as we want. We often start each day
during the season with a simple message such as “Game Today,” Games All Weekend” or “Fireworks Tonight!”
At about 7:00 pm each day we often change the message to “Game Tomorrow” or Games All Weekend.” Our
marketing team schedules the messages about a week in advance through Hootsuite and an anonymous
Twitter account. However if the weather or pre-sale dictate a new message, we can instantly change it.

We also use do a countdown to Opening Day on the billboards as the season approaches. | often have fans
come up to me on the street and tell me exactly how many days till Opening Day. They always tell me they
saw it on our billboard.

We believe digital billboards are one of the best marketing tools we have. Not only does it help build our
brand, but they educate people of when we are playing. If you have any questions about how we use them,
please feel free to contact me at 828-258-0428 x400 or bdewine@theashevilletourists.com.

Sincerely,

[3T3 Clltae,

Brian DeWine

fSHEVILLE TOURISTS BaiseBRLL CLUB
DEWINE 58ED5 SILVER DoLL#R BasesaLL, LLC
30 Buchanan Place - Asheville, NC 28801 - PH 828.258.0428 - FAX 828.258.0320

TheAshevilleTourists.com
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CITY OF HIGH POINT
AGENDA ITEM

NORTH CAROLINA'S INTERNATIONAL CITY™

Title: Motorola Radio Purchase

From: Steve Lingerfelt, Director of Information Meeting Date: July 15, 2019
Technology Services
. - Advertising Date /
Public Hearing: No Advertised By:

Attachments: Motorola Solutions Inc. Radio Quote

PURPOSE:
The City needs to purchase Motorola portable and mobile radios to replace older radios as part of the annual

replacement program.

BACKGROUND:

Information Technology Services is recommending the City of High Point purchase one hundred and one (101)
portable radios as part of the annual eight (8) year radio replacement cycle. The radios purchased will be replacing
radios in the Electric and Public Services Departments.

BUDGET IMPACT: ‘
The City of High Point will use existing funds in the FY 2019-20 budget to purchase the radios from Motorola

Solutions, Inc. The total cost of the radios is $457,014.90 which is the state contract price.

RECOMMENDATION / ACTION REQUESTED:
The Department of Information Technology Services recommends approval of the contract and that the
appropriate City official and/or employee be authorized to execute all necessary documents.



Menu

TO:

City Of High Point
Radio Replacement
Lee Stanley

scott.hurt.ii@motorolasolutions.com

0 MOTOROLA SOLUTIONS

Motorola Solutions
Scott Hurt
336 312-9165

Unit Discounted

Extended Discounted

Qty Model Number Description or Specification Price Price
APX 6000 3.5 PORTABLE RADIO

101  H98UCHOPW7BN APX 6000 3.5 PORTABLE RADIO $ 252215 $ 254,737.15

Standard with the following: GPS Bluetooth,ADP

ASTRO 25 INTEGRATED VOICE & DATA

101 Q806 ASTRO DIGITAL CAl $ 37595 § 37,970.95
101 H38BS SMARTZONE $ 876.00 $ 88,476.00
101 Q361 P25 9600 BAUD $ 219.00 $ 22,119.00
101 QAO01648 HARDWARE KEY $ 365 % 368.65
101 H869 MULTIKEY $ 24090 $ 24,330.90
101 G996 ENH: OVER THE AIR PROVISIONING $ 73.00 $ 7,373.00
101 QB8AL 3 YEAR ESSENTIAL SERVICES $ 110.00 $ 11,110.00
101 QAO01833 EXTREME NOISE REDUCTION $ 18.25 § 1,843.25
101  QAO0580AC TDMA $ 328.50 $ 33,178.50
101 NNTN7687A APX INSERT $ 33.75 § 3,408.75
101 QAO05575AA TIA4950 BATTERY IMPRESS 4500MAH $123.75 $12,498.75
101 Trade in -400 per radio $ (400.00) $ (40,400.00)

TRADE IN -400 dollars Per Radio Must receive P.O. by July 19th

Equipment $457,014.90 |

Terms: Net 30 days after shipment

Delivery 6 Weeks

Date 4-Jun-19 Total $457,014.90

State Contract# 725G

Proposal #6419

Taxes not included
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NORTH CAROLINA'S INTERNATIONAL CHIY ™

FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENTJ Information Technology Services

COUNCIL AGENDA DATE: | July 15, 2019

BIDNO.f NC State Contract

DESCRIPTION:

CONTRACTNO.:[NC 725G

DATE OPENED:

IMotorola radio replacement purchase.

PURPOSE:

The City of High Point utilizes an eight year replacement cycle to replace older radios in it's
inventory. One hundred and one portable radios will be replaced this year. The radios will be
replaced in the Electric and Public Services Departments

COMMENTS:

This purchase is made using the NC procurement contract 725G.

RECOMMENDAWARD TO: | piatorola Solutions Inc. AMOUNT/$457,014.90
JUSTIFICATION:
The purchase is needed to replace older radios in inventory as part of an eight year replacement
cycle.
ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
501243 522601 $457,014.90
TOTAL BUDGETED AMOUNT

pepARTMENT HEAD:(Oteve Lingerfelt

Digitally signed by Steve Lingerfelt
Date: 2019.07.02 13:55:37 -0400" | DATE: July 2,2019

The Purchasing Division concurs with recommendation submitted by the | T
award to the lowest responsible, responsive bidder ,Motom[a Solutions

I and recommends

PURCHASING MANAGER:

Erik Conti

Digitally signed by Erik Conti

Date: 2019.07.02 13:60:31 -0400' y A TR

| in the amount of $ '457,014‘90

Approved for Submission to Council

FINANCIAL SERVICES DIRECTOR:

Bobby Fitzjohn

Digitally signed by Bobby Fitzjohn

Date: 2019.07.02 14:03:10-0400 | DATE: [7/2/2019

CITY MANAGER: |Greg

Demko

Digitally signed by Greg Demko DATE: 7/2/2019

Date: 2019.07.02 16:21:46 -04'00"




CITY OF HIGH POINT LIV AT 2
AGENDA ITEM AL H
N LY

NORTH CAROLINAS INTERNATIONAL CITY

Title: Library Bookmobile

From: Gary Smith, Fleet Director Meeting Date: July 15, 2019

. T Advertising Date/ N/A
Fublic Hearlng: t0& Advertised By: N/A
Attachments: Quote

PURPOSE:
The Library is requesting the purchase of a new bookmobile. Using the Houston-Galveston Area Council (HGAC)

national contract AM10-18, a new bookmobile is being recommended for council approval.

BACKGROUND:

The current Library bookmobile has become increasingly difficult to maintain, as parts are becoming obsolete through the
manufacturer and aftermarket. According to Matthews Specialty Vehicles, the average lifespan of a mobile library is 12
years. We have been running this vehicle for almost 19 years. The bookmobile is on the road five days a week serving
over fifty daycares and preschools in High Point. It is also used at special events such as festivals and the holiday parade.
The price of $136,100 is for the Ford E450 chassis, body installation, and delivery. Estimated delivery is 120-240 days.

BUDGET IMPACT:
Funds are available in the 2019-20 budget.
The High Point Library received a $50,000 grant from the State for this purchase.

RECOMMENDATION / ACTION REQUESTED:
The Fleet Services Department recommends purchasing the new bookmobile from Matthews Specialty Vehicles at a price

of $136,100.

. Exisiting | ) Proposed



NORITH CAROLINA'S INTERNATIONAL C|

™

FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENT] Fleet Services

COUNCIL AGENDA DATE:| July 15,2019

BID NO.{ HGAC

CONTRACT NO.:[ AM10-18

DESCRIPTION:

DATE OPENED:

Ford E450 Bookmobile

PURPOSE:

The current Library bookmobile has become increasingly difficult to maintain, as parts are becoming
obsolete through the manufacturer and aftermarket. According to Matthews Specialty Vehicles, the average
lifespan of a mobile library is 12 years. We have been running this vehicle for almost 19 years.

COMMENTS:

The price of $136,100 is for the bookmobile, training, and delviery. The estimated delviery is 210-240 days

RECOMMEND AWARD TO:

JUSTIFICATION:

Matthews Specialty Vehicles

AMOUNT} $ 136,100

Using this bid allows the City of High Point to take advantage of the volume discount offered through the

HGAC national contract.

ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
401450 533101 401201026705 55310 $ 136,100
TOTAL BUDGETED AMOUNT $136,100

Digitally signed by Gary L. Smith

Py — Gary L. Smith DN: cn-Gary L. Smith, o-City of High Point, ou=F/

Senices, email=gary smith@highpointnc.gov, c=US DATE .

Date: 2019.07.03 12:48:22 -04'00

leet

Jul 3, 2019

The Purchasing Division concurs with recommendation submitted by the | Fleet Services

|aud recommends

award to the lowest responsible, responsive bidder' Matthews Specialty Veh |in the amount of $| 136.100.00 |
. ,100.
PURCHASING MANAGER: : : Digitally signed by Erik Conti '
Erik Conti Date: 2019.07.03 13:56:39 0400 | p A 7. | Jul 3, 2019

Approved for Submission to Council

FINANCIAL SERVICES DIRECTOR

Digitally signed by Bobby Fitzjohn

BObby FltZJ (01111 s e e e -

o | DATE:

Jul 10, 2019

CITY MANAGER: |Greg Demko

Digitally siged by Greg Derito
DN: en=Greg Dersko, o=High Poirt, cu=High Pot,
email=greg demboGhigbpotes gov, c=US

Dite: 2019.07.10 10.18:15 0407

DATE:

Jul 10, 2019




CONTRACT PRICING WORKSHEET Contract Date
"GAcBuy For MOTOR VEHICLES Only No.: ADJ10:LE Prepared: 72012

This Worksheet is prepared by Contractor and given to End User. If a PO is issued, both documents
MUST be faxed to H-GAC @ 713-993-4548. Therefore please type or print legibly.

:::::5 High Point Public Library Contractor: i Matthews Specialty Vehicles, Inc.
g“"'““ James Zola Prepared inyeqanne Chamberlain

Crson: By:

Phone: 336-883-3668 Phone: 336-297-9600

Fax: Fax: 336-297-4674

Emnil: jim.zola@highpointnc.gov Email: dchamberlain@msvehicles.com
P&':l'e'f' EISV-CC-I[)OO- Description: | Ford E-450 Mobile Command Unit

G Product Trent Base UNicE

Description

MSV-CC-1000-16, Ford E-450 Mobile Command Unit 165477

Subtotal From Additional Sheet(s):
"_Suhtotal B: 165477

Description Description Cost

Specification Changes

Subtotal From Additional Sheel(s):Jr
| subtotal C: § -30377

Check: Total cost of Unpublished Options (C) cannot exceed 25% of the total of the Base Unit

N g ; . e e
Price plus Published Options (A+B). For this transaction the percentage is: 18%

135100
1000

136]00J
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CITY OF HIGH POINT
AGENDA ITEM

Title: Truck Mounted Vacuum

From: Gary Smith, Fleet Director Meeting Date: July 15, 2019
Public Hearing:  N/A Advertising Date/ N/A

Advertised By: N/A
Attachments: Quote

PURPOSE:

The Stormwater Division of Public Services is requesting the purchase of a truck mounted vacuum leaf &
debris collector to be used for cleaning storm drains, gutters, etc. Using the NC Sheriffs’ Association contract
#20-04-0506 a new Freightliner truck with ODB Model DCL800SM-25 Vacuum Leaf & Debris Collector is
being recommended for council approval.

BACKGROUND:

The Streets Division is currently using a 2007 Freightliner truck with a OBD leaf & debris collection body.
These type of trucks have provided excellent service and reliability since their original purchase. This truck
will increase collection efficiencies and has eliminated the need for pull behind type leaf collection machines.
The price of $204,960 is for the truck, vacuum body installation, and delivery. Estimated delivery is 180-240
days.

BUDGET IMPACT:
Funds are available in the 2019-20 budget

RECOMMENDATION / ACTION REQUESTED:

The Fleet Services Department recommends purchasing the new truck mounted vacuum debris collector Model
SCL800DM-25 from Carolina Industrial Equipment at a price of $204,960. Recommendation also includes
declaring old equipment as surplus and disposing through the online auction process.




FORMAL BID RECOMMENDATION
REQUEST FOR COUNCIL APPROVAL

DEPARTMENT] Fleet Services —|
COUNCIL AGENDA DATE:| July 15, 2019

BID NO.§ NC Sheriffs' Association |CONTRACTNO.:[ 20-04-0506 DATE OPENED:

DESCRIPTION:

Freightliner with ODB DCL800SM25 Leaf & Debris Collection Body

PURPOSE:

The Streets Division is currently using a 2007 Freightliner truck with a OBD leaf & debris collection body.
These type of trucks have provided excellent service and reliability since their original purchase.

COMMENTS:

The price of $204,960 is for the truck, training, and delivery. The estimated delivery is 180-240 days.

RECOMMEND AWARD TO: | Carolina Industrial Equipment AMOUNT; $ 204,960

JUSTIFICATION:

Using this bid allows the City of High Point to take advantage of the volume discount offered through the
NC Sheriffs' Association contract. This truck will increase collection efficiencies and has eliminated the
need for pull behind type leaf collection machines.

ACCOUNTING UNIT ACCOUNT ACTIVITY CATEGORY BUDGETED AMOUNT
501271 532401 $ 204,960
TOTAL BUDGETED AMOUNT $ 204,960

Digitally signed by Gary L. Smith

peparTMENT HEAD{QATY L. Smith / Sictarsngeeraene | oo 1 52,2019

Date; 2019.07.02 11:54:19 -0400°

The Purchasing Division concurs with recommendation submitted by thel Fleet Services |and recommends
award to the lowest responsible, responsive blddcrl Carolina Industrial Equip |m the amount of $| 204,960.00 |
PURCHASING MANAGER: |5 11 : Digitally signed by Erik Conti

Erik Conti Date: 2019.07.02 13:05:23 -0400' [y A 7. | Jul 2, 2019

Approved for Submission to Council

FINANCIAL SERVICES DIRECTOR{BObbY Fitzjohn oissia i’ [ DATE: [ 1ul 2, 2019

. Digitally signed by Greg Demko ]
CITY MANAGER: |1 cg Demko Date: 2019.07.02 16:22:54 -os00 | PATE: | 7/2/2019




w o' Garolina Industrial Equipment

0. Box 667907 Charlolte, NC 28266 800.476.2434  1:704,588 2592 Cquipment.com

City of High Point April 29, 2019
Attn: Gary Smith

3524 Triangle Lake Road

High Point, NC 27261 Phone: 336-883-6699 gary.smith@highpointnc.gov

WE ARE PLEASED TO SUBMIT THIS NC SHERIFFS’ ASSN, CONTRACT #20-04-0506 PROPOSAL:

Xtreme Vac by ODB DCL800SM25 chassis mount automated one-man leaf & debris vacuum system
3-axis joystick controlled hydraulic boom (up/down, left/right, infout)
25 cublc yard capacity self-dumping hopper
Kubota 87 HP 4-cylinder gas engine (Optional diesel available)
Electronic engine controls with engine safety shutdown system
Remote electric throttle & remote clutch engagement
Fully enclosed engine compartment with louvered side doors
40-gallon polyethylene fuel tank
Boxed perforated pleated radiator screen
28” diameter impeller with six 3/8” thick steel blades
4-groove power band belt drive for suction impeller
13" clutch assembly with 2.25” diameter PTO shaft & safety engagement
16" x 144" Urethane suction hose
Hopper constructed of 12-gauge steel
Top of hopper is equipped with replaceable exhaust screens
Top hinged rear door with hydraulic door locks
LED DOT lights and two oval LED flasher lights at rear
Light bar on hopper nose cone with 4 front facing flashing amber LEDs
Poly fenders on rear wheels
Rear view color camera with 5.6” screen
Paint: Hopper white / Engine and vacuum blower housing battleship grey
Chassis frame underside of hopper painted gloss black
Mounted on 2020 or newer 35,000 Ib. GVW Freightliner M2-106 chassis with dual steering
Also includes destination charge, dealer prep, delivery to any NC or SC location and operator training

A
s North ca'ro"na NC Sheriffs’ Association
a4 Sheriffs' Association CONTRACT #20-04-0506
Fronaly Jurvog Tia Fharfls oo o of ot Carsios e 122 MSRP Discounted Price

Total for above, 7% NCSA discount ... $197,513.00 $183,687.00
Options, accessories & attachments, 6% NCSA discount:

John Deere 4045TFC03 74 HP 4-cylinder diesel engine final Tier 4 ... 7,152.00 6,722.00

Bottom exhaust ... 8,954.00 8,416.00

11 gauge perforated top screens with 3/16” holes in ILOS ... 2,872.00 2,699.00

LED traffic directional light bar mounted on the rear door ... 1,436.00 1,349.00

Urethane coated liners for blower housing ... 1,126.00 1,058.00

Two surface mounted LED flashers at front ... 1,095.00 1,029.00
Total ... ‘ $220,148.00 $204,960.00
Terms: Net 15 days F.0.B. Any NC or 5C destination Plus applicable sales tax
Prepared by:

3/19 Jeff Yoxthiemer, Area Manager 704-307-7758 jeff@ciequipment.com




CITY OF HIGH POINT
AGENDA ITEM

Title: Salt Supplier City Wide

From: Terry Houk — Public Services Director
Robby Stone — Asst. Director Public Services ~ Meeting Date: July 15, 2019

Public Hearing: N/A Advertising Date:  April 18, 2019
Advertised By: Purchasing

Attachments: Bid Tab
Recommendation Form

PURPOSE:

The City budgets on an annual basis for suppliers to provide de-icing materials to city crews. The de-icing
materials are used to prepare brine mixtures and apply to public streets in order accelerate melting of ice and snow
that can create difficulty or safety hazards during commutes.

BACKGROUND:

The city retains a stock supply of 800 tons of bulk road salt supplies for the purpose of accelerating the melting
of ice and snow on the public roadways within the city. At the April 30", 2019 bid opening, Mid-Atlantic Salt,
LLC was the low bidder. Their prices are competitive with historical pricing for this type of supplied material.
This contract is for a three-year period with the option to renew for two additional one (1) year periods if terms
and pricing are agreeable to the City of High Point and the vendor.

BUDGET IMPACT:
Funds for this project are in the following account: Various Accounts

RECOMMENDATION / ACTION REQUESTED:

City Council is requested to award a contract to Mid-Atlantic Salt, LLC for the purchase of Bulk Road Salt in the
annual amount of $73,450.00 for a total contract award of $220,350.00. The contract is for a three-year period
with the option to renew for two additional one-year periods beginning July 1, 2019 thru June 30, 2022.



BID TABULATION
BULK ROAD SALT
Bid 57-043019

U/M| Unit Price Total Bid
Vendor Qty Delivery
) ] 650 | TN $113.00 3-5 Days $73,450.00
Mid-Atlantic Salt LLC
) TN $121.42 3-5 Days $78,923.00
Cargill, Inc 650
TN $114.93 3-7 Days $74,704.50
Detroit Salt Co, LLC 650
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