Report to the Planning and Zoning Commission
Prepared by the Maricopa County Planning and Development Department

Case:

TA2018001 – Off-Site Advertising Signs (Billboards)

Meeting Date:

June 17, 2021 (ZIPPOR)

Supervisor District:

All

Applicant:

Becker Boards Small, LLC / Joseph White

Requests:

Text Amendment to amend Chapter 2, Definitions and Chapter 14,
Articles 1403 and 1404 of the Maricopa County Zoning Ordinance
(MCZO) relating to Off-Site Advertising Signs (Billboards). TA2018001
proposes additional usage, allowance for digital billboards currently
prohibited.

Support/Opposition:

159 documents of opposition/suggested changes to the proposed
text, includes both citizen and industry comments, to date. There
were 155 of these documents at the time of the last P&Z hearing on
July 25, 2019 and 4 documents received since the latest submittal by
the applicant.

Recommendation:

N/A – Application is applicant driven, ZIPPOR meeting is for
discussion purposes only. Staff will provide a recommendation with
the staff report for the Planning and Zoning Commission hearing.

Proposed Text Amendment:
This item is being processed through the County’s Enhanced Regulatory Outreach Program
(EROP). Changes to the text based on the most recent submittal by the applicant are highlighted
in green, previous proposed changes to text that are still included as part of this request are
highlighted in yellow with existing MCZO text struck-through. The proposed verbatim language:
Section 201 – DEFINITIONS
FREEWAY (REGARDING OFF-SITE ADVERTISING (BILLBOARDS)):
For the purpose of the location of Off-Site Advertising Signs (Billboards) only, Interstate 17 (I-17)
south of Carefree Highway, I-10, Arizona State Route (SR) Loop 101, SR Loop 202, SR Loop 303,
and U.S. Highway 60 (U.S. 60 – Superstition Freeway), and their connections, and on and off
ramps.
SCENIC CORRIDOR:
For the purpose of the location of Off-Site Advertising Signs (Billboards), scenic corridor shall refer
to the Scenic Corridor Overlay Zoning Districts (as said forth in Chapter 10) and scenic corridor
district policy guidelines (Carefree Highway, Castle Highway, McMickem Dam, Olive Avenue, El
Rio, I-17 North of Carefree Highway).
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SIGN (BILLBOARD), EMBELLISHMENT:
Letters, figures, characters, or representations in cutouts, irregular forms, or similar ornamentation
attached to or superimposed upon a billboard to provide a three-dimensional effect.
SIGN, OFF-SITE ADVERTISING (BILLBOARDS):
A freestanding sign portraying information which directs attention to an idea, issue, point of
view, candidate, entity, business, commodity, service, entertainment, product or attraction sold,
offered, or existing elsewhere than upon the property where the sign is located. Billboards as
used in this this Ordinance without a modifying word shall mean both static and digital.
SIGN, OFF-SITE ADVERTISING (BILLBOARDS) – DIGITAL:
A billboard, utilizes digital message technology capable of changing the message or copy on
the sign electronically, such that, the alphabetic, pictographic, or symbolic informational
content can be changed or altered electronically on a fixed display surface composed of
electronically illuminated or electronically actuated or motivated elements. This includes
billboards with displays that have been preprogrammed to display only certain types of
information (i.e., time, date, temperature) and billboards whose informational content can be
changed or altered by means of computer-driven electronic impulses.
SIGN, OFF-SITE ADVERTISING (BILLBOARDS) – Static:
A billboard with a fixed message that changes no more than once in a 24-hour period.
ARTICLE 1403.3. OFF-SITE ADVERTISING SIGNS (BILLBOARDS) [C-2 AND C-3 ZONING DISTRICTS
ONLY]:
1403.3.1

Billboards shall be permitted uses in the C-2 and C-3 zoning districts subject to the
following conditions:
A. Separation Distance:
1.

Distance from other billboards:
a.

When either an existing or proposed billboard is located three
(3) miles or greater from the boundary of any incorporated
city or town, shall maintain a radial separation distance from
any other billboard of 3,000 feet. Measurement shall be from
the vertical edge of the sign face closest to the sign face of
the structure to which is being measured. Measurement shall
not cross any freeway, except within scenic corridors.

b.

When either an existing or proposed billboard is located fewer
than three (3) miles from the boundary of any incorporated
city or town, shall maintain a radial separation distance from
any other billboard of 1,000 feet. Measurement shall be from
the vertical edge of the sign face closest to the sign face of
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the structure to which is being measured. Measurement shall
not cross any freeway, except within scenic corridors.
2.

Static billboard conversion to digital billboard:
Any non-conforming existing freeway billboard that is
converted to digital must maintain a distance not fewer than
500 feet from other freeway digital billboards

B. Setback Requirements: There shall be a 0’ setback from any property line,
except as follows:
1.

No billboard shall be erected within 100 feet of any residential zoning
district boundary or a residential use in a rural zoning district, whether
or not separated by a public right-of-way.

2.

No illuminated billboard shall be erected within 150 feet of a
residential zoning district boundary or a residential use in a rural
zoning district ( refer to Chapter 11, Section 1112).

3.

No billboard shall be erected within 500 feet of any park, school or
roadside rest area.

C.

Billboards shall not be audible in any manner.

D.

No billboard shall be erected in or within six-hundred sixty (660) feet of a
Scenic Corridor Overlay Zoning District.

E.

No digital billboard shall be erected on any property located within any
Maricopa County Scenic Corridor.

F.

Development Standards:
1.

2.

Billboards located greater than 300’ from of an existing freeway
a.

Shall be limited to thirty (30) feet in height inclusive of all
embellishments, lighting, and attachments.

b.

Shall be limited to three-hundred (300) square feet in sign
face area. The maximum square footage may be exceeded
by up to ten percent (10%) by use of embellishments.

Billboards located within 300’ of an existing freeway:
a.

Shall be limited to forty-eight (48) feet above adjacent
grade or elevation of the main travel lanes of a freeway or
subject property (whichever is greater but not to exceed 80),
inclusive of all embellishments, lighting, and attachments.
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b.

G.

Shall be limited to six hundred seventy-two (672) square feet
in sign face area. The maximum square footage of sign area
may be exceeded by up to twenty percent (20%) by use of
embellishments.

A billboard may be double-faced or “V” shaped, provided the “V” shape
is designed so that there is no greater than fifty-four (54) inches between
faces at the apex and the angle between the faces of the sign is no greater
than forty-five (45) degrees.

Signs
Signs within
300’ of a
freeway

Sign Face
(Square Feet)
300
672

Billboards not within 300’ of a freeway

Embellishments
10%
20%

Billboards within 300’ of a Freeway
Sign Face
672 sq. ft.

Sign Face
300 sq. ft.

48 ft.
30 ft.

H.

Any modifications to a billboard within the Military Airport and Ancillary
Military Facility Overlay Zoning District shall require a new Use Compatibility
and Consistency Determination (UCCD) pursuant to Section 1010 of this
Ordinance.

I.

All lighting shall adhere to Article 1112.3.2 of the Maricopa County Zoning
Ordinance.

J.

Digital billboards shall be permitted if:
1.

Located fewer than three (3) miles from the boundary of any
incorporated city or town.
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K.

2.

Billboards not within 300’ of a freeway and (i) not within 450’ of a rural
or residential zoning district boundary, and (ii) not more than 30’ in
height, and (iii) not more than 300 sq. ft. in face area.

3.

Network time shall be made available on all digital sign faces to
federal, state, and local public safety agencies for emergency
messaging. Such messages shall override all copy for one hour, and
shall then be displayed for no fewer than eight seconds in every
minute as long as needed.

4.

Such billboard adheres to the provisions of Article 1401.3 of this
Chapter, except that from 11:00 p.m. until sunrise all billboards
illumination shall be extinguished and all billboards shall be equipped
with an automatic devise to assure compliance. These illumination
requirements shall not be applicable to the display of any Amber
Alert or other governmental emergencies, or for other emergent
situations as determined by the Zoning Administrator. Further, in the
event of an electronic malfunction the sign shall be shut off until
repairs have been made to restore the electronic messaging system.

5.

Minimal display time shall not change-message more than once
every eight (8) seconds.

General provisions applicable to digital billboards:
1.

All lawfully existing static billboards on [EFFECTIVE DATE] that become
non-conforming due to any changes to this Ordinance made on
[EFFECTIVE DATE] may be converted to digital billboards and all
support columns may be relocated a maximum of 20’ from the
existing location; provided that the converted billboard meets all
requirements of this Article.

2.

Nothing contained in this Ordinance shall affect the rights of any
property granted a deviation by legislative or quasi-judicial action of
Maricopa County.

3.

Any new digital billboard (including conversions of existing static
billboards to digital) shall be permitted as a Conditional Use per
Section 1303, and subject to the following:
a.

All digital billboard conditional use permits shall be reviewed
by staff and forwarded with a recommendation to the Board
of Supervisors for approval upon the finding:
i.
ii.

The digital billboard will likely not cause a significant
downgrade of property values on properties within 500
feet from the billboard structure.
The digital billboard must include a decorative pole
cover as approved by Staff.
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iii.
iv.
v.
vi.
vii.

viii.

ix.

Dimmers on all digital billboards shall be set in the
evening hours (from sunset to 11:00 p.m.) not to
exceed 300 nits.
The digital sign copy image shall be static with no
animation and with no flashing, blinking, or moving
lights.
In the transition between copy changes, there shall be
no sense of movement from one image to the next.
The digital billboard shall have an automatic turn-off
mechanism in case of malfunction.
Upon a determination that an application is
determined to be complete, the applicant will be
notified that a recommendation on the request will be
made by Staff within thirty (30) calendar days and
forwarded to the Board of Supervisors.
Fifteen calendar days prior to the Board of Supervisors
hearing, the County shall mail notice to all affected
properties within 150 feet of the subject property. If the
property is within a municipal plan, the County shall
also mail notice to that municipality.
Upon determination by the Board of Supervisors, an
appeal may be filed within fifteen (15) calendar days
to the Board of Adjustment challenging the
interpretation by the Planning Director. We need to
work on this one.

Article 1404.3

OFF-SITE ADVERTISING SIGNS (BILLBOARDS) [IND-2 AND IND-3 ZONING
DISTRICTS ONLY]

1404.3.1

Off-site advertising signs (billboards) shall be a permitted use in the IND-2 and
IND-3 zoning districts subject to all requirements set forth in Article 1403.3.1 of
this Ordinance.

ARTICLE 1403.3.
1403.3.1

OFF-SITE SIGNS, BILLBOARDS [C-2 AND C-3 ZONING DISTRICTS ONLY]:
Off-site signs shall be permitted uses in the C-2 and C-3 zoning districts
provided each such sign shall:
1.

Maintain a distance separation from any other off-site sign of 3,000 feet
of any offsite sign on the same street when either existing or proposed
sign is located three (3) miles or greater from the boundary of any
incorporated city or town.

2.

Maintain a distance separation from any other off-site sign of 1,000 feet
of any offsite sign on the same street when either existing or proposed
signs is located fewer than three (3) miles from the boundary of any
incorporated city or town.

TA2018001
Page 6 of 11

1403.3.2.

3

Such sign may be illuminated but no flashing, intermittent or moving
illumination shall be employed. Any lighting used shall be in
accordance with the adopted outdoor light control provisions (see
Chapter 11, Section 1112. herein). Any off premise sign within 150 feet
of a rural or residential zone boundary shall be non-illuminated.

4.

Such sign shall not be located within 100 feet of any rural or residential
zoning district boundary, whether or not separated by a public rightof-way.

5.

Such sign shall not be located within 500 feet of any park, school or
roadside rest area.

6.

Such sign shall not be audible in any manner.

7.

Special Conditions:
a.

On State Route 74 between U. S. 60-89 and Lake Pleasant Road,
no off-site signs shall be permitted within six-hundred sixty (660)
feet of said highway right-of-way.

b.

On U. S. Highway 60-89 from Estrella Freeway to Wickenburg, no
off-site signs shall be permitted within six-hundred sixty (660)
feet of said highway right-of-way.

Off-site signs in C-2 and C-3 zoning district are subject to the following
development standards:
1.

Such sign shall not exceed three-hundred
(300) square feet in area. A sign may utilize
embellishments up to of ten percent (10%) of
the sign area.

2.

Such sign shall not exceed thirty (30) feet in
height.

3.

Such sign may be double-faced or “V” shaped, provided the “V”
shape is designed so that it is no greater than fifty-four (54) inches
between faces at the apex and the angle between the faces of the
sign is no greater than forty-five (45) degrees.

4.

Shall be freestanding.

5.

Shall maintain the same property line setbacks required by the
underlying zoning district.
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ARTICLE 1404.3.
1404.3.1.

1404.3.2.

OFF-SITE SIGNS, BILLBOARDS [IND-2 AND IND-3 ZONING DISTRICTS ONLY]:
Off-site signs shall be permitted uses in the IND-2 and IND-3 zoning districts and
provided each such sign shall:
1.

Maintain a distance separation from any other off-site sign of 3,000 feet
of any offsite sign on the same street when either existing or proposed
sign is located three (3) miles or greater from the boundary of any
incorporated city or town.

2.

Maintain a distance separation from any other off-site sign of 1,000 feet
of any offsite sign on the same street when either existing or proposed
signs is located fewer than three (3) miles from the boundary of any
incorporated city or town.

3.

Such sign may be illuminated but no flashing, intermittent or moving
illumination shall be employed. Any lighting used shall be in
accordance with the adopted outdoor light control provisions (see
Chapter 11, Section 1112. herein).). Any off premise sign within 150 feet
of a rural or residential zone boundary shall be non-illuminated.

4.

Such sign shall not be located within 100 feet of any rural or residential
zoning district boundary, whether or not separated by a public rightof-way.

5.

Such sign shall not be located within 500 feet of any park, school or
roadside rest area.

6.

Such sign shall not be audible in any manner.

7.

Special Conditions:
a.

On State Route 74 between U. S. 60-89 and Lake Pleasant Road,
no off-site signs shall be permitted within six-hundred sixty (660)
feet of said highway right-of-way.

b.

On U. S. Highway 60-89 from Estrella Freeway to Wickenburg, no
off-site signs shall be permitted within six-hundred sixty (660)
feet of said highway right-of-way.

Off-site signs in IND-2 and IND-3 zoning district are subject to the following
development standards:
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1.

Such sign shall not exceed three-hundred
(300) square feet in area. A sign may utilize
embellishments up to of ten percent (10%)
of the sign area.

2.

Such sign shall not exceed thirty (30) feet in
height.

3.

Such sign may be double-faced or “V” shaped, provided the “V”
shape is designed so that it is no greater than fifty-four (54)
inches between faces at the apex and the angle between the faces
of the sign is no greater than forty-five (45) degrees.

4.

Such sign shall be freestanding.

5.

Shall maintain the same property line setbacks as required by the
underlying zoning district.

Discussion:
1.

As part of the EROP process a recent stakeholder meeting was held on May 21, 2021
based on the most recent resubmittal by the applicant. There were four individuals who
spoke with general concerns of billboard conversions to digital including brightness,
distance to residential areas, proximity to schools and parks, and driver safety issues.
There were also comments on separation and setback requirements between these
protected uses and new billboards as well as the public notification process.

2.

TA2018001 was previously continued indefinitely at the July 25, 2019 P&Z hearing to allow
for the applicant to work with industry stakeholders and the public. There were three other
stakeholder workshops prior to this P&Z hearing. To date staff has received 158
letters/correspondence of opposition and/or suggested edits to the proposed text
amendment language (including citizen and industry stakeholders, attached). Only two
of these documents were received after the most recent submittal by the applicant.

3.

Major changes the proposed text amendment would allow for includes:




A radius separation instead of the current linear separation based on street
orientation. This is intended to remove ambiguity and interpretational drift with
regard to determination of street orientation.
Change in setback requirements of the underlying zoning district to 0’ (restrictions
would still be applicable if adjacent to residential zoning districts, residential use in
a rural zoning district, or park, school, or roadside rest area).
The applicant has also added language under 1403.3.1.H regarding the Military
Airport and Ancillary Military Facility Overlay Zoning District.
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4.

Definition of Scenic Corridor to also include area plan policy guidelines that are
currently not regulatory (i.e. Carefree Hwy), and prohibiting digital billboards within
scenic corridors.
Addition of digital billboards within Maricopa County’s jurisdiction with inclusion of
a Conditional Use Permit (CUP) process. The current MCZO does not allow for
digital billboards.

The majority of Industry comments to date address some the following:







Linear versus radius separation.
Legal non-conforming with regards to approved Commercial Unit Plan of
Development (CUPD), Industrial Unit Plan of Development (IUPD), and Variances
that altered development standards for a billboard.
Allowance for maintenance and repairs.
Increase in separation of digital billboards versus illuminated static billboards.
Removal of a public benefit for removing billboards as a condition of approval for
digital.
No requirement for public hearing process for billboards.

Because this is an applicant request it is their right to consider or not consider the
suggested changes. However, staff does note the following general concerns/comments
as items for discussion based on the latest submittal by the applicant:









There are some grammatical errors that need to be fixed.
The definition of a digital billboard to be consistent with other jurisdictions.
Proposed Article 1403.3.1.A.2. – separation (500’) for non-conforming freeway
billboards converting to digital billboards from other digital billboards is not clear if
radial.
Proposed Article 1403.3.1.D – concerns with including the “Scenic Corridor Overlay
District” which would only include the two regulatory scenic corridors (Wickenburg
Scenic Corridor & Hwy 74 Scenic Corridor).
Consider moving proposed Article 1403.3.1.E to 1403.3.1.K with other general
provisions regarding digital billboard regulations.
Proposed Article 1403.3.1.J – The language appears to propose digital billboards
along arterials than along freeways. Remaining language to be considered to
move under Article 1403.3.1.K with other general provisions regarding digital
billboards.
Proposed Article 1403.3.1.K – The language is confusing; staff notes that legal nonconforming billboards converting to digital should at least require legislative
approval through a Special Use Permit (SUP) process.

Next Steps:
5.

The tentative Commission hearing for recommendation to the BOS is scheduled for July
22, 2021. Staff will make a recommendation once all of the comments/participation are
received and analyzed.

Prepared by:
Reviewed by:

Ray Banker, Senior Planner
Matthew Holm, AICP, Planning Supervisor and Darren V. Gerard, AICP, Deputy Director
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Attachments:

Comments/additional documents received to date (464 pages) – The referenced attachments are not included
with this report but have been uploaded to the Department website and can be provided upon request.
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From:
To:
Cc:
Subject:
Date:

Caitlin Brady (DOT)
Jaclyn Sarnowski (PND)
Darren V. Gérard (PND)
FW: Online Form Submittal: Citizen Comments
Thursday, June 13, 2019 9:45:25 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Thursday, June 13, 2019 9:03 AM
To: regulations@mail.maricopa.gov
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Other

First Name

Hannah

Last Name

Bleam

Organization

City of Phoenix, Planning and Development

City

Phoenix

Zip

85003

Email

hannah.bleam@phoenix.gov

Phone Number

602-256-4242

Phone Type

Work

Would you like someone
to contact you?

No

Comments

I am the Signs Supervisor for the City of Phoenix and I
appreciate the opportunity to review this draft. After my review, I
have a few comments: In one section it notes that a billboard can
have a maximum height of 80 feet because of freeway grade. We
oppose billboard height above 70 feet, so we propose reducing
the maximum height to 70 feet, from 80 feet. If 80 feet is
adopted, it is likely going to be something that billboard
companies will try to achieve outside of the county limits as well.
The City of Phoenix ordinance allows billboard heights of 70 feet
through a use permit process that requires the applicant to prove
they their proposed billboard will be visually impacted because of
grade, etc. The current County text amendment draft does not
outline a process where the applicant must prove that they need
the height because of freeway grade. I would suggest that the
conditional use permit process (that is outlined for digital
billboards) also be used to have a billboard height of up to 70
feet. In addition, there is a provision about notifying surrounding
municipalities for a digital billboard proposal (conditional use
permit process) only when the property is within a municipal plan.
However, I would recommend including notifications to
municipalities when the digital billboard proposed is within 1 mile
of city limits. It is helpful for cities/towns to know of the digital
billboards that are in close proximity of the municipalities and not
only that are within plans.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

May 30, 2019
Darren V. Gerard, AICP
Maricopa County Planning and Development Department
501 North 44th Street, Suite 200
Phoenix, AZ 85008-6526
Re:

TA2018001 – Off-site Advertising
(Surprise Case # PS19-016)

Dear Mr. Gerard,
In March of 2018, the Surprise City Council adopted a new Sign Code, which included a prohibition on
billboards. With that in mind, we would ask that you consider the following changes to the proposed
revisions:
1.

The definition of “Freeway” references “U.S. Highway 60”, but then states “(U.S. 60 - Superstition
Freeway)”. Given that the definition of “Scenic Corridor” points to Chapter 10 of the MCZO, and
Section 1008 of the MCZO discusses the Wickenburg Scenic Corridor, we would ask that the
language clarify that no portion of U.S. 60 from Bell Road north is included in the definition of
“Freeway”.

2.

Also regarding the definition of “freeway”, there is only a small segment of Loop 303 that is
located both in unincorporated Maricopa County and within the Surprise Planning Area. We
would ask that this segment be deleted from the definition of Freeway. This would be consistent
with the aforementioned Wickenburg Highway Scenic Corridor and would avoid confusion as the
result of conflicting language.

3.

Section 1403.3 .1.A.1.a requires a 3,000 foot separation between billboards if located within 3
miles of any incorporated city or town; however, Section 1403.3 .1.A.1.b reduces that separation
distance to 1,000 feet if located fewer than 3 miles from an incorporated city or town. Our
preference would be to maintain 3,000 foot separation regardless.

4.

Section 1403.3 .1.A.2.a discusses a pole cover that identifies the “nearest City”; however, the
language is somewhat confusing. Also, in as much as the City of Surprise prohibits billboards, we
would not want a pole cover that includes reference to the City of Surprise as it would infer the
city’s support for billboards within the City’s planning area. We would ask this language be
clarified in this regard.

5.

Section 1403.3.1.B.1 requires that billboards be setback from any rural or residential zoning
district boundary or use by a distance of not less than 100 feet. Our preference would be to
increase that setback distance to 300 feet.

6.

Section 1403.3.1.B.2 requires that illuminated billboards be setback from any rural or residential
zoning district boundary or use by a distance of not less than 150 feet. Our preference would be
to increase that setback distance to 300 feet.

7.

Section 1403.3.1.J.5 requires minimum 8-second hold time; however, this does not comport to
the Level 3 or Level 4 EMD as elsewhere defined. We would suggest some clarifying language as
to when Level 3 and Level 4 EMDs are allowed to exceed the 8-second rule.

We appreciate the opportunity to comment and would ask that you keep us apprised of any changes.

Respectfully,

Robert H. Kuhfuss, AICP, MPA
Current Planning Supervisor
City of Surprise
Cc:

Lloyd Abrams, Assistant Community Development Director
Chris Boyd, Acting Community Development Director
File

INTER-AGENCY COMMUNICATION
DATE:

May 22, 2019

TO:

Maricopa County Planning and Zoning Commission
Zoning, Infrastructure, Policy, Procedure and Ordinance Review Committee (ZIPPOR)

FROM:

Kyle Mieras, AICP, Development Services Director
Catherine Lorbeer, AICP, Interim Planning Manager

SUBJECT:

Case TA2018001 – Off-Site Advertising Signs (Billboards)

Thank you for the opportunity to provide comments on the pending text amendment to Chapter 2, Definitions
and Chapter 14, Articles 1403 and 1404 of the Maricopa County Zoning Ordinance (MCZO), relating to OffSite Advertising Signs (Billboards) as proposed in Case # TA2018001.
A significant number of designated “County Islands” exist within Gilbert’s Planning Boundary and the
passage of such an amendment would adversely affect the surrounding residents, travelling public and the
vision of the Town.
For the following reasons, the Town of Gilbert strongly recommends denial of Case # TA2018001:


Offsite Commercial Signs (billboards) are prohibited in the Town of Gilbert. The Gilbert sign code also
has strict regulations with respect to sign illumination and animation.



The proposed sign regulation would cause a proliferation of digital billboards, which are excessive in
height and size (area), and would increase visual clutter, produce light pollution, distract motorists,
obstruct adjacent land uses and signs, block the scenic views of the surrounding environment, and
detract from the night sky.



The proposed sign regulation does not set lighting standards, such as maximum resolution,
luminance, and contrast ratios, day/night settings, nor prohibit flashing lights, full motion video and
neon, and does not limit digital displays only on one “sign face” or side.



If the County’s use permit approval process for billboards lacks the necessary and critical public
hearing process, then Gilbert residents and other adjacent County Islands will be voiceless over the
placement, size and illumination of new or converted billboards. Residents are currently notified by
mail and by temporary sign postings of all upcoming public hearings regarding significant changes
in their community.
o It is unclear how long the use permit would last and whether it can be revoked for such
concerns as failing to maintain the structure, for driver distraction, or for violating county
standards.
o Under Section K.3.a: One of the conditions for approving a CUP for a digital billboard is that
it will not cause a significant downgrade of property values within 500 ft. First, 500 feet is
not enough. Second, the Planning Director is only required to mail notice to “affected
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properties within 150 of the subject property” only. At the very least, notice should be mailed
to all the properties within the same radius as the “downgrade” determination. Third, if
property owners object, it should trigger a public hearing requirement. Fourth, it is unclear
who an appeal can be filed by - the surrounding property owners or the applicant only.


The proposed sign regulation would result in increased pressure from advertisement companies to
utilize all available County islands within Gilbert to erect digital billboards because of the financial
incentive created by this text amendment. The proposed sign regulation would essentially create a
“gold rush” and potentially cause Gilbert to be inundated with unsightly billboards that our residents
have specifically prohibited.



The proposed sign regulation would inappropriately incentivize property owners to rezone their
unincorporated property to the County’s C-2, C-3, IND-2, or IND-3 zoning districts in order to capitalize
on the expected demand from advertising companies;



The proposed sign regulation does not clarify if the prohibited distance from a residential zoning
district applies only to County zoning districts. The distancing requirements should include the
residential zoning districts of any surrounding municipality; and



Any proposed standards to regulate billboards should prohibit them along freeways, limit the hours
of operation, and only allow placement where they can appropriately fit in the landscape.

For the above reasons, the Town of Gilbert strongly urges the Maricopa County Planning and Zoning
Commission to recommend denial of Case TA2018001.
Thank you for your consideration.
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INTER-AGENCY COMMUNICATION
DATE:

May 22, 2019

TO:

Maricopa County Planning and Zoning Commission
Zoning, Infrastructure, Policy, Procedure and Ordinance Review Committee (ZIPPOR)

FROM:

Kyle Mieras, AICP, Development Services Director
Catherine Lorbeer, AICP, Interim Planning Manager

SUBJECT:

Case TA2018001 – Off-Site Advertising Signs (Billboards)

Thank you for the opportunity to provide comments on the pending text amendment to Chapter 2, Definitions
and Chapter 14, Articles 1403 and 1404 of the Maricopa County Zoning Ordinance (MCZO), relating to OffSite Advertising Signs (Billboards) as proposed in Case # TA2018001.
A significant number of designated “County Islands” exist within Gilbert’s Planning Boundary and the
passage of such an amendment would adversely affect the surrounding residents, travelling public and the
vision of the Town.
For the following reasons, the Town of Gilbert strongly recommends denial of Case # TA2018001:


Offsite Commercial Signs (billboards) are prohibited in the Town of Gilbert. The Gilbert sign code also
has strict regulations with respect to sign illumination and animation.



The proposed sign regulation would cause a proliferation of digital billboards, which are excessive in
height and size (area), and would increase visual clutter, produce light pollution, distract motorists,
obstruct adjacent land uses and signs, block the scenic views of the surrounding environment, and
detract from the night sky.



The proposed sign regulation does not set lighting standards, such as maximum resolution,
luminance, and contrast ratios, day/night settings, nor prohibit flashing lights, full motion video and
neon, and does not limit digital displays only on one “sign face” or side.



If the County’s use permit approval process for billboards lacks the necessary and critical public
hearing process, then Gilbert residents and other adjacent County Islands will be voiceless over the
placement, size and illumination of new or converted billboards. Residents are currently notified by
mail and by temporary sign postings of all upcoming public hearings regarding significant changes
in their community.
o It is unclear how long the use permit would last and whether it can be revoked for such
concerns as failing to maintain the structure, for driver distraction, or for violating county
standards.
o Under Section K.3.a: One of the conditions for approving a CUP for a digital billboard is that
it will not cause a significant downgrade of property values within 500 ft. First, 500 feet is
not enough. Second, the Planning Director is only required to mail notice to “affected
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properties within 150 of the subject property” only. At the very least, notice should be mailed
to all the properties within the same radius as the “downgrade” determination. Third, if
property owners object, it should trigger a public hearing requirement. Fourth, it is unclear
who an appeal can be filed by - the surrounding property owners or the applicant only.


The proposed sign regulation would result in increased pressure from advertisement companies to
utilize all available County islands within Gilbert to erect digital billboards because of the financial
incentive created by this text amendment. The proposed sign regulation would essentially create a
“gold rush” and potentially cause Gilbert to be inundated with unsightly billboards that our residents
have specifically prohibited.



The proposed sign regulation would inappropriately incentivize property owners to rezone their
unincorporated property to the County’s C-2, C-3, IND-2, or IND-3 zoning districts in order to capitalize
on the expected demand from advertising companies;



The proposed sign regulation does not clarify if the prohibited distance from a residential zoning
district applies only to County zoning districts. The distancing requirements should include the
residential zoning districts of any surrounding municipality; and



Any proposed standards to regulate billboards should prohibit them along freeways, limit the hours
of operation, and only allow placement where they can appropriately fit in the landscape.

For the above reasons, the Town of Gilbert strongly urges the Maricopa County Planning and Zoning
Commission to recommend denial of Case TA2018001.
Thank you for your consideration.
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From:
To:
Subject:
Date:

Caitlin Brady (DOT)
Jaclyn Sarnowski (PND); Darren V. Gérard (PND)
FW: Online Form Submittal: Complaint for Failure to Observe Adoption Procedures
Tuesday, May 28, 2019 8:00:51 AM

Billboard Comment
Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Saturday, May 25, 2019 7:21 AM
To: regulations@mail.maricopa.gov
Subject: Online Form Submittal: Complaint for Failure to Observe Adoption Procedures

Complaint for Failure to Observe Adoption Procedures

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. In the event a Department fails to observe adoption procedures
pertaining to Maricopa County’s Enhanced Regulatory Outreach Program policy,
citizens can submit a complaint. You will receive a written response from the
applicable department within 15 business days. You can file an appeal of the
department's decision within 30 days with the Clerk of the Board's Office. The
Board of Supervisors shall place the complaint on its agenda within 30 days of
receipt of the appeal and will provide a response to the complainant at the
meeting. Thank you for the opportunity to address your concerns.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Transportation

I would like to

Express opposition

First Name

Kenneth

Last Name

Cotter

Organization

Field not completed.

City

Fountain Hills

Zip

85268

Email

737kptan@gmail.com

Phone Number

6308035370

Phone Type

Mobile

Would you like someone
to contact you?

Yes

Specify Failure of
Process

NO electronic billboards. NONE...NOT EVER. Please.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
regulations@mail.maricopa.gov
Online Form Submittal: Citizen Comments
Thursday, May 23, 2019 8:11:02 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

BROOKS

Last Name

SCOFIELD

Organization

myself

City

Chandler

Zip

85249

Email

bandjinpnx@msn.com

Phone Number

4808027733

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

After reviewing the proposal I am against any increase in the size
or brightness of electronic billboards from the current standards,
especially in rural areas. I can see no logic in making them
brighter in dark (rural) areas than they would be in the city. I
believe the 0.3 foot candles, I have heard suggested,over local
ambient makes sense. Seeing a billboard from 2 miles away or
half a mile away doesn't change the information I get from it in
the 30 seconds it is readable as I go by. I don't want to have
more "rural" lighting than is absolutely necessary.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
regulations@mail.maricopa.gov
Online Form Submittal: Citizen Comments
Friday, May 24, 2019 6:49:46 AM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Other

First Name

John

Last Name

Flynn

Organization

Field not completed.

City

Mesa

Zip

85212

Email

jmfjmf@cox.net

Phone Number

7632297909

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

I believe that billboard lighting should be based on the ambient
lighting at its location. I recommend adopting a standard 0.3 foot
candles over ambient lighting conditions. This would allow a
brighter billboard in a lighted urban area and slightly darker in
rural areas.

If applicable, attach
supporting
documentation
associated with your

Field not completed.

1^
Date:

May 30, 2019

To:

Maricopa County Planning Commission Members

tiffaiSTY

From;

William E Lally

^^

Subject:

Off-site Sign Text Amendment ~TA2018001

^^

This Memorandum provides a brief summary of the attached documents supporting the proposed Text
Amendment to Chapter 14 of the Maricopa County Zoning Ordinance {TA2018001). The purpose of these
documents is to provide background information on the myths of digital billboards specifically pertaining
to Property Values, Driver Distraction, and Lighting.
Please see the below bulleted summary of documents:
Property Values

Exhibit 1-"Is This Study Flawed? A Rebuttal by Judith A Rein, PH.D., to Jonathan Snyder's 2011 Study,
Beyond Aesthetics: How Billboards Affect Economic Prosperity", 2014,Judith A Rein.
Exhibit 2-"Economic impact of Billboard Locations on Property Values in Philadelphia", 2012, Report

submitted by Econsuit Corporation, 1435 Walnut Street Suite 300, Philadelphia, PA 19102.
Exhibit 3-"The Outdoor Advertising Market and its Impact on Tampa Property Values", 2012, Report by
IMapData Inc., 8280 Greensboro Dr, McLean, VA 22102.
Driver Distraction

Exhibit 4-"Evaluation of the MAG Safety and Elderly Mobility Sign Project", 2010, Report by Robert Gray,
Ph.D. & Brooke Neuman, Arizona State University.
Exhibit 5-"Driver Visual Behavior in the Presence of Commercial Electronic Variable Message Signs
(CEVMS)", 2012, Report by U.S. Department of Transportation, Federal Highway Administration.
Exhibit 6-"Evaluating the Clearview Typeface System for Negative Contrast Signs", Report by MidAtlantic Universities Transportation Center. "Evaluation of Guide Sign Fonts", Report by Federal Highway
Administration. "Clearview Font in Traffic Signs: Assessing IDOT Experiences and Needs", Report by
Illinois Department of Transportation, "Effectiveness of Larger Traffic Signs, High-Performance Sheeting
and Clearview Font on Accident Reduction", Report by Kansas State University's Center for Transportation
Research.

Exhibit 7-"industry's Traffic Safety Research" and "Summary of Past Traffic Safety Research Studies",
Foundation for Outdoor Advertising Research and Education.
Lighting Studies

Exhibit 8-"Digital Billboard Recommendations and Comparisons to Conventional Billboards", 2008, Report
by Lighting Sciences Inc., 7826 E Evans Rd, Scottsdale, AZ 85260.

Exhibit 9-"Digital Billboards Today", Outdoor Advertising Association of America.

Exhibit 10 - "Recommended Brightness Levels for On-Premise Electronic Message Centers (EMC's)", A
Compilation Summary with Extracts From Industry Reports", 2010, Report by International Sign Association.

EXHIBIT 1
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IS THIS STUDY FLAWED?

A REBUTTAL BY JUDITH A. REIN, PH.D., TO
JONATHAN SNYDER'S 2011 STUDY, BEYOND AESTHETICS: HOW
BILLBOARDS AFFECT ECONOMIC PROSPERITY

The Extreme Billboard Scenario: New York City's Times Square

*■ SAMSUNa

izfniM

Would Times Square be Times Square if the Billboards were removed? No
Would removing the Billboards increase residential and commercial property values? No
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SOME KEY POINTS FROM THIS REBUTTAL

• The Snyder study results are not generalizable to the City of Glendale or to the 20 cities used in the study.

Philadelphia and Glendale have significant differences on population, population Increase, land area, persons
per square mile, the median value of owner-occupied housing units, number of households, the median
household Income, percent of persons below the poverty level, and rental vacancy rate. It does not follow that
results from Philadelphia generalize to the other referenced cities when Philadelphia was the city that complied
with the fewest billboard sign control regulations {4 out of 15) while 7 cities complied with 14 or IS regulations.
Although not in the listed cities, Glendale complies with 13 of the 15 regulations.
• There is a serious problem with the conclusion that because two events are related, one event is caused by
the other. Simply because for Philadelphia, billboards located within 500 feet are negatively related to lower

property values, does not mean billboard proximity causes lower property values. Indeed across all the study's
analyses involving billboards, the most important factors for lower property value were due to variables, such as
but not limited to, increase in the number of livable square feet, percent with college degrees, proximity to
parks, libraries, and bike paths, median home values in 2000, median home sale prices in 2006, and percent of
water shut offs in 2007. Billboard proximity to residential areas and number of billboards per census tract are
always the weakest link In explaining or predicting property values.
• The claim that billboards located within 500 feet of residential property cause property values to decrease by
$30,825.85 is not justifiable and is specific to the Snyder study only. The decrease is actually a point estimate

observed in the study. Point estimates are not accurate. Instead a range of values {an interval)that center
around $30,825.85 and factor in the error associated with that point estimate Is always preferred. Because In
this particular Snyder study analysis the variable billboard proximity is the most imprecise measure (that is, has a
large error component), property values might be reduced by as little as $2,143.21 or reduced by as much as
$59,508.49. For the $30,825.85 and its range of values to be applicable to other markets,then the Philadelphia
model must be validated.

• The claim that each billboard within a census tract decreases property values by $947.24 per billboard Is not
justifiable. Is specific to the Snyder study only, and possibly due to chance alone. As with the $30,825
decrease, the $947.24 is a point estimate. Because in this particular Snyder study analysis the variable, number
of billboards in a census tract, is the most imprecise measure, property values could decrease by as little as
$157.94 to as much as $1,736.54 per billboard. Once again the Philadelphia model must be validated.
• To assert that billboards cause lower property values other analyses such as the change in property value that
occurs after a billboard is erected and/or the change in property values when a billboard is removed are

needed. Using very similar City of Philadelphia data, a rebuttal study (Econsult, 2012)found billboard proximity
to residential property had no effect on property values. The conclusion is In direct opposition to the Snyder

study because key variables (for example, location on major commercial corridors, home condition, located in
neighborhoods with higher vacancy rates, housing density), absent In the Snyder study were included in the
Econsult study. The Econsult report also found strong Indication, although not statistically significant, that
property values actually drop when billboards are removed.
• The conclusion that 7 cities with strict signage control have lower mean vacancy rates, lower poverty rates,

and higher median incomes that 13 cities without strict signage control is purely descriptive Information and
not evidence that those differences are caused by or are a direct results from compliance with sign control

regulations. Furthermore, in the Snyder study there is no indication which cities were in the strict compliance
group and which cities were in the not-strict compliance group.
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IS THIS STUDY FLAWED?
GENERALIZABILTY

In the Introduction to Jonathan Snyder's December 2011 study, Beyond Aesthetics: How Billboards Affect Economic
Prosperity, he states that Philadelphia was a good case for the study because the city "embodies the different
arguments and tools of the debate [how billboards affect economic prosperity] while containing both strong and weak
market characteristics...[and] because of research conducted at the University of Pennsylvania, the locations of all
billboards are known"(Snyder, p. 1}. An important question is whether the study's conclusions are generalizable to
other markets. Is Philadelphia representative of other cities? No. Based on results of how strictly cities regulate billboard
signs, the least strict city in the study was Philadelphia that complied with only 5 of the 15 regulations. I used US Census
Bureau data^ to compare Philadelphia and Glendale, AZ. Is this study's generalizabllity flawed? Yes. I found 1 similarity,
10 dissimilarities, and4 'somewhat'dissimilarities. I feel confident that study conclusions are not generalizable from
Philadelphia to Glendale, AZ, as well as to other cities. Specifically (see Table 1), Philadelphia and Glendale had visibility
significant differences on population, population Increase, land area, persons per square mile, the median value of
owner-occupied housing units, number of households, the median household income, percent of persons below the
poverty level, and rental vacancy rate. Furthermore, because the City of Glendale regulates the distance of billboards
from residential areas many results from the study do not apply. Another reason that Philadelphia was selected for the
study: The study was supported by a Samuel S. Fels grant for projects in the City of Philadelphia only.
Table 1. Comparison of Key Factors between Philadelphia and Glendale.
Key Factors from the US Census Bureau 2008-2012
data unless otherwise noted

Population (2010)
Population (2012)
Percent of change in population 2010-12
Land area in square miles
Persons per square mile
Unemployment rate

Homeownership rate
Housing units in multi-unit structures
Median value owner-occupied housing units
# of Households

I

1,526,006

226,480

No

1,547,607

232,143

No

1.4%

2.5%

No

134.10

59.98

No

11,379.5

3780.2

No

8.5%

7.9%

Somewhat

54.10%

59.8%

Somewhat

33.30%

29.0%

Somewhat

$142,300

$160,000

No

580,509

79,055

No

Home values

$21,946

22,867

Somewhat

Median household income

$37,016

50,567

No

Persons below poverty level

26.20%

18.2%

No

Homeowner vacancy rate (Rental vacancy rate)

2.9 (8.0)

2.7(13.1}

No homeowner/Yes rental

Equally germane to the Snyder study's assertions is the concept of causation. Laymen and statisticians alike realize that
simply because two events are related (or correlated), one event does not necessarily cause the other. Consider these
nonsensical statement: A decrease in the number of pirates causes global warning.^ Eating more ice cream causes an
increase in murders.^ Importing more Mexican lemons decreases highway deaths.'' There is a mathematical relationship
(correlation) between each set of events but that does not imply that one event causes the other.
^ United States Census Bureau data was retrieved March 2013 from http://quickfacts.census.gov/qfd/states/.
^Retrieved March 14, 2014,from http://www.forbes.eom/sites/erikaandersen/2012/03/23/true-fact-the-lack-ofpirates-is-causing-global-warming/.
^ Retrieved March 14,2014,from http://biojournalism.eom/2012/08/correlation-vs-causation.
"Retrieved March 14, 2014 from http://www.buzzfeed.eom/kjh2110/the-10-most-bizarre-correlatlons.
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CORRELATION AND CAUSATION

British philosopher and economist John Stuart Mill (circa 1843) held that for one effect(or event)to cause another
several conditions must be met:(a)The cause must precede the effect in time,(b)the cause and effect must be related
(i.e., correlated), and (c) other explanations of the cause-effect relationship must be eliminated (i.e., eliminate other
possible and plausible causes).
For the nonsensical scenarios, the pairs of events are related but one event does not necessarily precede the other
event and, most Importantly, there are a host of other factors that could account for the observed relationships. In
short, correlation does not imply causation. For an in-depth treatment of causal analysis including Mill, the reader Is
referred to Cook & Campbell (1979).^

In the Snyder study, it was written that "there is a statistically significant correlation between real estate values(as
measured by sales price) and proximity to billboards"(Snyder, p.5) and in doing so, it was established that for
Philadelphia, real estate values decrease when property is within 500 feet of a billboard. Is this study flawed? Yes. That
what is not addressed is critical to show causation. To gather evidence that billboards cause lower property values other

analyses are needed. For example,(a)an analysis of change in sales prices that occurs after a billboard is erected and/or
(b)an analysis of sales price change when a billboard is removed. That analysis was not done. However,the report,
"Economic Impact of Billboard Locations on Property Values in Philadelphia"(Econsult Corporation, 2012), does address
what happens to sales prices after a billboard Is removed. The author found a strong data-based suggestion that home
prices decline after billboards are removed. The Conclusions from the article are:
The Snyder report purports to find that nearby presence of billboards have an adverse effect on house values in
Philadelphia. While the raw data does indicate that average house prices within 500 feet of a billboard are lower
than the average house price for the city, the author does not sufficiently address the fact that billboards are
generally located on major commercial corridors where house prices are typically lower, and that these homes
have systematic differences in their structural characteristics that are also associated with lower values. When
those attributes are adequately controlled for in a hedonic regression® the results indicate that proximity to a
billboard has no meaningful effect on house values one way or the other. Moreover, an additional event study
regression^ which examined house price movements before and after billboards were taken down found that, if
anything, proximity to billboards actually has a positive effect on house values. However, none of the variables
met the threshold for statistical significance at the 5% level. Thus, the data indicates that when the locational
and physical attributes of housing are sufficiently controlled for, the nearby presence of billboards has no effect
on house values(page A-11).

Is this study flawed? Yes. Other plausible causes for a decrease in property values are not considered. For example, are
the homes located close to a major freeway? For example, are homes located near billboards smaller, or older, or in

poorer condition than in other areas? For example, does the city have strict billboard regulations? In the study, Snyder
examined billboard regulations in 20 cities and divided them into those that do/do not strictly comply. He does not
mention that of those 20 cities Philadelphia had the lowest compliance rate. Philadelphia does not(a) regulate the
billboard's distance from the highway;(b) does not regulate the use of flashing, animated or signs with changeable

messages;(c) does not regulate the landscaping;(d)does not regulate maintenance;(e) does not regulate traffic; (f)
does not ban off-premise signage;(e) does not ban electronic billboards; and (f) does not regulate billboard size.
Apparently the decreased sales price is due to more than proximity to a billboard.

® Cook and Campbell (1979) wrote the seminal text on Quasi-Experimentation.
®See Appendix for information about multiple regression and hedonic regression.
^ See Appendix for information about event study regression.
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AN ERROR OF OMMISSION OF ESSENTIAL INFORMATION

Is this study flawed? Yes. Essential information is omitted, information,for example, about the number of billboards in
the study, the number of billboards in Philadelphia, how billboards were chosen to be in the study, and how many
homes were in the study. What was the sample size(s)? There are no additional and necessary statistical tables, no
residual diagnostics, and no indication of how variables were selected {e.g., stepwise, forward}. There is not enough
information about the variables used to predict home prices or whether some variables were dummy variables? Were
there problems with multicollinearity (i.e., highly inter-correlated variables), plus other statistical questions. Lastly, the
Snyder study (footnote 21, page 4) refers the reader to the Appendix for methodological considerations, but the
Appendix contains a large amount of descriptive text and is short on facts and evidence. Although it is true that studies
and reports are often limited by the numberof words or amount of space allowed, substituting essential information for
some of the descriptive text found in the study's Appendix would increase the value and soundness of the study.

AN EXAMINATION OF SNYDER STUDY QUESTION 1

What impact do billboards have on real estate prices in the City of Philadelphia?

An oft quoted finding (e.g.. Scenic America)from the Snyder study is that residential real estate within 500 feet of a
billboard is worth $30,825.85 less than property not located within 500 feet of a billboard. How accurate is that
statement? To answer that question, the starting point is the Statistical Model for the Price of Properties within 500 ft.
of a Billboard table from the Snyder study and reproduced below.
Table 1. Statistical Model 1 or the Sales Price of Properties within 500 ft. of a
Unstandardized Coefficients

Standardized
Coefficients

Model

B (Column 2)

(Constant)
Livable area
Bike Path 1000 Ft

-4936882.57
89.34

82254.51

Std. Error (Column 3)

Beta (Column 4)

315905.74

t

Sig.

-15.628

.000

.46

.820

195.084

.000

11494.54

.030

7.156

.000

Library 1000 Ft

120130.59

17703.46

.029

6.786

.000

Park 1000 Ft

102946.99

11027.36

.040

9.336

.000

162.52

.065

15.450

.000

-.009

-2.106

.035

Year Built
Billboard 500 Ft

—

Billboard (Snyder study, p.5).

2510.88
-30825.85

14634.00

Dependent Variable: Sales Price

I begin with the Unstandardized Coefficients (B) in Column 2. Some coefficients are largerthan others because some
variables are measured in square feet and some in dollars. Comparing feet to dollars is problematic because the
variables are measured on different scales. Thus the relative size of the unstandardized coefficients cannot be used to

compare which variables are most Important. However, unstandardized coefficients are useful for predicting values, as
in this study for predicting residential home values.

•

For example,for every increase In 1 square foot of living space, the sales prices is predicted to increase by
$89.34(the unstandardized coefficient in column 2) when all other variables are held constant Holding all other
variables constant means that the sales prices is based on homes that are not close to a Bike Path, not dose to a
Library, not close to a Park, but are all built in the same year and on property that is located with 500feet of a
billboard.

■M

For example, when living within 500 feet of a billboard, sales price is predicted to decrease by $30825.85 (the
•

unstandardized coefficient in column 2) when the sales price is based on homes that are the same size; that are
not close to a bike path, library, and park; and are all built in the same year.
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Next consider the Standardized Coefficients(Beta) in Column 4 that indicate the relative strength and explanatory power
of each of the variables (I.e., Livable area. Bike Path, Library, Park, Year Built and Billboard 500 Ft) in predicting the Sales
Price of a home.[Standardized coefficients can be directly compared because through a statistical transformation they
are all on the same scale (no feet and dollars scales) and have a mean of 0 and standard deviation of 1.0.] Livable area
(Beta = .820) has the highest explanatory power. The next most powerful variable is Year Built (.065). The group
composed of Bike Path (.030), Library (.029), and Park (.040) are about equal. However, Billboard has the lowest
coefficient (-.009) and minimal explanatory strength compared to the others variables for predicting residential home
prices and yet is the one most referenced.

Is this study flawed (biased)? The most important variable in predicting sales price is Livable Area. The least important
variable in predicting sales price is a Billboard within 500 feet. Yet the variable that is least important and least precise is
the one most often quoted because it is a value upon which sensationalism and billboard critics thrive.
Lastly, consider the standard error of the unstandardized coefficients (Std. Error) in column 3. Technically, standard
errors are important for building confidence intervals® that set reasonable bounds for the population parameters based
on findings from a single study (Neter, Wasserman,& Kutner, 1990). Practically, a confidence interval helps the reader
put the point estimate(under consideration are the Livable Area point estimate of $89.34 and Billboard within 500 feet
point estimate of $30825.85) into perspective by showing how much the point value might reasonably vary. Large
standard errors indicate a lack of precision and imprecise measures, is a study bad if the standard errors are large? Not
necessarily, but the standard error is the only estimate of the degree of precision available.
For example,the standard error for the livable space variable, when all other variables are held constant, is
$0.46. Based on the standard 95% confidence interval, the value for increasing livable space by one square foot
could actually be as little as $88.42 or as much as $90.26 per square foot or anywhere in between, although
values at the very extreme ends of an interval are not that common.
In contrast to the Livable Space standard error, the Billboard variable's standard error, when all other variables

are held constant, is quite large and the 95% confidence interval ranges from -$2143.21 to -$59508.49. Is this
study flawed? Yes. The interval is so broad that it renders using Billboard as a precise measure impossible. For
example, if a home is located within 500 feet of a billboard, the sales price of that home might be reduced by as
little as $2,143.21 or reduced by as much as $59,508.49, although values at the very extreme ends of the interval
are not that common.

It would be helpful knowing the median sales price in the locations studied. For example if a home is vaiued at $90,000,
then losing almost $60,000 because of a billboard is not that believable. Measures need to be precise.
Please note that the regression coefficients found in any study change as other factors are considered. Is this study
flawed? Yes. In the Snyder study when factors, such as home location near freeways, and/or size of billboard (and other
factors not mentioned) are added to the model, the regression coefficients will change. Indeed Billboard 500 feet would
most likely not be an important factor when additional relevant variables are used.

® See Appendix A for information about confidence intervals.
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AN EXAMINATION OF SNYDER STUDY QUESTION 2

What impact do billboards have on home prices within census tracts in the City of Philadelphia?

Snyderis answer to Question 2 is "An analysis of Philadelphia census tracts and various economic prosperity Indicators
such as median income, percentage of vacant parcels, and population decrease do not reveal a correlation between
billboards and economic prosperity. However,the analysis reveals a correlation between billboard density and home
value." {p. 5). Is this study flawed {by chance alone)? Possibly. Snyderis assertion that the analysis revealed a
correlation (relationship) between billboard density and home value should be interpreted with caution because, as is
always the case, it may be due to chance alone. Indeed whenever a number of variables are examined, about i out of
every 20 relationships (correlations) wiil be statistically significant due to chance alone at the .05 statistical significance
ievel usedin the Snyder study. This same line of reasoning is applicable when a physician orders a large number of blood
work labs—about 1 out of every 20 results will be marked as outside the normal range of value due to chance alone.
For this example, I selected 21 variables; the 12 variables used in the Snyder study to answer Question 2(See
Table 2) plus 9 other variables used or considered elsewhere in the study. It is realistic that the relationships
(correlations) amongst these 21 or more similar variables were studied. Those variables are (1) poverty level,(2)
median income,(3)% of vacant parcels,(4) population change,(5) billboard size,(6) billboard location,(7)

unemployment rate,(8) proximity to parks ,(9)% with college degree,(10) median home sales price,(11)% of
African Americans,(12)% L&l violations,(13)% Water Shut Off,(14)% Fed/State Owned,(15)% PHA Owned,
(16)% Population Change,(17)% Hispanics,(18)% Asians,(19) Billboards PerTract,(20) median home value and
(21)% of commercial properties. The key point is if the bivariate(between 2 variables at a time)relationships
between the 21 variables described above are being studied, a total of210 relationships exist of which 10 to 11
wiil be significant due to chance aione.

Based on the sample studied by Snyder, it is a true statement that billboard density and home values are correlated. Is
this study flawed? Yes. It is incorrect to assume that correlation is same as causation (recall fewer pirates result In less

global warning) which was implied when Snyder claimed that "Billboard density negatively impact home values"(p. 5)
and further asserted that each billboard in a census tract devalues home prices by -$947.24 per billboard. The direct

implication that each billboard in a census tract causes home prices to decline by-$947.24 is not justifiable.
Following the procedure I used with Question 1: What impact do billboards have on real estate prices in the City of

Philadelphia?, the unstandardized B coefficient of-$947.24 and the Std. Error of $402,706 must be examined.^ Holding
all other variables/factors constant (See Table 2), the 95% confidence interval is from -$157.94 to -$1,736.54. That
means home value decrease by as little as -$157.94 to as much as -$1,736.54 per billboard. Is this study flawed? Yes.
Although any decease in a home's value is undesirable, the Snyder study once again focuses on the Billboard variable
that is the weakest link, the poorest predictor, and the variable with the least explanatory power of the 12 variables (i.e.,
% with college degree, median home value, median home sales price,% of African Americans,% L&l violations,% Water
Shut Off,% Fed/State Owned,% PHA Owned ,% Population Change,% Hispanics,% Asians, and Billboards PerTract)
selected for the multiple regression analyses.

Snyder overlooks other important factors (See Table 2) that also devalue home prices. And, based on Beta weights, the
most important explanatory factor relative to the other factors is % of Home Owners with a College Degree while the
least important is, once again. Number of Billboards per census track. And, once again, the factor that is least important
is the one most often quoted because it is a value upon which sensationalism and billboard critics thrive.

® Statistics from the Snyder study. Appendix, p. 13.
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Table 2, Twelve Factors used in the Snyder Study that influence Median Home Values from 2005 to 2009.
RELATIVE

FACTOR (or Variable)

COMMENT

EXPLANATORY
POWER

% College Degree 2005-2009

0.442

Highest explanatory power.
More homeowners with college degrees increases the
median home value.

Higher median home values in 2000 increase the
Median Home Value 2000

0.214
median home value from 2005 to 2009.

Higher median sale prices in 2006 increase median
Median Home Sale Price 2006

0.178
home value.
More African American homeowners decrease median

% African Americans 2005-2009

-0.153
home value.

% L&l Vilations [s/c] 2005

(Licenses & Inspection violations

More L&i Violations in 2005 increase the median
0.124

home value.
More water shut offs in 2007 decreases median home

% Water Shut Off 2007

-0.118
value.

% Fed/State Owned 2007

Federal/state ownership in 2007 increases median
0.109
home value.

More PHA owned homes in 2007 increase median

%PHA Owned 2007

(Philadelphia Housing Authority?)

-0.090
home value.

An increase in population increases the median home

% Population Change

0.084

% Hispanics 2005-2009

-0.078

value.

More Hispanic homeowners decrease the median
home value.
More Asian homeowners decrease the median home

% Asians 2005-2009

-0.072
value.

Lowest explanatory power.
Billboards Per Tract

-0.055

More billboards per track decrease median home
value.

Dependent Variable: Median Home Value 2005 to 2009.

These are a strange set of 12 variables from college degrees to water shut offs to billboards. From the Snyder Appendix,

I know a larger number of variables were selected, thrown into the statistical pot, and whatever relationships worked
kept in the multiple regression equation {the model). There is no indication what method was used to select the best
variables—best subsets method,forward stepwise, or something else. Neter et al.(1990) warn that the model chosen

must be aided,for example, by an analysis of residuals, examination of influential observations/outliers, and the
investigator's knowledge and then confirmed by model validation. Caution is advised.
AN EXAMINATION OF SNYDER STUDY QUESTION 3

What impact do billboard regulations have on median income, poverty rates, and vacancy rates in different cities in
the United States?

In the Snyder study, cluster analysis(CA) was used to divide 20 cities Into clusters based on their similarities and
differences in complying with 15 billboard regulations. The CA statistical procedure builds the groups based on how

strongly the cities within a group are related to each other and how strongly the two groups of cities are different from
each other(Johnson & Wichern, 1992). Is this study flawed? Yes because no details are provided about the CA statistical
results; the type of CA used (probably based on simple frequencies); no information if the number of clusters was
specified at the beginning of the analysis, hopefully not; and conspicuously missing is a list of those cities designated as
Strict Signage Control and those as Not-Strict Signage Control Cities. Is this study flawed? Yes. Based on an unknown
listing of cities, three simple column graphs are used to show that Strict Cities have lower mean vacancy rates, lower
poverty rates, and higher median incomes. The graphs are poorly labeled and it is impossible to determine any exact
numbers. For example, using the Median Income graph (Snyder, page 7) i had to guess that the Not-Strict city median
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income was about $42,500 and Strict City was about $48,000. Additionally, Snyder simply shows that one column is
higher than another column and not if that difference is statistically significant or practically important. I included a few
graphs(see Figures 1-4) that I did based on my additional data analysis to use as a comparison to the graphs used in the
Snyder study. Given the abundant availability, ease of operation, and the simplicity of software programs that produce
graphs, such poor graphs are not acceptable.

Because this question was so poorly answered, I used the raw data listing the cities and their responses to billboard
regulations(Snyder, pp. 14-15) and created a group of Strict Signage and Not-Strict Signage Cities based on how many
regulations are in effect in a city as well as constructing matrices to determine if the cities followed identifiable patterns.
A cluster analysis of 20 cities and 15 questions is not necessary. It is fun and easy to do, but when no results are given it
is useless and insulting to the reader.

I defined the Strictest Cities as those that compiled with 14 or 15 of the 15 regulations while Not-Strict Cities complied
with 12 or less. No city complied with exactly 13 of the regulations, [if the City of Glendale, AZ, were added to the data,
it would be a Strict City based on its compliance with 13 of the 15 regulations.] The seven strict cities were San Antonio,
San Diego, San Jose, Jacksonville, San Francisco, Fort Worth, and El Paso. El Paso complied with 14 of the 15 regulations;
the other seven cities had 100% compliance. The not-strict cities were Youngstown (compliance with 12 regulations),
Tampa Bay (12), Indianapolis (11), Charlotte (10), Chicago (9), Detroit (9), Houston (8), Phoenix (8), Memphis(8), Austin
(7), Columbus (7), Baltimore (6), and Philadelphia (5).

The regulations were: Does the city require a certain distance that (1) billboards are from prohibited areas,(2)
billboards are from highways,(3) is between billboards, and (4)from residential areas. Does the city regulate (5)
flashing billboard signs,(6) animated billboards,(7) revolving billboards,(8) billboards with changeable
messages,(9) billboard lighting,(10) landscaping,(11) billboard maintenance,(12)traffic, and 13 (billboard
size)? Finally, does the city ban (14) off-premise signage and (15)electronic billboards?
Is this study flawed? Yes. It is interesting to note that the least strict city in the study was Philadelphia that complied
with only 5 of the 15 regulations, complying with only distance from prohibited areas, distance between signs, distance
from residential areas, revolving billboards, and lighting. That fact is additional evidence that Philadelphia is not
representative of all other cities listed plus the City of Glendale, AZ that I added. Note: Glendale complies with all
regulations except distance from prohibited areas and distance from highways.
I then compared the strict and not-strict cities on other variables, including some mentioned in the study. All data comes
from the US Census Bureau (http://quickfacts.census.gov/qfd/states/). The variables studied were Homeownership rate;
Percent of Housing units in multi-unit structures; Median value of owner-occupied housing units; Number of Households
from 2008-2012; Per capita money income in past 12 months (in 2012 dollars); Median household income; Number of
Persons below poverty level; and the Unemployment percent. The unemployment percent is based on all workers who
are actively seeking a new job.

Snyder found Strict Cities have lower mean vacancy rates, lower poverty rates, and higher median incomes. 1 also found
that Strict Cities have lower poverty rates (Figure 1,16.96% versus 24.15%) and higher median incomes(Figure 2,
$56,838 versus $41,610), plus higher per capita income (Figure 2, $28,571 versus $24, 360), higher median values of
owner-occupied housing units (Figure 2, $305,800 versus $144,192)and a smaller mean number of households(no
graph, 306,990 versus 390,333).
These findings are interesting and provide necessary and good descriptive evidence. But there is no evidencefor me to
assert(just as there is no evidencefor Snyder using the same data and his division of cities to assert)that these
differences are caused by or a direct result of compliance with sign regulations. Is this study flawed? Yes.
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Figure 1. How do Strict Cities Differ From Not-Strict Cities?
Strict Cities have fewer persons below the poverty line and a slightly higher
mean homeownership rate. There is no difference in the % of housing
units in multi-unit structures.

60.00%

55.28%
51.85%

50.00%

40.00%

30.00%

37.77%

35.83%

-

24.15%

20.00%

10.00%

0.00%

Mean Homeownership Rate

Mean Percent of Housing Units in
Multi-unit Structures

Mean Percent of Persons below
Poverty Level

I Strict City; Compliance with > 14 of the 15 Regulations ■ Not-Strict City: Compliance with < 12 Regulations

Figure 2. How do Strict Cities Differ From Not-Strict Cities?
Strict Cities tend to have higher per capita money income, higher median
household incomes, and appreciably higher median values of owneroccupied housing units.
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Is this study flawed? Yes. An error of omission was made when the two cities (Austin and Baltimore) that did not comply
with the regulation of billboard distance from residential property were not separated from the remaining 18 cities that
did comply with the regulation. After all, the gist of the Snyder study was about the negative effects of billboard in close

proximity to residential area. Using Snyder's raw data (Snyder, Appendix, pp 14-15) I compared the group composed of
Austin and Baltimore to the rest of the cities on the same variables as previously used. I observed that the two cities that
did not regulate the distance of billboards from residential property had slightly lower mean ownership rates,(Figure 3,
46.59% versus 53.47%), a higher percent of housing units in multi-unit structures (Figure 3,40.10% versus 37.13%),
equivalent poverty rates (Figure 3, 21.40% versus 21.59%), equivalent per capita income (Figure 4, $27,771 versus
$25,935), equivalent median household incomes (Figure 4,$46,617 versus $47,324), lower median values of owneroccupied housing units (Figure 4,$189,000 versus $210,128), a larger mean number of households(no graph, 283,311
versus 382,476). Interesting results that are very good for describing the differences between the two groups and should
have been done in the Snyder study. But there is no evidencefor me to assert(just as there would be no evidencefor
Snyder) to assert that these differences are caused by or a direct result ofcompliance with sign regulations. Is this study
flawed? Yes.

Figure 3. Do Cities that DO NOT Regulate Billboard Proximity to Residential
Areas Differ from Those Cities that Do Regulate?
Cities that do not regulate billboard proximity have lower homeownership rates
and a higher percent of housing units in multi-unit
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Figure 4. Do Cities that DO NOT Regulate Billboard Proximity to Residential
Areas Differ from Those Cities that Do Regulate?
Cities that do not regulate billboard proximity have lower
median values for owner-occupied housing units.
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CONCLUSION

I want to thank you, the reader,for persevering through this rebuttal. I realize I was often heavy on statistics and their
interpretation, but the Snyder study assertions about billboards and signage control rests on the accuracy of those
statistics. It has been my pleasure to write this rebuttal. For a recap of some of the reasons why I believe the Snyder
study was flawed, please read the Key Points summary found at the beginning of this rebuttal. I end with a lighter tone.

Please enjoy these iconic billboards that perhaps, in some slight way, unite us as members of a larger community and
permit us to share a memory. Enjoy the Boards! Sincerely, Judy Rein

"Help me,too
Ky^^'PCQPPlRTOME

PURINA'S
their choice 2 to I

ti<ioWVW!?l>
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Appendix A
Definition of Terms

What is multiple regression?

Multiple regression is a statistical technique used to establish/explain the relationship between several independent
variables and a dependent variable, or alternatively stated to use predictor variables to predict a criterion.

For example, the dependent variable, home sales price, was determined/explained by using several independent
variables (e.g., livable area, year home was built, park within 500 feet) or alternatively, the criterion variable,
home sales price, was predicted by using several predictor variables (e.g., livable area, year home was built, park
within 500 feet).

What is hedonic regression?

Hedonic regression is multiple regression. It is a method used to determine the value of a good or service by breaking it
down into its component parts. The value of each component is then determined separately through regression analysis.
For example,the value of a home can be determined by separating the different aspects of the home - number of
bedrooms, number of bathrooms, proximity to schools - and using regression analysis to determine the value of each
variable. Retrieved March 13, 2014 from http://www.investopedia.eom/terms/h/hedonic-regression.asp.
What is an event study regression?

In the context of the Econsult 2012 report, the additional event study regression is the regression used when the
billboards were removed.
What are confidence intervals?

A population can be ail the people in the State of Arizona, the number of bird species in the Southwest, the number of
Sandhill cranes that visit the Willcox Playa in southern Arizona, number of Arizona people who work from home,etc.
Because It is generally Impossible to sample all members of a population, a sample of its members is selected and
studied. Statistics based on a sample (sample statistics like sample means) are generally referred to as observed values
or sometimes, point estimates. Statistics based on a population are parameters. The goal of inferential statistics(of
which, multiple regression is one example) is to generalize from the sample to the population. The process takes an
estimate based on the results of a study and then hopes to generalize the finding to the whole population. The sample
statistic provides an estimate of the population parameter and is very seldom the population parameter. The solution is
to use, not a point estimate, but an interval estimate. The interval is constructed using the point estimate/observed
value and a standard error. The interval defines a range of values within which the population parameter should be
contained within a chosen level of confidence, often 95%. According to US Census Bureau data

(http://quickfacts.census.gov/qfd/states/), the average number of people who work at home in Arizona is 146,479 and
the standard error of that estimate is 3,123 people. Thus a 95% confidence interval is from 146,479 ±(1.96 *3,123) or
from 140,357 to 152,600. And that, loosely speaking, means one can be 95% confident that the population parameter
lies somewhere In that interval.

In the Snyder study, the point estimate of dollar change in home sales prices for properties located within 500 feet of a
billboard is -$30,825.85 and the standard error is 14,634.00. The 95% confidence interval is -$3825.85 ±(1.96 *
$14634.00) which is the interval from -$2,143.21 to -$59,508.49. If the Snyder study was just about the particular set of
homes and billboards sampled in Philadelphia, then the point estimate is fine. But if the goal is to generalize that finding
to the population of all homes within 500 feet of a billboard, then an interval estimate must be used. Larger intervals are
associated with imprecise measures.
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Appendix B
Curriculum Vitae

Judith A. Rein, Ph.D.
1011 South Paperflower Avenue, Tucson, AZ 85748
520.979.6534, e-mail: judy.rein@cox.net
EDUCATION

University of Arizona

Ph.D.

1997

Educational Psychology: Measurement and Methodology

University of Arizona

M.A.

1992

Educational Psychology

Arizona State University

B.A.

1970

Secondary Education: English & Mathematics

FORMAL WORK EXPERIENCE

2004-2007

Evaluation and Statistical Specialist

NIH R25 End-of-Life Care in Medical Education Grant(PI: Bishop), Arizona Cancer Center, University
of Arizona, Tucson, AZ

2001-2004

2002-2004

President, Interaction Research of Arizona, L. L. C.(inactive)
1011S. Paperflower Avenue, Tucson, AZ 85748 Phone: 520.721.2828
University of Arizona, South Sierra Vista, AZ

Part-time Adjunct Assistant Professor, Educational Psychology, taught one undergraduate course in
educational tests and measurements per semester

1998-2001

University of Arizona College of Medicine: Division of Academic Resources

Full-time Associate Specialist/Supervisor of the Testing, Assessment, and Evaluation unit; Volunteer

Adjunct Assistant Professor teaching undergraduate and graduate courses for the University of
Arizona Department of Educational Psychology; Co-investigator on NIH Cancer Prevention and
Education Grant; Co-investigator on Geriatrics Grant; College of Nursing Test Evaluation Task Force
Member

1997-1998

University of Arizona College of Medicine: Division of Academic Resources

Full-time Research Specialist, Principal; Volunteer Adjunct Assistant Professor for the University of
Arizona Department of Educational Psychology

1995-1997

University of Arizona College of Medicine: Division of Academic Resources
Full-time Research Specialist, Senior

1994-1995

University of Arizona, Department of Educational Psychology

Graduate Associate for Psychological Measurement in Education, Research Assistant and Co-teacher
for Advanced Statistical Methods in Education and Educational Tests & Measurements

1994

University of Arizona Center for Neurogenic and Speech Disorders
Statistical Consultant
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1993

University of Arizona^ Department of Educational Psychology

Instructor for Psychological Measurement In Education, Graduate Assistant for Advanced Statistical
Methods in Education, Teaching Assistant for Quantitative and Inferential Methods, Introduction to
Statistical Packages(SPSS and SAS)tutor

1991-1992

University of Arizona, Department of Educational Psychology
UA Lecture Intern and Computer Lab Instructor for Statistical Methods in Education, Statistical
Methods in Education tutor, Quantitative and Inferential Methods tutor. Disciplined Inquiry in
Education tutor

1987-1988

Benson Public Schools, Benson, AZ

Middle School Homebound Teacher, Director 1987 Cochise County Academic Bowl
1984-1987

Benson Public Schools, Benson, AZ

Jr. High Language Arts and Mathematics Teacher
1982-83

St. David Schools, St. David, AZ

High School Language Arts/Journalism Teacher
1980-81

Cochise College, Sierra Vista, AZ

Math and English Instructor for the Comprehensive Employment and Training Act(CETA) Program
1979-80

Pima High School, Pima, AZ
Mathematics Teacher

POST 2007 RESEARCH FOLLOWING AN EARLY RETIREMENT FROM THE UNIVERSITY OF
ARIZONA COLLEGE OF MEDICINE TO TAKE CARE OF ELDERLY PARENTS AND MOTHERIN-LAW

Rein,J.(2011). A Statistical and Methodological Guide with Practical Applications for Physical Therapists taking the American Board

of Physical Therapy Specialist in Orthopedics Exam. Unpublished manuscript. The 50-page teaching guide was divided into 20sections and targeted toward practicing physical therapist seeing advanced certification in orthopedics. Sections included,for
example. Common Statistical Tests used in Physical Therapy, Parametric and Nonparametric Statistical Tests, Factorial ANOVAs, Post
Hoc Test, and Effect Size Measures. Also included were Test Yourself Exercises with written feedback from J. Rein. The orthopedic

specialty was first offered in 1989 and by June 2013, only 8,532 physical therapist had been certified. Although used by a group of
physical therapists(several passed) when studying for certification, it was A Just for Fun Project with no attempts made to publish
the guide. Volunteer work with duration of 3.5 months.

Rein, J., & Chiasson, P.(2009-2011). Laparoscopic Vertical Sleeve Gastrectomy for Type II Diabetes Mellitus in Patients with a Body

Mass Index 30-34. Unpublished manuscript. This lengthy and detailed RFP was submitted to Northwestern Hospital. Dr. Chiasson is
the Co-founder of the Southern Arizona Center for Minimally invasive Surgery. Volunteer work, payment not accepted.

Rein, J.(2009). is Dixon's Q test or Grubbs' test better for determining if something is an outlier? Volunteer work.

Rein, J.(2008). The Influence of Spread and Error on Coefficient Alpha. Unpublished manuscript. Volunteer work.
Kutob, R., & Rein, J.(2008). Cultural Competence Assessment Tool and Validation Project. Unpublished manuscript. Dr. Kutob is a
Family Practice Physician affiliated with the University of Arizona Medical Center. J. Rein is the statistician and methodoiogist.
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RESEARCH PUBLICATIONS AND PRESENTATIONS: 2007 TO 1992
2007

Bishop, M., Reiser, 5., Taylor, A., Rein, J., & Hall, J.(2007). The instructional system design model: A framework for development of a
web-based program. Journal of Biocommunication, 32(3).
2006

Bishop, M., Reiser, R., Hal l,J., Rein, J., & Taylor, A.(September, 2006). The hospice model ofcare: A required web-based program for
medical students. Oral poster session presented at the International Congress on Care of the Terminally III, Montreal, Canada.
Bishop, M., Reiser, S., Taylor, A., Rein, J., &Hall,J.(October, 2006). Resultsof a self-paced, web-based hospice model ofcare
program for predoctoral students. Oral poster session presented at the annual conference of the American Association for Cancer
Education, San Diego, CA.

Bishop, M., Ryan, K., Taylor, A., Rein, J., & Reiser, S.(October, 2006). An Innovative method of using the performance arts to teach
predoctoral students about end-of-life care: A pilot study. Oral poster session presented at annual conference of the American
Association for Education, San Diego, CA.

2005

Bishop, M., Rein, J., Taylor, A., & Klinkhammer, T.(September, 2005). End-of-life care education in U.S. medical schools: Results ofa
website survey. Oral poster session presented at the annual conference of the American Association for Cancer Education,
Cincinnati, OH.

Bishop, M., Taylor, A., Rein, J., Ahner, H., & Olson-Garewal, K.(September, 2005). First year medical students'knowledge and
attitudes regarding end-of-life care. Oral poster session presented at the annual conference of the American Association for Cancer
Education, Cincinnati, OH.

Rein, J.(2005).[Review of Ball Aptitude Battery: Form M]. In R. A. Spies & B. S. Flake (Eds.), The Sixteenth Mental Measurements
Yearbook. Lincoln, NE: The Buros Institute of Mental Measurements.

Rein, J. (2005).[Review of the Call Center Skills Test]. In R. A. Spies & B. S. Flake (Eds.), The Sixteenth Mental Measurements
Yearbook. Lincoln, NE: The Buros Institute of Mental Measurements.
2004

Bishop, M., Taylor, A., Ahner, H., Olson-Garewal K., Rein, J., Reiser, S., & Garewal H.(Fall, 2004). Initial phases of development ofa
multidisciplinary, culturally competent cancer and end-of-life curriculum for medical students. Oral poster session presented at the
annual conference of the American Association for Cancer Education, Baltimore, MD.

2003

Rein, J.(2003).[Review of Miller Self-Concept Scale]. In B. S. Flake, J. C. Impara, & R. A. Spies (Eds.), The Fifteenth Mental
Measurements Yearbook. Lincoln, NE: The Buros Institute of Mental Measurements.

Rein, J.(2003).[Review of Service Animal Adaptive Intervention Assessment]. In B. S. Flake, J. C. Impara, & R. A. Spies (Eds.), The
Fifteenth Mental Measurements Yearbook. Lincoln, NE:The Buros institute of Mental Measurements.
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2002

Proniuk, S., Blanchard, J., Rein,}., & Kallen, M.(2002). Development of a topical DEET formulation employing cyclodextrins. Journal
ofPharmaceutical Sciences, 91,101-110.
2001

Rein, J.(2001, April). From abstract to concrete: Venn diagramsfoster the understanding ofcomplex relationships. Paper presented
at the annual meeting of the American Educational Research Association, Seattle, WA.
2000

Rein, J.(2000, August). Writing better quality multiple-choice items. Workshop conducted at the annual meeting of the Arizona
Educational Research Organization, Tucson, AZ.

1999

Bassford, T., Taylor, A., Marian, M., Taren, D., Kallen, M.,& Rein, J.(1999,Summer). Baseline assessment of medical students'cancer
prevention and health promotion knowledge, attitudes and behaviors. Poster session presented at the annual conference of the
American Association for Cancer Education.

Midyett, J., Rein, J., Keller, J., Ellis, S., Kallen, M.,& Nolte, J.(1999, March). A computer-based mock board exam as a preparation
toolfor the computer-based USMLE Step 1 Exam. Manuscript presented as an Innovation in Medical Education for the annual
meeting of the American Association of Medical Colleges.

Erickson, M., Rein, J., & Kallen, M.(1999, April). Improving the resident-director questionnaire. Poster session presented at the
annual meeting of the Western Group on Educational Affairs.

Kallen, M., Erickson, M.,& Rein, J.(1999, October). Are there gender differences in basic science course evaluations? Poster session
presented at the annual meeting of the American Association of Medical Colleges, Flagstaff, AZ.
Kallen, M., Rein, J., & Bassford, T.(1999, Fall). Using IRT-based ability and difficulty estimates as tools oftest construction. Paper
presented at the annual meeting of the Arizona Educational Research Organization Conference.

Keim, S., & Rein, J.(1999). Standardized vs. narrative letters for residency applicant evaluation.[Letter to the Editor]. Academic
Emergency Medicine,6(7).

Keim, S., Rein, J., Chisholm, C., Dyne, P., Hendey, G., Juoriles, N., King, R., Schrading, W., Salomone, J., Swart, G., & Wightman, J. A.
(1999). Standardized letter of recommendation for residency application. Academic Emergency Medicine,6(11), 1141-1146.
Rein, J., & Kallen, M.(1999, October) The performance of ordered response categories: Does "notsure" mean "notsure"? Poster
session presented at the annual meeting of the American Association of Medical Colleges.

Rein, J., & Sabers, D.(1999, October). Visualizing interaction and multicollinearity using Venn diagrams. Paper presented at the
annual meeting of the Arizona Educational Research Organization Conference, Flagstaff AZ.
1998

Chadwick, J.(Ed.)(1998). Familv Medical Review (2""^ ed.) Rein, J. was a statistical consultant.
Consroe, P., Tillery, W., Rein, J., & Musty, R.(1998, April). Reported marijuana effects in patients with spinal cord injury. Poster
session.
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Kallen, M., Rein, J., & Erickson, M.(1998, March). Using matched samples to examine gender effects in relationships among
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INTRODUCTION

Billboards are a common sight and a frequent type of advertising in urban landscapes.
However, some recent research has purported to find that the presence of billboards has an
adverse effect on the local economy.

More specifically, a recent paper^ by Jonathan Snyder of the University of Pennsylvania
conducted an empirical analysis using home sales in Philadelphia in 2010, and reports that:
"Properties purchased within 500 feet of billboards hove a decrease in sale price of

$30,286 and the correlation is statistically significant(p<=.OS}?"
The author's presumed motivation for this research is that "A review of the available literature
reveals a dearth of information on the economic Impact of outdoor advertising billboards on

the surrounding community (sic)^". However, he does cite anecdotal evidence from other
researchers, characterizing billboards as "visual pollution"" that "desecrate the landscape
In the interest of further helping to reduce this supposed dearth of research, we undertake a

similar study that also uses home sales in Philadelphia to examine this issue, but use a fuller—
and we believe, more advanced—empirical approach than what is deployed in the Snyder
report.

More specifically, this paper utilizes the same regression-based approach as the Snyder report,
using data on home sales and billboard locations in Philadelphia, but with three key differences:
• The data spans the years 2007-2011, unlike the Snyder report, which only uses sales
from 2010.

• A fuller set of control variables on housing characteristics and their locational attributes

are added to the regressions specification, whereas the Snyder report only uses five
control variables.

• The value of homes both before and after nearby billboards are taken down is

examined, whereas the Snyder report only examines the value of homes near billboards
and further away from billboards.

''-Beyond Aesthetics: How Billboards Affect Economic Prosperity, Jonathan S. Snyder. Samuel S. Pels Fund
(December 2011).

^ Page 5 ofabove report.

^ Page I of above report.
Page I of above report.

^ Page 2 of aboN'e report.
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THE SNYDER REPORT

At the center of the Snyder report are the results from a regression of house prices on five
control variables, plus a variable indicating vwhether a home is within 500 feet of a billboard
location in Philadelphia. According to the author, the sales data are from the City's Recorder of
Deeds, and the billboard location data are from the University of Pennsylvania's Cartographic
Modeling Lab. The table that reports the regressions results in the Snyder report is pasted
below:

Table 1. From Page 5 of the Snyder report
Standardized
-

Unstandaidi^ Coefficients

B2.
1

.000

.820

195.084

.000

11494.54

.030

7.156

.000

120130.59

17703.46

.029

6.786

.000

102946.99

11027.36

.040

9.336

.000

2510.88

162.52

.065

15.450

.000

-30825.65

14634.DQ

-.009

-2.106

035

89.34

.46

82254.61

Library KXM) Ft
ParidODOFt

Bike Path 1000 Ft

Year Built

Stq-^

Beta"'
-15.628

315905.74

Livai^e Area

mm

Std.Error^

■4936882.57

(Constant)

Coefficier^

a. Dependent Vanable: Sales F^ce

Source: "BeyondAesthetics: How Billboards Affect Economic Prosperity". Jonathan S. Snyder. Samuel S. Pels
Fund (December 20!!). Page 5.

Regression coefficients state how the dependent variable changes in response to a unit
increase In the Independent variables. The t-values report whether or not this relationship Is
"statistically significant"; I.e. whether the coefficient is meaningfully different from zero. In this
particular instance, the author states that the coefficient of -30825.85 indicates that If a
dwelling Is within 500 feet of a billboard, then it suffers an average decrease In sale price of
$30,826. Moreover, the t-value of -2.106 and associated p-value of 0.035 indicates that this
relationship Is statistically significant at the 5% level®.
Moreover, since the author controls for dwelling size, dwelling age and proximity to amenities
like bike paths, parks and libraries, he Is implicitly claiming that this result is not due the
spurious locations or systematic variation in housing characteristics that are associated with
® In general, the generally accepted industry practice is that statistical significance is achieved at the 5% level. Jn
practice, a t-value greaterlhan +1.96 or less than -1.96, along with a p-value less than 0.05 is the empirical threshold
to achieve this.
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home located near billboards. For example, if it is the case that homes located near billboards

are systematically smaller and older than homes not located near billboards, then adding these
variables to the regression controls for this systematic difference, and the subsequent results
compute the "true" effect of billboards on house values that is net of this systematic variation.

However, this regression can be critiqued for two potentially meaningful shortcomings that
may affect its results:

1) The number of control variables in the regression is exceptionally low.
jhere are only five control variables, and only two of them pertain to the actual
structural {as opposed to locational) characteristics of the dwelling itself: size and age.
In reality, dwellings have many other characteristics for which the ample research
literature has shown affect a dwelling's total value; physical condition, lot size, density,
number of stories, presence and number of fireplaces, whether or not It has a garage,

type of exterior, etc^.

2] The location of biliboards is implicitly assumed to be uncorrelated with most housing
characteristics.

Since the purpose of billboards is to advertise products or services, it behooves the
owner to locate the billboards where as many as eyes can see them as possible. This

naturally would lead to locations where both population density and/or traffic counts
are very high. Since density, congestion and noise are generally considered to be disamenities, house prices may be lower in these locations. Moreover, Insofar as
billboards themselves are considered dis-amenities {which the author implies via the
research he cites), then wealthier neighborhoods are likely to resist their

implementation there, whether it be through formal means (zoning or historic
designations) or informal means(politlcal and social influence).

This paper will attempt to build on Snyder's results by explicitly addressing these issues in the
analysis.

3. DATA

Using similar data as Snyder, this report first tries to replicate Snyder's results, and then
attempts to extend them using a fuller empirical approach that addresses the two criticisms
outlined in the previous section.

Like Snyder, home sales data was obtained from the City Recorder of Deeds. However, this
data covers the five years from 2007 through 2011 in order to have a longer time series and
'
See '"The hedonic price method in real estate ami housing market research. A review of the li/eraliire." Hcralh.
Shanaka and Maier. Gunlher. WU Vienna University of Economics and Business. Vienna (2010) for a recent and
thorough review oflhis literature.
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larger dataset, which in turn should support more robust results. But, since we do not have
access to the billboards data that is owned by the University of Pennsylvania, we obtained data
from the CBS Outdoor Group, which represents the major railroad In our area and maintains
the leases on the properties at which these billboards were located and maintained. In order to
address the concerns over the Snyder study, we specifically requested billboards that were
taken down {i.e. removed) In recent years. If billboards are Indeed disproportionately located
near homes that are lower-priced to begin with, then a regression with more control variables
should be able to effectively capture this. However, if billboards still have an adverse effect on

property values, even if they are located near relatively lower-priced homes to begin with, then
the removal of billboards should have a positive effect on property values. Hence, measuring
the change in the value of homes after nearby billboards are taken down is another, more

effective way of addressing the issue of whether billboards do indeed have a deleterious effect
on nearby property values.

Map 1. Billboard Locations in Philadelphia

Philadelphia Billboard Locations

Created by Kevin C GHIen, PhO
gillen@econsult.com

^

Billboards

Source; Clear Channel Outdoors
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All 42 billboard locations and 70,000+ home sales were geo-coded with assistance of GIS
software. The home sales data were then spatially joined to the billboards data to compute the
distance from each home to the nearest billboard.

4. EMPIRICAL RESULTS I: SUMMARY STATISTICS

Using Snyder's definition of being "near" a billboard as being within 500 feet, the following
table reports summary statistics on the homes in the sales data, comparing homes within 500
feet of a billboard to homes that are further away. The column labeled "Pet. Difference"
reports the percent difference in the characteristics between the two types of homes.

Table 2 Average Values of Housing Characteristics
<=500 feet from

>500 feet from

Billboard

Billboard

Avg. Value
$46,841

Avg. Value
$136,150

Difference

1,138

1,362

-16.5%

18.0%

17.2%

4.6%

1931

1933

-0.1%

13.1%

6.7%

95.2%

12.4%

9.8%

26.5%

7.6%

4.9%

54.2%

3.6%

111.9%

-

Pet.

Variable
Sale Price

mm

Home Size (sqft)
<1000 feet of park
Year Built

mm

-65.6%

<500 feet of

j1

commercial corridor

!j Tract Vacancy Rate

Below Avg. Condition
Inferior Condition

7.6%

i

46.4%

1 Rental
1 Detached
i Rowhouse
' Semi-detached
1

Ml

!

37.4%

24.1%

1.7%

4.1%

-57.6%

91.0%

74.1%

22.8%

13.9%

-87.6%

1.7%

Source: City Recorder of Deeds, Philadelphia Office of Property Assessment, U.S. Census

As can be directly observed from the table, homes near billboards do indeed have significantly
lower values than homes further away from billboards. From 2007 to 2011, the average price
of a home within 500 feet of a billboard was $46,841; nearly $90,000 (or 66%) less than the
average price of home located more than 500 feet from a billboard. Note that this raw
difference of $90,000 is substantially greater than the $30,286 amount reported by Snyder.

However, examining the other characteristics of this housing stock would seem to yield some
Insights as to why such a difference in price exists. First, we examine the three variables that
are used as controls in the Snyder regression: size (square feet), the year built and proximity to
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a park. While homes that are near billboards are slightly smaller than those further away
(1,138 sqft V. 1,362 sqft), there does not appear to be any further meaningful differences In
either their age (1931 v. 1933) or the percentage that are near parks (18.0% v. 17.2%). If this is
also true for homes near billboards in the Snyder study, then the use of these variables as
controls in the regression is redundant,as they are essentially constants across observations.

Examining the other housing characteristics, though, does reveal some meaningful differences
in the housing characteristics. Homes that are within 500 feet of a billboards are more likely to
be located near a commercial corridor (13.1% v. 6.7%), are In a neighborhood with a higher

vacancy rate (12.4% v. 9.8%), have a higher probability of being classified by the city's assessor
as being in "below average" or "inferior" condition (7.6% v. 4.9% and 3.6%, respectively), are
more likely to be renter-occupied rather than owner-occupied (46.4% v. 37.4%) and are more
likely to be an attached rowhome rather than a semi-detached or detached house (91.0% v.
74.1%).

These basic summary statistics would thus seem to point up two important stylized facts about
not only the nature of homes that are near billboards, but about the previous research on this

subject.

First, homes that are near billboards are significantly more likely to have

characteristics that are generally associated with lower house prices: being denser, being

renter-occupied, being more depreciated and being located in neighborhoods with higher
vacancy rates. Second, the Snyder report did not use any of these variables as controls in Its
regression, but rather chose those two variables(age and size)for which there does not appear
to be any significant differences for homes that are near to v. far from billboards. This not only
calls into question the results of the previous research, but suggests that further research in
this subject area should take these stylized facts Into account by incorporating a fuller set of
control variables in any regressions.

5. EMPIRICAL RESULTS II: HEDONIC REGRESSION

Hedonic regression Is a statistical technique that decomposes the total value of a good into the
individual value of its constituent characteristics. In the case of housing, the sales price of the

home is regressed on the physical and locational characteristics of the home. The resulting
coefficients give the Individual prices of those attributes. The regression reported In the Snyder
study regesses house prices on a total of six characteristics, of which one is the variable of
interest (proximity to billboards) and the other five are control variables. We repeat this same
regression, and then add the additional control variables suggested by the analysis in the
previous section to see how the results change as a consequence of estimating a fuller and
more extensive regression. The results are presented in the following table. Each column
reports the results of a single regression, with the t-value of each coefficient listed below Its
respective coefficient.
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Table 3: Hedonic Regressions
Variable

Intercept

bldg_sqft
dist_parklOOO

yr_built
dist_bboard500

Description
Intercept

Square footage of house
Within 1,000 feet of a park
Year that house was built

i Within 500 feet of billboard

Bike Path 1000 ft

Within 1,000 feet of bike path

Library 1000 ft

Within 1,000 feet of library

oa^iu A-7

Snyder
Regression

Regresslonl

R€gres5lon2

Est- Coeff.

Est. Coeff.

Est. Coeff.

and t-value

and t-vaiue

and t-value
-911932-

-669513

-4936883
-15.63

-19.27

-5.86

89.34

115.1844

67.10304

195.08

144.11

58.23

59541 ! 8469.86617

102947

9.336

54.82

10.05

2510.88

330.29271

15.45

18.38

-30825.85

-63286

-2.106

-9.9

-0.72

82255.61

N/A

N/A

N/A

N/A

i 576.89106
1
7.24
!

-2658.80

7.156
120130.59
6.786
1

!

Other Control

No i

Variables?

Number of obs.

No. of observations

Unknown

Adj. R-Sq

Unknown

F-value

Adjusted R-Squared
F-test for Ho: dist_bboard500=0

Pr>F

p-valuefor F-Test

N/A I
N/A

No

Yes

71,634

71,534

0.267

0.7817

98.03

0.52

<.0001

0.4689

The column labeled "Snyder regression" repeats the same results as In Table 1, which is directly
from the Snyder report. Snyder's estimated coefficient on dist_bboard500 Indicates that
homes within 500 feet of a billboard have a value that is $30,826 less than the other homes in

the data, controlling for other things. The column labeled "Regression 1" repeats this same

regression using data on 2007-2011 home sales and the Clear Channel billboards®. Like Snyder,
this regression also finds positive and significant effects for home size, year built and proximity
to a park. Additionally, the coefficient on proximity to billboards indicates that being within 500
feet of a billboard is associated with a house being worth an average of $63,286 less than the
other homes in the data; more than twice the discount found by Snyder. Moreover, the t-value
of 9.9 Is several times the t-value of 2.1 reported by Snyder, and indicates very strong statistical

significance. Lastly, the reported F-statlstic, which tests the null hypothesis that this coefficient

" We did not include proximity to bike paths or libraries in the regression because we did not have aece.ss to such
data. However, this is unlikely to make a difference and there is no particular reason to question these results in the
Snyder report.
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Is equal to zero {i.e. being near billboards has no effect on house values) has a p-value of
<■0001, which strongly and formally rejects this hypothesis.

However, when the other control variables are added to the regression, this result compietely
goes away®. In the column labeled "Regression 2", the estimated coefficient on dist_bboard500
is now only 2,659, which is significantly deflated from the previous regression. Moreover, the tvalue of -0.72 is not even close to being considered statistically significant, and this is further

supported by the results of the F-test, which fall to reject the null hypothesis. Hence, the
regression indicates that, when other aspects of housing a controlled for, proximity to a
billboard is not associated with house values being any different from house values anywhere

else in Philadelphia. This evidence suggests that, while house values near billboards may be
lower than average house values in Philadelphia, it is due to the relatively less desirable
characteristics of this housing and their neighborhoods, and that proximity to a billboard has
zero effect on house values.

6. EMPIRICAL RESULTS lit: EVENT STUDY REGRESSION
Since the data on 42 billboard locations used in this analysis is but a subset of the total universe

of billboards in Philadelphia, it may be the case that they may be an unrepresentative sample.
For example, if these particular billboards are disproportionately located near relatively higher-

priced homes, then that may be what is driving the regression result indicating that proximity
to billboards may have no effect on house prices. Although the summary statistics and the
simple regression overwhelmingly indicate that this is not the case, we now estimate an
additional set of regressions to see if the results hold. In particular, we examine whether the
removal of a billboard is associated with any change in the values of nearby homes.

If the presence of billboards does indeed have a negative effect on house prices, then it follows
that their removal should see a subsequent positive effect. Since ail of the billboards in our

data were taken down during the 2007-2011 period, and the date of their removal is known,
then it is possible to explicitly examine for such an effect. We estimate an event study
regression that explicitly tests for any change in the level and trend of house prices, both before
and after their removal. The event study variables are defined and calculated as follows:
Pre bboardSOO = 1 if a home is <500 feet of any billboard location, =0 otherwise.

Pre_bboardt500 = 1,2,...,20 If a home is <500 feet of any billboard location and the home
transacted in the time period 1,2,...,20, =0 otherwise.

Post_bboard500 = 1 if a home is <500 feet of any former billboard location, =0 otherwise.

' The other control variables include those analyzed in the Summary Statistics section of the report, plus many

others. Due to the length of the regression output, the full regression results are relegated to the appendix of this
report, with only the pertinent variables of interest being reported here.
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Post_bboardt500 = number of time periods that have passed since the billboard was taken
down and a home is <500 feet of any former billboard location, =0 otherwise.

The interpretation of these variables is as follows:

Pre_bboard500 is a simply dummy variable measuring the general level of house prices near
billboards.

Pre_bboardt500 is a time trend^° variable measuring the general trend in house prices near
billboards.

Post_bboard500 is a simply dummy variable measuring the general level of house prices near
billboards after the billboard is taken down.

Post_bboardt500 is a time trend variable measuring the general trend In house prices near
billboards after the billboard is taken down.

If both the presence of billboards and their removal has any effect, the coefficients on these
variables will be statistically significant. We estimate the previous hedonic regression with
these variables replacing dist_bboardSOO in the specification, and also perform F-teststhat test

the null hypothesis that their coefficients are equal to zero. The regression is estimated two
ways: Regression 3 uses the same control variables as used in the Snyder report, while
Regression 4 uses the same fuii set of control variables used in Regiession 2 of the previous
section. The results are reported in the following table.

This variable takes on an integer value between I and 20 denoting what vear and quarter a homt transacted in.
Since the data spans the five >cars from 2007 to 20)!. and there arc iour quarters in a vear. then 5x4=20. So, a
value of"1" denotes that home transacted in 2()n70l. a \a!ue of"2 denotes thai it iransacled in 20O7Q2

and a

value of"20'' denotes that it transacted in 2011Q-).
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Table 4: Event Study Regressions
Variable

Description

Intercept

Intercept

Square footage of house

bldg_sqft

Within 1,000 feet of a park

dist_parklOOO
yr_built

Year that house was built

pre_bboard500

Within 500 feet of billboard location

pre_bboardt500

Time period of transaction <500 ft

post_bboard500

Within 500 feet of former billboard
location

mm

Number of time periods since

post_bboardt500

billboard was taken down

Regression 3

page A-10

Regression 4

Est. Coeff.

Est. Coeff.

and t-vaiue

and t-value

-672020

-911460

-19.33

-5.86

115.34752

67.13773

144:28

58.25

59448

8467.55563

54.71

10.04

331.40245

576.71373

18.44

7.24

-65525

8744.30802

-1.55

0.37

-451.77617

4117.68732

-0.03

0.43

10190

4741.41563

0.21

0.18

-56144

-36057

-1.37

-1.6

No

Yes

Other Control
Variables?

mm

N

No. of observations

71,634

71,634

Adj. R-Sq

Adjusted R-Squared

0.2654

0.7817

F-value

F-test for Ho: pre_bboard500=0

Pr>F

F-value

2.4

0.14

p-value for above F-Test
F-test for Ho; pre_bboardt500=0

0.1213

0.7103

0

0.18

Pr>F

p-value for above F-Test

0.9796

0.6701

F-value

F-test for Ho; post_bboard500=0

0.04

0.03

0.8337

0.8581

F-value

1 p-value for above F-Test
F-test for Ho: post_bboardt500=0

Pr>F

1

Pr>F

p-value for above F-Test

1.87

2.58

0.1717

0.1085

As regression 3 indicates, homes within 500 feet of a billboard have an average discount of
$66,525. However, with a t-vaiue of 1.55 and F-value of 2.4, this effect is only significant at the
12% level. This would typically be considered close to being statistically significant, but not
quite (10% is usually the minimum threshold). None of the remaining variables meet the
threshold for statistical significance, and hence are not considered to be meaningfully different
from zero.
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In regression 4, which includes the full set of control variables, the pre-takedown variables are a
positive number. This would indicate that homes near an existing billboard actually have a
price premium. However, neither of these variables is statistically significant. The only variable
that comes close to being significant is post_bboardt500. With a t-va!ue of -1.6 and F-test of 2.58,
this variable is j'ust shy of being significant at the 10% level (its p-value is 10.85%). However,the value of
its coefficient Is -36,057, which Indicates the house prices decline by $36,057 in the periods after a
billboard's removal. If true, this would imply that the proximity to existing billboards would have a

positive effect on house prices, which is In direct contrast to the Snyder report.

In short, the results indicate that, even controlling for other housing characteristics, the construction
and demolition of billboards do not appear to have any meaningful effect on movements in the values
of nearby homes.

7. CONCLUSION

The Snyder report purports to find that the nearby presence of billboards has an adverse effect
on house values in Philadelphia. While the raw data does indicate that average house prices
within 500 feet of a billboard are lower than the average house price for the city, the author

does not sufficiently address the fact that billboards are generally located on major commercial
corridors where house prices are typically lower, and that these homes have systematic
differences In their structural characteristics that are also associated with lower values. When
these attributes are adequately controlled for in a hedonic regression, the results indicate that

proximity to a billboard has no meaningful effect on house values one way or the other.
Moreover, an additional event study regression which examined house price movements
before and after billboards were taken down found that, if anything, proximity to billboards

actually has a positive effect on house values. However, none of the variables met the
threshold for statistical significance at the 5% level. Thus, the data indicates that when the
locational and physical attributes of housing are sufficiently controlled for, the nearby presence
of billboards has no effect on house values.
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APPENDIX

Full Hedonic Regression Output
Std.
mt

Variable

mm

Est. Coeff.
-911932

155499

-5.86

<.0001

bldg_sqft

1.15234

58.23

<.0001

8469.8662

843.0065

10.05

<.0001

576.89106

79.66906

7.24

<.0001

-2658.801

3570.987

-0.72

0.4689

-235.7456

1040.995

-0.23

0.8208

-10551

7296.717

-1.45

0.1482

11304

1771.415

6.38

<.0001

FAR

-22266

1769.55

-12.58

<.0001

ratio_frt_sqft

437960

113017

3.88

0.0001

Injotsqft

one_fire

21375

2028.748

10.54

<.0001

two_fire

128719

6100.996

21.1

<.0001

threepl_fire

166525

7305.578

22.79

<.0001

ln_dist_cbd

-73316

4218.017

-17.38

<.0001

-47.61793

1130.523

-0.04

0.9664

37735

1523.399

24.77

<.0001

14021

1308.297

10.72

<.0001
<.0001

corner_dum
cond_superior
cond_above_avg
cond_be!ow_avg

-15228

1081.58

-14.08

condjnferior

-16107

1247.906

-12.91

<,0001
<.0001

17451

1098.996

15.88

-9368.511

504.7298

-18.56

<.0001

12955

741.3954

17.47

<.0001

centrai_alr
rental
garage

-29736

15454

-1.92

0.0543

frame

-6562.861

1842.899

-3.56

0.0004

masother

-3661.608

1415.813

-2.59

0.0097

stone

3508.6504

1919.651

1.83

0.0676

-2507.097

2871.671

-0.87

0.3826

brick

oneh_stDry

a.

two_story

-55.68056

1528.501

-0.04

0.9709

twoh_stQry

3108.1911

2413.244

1.29

0.1978

three_story

-2050.528

1874.223

-1.09

0.2739

178502

3750.085

47.6

<.0001

apt_house

34271

7683.674

4.46

<.0001

detached

53710

7761.863

6.92

<.0001

row_house

39728

7635.621

5.2

<.0001

38870

7652.626

5.08

<.0001

threeplus_storY
«

-

Pr>lt|

67.10304

vac_rate

Urn

t Value

Intercept

dist_parklOOO
yr_built
dist_bboard500
dist_commcorr500_mjr

mm

Error

semi_detached
age_dev
abatejmprvd
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-507.4296

78.87128

-6.43

<.0001

78873

4344.276

18.16

<.0001
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abate_new

86930

3250.042

26.75

<.0001

836.713

-0.37

0.7085

spring

-312.8174

summer

3481.5312

939.6604

3.71

0.0002

autumn

-139.6501

831.2373

-0.17

0.8666
<.0001

repsalel

35207

698.169

50.43

repsaie2

20041

685.4764

29.24

<.0001
<.0001

repsaleS
repsale4

14534

713.7669

20.36

8666.1636

650.009

13.33

<■0001

Year_qtr_2

2124.8917

1274.202

1.67

0.0954

year_qtr_3

1832.2202

1355.314

1.34

0.1796

year__qtr_4

-293.63

1353.575

-0.22

0.8283

year_qtr_5

-3281.342

1301.981

-2.52

0.0117

year_qtr_6

-2996.215

1354.588

-2.21

0.027

year_qtr_7

-3013.347

1434.274

-2.1

0.0356

year_qtr_8

-4713.461

1464.04

-3.22

0.0013

year_qtr_9

-12590

1507.602

-8.35

<.0001

year_qtr_iO

-7468.63

1455.226

-5.13

<.0001

year_qtr_ll

-7068.016

1468.772

-4.81

<.0001

-5775.687

1387.773

-4.16

<.0001

year_qtr_12
year_qtr_13

-11334

1450.788

-7.81

<.0001

year_qtr_14

-6554.88

1381.666

-4.74

<.0001

year_qtr_15

-13016

1538.706

-8.46

<.0001

year_qtr_16

-15685

1537.744

-10.2

<.0001

year_qtr_17

-14555

1504.749

-9.67

<.0001

year_qtr_18

-14055

1455.261

-9.66

<.0001

year_qtr_19

-18667

156^.021

-11.94

<.0001

year_qtr_20

-17085

1532.522

-11.15

<.0001

Include Tract-level dummies?Yes
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Full Event Study Regression Output
Variable

Est. Coeff.

Std. Error

t Value

Pr>lt|

Intercept

-911460

155501

-5.86

<.0001

bldg_sqft

67.13773

1.15257

58.25

<.0001

djst_parklOOO

8467.5556

843.00228

10.04

<.0001

yr_built
pre_bboard500

576.71373

79.67011

7.24

<.0001

8744.308

23541

0.37

0.7103

pre_bboardt500
post_bboard500

4117.6873

9665.8704

0.43

0.6701

4741.4156

26528

0.18

0.8581

post_bboardt500

-36057

22467

-1.6

0.1085

-243.07977

1041.1083

-0,23

0.8154

-10580

7296.8738

-1.45

0.1471

11283

1771.6709

6.37

<.0001

FAR.

-22277

1769.6289

-12.59

<.0001

ratio_frt_sqft

437357

113019

3.87

O.OGOl

21372

2028.7605

10.53

<.0001

two_ftre

128705

6101.0321

21.1

<.0001

threepl_flre

166497

7305.7283

22.79

<.0001

ln_dist_cbd

-73295

4218.1919

-17.38

<.0001

dist_commcorr500_mjr
vac_rate

ln_lotsqft

one_fire

corner_dum

-39.26678

1130.6467

-0,03

0.9723

37734

1523.4104

24.77

<.0001

14015

1308.3199

10.71

<.0001

-15230

1081.7065

-14.08

<.0001

1247.9428

-12.91

<.0001

cond_superior
cond_above_avg
cond_below_avg

-16115

condjnferior
central_alr
rental

17454

1099.0047

15.88

<.0001

-9369.0868

504.73238

-18.56

<-0001

12959

741.43413

17.48

<.0001

-29724

15454

-1.92

0.0544

frame

-6571.1765

1842.9246

-3.57

0.0004

masother

-3667.8195

1415.8325

-2.59

0.0096

3500.7193

1919.6677

1.82

0.0682

-2472.9294

2871.8057

-0.86

0.3892

-71.90159

1528.5365

-0.05

0.9625

twoh_story

3079.5152

2413.2547

1.28

0.2019

three_storv

-2078.8862

1874.2846

-1.11

0.2674

178449

3750.1416

47.58

<.0001

7683.7305

4.46

<.0001

garage
brick

stone

oneh_story
two_story

threeplus_storv

apt_house

34281

detached

53729

7761.9586

6.92

<.0001

rDW_house

39745

7635.6784

5.21

<.0001

38892

7652.6914

5.08

<.0001

-507.4167

78.87204

-6.43

<-0001

semi_detached
age_dev
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4344.2953

18.15

86933

3250.0689

25.75

<.0001

-310.234X5

836.7325

-0.37

0.7108

3479.6083

939.67417

3.7

0.0002

831.25409

-0.17

0.8634

repsalel

35208

698.17842

50.43

<.0001

repsale2

20038

685.48088

29.23

<.0001

repsaleB

14532

713.775

20.36

<.0001

autumn

repsale4

8666.5066

650.00689

13.33

<.0001

year_qtr_2

2125.8722

1274.2084

1.67

0.0952

Vear_qtr_3

1837.1684

1365.3242

1.35

0.1784

year_qtr_4

-294.60651

1353.5631

-0.22

0.8277

year_qtr_5

-3296.5668

1302.0782

-2.53

0.0114

year_qtr_6

-3003.1173

1354.6957

-2.22

0.0266

year_qtr_7

-3021.5407

1434.3888

-2.11

0.0352

year_qtr_8

-4721.1265

1464.1907

-3.22

0.0013

year_qtr_9

-12599

1507.8709

-8.36

<.0001

Vear_qtr_10

-7479.1924

1455.366

-5.14

<.0001

year_qtr_ll

-7074.0562

1468.9789

-4.82

<.0001

Vear_qtr_12

-5780.8038

1388.0201

-4.16

<0001

<.0001

year_qtr_13

-11354

1450.9806

-7.83

year_qtr_14

-6578.7702

1381.9786

-4.76

<.0001

year_qtr_15

-13037

1538.9556

-8.47

<.0001

year_qtr_16

-15684

1537.7454

-10.2

<.0001

year_qtr_17

-14508

1505.0399

-9.64

<.0001

year_qtr_18

-14020

1455.4589

-9.63

<0001

year_qtr_19

-18658

1564.0337

-11.93

<.0001

year_qtr_20

-17057

1532.5959

-11.13

<.0001
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Executive Summary
Outdoor Advertising Is Not Detrimental to Property Values
• In the city of Tampa, parcels with billboards are 47 percent more valuable than parcels
without billboards. This difference increased over 40 percent in the last decade,
indicating that the value of parcels with billboards sustained growth despite the national
real-estate shock experienced since 2008.

Outdoor Advertising Is Not Detrimental to Commercial Property Values

• Commercial parcels with billboards are 80 percent more valuable than commercial
parcels without billboards. Based on location, demographic, and zoning data provided
by the city and U.S. Census Bureau, it appears that billboards most benefit small
business owners and developing areas of the city.

Concentrations of Outdoor Advertising Do not affect Property Values
• In the three most billboard-dense areas-North, East, and West of Tampa's downtown

area-parcels with billboards are 18, 75, and 25 percent more valuable, respectively. Not
only does the data suggest that clusters of billboards positively impact property values,
but also that billboard concentrations function as an accurate model of small business

vitality in developing areas of the city.

Billboards Encourage Small Business Growth and Benefit Developing Neighborhoods

• In addition to property values. Small and Medium Enterprises (SMEs) benefit from
billboards. Billboards are dominant in areas of Tampa where small businesses are
generating sales at an above average rate. The margin of revenue provided by
billboards helps SMEs offset the costs of rent, in addition to providing lower-cost
advertising to their main demographics.

IMapData Inc.
8280 Greensboro Dr

McLean, VA 22102

Methodology
The findings for this economic impact analysis are drawn from a systematic correlation of the
property values, zoning information, acreage, and demographics of all 135,471 land parcels
with all 608 billboards.

The definition of terms follows standard academic practice, although a few instances deserve
comment. Firstly, the term 'commercial' will be used in this paper to refer to all parcels, which
are not termed 'residential' by the Tampa's zoning authority. While there are parcels that
specifically termed 'commercial,' there are other zoning types where private institutions
operate for a profit, and those have been subsumed within the scope of 'commercial' for the
purposes of this paper.

Secondly, the term "Developing Area" refers to areas deemed by the city of Tampa as
"Community Redevelopment Areas" or CRAs. Therefore, there is no explicit economic
underpinning to the definition of a Developing Area: it simply refers to the expressed
designations of the city of Tampa. Particularly relevant to this study, the East Tampa CRA is
almost entirely overlapping the East of Downtown cluster used in Stage Three of this study.

iMapData Inc.
8280 Greensboro Dr

McLean, VA 22102

Section I: What This Analysis Does
This analysis represents the most exhaustive empirical Inquiry to date to test the impact of
outdoor advertising on property values—in particular commercial property values, since
billboards are rarely permitted in residentlally zoned areas.

iMapData took a major American city—Tampa—that qualifies as major in land mass, population
size, and the vibrancy and diversity of its economy. Tampa's geographic size and economic
diversity provided the analysis Nwith a prototypical United States market for examining how the
presence—and absence—of billboards correlated with the geographically proximate structure
of the local economy and the value of the land used by the city's businesses.

Section II: Three Step Analytical Process
The analysis was executed in four exhaustive and empirical steps:

1. iMapData correlated the presence of billboards against the property values of all 135,471
land parcels in Tampa. iMapData found a positive relationship with billboard presence on
property values.

2. iMapData correlated the presence of billboards against the property values of all
commercially zoned land parcels in Tampa. iMapData found a very high positive relationship
with billboard presence on commercial property values, particularly in developing areas and
with small businesses.

3. iMapData correlated the presence of billboards against the property values of the
commercially zoned land parcels in the three "downtown" areas where there are the
greatest (in density and number) clusters of billboards. In two of the three test cluster
areas, IMapData found a positive relationship with billboard presence on commercial
property values.

Thus, IMapData's analysis scaled downwards from all parcels to all commercial parcels to
just those commercial parcels with the greatest density and number of billboards.

IMapData Inc.
8280 Greensboro Dr

McLean, VA 22102

stage One: All 135,472 Land Parcels
This analysis reviewed the property values of all of Tampa's 135,471 land parcels to determine
the effect of outdoor advertising on property values. We took every parcel in the city residential and commercial properties with individual legal ownership. We measured the value
of parcels with billboards and without billboards. Parcels with billboards were 47 percent more
valuable than parcels without, when measured per acre or per square foot.
Property Values for All Parcels in Tampa
Property
Parcel

Property

Value/Area (Acres)

Value/Area
(Square Feet)

$372,756,345

$716,051

$16.44

$30,764,286,244

$487,458

$11.19

Acreage

Total Value

272

521

135,199

63,112

Count
Parcels with Billboards

Parcels without Billboards

Stage Two:All 25,491 Commercial Parcels

iMapData took every commercial parcel^ in the city (25,491 parcels) and ran the same set of
tests. Parcels with billboards were 80 percent more valuable than parcels without billboards.
Property Values for Commercial Parcels in Tampa

mm

Parcel

Parcels without Billboards

Property

Acreage

Total Value

Value/Area
(Acres)

Value/Area
(Square Feet)

264

507

$370,841,292

$731,250

$16.79

25,227

40,560

$16,474,799,066

$406,184

$9.32

Count

Parcels with Billboards

Property

mm

^ For the purposes of this study, the term Commercial will refer to all individually owned land parcels which are not
zoned as residential.
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stage Three: The Target Downtown Clusters
IMapData selected three areas, each with a one square mile radius, where Tampa had the
greatest cluster of billboards—we designated them "East of Downtown,""West of Downtown,"

and "North of Downtown." The geographic center of the East cluster Is E 10^*^ Ave and N 39^^
Street. The geographic center of the West cluster Is W Fig St and N Lois Ave.The geographic
center of the North cluster is 1-275 and E Wood St.

For each area, we measured the value of parcels with billboards and without billboards. In all
three areas, there was a pronounced difference In this value, all showing that billboard's
parcels are much more highly valued than parcels without billboards. In the "North of
Downtown" area, parcels without billboards were 18 percent less valuable than parcels with
billboards. The other two sections. East of Downtown and West of Downtown, had even

greater margins for parcels with billboards than without.

Property Values for Parcels in Billboard-Dense Areas of Tampa

Area

Parcel

t. r\/ i

Count

Total value

Property

Percent

Value/Area

Difference

Feet)

Without

Va ue/Area

With

32

41

$15,402,404

$378,242

8.68

Without

6309

1,489

$717,937,600

$320,235

7.35

With

26

63

$24,385,224

$387,323

8.89

Without

2565

1,791

$396,472,251

$221,424

5.08

With

28

80

$132,347,688

$1,660,010

38.11

Without

5347

1,478

$2,239,285,035

$1,326,904

30.46

East

West

IMapData Inc.
McLean, VA 22102

Small
Business

Annual

North

8280 Greensboro Dr

Average

Sales

18%

$233,269

75%

$894,599

25%

$402,659

stage Four: Small and Medium Enterprises
As seen in the chart below, one of the most positive correlates for the parcel-value data are the

average annual sales of a Small or Medium Sized Enterprise in Tampa. In the Northern area,
SME's average annual sales are half that of those in the Western cluster and a quarter of those
in the Eastern cluster. When small businesses are succeeding, parcels with billboards are

particularly more valuable than the parcels without.
Billboards are dominant in areas of Tampa where small businesses are generating sales at an

above average rate. This may stem from the fact that billboards provide revenues that are
marginally significant to smaller businesses, which operate with smaller budgets. It may also
speak directly to the fact that small businesses have more opportunity to succeed in areas that
allow for all forms of advertising (billboards included)

$1,000,000 -

Trending Together:
$900,000 -

Small Businesses and Billboards

$800,000 $700,000 $600,000 $500,000 $400,000 $300,000 $200,000 $100,000 -

North

ISME Average Annual Sales

West

East

»% Difference in Parcel Values, with and without billboards
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Map 1: Three Clusters in Tampa

Northcf-Downtown Cluster

West-of-Dovmtown Cluster
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Conclusion

IMapData has taken the current property value of all land parcels In Tampa and then
disaggregated those parcels into parcels with outdoor advertising and parcels without outdoor
advertising.

IMapData found that the presence of outdoor advertising does not negatively impact property
values. IMapData also found that in an overwhelming number of areas of Tampa,that the
presence of outdoor advertising positively impacted property values—and, in particular,
commercial property values.

Regardless of their concentration, billboards tend to make a consistent, positive impact on
parcel values. A study of billboard clusters suggested that billboards are supporting the small
and medium sized enterprises that contribute so strongly to local economies.

IMapData Inc.
8280 Greensboro Dr

McLean, VA 22102
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Methodology
The methodologies employed in this study encompass a number of sophisticated data-analysis
and mapping techniques. All of these relatively high technology tools were subordinated to the
underlying methodological principle shaping the study that all findings came from the bottom
up, not top down. Thus the study's methodology and its finding are entirely empirical; said
differently, this is the opposite of a theoretical study.

The study followed the below interrelated methodological steps:
1. Obtained a database of all parcels in the city;
2. Geocoded each Billboard to a parcel;

3. Mapped the values of all the parcels using the residential and commercial property

values per land parcel as provided in the second quarter of fiscal year 2012 by Tampa's
Department of Planning and Management;

4. Disaggregated parcels by parcels with billboards and without billboards;
5. Disaggregated parcels by zoning code;
6. Calculated property values per area in terms of acres and square feet;

7. Measured the density of billboards per parcel and per square mile of city.

iMapData Inc.
8280 Greensboro Dr

McLean, VA 22102
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AboutiMapData
For 30 years, industry leader IMapData has helped public and private sector organizations make
swift, data-driven decisions: decisions based on a wealth of relevant, up-to-date
Information. This valuable intelligence is displayed in an easy to analyze, geographic format,
with rich data linking and data analysis functionality and sophisticated reporting capability.
Wiliiam Lilley III, Chairman, Co-founder

William Lilley III served as Director of the U.S. Council on Wage and Price Stability and as
Staff Director of the Budget Committee for the U.S. House of Representatives. Prior to
founding IMapData he was a senior corporate official of the New York-based media
company CBS Inc.

He received his Ph.D. from Yale University where he taught political and economic
history for eight years. He has written widely on how government policies affect local
economic activity, on the economics of the professional sports business and on the
socio-economic makeup of U.S. state and local political constituencies.
Laurence J. DeFranco, President, CEO,Co-founder

Laurence J. DeFranco is an expert In the field of geo-economlcs which merges the
disciplines of economics, geography and computer science. He has written, testified and
spoken widely on the effects of economic, regulatory, and legislative policy on
businesses - especially in a geographic context.

He previously founded and headed Program Flow, Inc., the computer software, research
and consulting firm that was the predecessor to IMapData. Before that, he worked for
CBS Inc. as head of the New Technologies Task Force.

William Lilley and Laurence DeFranco have collaborated on several noteworthy publications,
including an award-winning five volume series on American politics and demographics.

IMapData Inc.
8280 Greensboro Dr

McLean, VA 22102
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Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
Executive Summary
In 2007,the Transportation Safety Committee and the Elder Mobility Stakeholders Group

of the Maricopa Association of Governments jointly launched a road safety project for installing
new Clearview font street name signs, designed for better legibility, based on the FHWA
Guidelines and Recommendations to Accommodate Older Drivers and Pedestiians, <YEAR>.

The types of signs addressed by the project included: street name signs, advance street name

signs, and internally illuminated signs, with all of them using Clearview font sizes. The project
paid the full cost of producing the new signs with the local agencies being responsible for all

installation costs, the project also provided local agencies that have sign fabrication shops, the
necessary software for producing signs with Clearview font.

This study was performed, by a research team from the Arizona State University, to
evaluate the effect of installing the new Clearview street name and advance street name signs on

the safety and the mobility of older drivers. The objective of the study was to develop a soimd
analytical approach to quantify the mobility and safety impacts of the new signs, with Clearview
font, installed at various intersections in the MAG region. Although Clearview font has been

shown to improve simple detection and legibility, no studies had been conducted to directly
measure the effect of Clearview font on driving performance. Improved legibility is not always

predictive of performance in more complex driving tasks and of driving safety in general(Wood
& Owens, 2005). The primary goal of this study was to investigate the effect of Clearview font
signs on safety and mobility in a simulated driving and navigation environment.

~^vdludiidriofthe MAG Safety and Elderly Mobility Si^ Project

In this study, 36 drivers ranging in age from 56-70 years were asked to navigate through
a virtual city in a driving simulator. Their driving performance was compared for Clearview and
Standard font overhead and advance intersection signs in simulated day and nighttime driving

conditions. Consistent with previous research (Hawkins et al. 1999, Carlson et al., 2001), the
study found that the distance at which drivers could accurately recognize street names was

consistently and significantly greater for Clearview font signs. The increase in sign recognition
distance associated with Clearview font ranged between 8 - 34ft across the drivers in this study

with an average increase of 14ft. Expanding on previous research in this area, the study team
also found that the usage of the Clearview font was associated with consistent and statistically

significant improvements in several measures of driving safety. With Clearview signs, drivers in
our study made 52% fewer turn errors, changed lanes for an upcoming left turn at a significantly
greater distance (by 5.2 ft on average) from the intersection (indicative of better anticipation and
plarming) and drove at a speed closer to the designated speed limit (change in speed of 3.2 mph
on average). The study also observed fewer collisions with other vehicles when Clearview signs
were used. All of these variables are indicators of improved safety and mobility for elderly
drivers.

Interestingly, drivers' subjective evaluations of the effectiveness of Clearview signs did
not match perfectly with the results for driving performance. Clearview signs were rated as
significantly easier to read (ratings were 5% higher on average) but the magnitude of the effect
was much smaller than the effect sizes for the driving performance variables and for sign

recognition distance. Furthermore, 33% of the drivers in our study indicated that the Standard
font sign was easier to read than the Clearview sign when asked to make a forced choice between
the two signs. This occurred even though 100% of the participants in the study drove more safely
Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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in the Clearview conditions. Therefore, the measured improvements in driving safety are much

greater than one might predict from making a passive judgment about the signs. This will be an
important point to emphasize when seeking further funding and support for Clearview sign
adoption.

Given the significant improvements in driving safety and mobility found in this study it is
recommended that the Maricopa Association of Governments continue to encourage the adoption
of Clearview font for street name signs.

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project

1. Background
The Clearview alphabet was developed by Meeker & Associates in 1995 to improve the

legibility of roadway signage. The visual structure of Clearview font differs from standard
fonts used on street signs in two ways; the lower case lettering is taller and the lettering allows
for more open space in the interior shape of the letters. The Clearview font's wider open
spaces allow for irradiation without decreasing the distance at which the alphabet is legible
(Garvey 1997). Two of the main goals of developing the new alphabet were to (i) improve
sign legibility for older drivers and (ii) to counter the blooming possibilities when signs
fabricated from bright microprismatic sheeting are illuminated by headlights. Visual acuity
and motor response time are known to diminish with increasing age. When reading roadway

signs, especially at night, the vision of older vehicle operators often suffers from a

phenomenon known as irradiation, halation, or overglow. Irradiation becomes a problem if a
stroke on the lettering is so bright that it visually bleeds into the character's open spaces. This
creates a blobbing effect that reduces legibility. Improvements to reflective material on
roadway signs have increased the occurrence of irradiation. Clearview font was designed to
reduce the magnitude of irradiation or blooming as illustrated in Figure 1.

Ccitrtr

C*i»y«r

Figure 1: Blooming from Standard (left) and Clearview Font(right)
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Research has shown that Clearview font can improve the legibility of roadway signs both

in daytime and nighttime conditions. Hawkins et al (1999) compared Clearview and Series E
(Modified) font signs under day and night conditions for drivers over 65 years of age. Drivers
were required to read sign names aloud and the recognition distance for each sign was recorded.
Clearview signs outperfonned Series E signs in all cases; however, the difference in recognition
distance was only statistically significant for overhead signs in daytime conditions. Overall,
Clearview signs showed a modest but consistent improvement in recognition distance, ranging

from 3-8% in magnitude. Carlson et al (2001) compared Clearview and Series E(Modified) font
signs fabricated using microprismatic sheeting and nighttime driving conditions. In this study,
young (18-34), middle aged (35-54) and elderly (>55) were compared and recognition distance
was again used as the performance measure. For advance street name signs, mean legibility
distance was 32ft (5%) greater for Clearview signs with the magnitude of the improvement

ranging between 18-58ft. The effect of Clearview signs was greater for older drivers (the
changes in recognition distance were 5.8, 4.6 and 9.3 % for the 3 age groups respectively). For
overhead mounted signs, the mean legibility distance was 40ft (6.7%) greater for Clearview

signs with the magnitude of the effect ranging from 26-54ft. Again larger benefits were
observed for older drivers (changes in recognition distance were 2.3, 3.5 and 6.8% for the 3 age
groups).

A major limitation of this previous research is that it does not measure the effect of

Clearview signs on active driving performance. Continuously and passively monitoring a road
sign while sitting in a moving vehicle is a highly unrealistic task. In real navigation situations
drivers must perform sign recognition in conjunction with several other important driving tasks
including collision avoidance, lane keeping, watching for pedestrians entering the road,
Evaluation oftfieMAG Safety and Elderly Mobility Sign Project
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monitoring speed etc.

As recognized by Carlson et al (2001) drivers must sample the

information presented on a road sign intermittently (i.e., between sampling other information
form the road, vehicle dashboard, etc). Therefore, measures of sign recognition performance in
the unnatural situation where the driver's only task is to read the sign may not predict

performance under more natural, multi-tasking conditions. Furthermore, even if Clearview font
makes signs more legible and easier to read there is some previous research which suggests that
this may not actually impact driving safety. The ability of a driver to see clearly (i.e., measures

of acuity such as Snellen acuity or contrast acuity) can only explain a small amount of the
variance (<10%) in driving accidents (Higgins and Wood, 2005; Wood and Owens, 2005).
Therefore, an evaluation of the direct effects of Clearview font on driving performance is crucial
to inform future efforts to install additional Clearview street name signs with in the MAG region.

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project

2. Methods

2.1 Participants

Thirty-six participants (20 female and 16 male)completed the study. Participants ranged

in age from 56-70 years (M=62.2, SE=0.56). An additional 5 participants could not complete the
study due to motion sickness and therefore their data were discarded. All participants were
compensated $20 for their participation.

2.2 Apparatus

Driving simulator. The driving simulator was composed of two main components:(a) a

steering wheel mounted on a table top and pedals(Wingman Formula Force GP,Logitech^^ and
(b) three 19" Dell™ LCD monitors. The monitors were viewed from a distance of 57cm. The
three monitors were positioned side-by-side as shown in Figure 2 to create a driving scene that
subtended a total of 130® H x 30° V of visual angle. The visual scene was rendered and updated

by DriveSafety™ driving simulator software running on four PC's (Dell Optiplex GX270) at a
rate of60 Hz.

Evaluation ofthe MAG Safety and Elderly Mobility Sigh Project
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Figure 2: Driving simulator

Road signs. Road sign images were generated using FlexiSign™ software and imported
into the driving simulation. Both overhead intersection and advance street signs were used.
Advance signs were placed at a distance of 150ft from the intersection and were always placed
on the right side ofthe road. The two road sign fonts were Clearview (as shown for the overhead
sign in Figure 3) and Series 200 Standard Highway Font (as shown for the overhead sign in
Figure 4). Both overhead and advance signs were presented in tlie same font.

Clearwater Rd
Figure 3: Example of Clearview Font overhead sign image.
Evaluation ofthe MAG

Clearwater or
Figure 4: Example of Standard Highway Font (Series 200)overhead sign image.

2.3 Procedure

Participants were asked to navigate through a virtual city in the driving simulator. The

city, shown in a top-down view in Figure 5, consisted of4-lane roads with signaled intersections.
The surrounding environment(e.g., buildings, etc) were highly similar for each intersection so as

to provide no 'landmark' cues to the location in the virtual city. Each intersection was marked
with an overhead road sign. Drivers were instructed that the speed limit was 35 mph. A

speedometer was presented via a heads-up display on the center monitor. Other random traffic
was present along the roadway. The route that the driver followed on each run was indicated by
an auditory in-car navigation system. Each route consisted of 6 tums. An example route is
shown in Figure 5.

Evaludtion
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Figure 5- Overhead view of the driving environment
Pre-recorded auditory messages were given to drivers such as, "Next turn: Left on

Washington Street".

Messages were presented roughly 10 sec after the completion of the

previous turn. Participants were also given the option of hearing the navigation instruction again
at any time by asking the experimenter.

Participants were instructed to press the blue 'x' button on the steering wheel (see Figure
2) as soon as they could read the road sign at each intersection. They were then asked to say the
name aloud and the experimenter recorded whether or not the name was accurately reported.
The distance fi-om the intersection at which the button was pressed was recorded by the
simulation software.

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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Each participant completed 4 drives (Day/CIearview, Day/Standard, Night/Clearview,
and Night/Standard). The street names for each drive are shown in Table 1. These names were
chosen to have a moderate level of confusability. The order of these drives was counterbalanced
across participants.
Participants also completed two types of questionnaires. Following each drive they were
asked to rate the difficulty of reading the road signs in the condition they just completed on a
scale of 1-5. The following categories were assigned to each number: 1 ("effortless to read"), 2
("easy to read"), 3("about average level of reading difficulty), 4("somewhat difficult to read),
and 5("very difficult to read"). Following the completion of all drives they were shovm
examples of the two fonts (e.g., Figures 3 and 4) and were asked t make a forced choice as to
which was easier to read.

Table 1: Street sign names
Track 1

Track 2

Tracks

Track 4

Sterling Dr
Shumway Ave

Hampton Dr

Drummer Rd

Pleasant Rd

Madison Dr

Clearwater Dr

Hardwood Dr

Princeton Dr

Montana Dr

Clearview Dr

Hampton Dr

Hampton Dr

Newcastle Rd

Aurora Ave

Alderwood Ave

Montana Rd

Amandor Rd

Raymond Ave

Newport St

Washington St
Whispering St

Madero Rd

Aurora Rd

Rochester Rd

Crescent Rd

Freestone Rd

Fountain Dr

Peterson Rd

Cleaiwater Rd

Emerald Rd

Lavender Dr

Redwood St

Claibome Dr

Crismon Dr

Inverness Dt

Pheasant Rd

Grandview Dr

Crescent St

Larkspur Dr

Pineridge Dr

Creekwood Dr

2.4 Data Analysis

Evaluation ofthe MAG Safety and Elderly Mobility Sigh Project
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Several different dependent measures were taken to quantify the effect of road signage on

driver perception and performance. To allow for comparison with previous research, the
recognition distance for all road signs was analyzed. To extend previous research we also
analyzed several performance variables including turn errors (instances in which the driver
either made a turn on an incorrect street or missed a turn), lane change distance (the distance
from the intersection for which the driver changed lanes when a left turn was required), lane

position variance, intersection approach speed and collision with other vehicles. Finally, the
subjective reading difficulty ratings were also analyzed. All of these variables were analyzed
statistically using separate 2x2 repeated measures ANOVAs with Sign Font and Time of Day as
factors. Detailed results from these analyses are provided in Appendix A.

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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3. Results

S.l Sign Recognition Distance

Figure 6 plots the mean simulated distance from the advance sign at which participants

pressed the steering wheel button. Only responses for which participants correctly named the
street are included (across all participants 12% of responses were discarded due to naming
errors). Consistent with previous research (Hawkins et al. 1999), recognition distances in both
day and night conditions were larger for Clearview font than for standard font and the magnitude
of this difference was greater for simulated nighttime conditions. On average, recognition
distance was 12.1 ft(8.0%) larger for daytime and 15.4 ft(10.9%) for nighttime. The statistical

analysis revealed significant main effects of Font [F(l, 35)=182.2, p<0.001] and Time of Day
[F(l, 35)=217.1, p<0.01] and a significant Font x Time of Day Interaction [F(l, 35)=7.7,
p<0.01].

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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Figure 6 - Mean sign recognition and legibility distances
3.2 Number of Turn Errors

Figure 7 plots the mean number of turn errors per condition. These errors include both
instances when the driver failed to execute a turn indicated by the navigation system and when

they made a turn that was not instructed. Although the number of turn errors was relatively
small (<1 per condition), drivers did make fewer errors with the Clearview font tlian with the
Standard font. The magnitude of reduction was not substantially different for day and night

conditions (0.45 vs 0.35 reduction in tum errors respectively). The statistical analysis revealed a
significant main effects of Font [F(I, 35)=32.4, p<0.001]. Neither the main effect of Time of
Day nor the Font x Time of Day interaction were statistically significant.
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Figure 7- Mean Number of Turn Errors
3.3 Lane Change Distance

Figure 8 shows the mean distance from the intersection at which drivers changed from
the right lane to left lane when executing a left tum. Lane changes were executed further from
the intersection for Clearview font than for Standard font. The magnitude of difference between

the two fonts was slightly larger under simulated night conditions: Clearview font resulted in an
increase in lane changed distance of 1.4ft (3.1%) for day and 2.1ft (5.6%) for night. The
statistical analysis revealed significant main effects of Font [F(l, 35)=59.7, p<0.001] and Time
of Day [F(l, 35)=31.0, p<0.001]. The Font x Time of Day Interaction was not significant
indicating that there was no statistical difference in the effect of font between day and night.
Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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Figure 8- Mean Lane Change Distance
3.4 Intersection Approach Speed

Figure 9 plots the mean driving speed measured at a distance of 200ft from the intersection.
Note that the speed limit in the simulation was 35 mph as indicated by the horizontal line. In the
conditions with the Standard font driving speed was slower (and well below the speed) limit as

compared to conditions with Clearview font indicating that drivers were having a more difficult
time reading signs in the former case. The magnitude of speed difference was larger in day (3.7mph, 11.5%) than in night (-2.1%, 6.8%) conditions. The statistical analysis revealed
significant main effects of Font [F(l, 35)=19.9, p<0.001] and Time of Day [F(l, 35)^30.0,

p<0.001]. The Font x Time of Day Interaction was not significant indicating that there was no
statistical difference in the effect of font between day and night.
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Figure 9- Mean Intersection Approach Speed
3.5 Lane Variability & Collisions

We also analyzed lane position variability (i.e., the extent to which the driver was

weaving within their lane) and the number of collisions. There were no significant differences
found for these variables between any of the conditions.

Mean lane position variability data

were as follows: Day/Clearview: 0.9, Day/Standard: 0.92, Night/Clearview: 1.2, Night/Standard:
1.1. Mean number of collisions data were as follows; Day/Clearview: 0.1, Day/Standard: 0.22,
Night/Clearview: 0.31, Night/Standard: 0.36.
3.6 Questionnaire Data

Figure 10 shows the mean reading difficulty rating (out of 5) for each of the conditions.
On average drivers rated Clearview font as slightly easier to read than Standard font. The
Evaluation
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magnitude of the differences in ratings were 0.22 (5.5%) for daytime and 0.17 (4.4%) for
nighttime. The statistical analysis revealed marginally significant effects of Font [F(l, 35)=3.9,
pa:0.05] and Time of Day [F(l, 35)=5.2, ps:0.04]. The Font x Time of Day Interaction was not

significant indicating that there was no statistical difference in the effect of font between day and
night.

■ Ciearview

□ Standard

Night

Day

Time of Day

Figure 10- Mean Difficulty Rating

For tlie forced choice question asked at the end of the study 21/32 (66%) participants
indicated that the Ciearview font sign was easier to read.

Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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4. Conclusions

Consistent with previous research on Clearview font signage (Hawkins et al. 1999;

Carlson et al 2001) we found consistent but modest improvements in sign recognition
performance for Clearview font as compared to Standard font. The 8-10% increase in sign
recognition distance for Clearview signs found in our driving simulator study was similar to that
reported in the previous studies using instrumented vehicles and real signs. This indicates that
that the driving simulation used in our study has good external validity. For a driver traveling at

35 mph (the speed limit in our simulated urban environment), the legibility improvement of 14ft
found in our study would equate to an extra 0.35 seconds to read the sign.

Expanding on previous research we also found consistent effects of Clearview font on
measures of driving performance and safety. When Clearview signs were used, drivers in our

study made significantly fewer turn errors, changed lanes for an upcoming left turn at a
significantly greater distance from the intersection and drove at a speed closer to the designated
speed limit. All of these factors would be expected to improve safety and mobility under real
driving conditions. When drivers miss a turn they often panic and execute a dangerous driving
maneuver such as a rapid U-tum. Furthermore, for elderly drivers a high frequency of missed
turns can reduce driving confidence resulting in less driving and decreased mobility (Ball et al,

1993). Switching lanes earlier for an upcoming turn is indicative of better anticipation and
planning by the driver and would make it less likely that they would have to make a sudden lane
change when they are close to the intersection (Groeger, 2000). Such sudden lane changes
increase the probability of missing a vehicle in the driver's blind spot and having a side swipe
accident. Finally, driving closer to the speed limit improves driving safety by decreasing the
chance that an impatient driver will attempt to make a dangerous maneuver to get around the
Evaluation ofthe MAG Safety and Elderly Mobility Sign Project
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slower moving driver. Driving too far below the posted speed limit has been linked with
accidents in elderly drivers (Ball et al, 1993). Note that there were also fewer collisions in the
Clearview conditions although this difference was not statistically significant.

As discussed above, the impact of Clearview font on sign legibility is expected to be
greatest under night driving conditions due to the reduction of potential blooming effects (see

Figure 1). Differences between the effectiveness of Clearview font under day and night
conditions were somewhat inconsistent in our driving simulator study. Only for sign recognition
distance did we find that the effect of Clearview font was significantly greater under nighttime

conditions than daytime conditions. For all driving perfonnance variables, the improvement in

safety associated with the use of Clearview signs was similar in magnitude (and not statistically
different) for simulated day and night conditions. This is perhaps not surprising given that we
could not accurately simulate microprismatic sheeting and blooming effects in our driving
simulation. A more advanced simulation that allowed for more complex illumination algorithms

and sign imagery would be needed to properly evaluate the effect of Clearview font under
nighttime conditions. However, the findings of our study also suggest that the improvements in
sign legibility associated with the usage of Clearview font are not solely due to the reduction of
blooming effects at night.

Drivers' subjective impressions of sign readability (assessed through post-driving
questionnaires) were consistent with the quantitative effects found for driving performance.
However, the effect magnitude for ratings was much smaller. While large, highly-significant

improvements on driving performance and recognition distance were found for Clearview font,
drivers' ratings of sign readability were only marginally better for Clearview font as compared to
Standard font. For example, the number of turn errors decreased by 40-62% in the Clearview
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conditions while the ratings of sign readability were only 4-6% greater. In addition, about two
thirds of drivers indicated that the Clearview sign was easier to read when forced to make a

choice.

This occurred even though all participants in our study showed driving safety

improvements in the Clearview conditions. This mismatch between performance data and
subjective judgments is consistent with several previous studies on human performance (e.g..
Gray et al., 2006) and can be explained by the theory that perception for conscious judgment
involves different areas of the brain than perception for the control of action (Goodale & Milner,

1992). According to this theory, when participants are reading the signs while driving they are
using the dorsal areas of their brain while when they are asked to make a passive judgment they
are using the ventral areas. Therefore, it is not surprising that the effects of the two are different.

In practical terms this is a very important point to emphasis: the measured improvements in
driving safety are much greater than one might predict from making a passive judgment about
the signs. Even if someone indicates something to the effect "I don't see any difference between
the signs" we would still expect a significant improvement in driving safety and mobility.
Given the consistent improvements in driving safety and mobility it is recommend that

the Maricopa Association of Governments continue to encourage member agencies to expand
their adoption of Clearview road signs.
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Appendix -Data Analyses
Recognition Distance

Wtthin-Subjects Factors
Measure:MEASURE 1

Dependent

Timeof

-

-

Day

Font

1

1

Day_CV

2

Day_st

1

Night_CV

2

Night_St

2
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1342.001
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30.946

.000

Lower-bound
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Measure:MEASURE 1
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The advent of eiectronic 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 ofthe concerns is possible driver distraction. In
the context ofthe 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 ofthe 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 ofthe study, which used an
eye tracking system to measure driver glances while driving on roadways in the presence of
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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 drivingrelevant 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 ofthe 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 tracking
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 fmding 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 ofthe
duration offixations 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 attention and produce an unwanted increase in driver distraction.
The present study addresses this concern.
1

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 luminance,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 ofthe 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 collection 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?

®

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 earlier 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?
• 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.
• The longest 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 driver'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 ofroadway (arterial or freeway).
• In Reading, when considering the proportion oftime 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 arterials(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 oftheir 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 ofthe driver is to operate a motor vehicle safely. The task ofdriving
requiresfull attention andfocus. Drivers should resist engaging in any activity that takes their
eyes and attention offofthe roadfor more than a couple ofseconds. In some circumstances even
a second or two can make all the difference in a driver being able to avoid a crash." — US

Department ofTransportation^'^
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 ofthese 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 ofthe 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 ofthe key past findings is
presented here, but the reader is referred to Molino et al. for a comprehensive review ofstudies

prior to 2008.^'^'
Post-Hoc 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 posthoc 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 otlier 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/'^^ 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 ofthe vehicle.

Beijer, Smiley, and Eizenman evaluated driver glances toward four different types of roadside

advertising signs on roads in the Toronto, Canada, area.*-^ 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 headmounted 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.^'^^ The study route included static
billboards and video advertising. The results of the study showed that on average 76 percent of
glances were to the road ahead. Glances at advertising, including static billboards and video
signs, constituted 1.2 percent oftotal 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 values of less than 1,000 ms. Klauer et al., in his analysis ofthe 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 ofthe advertisement.(The paper does not
provide these durations in terms oftime 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 glance behavior. When
advertisements were located in the center ofthe 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 ofthe 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 oftime that a driver spent looking at
an advertisement. The percentage oftime 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 oftime 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 issues that are addressed in the current 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 ofthe 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 ofthese 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 videobased 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 ofstudies using eye tracking
methodology with complex visual stimuli, especially in natural environments (walking, driving,
etc.). The review by Molino et al. recommended the use ofthis type oftechnology 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 ofthe
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 ofstimuli 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 oftheir 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 drivingrelevant stimuli (e.g., road ahead, mirrors, and speedometer)and is this different from a standard
billboard? In his review ofthe 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 ofthe

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 laboratory 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.^^^'^^^
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 ofthe scenes.^^'*^ Salience ofthe 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 ofeye
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 less 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.^^'^'^^'^^'^^'^''^^^ 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 to 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 ofthe 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.^^^^
Gaze behavior in natural environments is affected by expectations that are derived through longtenn learning. Using a virtual driving environment, Shinoda et al. asked participants to look for

stop signs while driving an urban route.^^^^ Approximately 45 percent of the fixations fell in the
general area 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 leamed that stop signs are more likely to appear near intersections and, as a result,
drivers prioritize their allocation of gazes to these areas ofthe 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 leamed 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 conceming 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 taskrelevant areas and objects (e.g., the roadway, other vehicles, speed limit signs, etc.) and other
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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.^^*^^ The system consists oftwo 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.

1
Figure 1. Eye tracking system 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 ofthe
windshield and a portion of the right side ofthe windshield. The area visible to the driver
through the rightmost area ofthe 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.

14

Table 1. Distribution of CEVMS by roadway classification for various cities.
State

-

Other

Total

Limited Access

Arterial

0

11

VA

Richmond

4

7

PA

Reading

7

11

0

18

VA

Roanoke

0

11

0

11

PA

Pittsburgh

0

0

15

15
15

San Antonio

7

2

6

WI

Milwaukee

14

2

0

16

AZ

Phoenix

10

6

0

16

MN

St. Paul/Minneapolis

8

5

3

16

TN

Nashville

7

10

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

IL

Chicago

22

2

1

25

CA

Los Angeles

3

71

4

78

TX

-

Area

(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:

• 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.)

• Time of day. This included driving in the daytime and at night.
• 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 ofthe 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 characterize the billboards in the current study.
METHOD

Selection of Data Collection 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 billboard, 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 ofresolution). At a distance of960 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 ofthe 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 ofthe following categories, which are listed in the second column oftable 2:
• 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.
• 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.
Copy

Standard

4

Standard

8

14'0" X 48'0"

Standard

7

14'0"x48'0"

Standard

2

CEVMS

10

10'6"x22'9"

CEVMS

9

14'0"x48'0"

CEVMS

5

10'6"x22'9"

CEVMS

3

CONTROL

6

CONTROL

1

A dvertising
Type

DCZ

Side of

Dimensions

Setback

from Road

Road

(ft)

(ft)
N/A
N/A

14'0"x48'0"

10'6"x22'9"

14'0"x48'0"

N/A
N/A
L
L
R
R
L
R
R
L

N/A
N/A
12

133
43
133

20
35
40
10

Other
Standard

Billboards
N/A

N/A
0
1
0

1
0
1
1
0

Approach

Length (ft)
786
308
375

853
537
991
644
774
833

770

Type of
Roadway
Freeway
Arterial
Arterial

Freeway
Arterial

Freeway
Arterial

Freeway
Arterial

Freeway

*N/A indicates that there were no off-premise advertising in these areas and these values are undefined

Figure 3. DCZ with a target CEVMS on a freeway.
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Figure 4. DCZ with a target CEVMS on an arterial.

Figure 5. DCZ with a target standard billboard on a freeway.

Figure 6. DCZ with a target standard billboard on an arterial.
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.Vl.i'

Figure 7. DCZ for the control condition on a freeway.

Figure 8. DCZ for the control condition on an arterial.
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 ofthe
width of the billboard on each side and the equivalent of the billboard height above and below
the sign. The areas outside ofthe billboards were included to enable contrast calculations.
Standard billboards were assessed at a mean distance of284 ft(ranging from 570 ft to 43 ft). The

CEVMS were assessed at a mean distance of479 ft(ranging from 972 ft 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 ofthe 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.^^^^ 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 built 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 ofthe 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 violation in the preceding
year;(b) more than three recorded violations; and (c) any driving while intoxicated violation.
Forty-three individuals were recruited to participate. Ofthese, 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 ='17 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 ofthe eye
tracking system entailed development ofa 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 comeal 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 tlie 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 ofthe 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 tum-by-tum 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. Ifthe
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 tum-by-tum directions. A GPS device provided tum-by-tum

guidance during the drive. Roughly one half ofthe 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 ofthe

eye tracker. Ifthe 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 ofPsychophysical 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 ofthe world. Analysts can indicate regions of
interest(ROIs)in the scene camera views and the analysis software then assigns gaze vectors to
the ROIs.

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.

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 ofthese ROIs since it
appeared that this additional level of resolution was not needed in order to address research
questions:
• 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 ofthe 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 area to the right of the
forward roadway (right camera).

• Left side of road bottom (LSR_B): bottom portion (approximately 2/3) ofthe area to the
left of the forward roadway (left camera).
• Left side of road bottom (LSR_T): top portion (approximately 1/3) ofthe 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 ROIs 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 oftravel at a non-signalized or
non-stop-controlled intersection (e.g., a car making a U-tum, 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 billboard: 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 ofthe 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 ofthe eye tracking software does not provide suffjcient

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 ifthe 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 ofthe 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
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.
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).

• 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.

• Incident: signified any event in the roadway which may have had a potential impact on
the attention ofthe driver and/or the flow of traffic (e.g., crash, emergency vehicle,
animal, construction, train).

These observations were entered into a notebook computer linked to the research vehicle data
collection system.
Level ofService Estimates

For each participant and each DCZ the analyst estimated the level of service ofthe 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 research vehicle was counted.
The procedure entailed (1)counting the number oftravel 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 ofthe 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 ofthe 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 luminance 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(cdW)and contrast(Weber ratio) measurements
Luminance (cd/ni')
Day

Mean

Contrast

St. Dev.

Mean

St.Dev.

CEVMS

2126

798.81

-0.10

0.54

Standard Billboard

2993

2787.22

-0.27

0.84

CEVMS

56.00

23.16

73.72

56.92

17.80

17.11

36.01

30.93

Night
Standard Billboard

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,/'> 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 ofthe driving scenes.

Arterial

Highway

Control

CEVMS

Standard

Adveitising Conditions

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 ofthe gaze vector. Previous
research has shown that gazes do not need to be separated into saccades and fixations before

calculating such measures as percent oftime 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 nonroad 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, (2)= 6.3,j? = 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

0.77

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 fi-om 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 = 0.73). 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 ROIs that were defined in the panoramic scene. Some of the ROIs 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.
• Left side of road bottom and left side of road top combined to form left side ofvehicle.
• Right side of road bottom and right side of road top combined to form right side of
vehicle.

• Inside vehicle and top combined to form participant vehicle.
Table 5 presents the probability of gazing at the different ROIs.

Table 5. Probability of gazing at ROIs for the three advertising conditions on arterials and
freeways.
Standard

Road Type

ROI

Arterial

CEVMS

Freeway

CEVMS

Billboard

Control

0.07

N/A

N/A

Lefi 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

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

Right 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 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 billboard 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 ofthe 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 billboards. 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. Distribution of fixation duration for CEVMS in the daytime and nighttime.
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Figure 12. Distribution of fixation duration for standard billboards in the daytime and
nighttime.
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Figure 13. Distribution of fixation duration for road ahead (i.e., top and bottom road ahead
ROIs) 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
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 of25 separate
instances of multiple fixations to CEVMS wiA 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 ofthese dwell times was 994 ms(minimum of418 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 of2 fixations and maximum of8 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 of418 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, r(12)= -1.40,j? > .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 ofthe 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 ROI.
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Figure 14. Heat map for the start of a DCZ for a standard billboard at night on an arterial.

Figure 15. Heat map for the middle of a DCZ for a standard billboard at night on an
arterial.

%

Figure 16. Heat map near the end of a DCZ for a standard billboard at night on an arterial.

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 ROIs. 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 17. Heat map for start of a DCZ for a standard billboard at night on a freeway.

Figure 18. Heat map for middle of a DCZ for a standard billboard at night on a freeway.

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 ofthe 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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Figure 20. Heat map for the start of a DCZ for a standard billboard in the daytime on a
freeway.

Figure 21. Heat map near the middle of a DCZ for a standard billboard in the daytime on a
freeway.

Figure 22. Heat map 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 billboard 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. Ifthe 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 offpremise advertising. In contrast, if the sample probability ofthe response variable was less than
0.5, then participants showed a preference to gaze more toward standard billboards than toward
CEVMS v/hen 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, x^(l)= 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).
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

As

expected, less congestion occurred at night than in the day. In general, there was traffic during
the data collection runs. Review ofthe scene camera data verified that all eye tracking data
within the DCZs were recorded while the vehicle was in motion.

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/^^'^'^^^ For the DCZs on freeways,
CEVMS showed a lower proportion of gazes to the road ahead than the standard billboard

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 billboard
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 aliead. 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 ofthe 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 ofthe road and generally
presented a visually cluttered area. As was presented earlier, 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 ofthe 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 ofthe requirements ofthe task or plans
that an individual may have. Models of visual salience may predict that buildings and other
prominent features on the side ofthe 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 ofthe road where the road ahead (and a car) is the fifth selected
salient area.
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Figure 24. Example of identified salient areas in a road scene based on bottom-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 ofthe road, which simports 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 ofthe 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 ofthe 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 invehicle 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
greater 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 ofthe 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 firom 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 billboard 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.
• 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 tai^et billboards in Richmond with relevant parameters.
Copy

Setback

Other

from Road

Standard

(ft)

Billboards

N/A

N/A

N/A

N/A

N/A

N/A

14'0"x28'0"

L
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Advertising
Type

Dimensions

5

CONTROL

N/A

3

CONTROL

9

CEVMS

13

CEVMS

14'0"x28'0"

R

2

CEVMS

12'5"x40'0"

R

DCZ

Side of
Road

(ft)

Approach
Length (ft)

Roadway

710

Arterial

N/A

845

Freeway

0

696

Arterial

37

0

602

Arterial

91

0

297

Freeway

Type

8

CEVMS

ir0x23'0"

L

71

0

321

Freeway

10

Standard

14'0"x48'0"

L

79

1

857

Arterial

12

Standard

10'6"x45'3"

R

79

2

651

Arterial

Standard

14'0"x48'0"

L

87

0

997

Freeway

88

0

816

Freeway

7

Standard

14'0"x48'0"

R

N/A indicates that there were no ojf-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.

Figure 25. Example of a CEVMS DCZ on a freeway.

Figure 26. Example of CEVMS DCZ an arterial.

Figure 27. Example of a standard billboard DCZ on a freeway.
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Figure 28. Example of a standard billboard DCZ on an arterial.

Figure 29. Example of a control DCZ on a freeway.

ll

Figure 30. Example of a control 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 of41 participants were recruited for the study. Ofthese,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 of24 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
difficulty, participants were asked to pull over in a safe location during the middle of each data
collection drive so that new data files could be initiated.

Upon completion ofthe 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 ofthe standard billboards were taken at an average
distance of284 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 of972 ft and 220 ft,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.
Contrast

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/m^)and contrast(Weber ratio) measurements.
Luminance(cd/m^)
Day

Mean

St. Dev.

Contrast
Mean

St. Dev.

CEVMS

2134

798.70

-0.20

0.53

Standard Billboard

3063

2730.92

0.03

0.32

56.44

16.61

69.70

59.18

8.00

5.10

6.56

3.99

Night
CEVMS
Standard Billboard
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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 ofthe advertising types
(standard errors are included in the figure). Unlike the results for Reading, the selected offpremise 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 CEYMS DCZs on
arterials had significantly lower feature congestion than all ofthe 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.

Artenal

c Highway

w

3.00

Control

CEVMS

Standard

Advertising Condition

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,;7 < 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 control 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 fireeways, 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 ROIs 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 ROIs.

Table 10. Probability of gazing at ROIs for the three advertising conditions on arterials
and freeways.
Standard

Road Type
Arterial

Freeway

ROI

CEVMS

Billboard

Control

CEVMS

0.06

N/A

N/A

Left Side of Vehicle

0.03

0.05

0.04

Road ahead

0.76

0.81

0.78

Right 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

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 and 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 offixation 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 night.
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Percentage Distribution of Fixation Duration
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Figure 33. Fixation duration for standard billboards in the day and at night.
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Figure 34. Fixation duration for the road ahead in the day and at night.
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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 of21 separate dwell times to

CEVMS with a mean of 2.86 sequential fixations(minimum of2 fixations and maximum of6
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 of3 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 Mest assuming unequal variances. The difference in average dwell time
between CEVMS(M = 1,096 ms)and standard billboards(M= 674 ms)was statistically
significant, r(14)- 2.23,/? = .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 ROI. 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 ofthe area because ofthe vehicle moving down the road. However,
visual inspection ofthe 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 36. Heat map for later fixations to CEVMS with long dwell time.

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, x^(0 ~ 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 ofroad, 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
Day
Night
Control

B

CEVMS

B

Standard

C

Freeway
Night
Day
C

B

A

B

A

A

C

C

A

DISCUSSION OF RICHMOND RESULTS

Overall the probability of looking at the forward roadway was high across all conditions and

consistent with the fmdings 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 billboard

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 ofthe 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 ofthe road may be visually 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 ofthe 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 ofthe scene camera

video and eye tracking heat maps showed that the driver was initially looking 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 ofvision.^^^^ 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 ofthis 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
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 aboutl0,000 cd/m^ for a white square
on the sign.). However, our measurements ofthese 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.

^ "Scene gist recognition" refers to the element of human cognition that enables us to determine the meaning ofa
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 notjust 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 ofthe road; whereas in Richmond the sides ofthe
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 looking 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 billboards). 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 ofgazes 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 look at CEVMS more than at standard billboards?

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 billboards when on freeways. In Richmond,the drivers
looked at CEVMS more than standard billboards no matter the type ofroad 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 ofthese studies are consistent with a wealth of research that has been conducted on

vision in natural environments/^^'^^'^'^ Inthe driving environment, gaze allocation is principally
controlled by the requirements ofthe 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 experimenters on board. The
participants were provided with audio tum-by-tum 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 ofthe 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 ofthe 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 of60 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
area.

The study focused on objects that were 1,000 feet or less from the drivers. This was dictated by
the accuracy ofthe 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 ofthe 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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Abstract:

The development of Clearview typeface began in response to a Federal
Highway Administration(FHWA)study that recommended a 20
percent increase in sign letter height to provide greater reading
distances for aging drivers. The original Clearview studies showed that
it was possible to obtain significant improvements in guide sign reading
distances for older drivers without increasing letter height by using
mixed-case Clearview typefaces in place of all-uppercase Standard
Highway Alphabets. Furthermore, the positive contrast (i.e., lighter
letters on darker background) mixed case Clearview typefaces were
found to be significantly more legible than the mixed case Standard
Highway Series E(M)in several independent studies. This body of
research led to tlie 2004 interim approval of Clearview on positive
contrast guide signs by the FHWA. Clearview was specifically
designed to improve guide sign readability at night for older drivers
when used with high brightness sign materials by reducing or
eliminating the negative effects of halation and overglow. However,the
Clearview Typeface System also includes negative contrast versions to
be used on regulatory and warning signs. The difference between
positive contrast versions of Clearview and negative contrast versions
are limited to stroke width; with negative contrast being heavier to
counter-balance the halation effect ofthe lighter background when
viewed at a distance and with high brightness retroreflective materials.
While the research discussed above led to the development of
guidelines and approval for the use of Clearview in positive contrast,
definitive studies have not been conducted for negative contrast
applications. Without this research, Clearview's approval will remain
restricted to positive contrast applications and full adoption will not
take place. The objective of the proposed research is to compare the
legibility distance ofthe negative contrast (i.e., darker letters on a
lighter background) Clearview Typeface System with that of Standard
Highway Alphabets on regulatory signs in the daytime and nighttime
with older and younger motorists. The researchers will identify the
legibility distances and evaluate the effects of letter spacing of sign

legends using: mixed case Clearview (Clearview 2B,3B,and 4B)and
both mixed and all upper-case Standard Highway Alphabets (Series C,
D,and E)on white signs with black legends.
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Abstract:

The objective of this study is to conduct a field evaluation of new
available highway fonts versus the Series E (Modified) and Clearview
5WR fonts for use on guide signs. This study will provide the analysis
necessary for decision to be made on inclusion offonts for older drivers
in the Manual on Uniform Traffic Control Devices(MUTCD). In
previous studies comparing Clearview fonts to previously used types,
legibility distance, the distance at which a subject can read an unknown
word, has been a robust measure of effectiveness. Researchers believe

that in order to test the proposed font against the current standard,
nighttime data collection in which participants drive an instrumented
vehicle along a closed course while researcher's record data would be
most conducive.
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Abstract:

The Clearview font has many advantages over previous font practices,
such as night legibility and lack of smearing effect. Some of the
potential concerns include incompatibility with commonly used
background sheeting and sight distance. However, experience in other
states to date, as well as experimental studies in the lietarture, suggest
that the advantages appear to outweigh the concerns. The main
objective ofthis study is to determine Illinois' progress in using the
Clearview font and whether its use has proven successful. While most
previous in the literature were mostly done in an experimental in
setting, this study (R27-75) aims to determine how the implementation
of the Clearview font for signs has affected Illinois and its motorists in
a real-world context. Accordingly, the study team is examining the
implementation of this font from the perspectives of both installers and
motorists. This project will also monitor media reports about the
Clearview font and/or this research project. The main field research
portion of this study will include both intercept and follow-up surveys
with motorists who have encountered Clearview signs. An important
aspect of this project will be developing questions that adequately
query user perceptions. Some questions will be whether motorists
notice a difference between Clearview signs and other signs and how
eligible Clearview signs are to them. This will be done for illuminated

and non-illuminated locations in order to compare motorist reactions.
The final task is the final report, which is accompanied by an interim
report in April followed by the final report a year later. There will also
be quarterly progress reports along with meetings of the panel every
four months.
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Abstract:

During the last several decades, the number of drivers and rural/urban
traffic has significantly increased, along with the number of traffic
signs. Traffic signs provide a plethora of necessary information directions, guidance, warnings, regulations, and recreation. With
today's congestion and higher speed, it's very important to recognize
specific situations where larger, brighter, and easier to read signs
should be installed to increase safety of the drivers. It is equally
important to counties with limited funds to fmd locations and/or
scenarios where bigger, more costly signs are not cost effective. Many
signing studies of problem locations recommend bigger, brighter, easier
to read signs. However, there is little evidence that sign size, or
readability directly relate to accident causation. Counties want evidence
that larger, more costly signs are cost effective in regard to safety. A
study ofthe other attributes can be made within this same project at
little incremental cost with results made beneficial to both the state and
counties. There is a need for documentation of the accident reduction

benefits of these sign attributes for a range of approach scenarios and
accident types. The main objective of this research will be to determine
typical locations and/or scenarios where bigger signs are effective in
reducing accidents on rural/urban roads and where they are not
effective, thus saving money for use at more critical locations. Within
this study, a secondary objective will be to also study the safety benefits
of brighter, easier to read signs.
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EXHIBIT?

Industry's Traffic Safety Research

The outdoor advertising industry's foundation (Foundation for Outdoor
Advertising Research and Education) has pioneered research on digital billboards
and traffic safety, commissioning top experts to study driver behavior and also to
analyze crash data. An initial study, released in 2007, was based on "human
factors"such as drivers' eye glances. Meanwhile, engineering experts have
analyzed accident reports provided by state and local authorities in jurisdictions
across the country.

Human Factors Research

•

Virginia Tech Transportation Institute (2007)
• This study used an instrumented vehicle to measure eye glances in the
presence of off-premise digital billboards and conventional billboards (The
pending FHWA study relies on eye-glance methodology)
•

Findings of industrv research:

o

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

o The mean glance towards digital billboards was less than one second
Accident Analysis

•

Tantala Associates, LLC

o
o
o
o
o

Cleveland, OH (2007 and updated in 2009)
Rochester, MN (2009)
Albuquerque, NM (2010)
Reading, PA (2010)
Richmond, VA (2010)
■ Each of these studies analyzed crash data before and after
deployment of digital billboards. Research in Reading, PA and
Richmond, VA, also used a contemporary AASHTO-approved
method known as Bayes Analysis (with and without billboards)

o

Findings:

■

The accident data does not show a statistical relationship

between vehicular accidents and billboards (conventional and
digital billboards)
■

The number or rate of vehicular accidents didn't increase after

■

the installation of off-premise digital billboards
The accident statistics near billboards are comparable to the
accident statistics on similar sections of highway without
billboards

■

Accidents occur with or without billboards (digital or
conventional)

Summary of Past Traffic Safety Research Studies

•

Other Studies Not on Point

Dozens ofstudies have examined driver distraction, including the role ofsigns.

However, the body of research cited by Jerry Wachtel is primarily comprised of
reports not specifically focused on digital billboards, in fact in a companion
research project, the FHWA's literature review of these studies has determined
that these studies are "inconclusive." These studies look at:

o

On-premise signs

On-premise digital signs can flash, feature full motion video, and scroll text
under U.S. regulations. Roadside digital billboards operate under tougher
regulations than on-premise signs.
1. Beijer(2002)(Canada)
2. Smiley (2005)(Canada)

3. Wisconsin DOT study of the Milwaukee Stadium sign (1994)(U.S.)
o

Simulators

According to Jerry Wachtel, studies using simulators to examine the effects
of digital signs are not reliable due to the inherent limitations of the simulator
environment.

1. Finnish Road Administration (2004)(Finland)
2. Brunei University (2007)(England)

3. Young and Mahfoud (2007)(England)
4. Edquist(2009)(Australia)

5. Fisher (2009)(U.S.)
o

Literature reviews(No research completed)
1. Wachtel and Netherton (1980)(U.S.)
2. Farbry (2001)(U.S.)
3. CTC & Associates (2003)(U.S.)

4. SWOV Institute for Road Safety Research (2006)(Dutch)
5. SRF Consulting Group (2007)

6. FWHA (2009)(U.S.)
•

Driver Distraction/inattention

Research by government and the insurance industry has identified many factors
that distract drivers, as well as conditions related to accidents. In 2006, the
National Highway Traffic Safety Administration released a comprehensive report
known at the "100-Car Crash Study" which found that:
o

o

Drowsiness increases the risk of accidents 4-6 times

Distraction or inattention was estimated to cause more than 23% of all
crashes and near crashes

o Glances totaling more than 2 seconds increase near-crash/crash risk by at
least two times(A typical glance at a digital billboard is less than one
second)

o Short, brief glances away from the roadway for the purpose of scanning the
driving environment are safe and actually decrease near-crash/crash risk
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Abstract

This report summarizes several research projects undertaken by Lighting Sciences,Inc.(LSI)
related to billboard lighting. The topics that have been addressed are:
•
•
•
i.

Development of digital billboard luminance recommendations
A comparison ofluminances of conventional billboards and digital billboards
"Sky Glow** lumens entering the night sky from conventional and digital billboards.

Digital Billboard Luminance Recommendations

Lighting Sciences, Inc., has undertaken research to develop a method for specification of
luminance (brightness)limits for digital billboards based on accepted practice by the
Tlluminating Engineering-SoGiety-of North AmeriGa-(IESNA). The recommendation is extremelysimple to implement and requires only a footcandle (fc) meter to be used.
The research establishes criteria for billboard luminance limits based on biUboard-to-viewer

distances for standardized billboard categories. For example,a standard billboard-to-viewer
distance of250 feet is used to establish the billboard luminance limits for a 14' x 48' foot(672
sq.ft.) bulletin.
The recommended technique is based on accepted lESNA practice for "light trespass." Previous
outdoor lighting research has documented an established limit on the amoimt oflight arriving at
a person's eyes to ensure that the source ofthe light is not offensive, or worse, potentially
dangerous. The technique is simple: the light level at the eye is measured in footcandles and has
an upper limit. The limit is low for areas that ai*e generally quite dark, but considerably higher in
well lit urban ai'eas.

A recommended specification for digital billboards is to use a limit of0.3 fc over ambient light
conditions. To check if the level is acceptable, a footcandle meter would be held at a height of5
ft.(which is.approximately eye height) and faced towards the billboaid at the desired billboard-

to-viewer distance. A reading of0.3 fc or less above ambient light conditions would indicate
compliance.

The standards set forth in the report are based on the worst-case scenario of a driver or pedestrian
-viewing-the-displa-y-head=on.-(directly-ata90idegree.angle),-whilein-practice.most-display-s_are—
viewed at an angle. Since displays are generally viewed at an angle,the luminance (glare)is
substantially reduced.

Furthermore, the report provides values for billboard luminance of different color images and
notes that luminance levels are based on a worst-case scenario of an all-white display, which is

unlikely to happen, save for a malfunction. Knowing these values, and having established a
billboard luminance limit for a particular billboard, the allowable percentage of dimming setting
is also easily calculated.

The investigations and this report do not cover factors related to changing images and billboard
message movement. Issues that may be related to motorist attention are beyond the scope of the
work and use ofthe proposals in this study should be based on that understanding.
a.

Comparison ofConventional and Digital Billboard Luminances

A study by Rensselaer Polytechnic Institute Lighting Research Center has measured the
luminance oftypical conventional billboards and has developed the maximum value of
luminance that can be expected. LSI has compared the recommendations developed in this
report to the Rensselaer measured values.- The digital billboards will be brighter,-but only - —
slightly brighter, than the maximum luminance of conventional billboards.
Hi.

Sky Glow

Sky glow is caused by lighting at night entering the atmosphere and being scattered by airborne
particulates. Sky glow may result from the use oflighting fixtures that emit Ught above a
horizontal plane so that it enters the atmosphere directly. The effect also is caused by light
reflecting from lighted objects, such as a road suiface, a building or a billboard.
The study has evaluated the amount of light entering the atmosphere from a variety oflighting
installations. Measured in "sky lumens," the results allow a comparison to be made of different

lighting systems relative to slcy glow. Specifically calculations have been made to compare tlie
sky lumens produced by conventional billboard lighting systems, both three and four luminarre
bottom moimted systems lighting a standard 14 x 48fl. billboard,to the sky lumens caused by
roadway and parking lot lighting.

Various scenarios have been used for the roadway lighting, combining residential and major
highway lighting in a typical neighborhood. Areas have been considered that consist only of
roadway lighting, as well as areas that contain both roadway and parking lot lighting.
-Xhoxesults-olthe study.support.a-conclusiQn-thatihe-V.astjnajoi'i1y-OfLsky_glowis..a.pi:nduct of
urban development. Even where full cut-off fixtures are used on all roadway and parking lot

lighting fixtures, and ifthere is an average of one billboard per square mile, over 96% of the sky
glow produced per urban square mile is fi'om those sources and not billboard lighting,for tlie

conditions examined. For ^e examples considered, a single three fixture billboard lighting
system produces approximately 2 to 3% ofthe sky lumens caused by roadway/parking area
lighting in the example one square mile area. For a four fixture billboai'd lighting system,the
range becomes roughly 2.5 to 4%. These figures can be prorated. For example,ifthere are two
such billboards per square mile,the percentages are doubled; ifthere is one such billboard per
two square miles, the percentages will be halved.
The exact percentages of sky glow are affected by the density ofroadways/parking areas, the
type oflighting fixtures used and the lighting level provided, among other factors. However, it is
apparent that for the scenarios considered, the contribution of billboard lighting to sky glow is
small in comparison to that firom other sources oflighting. The other sources produce 96 to 98%
ofsky lumens, compared to the 2 to 4% produced per billboard in the example urban square
mile.

Digital billboards operating at the luminance levels recommended in this report produce much
fewer lumens into the night sky-than conventional bottom mounted lighting systemSi- This-is
primarily due to the elimination of the external luminaires, but also is a result ofthe
characteristics of the billboard pixel design whereby light in upward directions is reduced in
comparison to light sent below the horizontal in the direction of viewers.

Definitions

Luminance. Also known as photometric brightness,this is the "brightness" ofthe billboard as
seen fiom a particular angle of view. It is measured in candelas per sq. meter, also termed "nits.'
Illuminance. This is the amount oflight firom the billboard landing on a distant surface. It is
measured in footcandles(fc) or lux.

Intensity. This is the candlepower, or concentration, oflight emitted in a given direction jfrom
the entire billboard.

Reflectance. This is a measm'e of the proportion, or percentage, oflight falling on a surface that
is reflected by the surface.
SECTION A -DIGITAL BILLBOARD LUMINANCE RECOMMENDATIONS
Al.

Introduction

This report has been prepared for OAAA under the contract issued to Lighting Sciences Inc. for
the development ofluminance (brightness) recommendations for digital billboards under
nighttime conditions. Extensive investigations have been conducted into methodologies that
could be used to develop such recommendations, specifically addressing environmental impact
and possible visibility effects on drivers.
The following approaches can be used:

1. Develop billboard recommendations based on the control of possible glare to which
drivers may be subjected.

or

2. Produce recommendations founded on environmental impact, addressing the subject
known as light trespass.

Either ofthese methods can be used as a viable approach to providing an acceptable practice for
the control of digital billboard appearance,though the first method has disadvantages. In
analyzing these methods,- strict-attention has-been-paid to satisfying the following-:
1. The needs ofthe general pubUc,including drivers.

2. The requirements oflocal government personnel, who may wish to incorporate
language into ordinances related to the use of digital billboards. For this, the
procedures must be straight forward and enforceable.

3. The needs of OAAA members,who require effective use ofdigital billboards, which
in turn requires adequate brightness for clear visibility.
The two approaches are addressed below.
A2.

Method 1,Specifications Based on Driver Glare

Drivers on roadways at night where vutually any form oflighting is provided are inevitably
subjected to glare. Glare may be,for example,from oncoming headlights, street lights, or
commercial lighting, including billboards. There ai*e recommended limits to the amount of glare

that can be produced by vehicle headlights(from tlie U.S. Department of Transportation) and by
roadway lighting (from the American National Standards Institute and tlie Illuminating
Engineering Society of North America -lESNA.) In particular,the extensive procedures that
have been developed by lESNA can,in theory, be used to produce limitations on digital
-billboM^d-luminance-tliat-will-ensure-thatany-glare-problems-createdfoiLdri-vers-wilLbe-jelativelyminor,in the order of glai'e often produced by a street lighting installation.

Lighting Sciences has conducted detailed investigations into this approach, based upon
publication ANSI DESNA RP-8-00,"American National Standard Practice for Roadway
Lighting." The basic procedures for such a method would be to specify an allowable average
billboard luminance level that would ensure that the glare it produces does not exceed certain
limits. These limits would be based on the level of highway lighting that is present. For

example, higher billboard luminances would be allowed where a high level of street lighting is
provided. Publication RP-8-00 classifies highways into many different types, and there is a set
of recommendations for the lighting of each type. Thus using these principles for digital
billboard specifications,there would be many different recommended billboard luminance limits,
dependent upon the form ofroadway lighting provided in the area.
After much consideration. Lighting Sciences does not recommend this approach for establishing
digital billboard luminance limits. The reasons include the following:
1. Publication RP-8-00 describes 14 different roadway classifications. These are based on
different roadway types (for example, fireeways, major roadways,local roadways). There is a
■" further breakdovm basedmn the level ofpedestrian activity,-which may be high, medium or-

low. Basing billboard luminances on this wide range would produce a complex system of
specifications that would lack the simplicity and clarity that is our goal.
2. Digital billboards are firequently visible from numerous vantage points. This creates an issue
of deciding which of the 14 different categories would be applicable if different levels of
roadway lighting exist in a general ai'ea.

3. There is further complexity in determining the amount of glare produced by a digital
billboard using the metliodology of publication RP-8-00. The amount of glare is affected not
only by the luminance of a digital billboard, but by its distance from the driver. What
distance would be selected to perform the necessary calculations when the driver might view
tlie billboard fi:om a wide range of distances?

4. The amount of glare is affected also by tlie location of the billboard with respect to the
driver's line of sight. Tliis changes as tlie driver looks in different dhections and as his
location changes. What billboard position would be used?

5. The extent of any glare produced is dependent upon the billboard size. Recommended lumts
ofluminance,if based on glare control, would be different for each billboai'd size.
Thus it can be seen that, because of all tlie variables involved,the establishing ofrealistic
-billboard-luminanGe-iimitsbased-on-the-RR-8=00-methodology-wouldhe-exceedingly^complex^
Even if simplifications were introduced,there would be problems in deciding which luminance
limit would be applicable to a given billboard. Checking and enforcement similarly would be
highly problematic. For these reasons, Lighting Sciences Inc. has not developed and is not
recommending a billboard luminance specification system based upon glare limitations.
However,in conducting the detailed study ofthis metliod and the second method that follows
below, it has been determined that ifthe method provided below is adopted, billboard
luminances will be such that producing a significant amount ofglare to drivers from a single
digital billboard is unlikely,(although a multiplicity of such billboards appearing in the driver's
field of view simultaneously may possibly create a problem.) Further evaluations of this topic
are suggested using documents produced by other research organizations.

A3.

Method 2,Specification Based on Light Trespass

A3.1

Method Overview

"Light trespass" is a term used in the outdoor lighting industry to describe light that falls outside
oftheareathatis primarily intended to be lighted."For example,ifthe lighting system for a
shopping center parking lot causes light to spill over into an adjacent residential neighborhood,
this would be considered to be light trespass. High levels oflight trespass, as well as bemg
wasteful of energy, may have an appearance that is objectionable. Publication TM-11-00 ofthe
lESNA provides a table oflimits oflight trespass for various "lighting zones." These zones
range from "no ambient electric light"(dark rural areas) to "high ambient electric light"
(typically high use urban areas.) The limits are expressed in terms of the illuminance in
footcandles that the light source in question can produce at a person's eyes, measured above the
ambient lighting that is produced by all other sources oflight. The limitation values were
determined from an extensive human factors research project into the levels oflight trespass that

may or may not be considered objectionable in the various zones. Application ofthe limits keep
light trespass to a low level that is unlikely to be considered objectionable to most persons.
Digital billboards are not the form oflighting that TM-11-00 was developed to limit. In fact,
digital billboai'ds ai*e specifically intended to be seen over a wide area, much of which may be
remote from the billboard itself. Nevertheless,the principles ofTM-l 1-00,in terms ofthe
calculation meOiod and the limits it provides, can be examined to determine whether the
methodology can form a useful metliod ofspecifying billboard luminance limits.

Numerous calculations have been performed to evaluate billboard luminance in terms ofthe TM11-00 procedures. The calculations involved are simpler than those discussed above for RP-8-00

procedures, as they simply involve determining the illuminance in footcandles (fc)at the location
of the eyes of a viewer. (Referred to as "eye illuminance.") TM-11-00 provides four different
_e.ye-illuminanGe-limits-depending-on-the-lightmg-zone,^i-to-E4,-ranging-fconi:y-e3yJo-W_ambient_
electric light to high ambient electric light. See table 1. (A description ofeach type of ambient
electric light zone is included in Appendix B.)
Table 1
Zone

Eye Illuminance Limits(Light Produced by Billboard, a >ove Ambient)
Eye Illuminance Limit(fc)
Very low ambient electric light

0.1

E2

Low ambient electric light

0.3

E3

Medium ambient electric light
High ambient electric light

0.8

El

E4

1.5

To simplify billboard luminance specifications, it is proposed that all billboard luminance limits,
no matter where a billboard is located, are governed by the values given in the above table for
zone E2. This will then produce a uniform method that does not require the lighting zone to be
known. The logic for choosing zone E2is based on two considerations. Firstly, it is highly
unlikely that digital billboards will ever be used in areas described as zone El. El applies to
inherently very dark rural areas where there is almost no electric lighting, such as national parks.
Distal billboards'are likely to be used ih zones E2'through E4."By u^^ the limitations
specified by lESNA for zone E2,the specifications are very stringent; any billboard meeting the
E2 limits will be satisfactory for the higher ambient light conditions ofzones E3 and E4. On this
basis, while any eye illuminance value could be used,this report recommends using only that
provided for zone E2.

Providing that a method is available to calculate the billboard luminance that will generate a
certain illuminance at the eye of a viewer, the illuminance limits of TM-11-00 can be converted
to billboai'd luminance limits. The conversion formula is provided below. It must be noted,
however,that this method is not totally straightforward,for there are variables that must be
considered for any given billboard, also discussed below.
A3.2 Determining the Maximum Allowable Billboard Average Luminance

The system for relating billboard luminance to the illuminance produced at tlie eye is briefly
summaiized in this section. A more detailed coverage ofthis topic, and lighting units and terms
in general, is provided in Appendix A.

Billboard luminance (which refers to the average luminance or brightness of billboard)is
expressed in candelas per square meter, cd/sq.m.,sometimes termed "nits." The illuminance
produced at the eye, considered as landing on a vertical plane at the eye, is designated Ey and is
measured in footcandles.

To determine the Tnaximnm billboard average luminance, L,that can be allowed so as to meet a

given illuminance limit at the viewer's eye. By in footcandles, the following must be know:
• Area of billboard = S sq. ft.

• Distance from billboard center to observation point = D feet(as measured from a plan
view. Differences in height ofthe billboard and viewer normally can be disregarded,
as can lateral angle effects from the billboard face.)

Allowable maximum billboard average luminance, L =

—-

cd./sq.m.(nits)
1

For example,to determine whether a billboard meets a particular limit for the lESNA publication
TM-11-00,the following steps are taken:

1. Select the applicable lighting zone. It is proposed that E2,an area with a low level of electric
lighting, be selected as a st^dard._

_

_

2. Find the applicable eye illuminance limit from table 1. Ifzone E2 is assumed,this will be
0.3 fc.

3. Determine the billboard size. Assume for example a billboard measuring 10 ft. 6 ins. x 36 ft.,
giving an area of 378 sq. ft.

4. Assume a distance to the viewer. Use 200 ft.(See discussion below).
These values are entered into formula 1 above.

Allowable maximum billboard average luminance =

10.76.200'-0.3
378

= 342 cd/sq.m.(nits)

A3.2.1 Viewer Distance

The distance from the billboard to the viewer,D in the above formula, has a significant effect on
the calculated allowable maximum billboard luminance. Billboards ai*e typically viewed over a

range of distances, and so the choice of the value ofD will be somewhat arbitrary. A short
distance such as 100 ft. is probably too small for normal situations, and can produce a very low
luminance limit. On the other hand,a very large distance such as 1000 ft.will rarely be
applicable because viewers will normally be closer when reading the billboard.
It may be questioned whether a short distance should be used as a standard to guard against
possible glare effects produced at the eyes of a person driving past a digital billboard.
Considering this, as a driver moves closer to a billboard that is positioned to the side ofthe
roadway and the driver is viewing the road ahead,the lateral angle firom the driver's line ofsight

to the billboard increases. This angular effect causes any glare ^at the billboard may produce to
reduce significantly. (Reference: American National Standard for Roadway Lighting,
publication ANSI/IESNA RP-8-00, section A7. Glare reduces as the square ofthe angle from
the line of sight.) Further, as this angle iucreases, the light intensity(candelas) directed toward
the driver's eye decreases, as shown by photometric testing of a sample billboard. (Lighting
Sciences Inc. test report no. LSI 21628). This effect also contributes to the reduction in glare as
the driver approaches and then passes the billboard. These two effects more than offset other
factors in determining the glare produced at the driver's changing location: that is, glare actually
reduces as the driver's distance to a billboard that is offthe side ofthe road becomes smaller,

assuming attention is on the road ahead.

In discussions with members ofthe advertising industry, it is apparent that billboard size and
viewing distance are related. Larger billboards are used to attract viewers at a greater distance,
while small billboards are provided where the observer is fairly close. On this basis, the viewing
distances, D,provided below are suggested for use with the formula, based on four prevalent
standard billboard sizes:

Table 2

Proposec Viewer Distance Values, D
Billboard Size

Billboard

D

Dimensions(ft)

ft.

Small

11x22

150

Medium

10.5x36

200

Large
Very large

14x48

250

20x60

350

If there is a specific reason why a value ofD other than as given above should be applied for a

particular billboard installation, this different value may be substituted accordingly in the
formula. It should be noted, however,that use of the above distances for the various billboard
sizes, and the billboard luminance values so produced, have been field evaluated and appear to
-be-reasonable

A3.2.2 Allowable Average Luminance and Billboard Size

For any given billboard size,formula 1 can be used to compute the allowable average luminance
by incoiporating the suggested distance value fi'om table 2. The results for the standard
dimension billboards are provided in table 3.

Table 3

Maximum Level ofDigital Billboard Average Luminance
Candelas per Sq.M.(Nits)

Proposed Standard
(Based on lESNA Lighting Zone E2)

Luminance

Billboard

(Gd-./sqim;)-

--Dimensions (ft.) --

ft;

11x22

150

300

10.5x36

200

342

14x48

250

300

20x60

350

330

-

♦Based on an illuminance produced at the viewer's eye of 0.3 footcandles.
** Distance measured at groiind level to observer facing the billboard perpendicularly
A3.3

Digital Billboard Photometric Testing

A small sample digital billboard was supplied to Lighting Sciences' laboratories in Scottsdale,
Arizona for photometric evaluation. This was a model as commercially produced in November
2006 by Young Electric Sign Company. Tliis was tested using a model 6440 goniophotometer.
Tests were run for the device displaying entirely wliite, red, green and blue colors respectively.
The white color is not formed by illuminating white LED's but rather by a combination of red,
green and blue LED's.

10

The digital billboard was progi*ammable for different levels of dimming. Tests were conducted
to measure the luminance at 10% dimming steps from 100% down to 10%.
-It.was determined that the actual luminance reduction achieved using the various dimming steps

accurately corresponded to within a few percent ofthe dimming settings indicated on the
controller.

Data from the series oftests allow the calculation ofthe luminance of any digital billboard color

for full intensity or any level of dimming. Ofspecific interest were the luminances of a white
display because this is the maximum luminance color, as it is generated by the combination of
the red, blue and green LED's.

A3.4 Determining the Allowable Dimmer Setting

If a billboard luminance limit has been established by the methodology described above,the
photometric data can also provide the dimming setting to be used.

Results of the testing indicated that the digital billboard produced a maximum average luminance
of approximately 7000 cd/sq.m. when displaying a completely white image at full power. In the
above example,to limit the luminance to 342 cd/sq.m.the dimmer setting can be computed as - follows:

.

%dimmer settmg =

Allowableluminance

—

x 100

7000

xlOO
7000
= 4.9%

This example is for amedium billboard size measuring 10.5 x 36'. The dimmer setting will be
different for other billboard sizes because tlie allowable luminance changes per table 3. Table 4

presents the dimming settings calculated in an equivalent manner for the standard billboard
sizes.
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Table 4

Suggested Dimming Settings
Proposed Standard
(Based on lESNA Lighting Zone E2)

Dimensions (ft.)

Dimming
Setting

11x22

4.3%

10.5x36

4.9%

Billboard

14x48

4.3%

20x60

4.7%

It should be noted that table 4 is applicable only to the digital billboard that was tested.
Different types of billboards will produce different results, and therefore require separate
photometric testing.
A3.5 Non-white Billboards

Ifthe digital image will never be totally white, higher % dimming settings can be used while
still meeting the luminance limit: The actual measured luminances for the sample billboard
measured in 2006 for a 100% luminance setting for different colors are:
White
Red
Green
Blue

7000 cd/sq.m.
,1500 cd/sq.m.
5100 cd/sq.m.
700 cd/sq.m.

For a normal image diat includes multiple colors, the average luminance for a 100% setting will
depend on tlie proportion of colors in the mix. Software and instrumentation is available to
analyze billboard luminance when the billboard is being programmed,
A3.6 Adoption of the Method

This method uses the established and recommended procedures oflESNA to develop billboard
luminance limits. The procedm'e can be adopted by referrmg to the limits oflESNA publication
TM-11-00 as provided in table 1 above, with the suggestion that lighting zone E2 values be
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used as a standard. Billboard-to-viewer distances are proposed to be as provided in table 2
above.

Table 3 summarizes the recommended maximum billboard luminance values based on tables 1

j^r»d , Thftsft r.an be adopted directly into an ordinance or set of guidelines.
The limitations ofTM-11-00 were established through research conducted by Lighting Sciences
Inc. under a contract from the Lighting Research Office ofEPRI(Electrical Producers'
Research Institute). The basis of TM-11-00 was subsequently provided to lESNA to form the

publication. Field use ofthe values for various forms of outdoor fighting confirm that the
values are realistic and prevent undue annoyance to a majority of viewers, and thus appear to
have formed a satisfactory basis for specifying such fighting limits.

The procedures outlined in this section ofthis report, method 2,specifications based on light
trespass, are recommended by Lighting Sciences Inc.for evaluation and possible subsequent
adoption by OAAA.
A3.7 Enforcement

After a billboard is installed, there wiU be cases where it is desired to evaluate the billboard
luminance to ensure that it does not exceed the specified value. This procedure is extremely
simple and requires only a footcandle meter.
Tliehillboard-luminance specification is based on ensuring-that a-eertain footcandle level— created by the billboard is not exceeded at a chosen distance. Thus all that is needed to check

compliance is the measurement ofthe footcandles level at that distance with the billboard on
and off. The footcandle meter would be held at a height of5 ft.(which is approximately eye

height) and aimed towards the billboard, from a distance as selected from table 2. Ifthe
difference in illuminance between the billboard-on and billboard-off conditions is 0.3 fc, then

the billboard luminance is in compliance. When conducting this check,the meter should be at a
location perpendicular to the billboard center (as seen in plan view) as this angle has the highest
lumioance.

This check should include the measurement of an aU white image displayed by the billboard to
evaluate the worst case condition.

A4. Summary of Proposed Method

Specification based on the fight trespass limits adopted by lESNA in publication TM-11-00
appears to provide a manageable and technically viable technique.
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It is proposed to use the lESNA recommended limits for environmental lighting zone E2,low
level electric lighting, as a standard. This limits the maximum illuminance produced by the
billboard and measured at tlie eye of a viewer to 0.3 footcandles over ambient. It is further
proposed that the viewer be positioned from the billboard at ground level and facing in a
Himctinn peipendicnlarto the billboard. The distance will be dependent upon the billboard size.
Under these conditions,to meet the 0.3 fc limitations, the maximum allowable billboard average
luminance will be as given in table 3 for various standard billboard sizes. The percentage
dimmer setting, expressed as a percentage ofthe billboard maximum luminance, can be
calculated from the table 3 luminance value, based on the maximum luminance of a billboard
being 7000 cd/sq.m. or some other known value.
Because these values have been derived from lESNA publication TM-11-00, which in turn is
based on an extensive human factors research project, adoption ofsuch values should satisfy the
requirement that most persons will not find these billboard luminances to be objectionable.

SECTION B-BILLBOARD LUMINANCE:DIGITAL VERSUS CONVENTIONAL

The foregoing has provided recommendations for the average luminance limits for digital
billboards. It is of interest to compare these to frie luminance levels found with conventional
billboards. Such billboards are most commonly lighted using liiminaires designed for this
specific purpose, manufactured by the Holophane Company. Most installations consist of a
series offixtures that use 400 watt Metal-Halide lampSi- Typically a I4 x 48 large billboard-is
lighted by four such fixtures moimted along the bottom edge ofthe billboard. Some billboards,
employ a lighting system using only three bottom moimted luminaires. Other designs may use
top mounted lighting in various configurations. An optical refractor or lens is used on each
luminaire to direct light onto the billboard, which increases the billboard luminance.
The luminance of conventional billboards has been addressed in a study by the Lighting

Research Center ofRensselaer Polytechnic Institute that was sponsored by frie New York State
Department ofTransportation. A technical memorandum has been developed titled "Evaluation
ofBillboard Luminances" dated March 31, 2008. This memorandum states the following:

"... it is probably reasonable to expect that the luminance of a conventional billboard would not
be likely to exceed about 280 cd/sq.nu during the nighttime(assuming typical lighting practice
as represented by the lESNA and industry recommendations, and by the lighting systems used
on the billboards that were measured in the field)..."

The report indicates that the value of280 cd/sq.m.(nits) is consistent with clean billboard
lighting systems using new lamps. This is also the condition used for testing the digital
billboard at Lighting Sciences' laboratories as referenced above.
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It is thus anticipated that digital billboards operated in accordance with the recommendations
developed above,(300 to 342 nits, depending on size), will be brighter, but only slightly
brighter, than the maximum luminance of conventional billboards.

SECTION C ~ SKY GLOW
C1

Introduction

A hirther factor,"sky glow," has been addressed in relation to both conventional and digital
billboards.

Sky glow is caused by light at night entering the atmosphere and being scattered by airborne
particulates. Sky glow may result from the use oflighting fixtures that emit light above a
horizontal plane so that it enters the atmosphere directly. The effect also is caused by light
reflecting from lighted objects,such as a road surface, a building or a billboard.
It is highly desirable to reduce sky glow in order to preserve dark skies. This is an
environmental concern, as well as a significant factor influencing the ability of astronomers to
study the night sky.

The amount oflight entering the atmosphere from a variety oflighting installations has been
evaluated.- -Measured in "sky lumenSj" the results allow a-comparison to be made-of different —
lighting systems relative to sky glow. Specifically calculations have been made to compare the
sky lumens produced by a typical billboard lighting system to the sky lumens caused by roadway
and parking lot lighting. Extensive work was conducted for conventional billboards,then later
work compared newer digital billboards to the conventional billboards.
Various scenarios were used for the roadway lighting, combining residential and major highway
lighting in a typical neighborhood. Areas were considered that consist only ofroadway lighting,
as well as areas that contain both roadway and parking lot lighting.
C2.1

Conventional Billboards

A 14 X 48 ft. billboard was evaluated using both three and four bottom mounted Holophane
"Panel Yue"fixtures. Each was equipped with a 400 watt metal halide lamp rated at 40,000
lumens. Photometric test data were obtained from the manufacturer and computerized
calculations were performed.
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All calculations were based on a 0.70 Light Loss Factor, or Maintenance Factor, to account for
the reduction oflight output as the lamp ages and as the fixture collects dirt.
For both the three and four fixture lighting systems, the following quantities were calculated:
Total uplight lumens emitted by the group offixtures
Total lumens intercepted by the billboai'd
Total lumens intercepted by the billboard underboard
Total lumens emitted upwards by fixture that do not strike the billboard or underboard.
(Direct sky lumens)
Total lumens reflected upwards by the billboard

Total lumens reflected upwards by the underboard
Total lumens reflected upwards. (Indirect sky lumens)

The manufacturer's data were used directly; no additional shielding was assumed for the lighting
fixtures.

Results obtained for the three and four fixture systems in terms oftotal sky lumens are as
follows:

3 fixture system: 23,415 1ms
4 fixture system: 31,535 1ms

These values-will be affected by the reflectance of-the-billboard face material, which is

dependent on the lightness/darkness ofthe material. An average value of 25% was used, derived
from laboratory measurements ofsample billboard face materials. A reflectance value of 2.5%
was used for the underboard.

No account is taken in these calculations of the angular direction ofthe uplight lumens as they

enter the atmosphere, which is likely to have some influence on the degree of sky glow that is
produced.
C2.2 Roadway Lighting

For this study, billboard lighting was compared to roadway lighting. "While it is recognized that
there axe many sources of nighttime light other than roadway lighting, this form oflighting
usually constitutes a major source of uplight lumens.

LSI has produced roadway lighting designs for three different roadway types and has computed
resultant uplight lumens, as follows:
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Local roadway. Illuminating Engineering Society ofNortli America(lESNA)specification is
0.7 footcandles average maintained lighting level, with a 6;1 average to minimum
uniformity, (i.e. The minimum footcandles at any point wiU not be less than one sixth ofthe
average.)

Collector roadway. lESNA specification is 0.9 fc maintained,4:1 uniformity.
Majorroadway. lESNA specification is 1.3 fc maintained, 3:1 uniformity.
hi all three cases,"medium pedestrian conflict" per lESNA was assumed.
A Light Loss Factor or Maintenance Factor of 0.70 was used, so as to be equivalent to the same
factor used for the billboard calculations.

For each roadway,lighting system design has been conduced using a flat glass "fiill cut off'
fixture, and the older style "cobra-head semicutoff' fixture with glass bowl lens. The full cut off
fixture allows no light to escape above the horizontal, while the semicutofffixture emits a few
percent of its total lumens above the horizontal.

Most existing roadways, particularly where the lighting was installed 15 or more years ago, will
use the glass bowl lens. Because of a desire to control sky glow, many agencies have now
switched to full cut-off optics. In any urban area, both types offixtures are likely to be present.
By analyzing roadway lighting with each ofthese fixture types, a realistic range of possibilities is
examined.

For all designs, various pole heights were investigated. Each design was optimized to acquire
the maYiirmm pole Spacing that can be used while meeting the lESNA lighting specifications.
Thus the design procedures were similar to those used by typical roadway lighting designers.
For each lighting system, the following were calculated, all on the basis ofa single mile of
roadway:
Total lumens falling on the roadway
Total lumens falling on the ground outside of the roadway
Total lumens reflected upwards from tlie roadway

Total Imnens reflected upwards from the ground outside the roadway
Total lumens emitted upwards dii'ectly from the fixtures. (This quantity is zero for the cutoff
fixture.)

Typical known reflectance values were used for the road surface and areas outside the roadway.
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Results of the computation, given in sky lumens per mile are as follows:
Local roadway, tiill cutoff fixture:
Local roadway, semicutofffixture:
^Collectorj:oadway,,full.cutoffiixture:
Collector roadway, semicutofffixlure:
Major roadway, M cutofffixture:
Major roadway, semicutofffixture:

25,837 sky lumens per mile
38,079 sl<y lumens per mile
4.7,652..sky lumens_pei:_mile
64,071 sky lumens per mile
153,355 sky lumens per mile
259,910 sky lumens per mile

C2.3 Comparison of Conventional Billboards and Roadway Lighting
Based on the above values, the sky lumens produced by one billboard using a three fixture
lighting system are approximately equal to the sky lumens produced by:
or
or
or
or
or

0.91 miles oflocal roadway with full cutofffixtures
0.49 miles of collector roadway with full cutoff fixtures
0.15 miles of major roadway with full cutoff fixtures
0.61 miles oflocal roadway with semicutofffixtures
0.37 miles of collector roadway with semicutofffixtures,
0.09 miles of major roadway with semicutofffixtures

The sky lumens produced by a four fixture billboard lighting system are roughly equal to the sky
Imnens produced by:

or
or
or
or
or

1.22 miles oflocal roadway with fiill cutoff fixtures
0.66 miles of collector roadway with full cutoff fixtures
0.21 miles of major roadway with full cutoff fixtures
0.83 miles oflocal roadway with semicutofffixtures
0.49 miles ofcoUector roadway with semicutofffixtures,
0.12 miles of major roadway with semicutofffixtures

As another way of comparing the data, the total roadway lighting per square mile of an urban
area can be computed and compared to billboard lighting. An example city square mile has been
checked (in Denver, CO). For a typical urban built-up area, the following roadway lengths were
present in the selected 1 sq. mile:
Total length oflocal roadways: 21 miles
Total length of collector roadways: 1 mile
Total length of major roadways: 1 mile
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The total sky lumens assuming all roadways are lighted for this square mile have been calculated
and are:

For all roadways hghted by hill cutoff fixtures: 743,584 lumens
For-alLroadways-lighted-by.semicutoff.fixtiires:.„l.,123,fi4D lumens

If a single billboard is situated in this example square mile, the percentage oftotal sky lumens
created by the billboard lighting is as follows:

Billboard sky lumens as% oftotal, for 3 fixture system, when roadways are lighted with full
cutofffixtures: 3.1%

Billboard sky lumens as% oftotal, for 4 fixture system, when roadways are lighted with full
cutoff fixtures: 4.2%

Billboard sky lumens as% oftotal, for 3 fixture system, when roadways are lighting with
semicutoff fixtures: 2.1%

Billboard sky lumens as% oftotal, for 4 fixture system, when roadways are fighting with
semicutoff fixtures: 2.8%

Other assumptions for the density of roadway fighting and number of billboards can be similarly
determined. For example,if the roadway lighting is as above, but the density of billboards is
halved,the percentage sky glow from the billboards with be halved.
In certain urban areas,the roadway lighting usage may be greater than in the selected example
area: There may be other-sources ofsky glow such as-floodlighting for buildings and sports

facilities. In such conditions, the percentage contribution of a given amount of billboard fighting
to the overall sky glow wiU be reduced. In yet other areas, roadway lighting may be less than
that illustrated above, and the proportion of sky glow produced by the billboard will be higher.
Further efforts under an extended reseai'ch program could analyze large urban areas and survey
fighting usage by types.
C2.4 Parking and Roadway Lighting

As another example scenario, calculations have been made for a 1 square mile area consisting of

both roadway lifting and parking lot fighting. In this example,a parking lot size of one quarter
mile square has been included. The total length oflocal roadways has been reduced to 16 miles.
The parking lot is assumed to be lighted to an average level of 1.5 footcandles.
Because tlie parkmg lot is lighted to a higher level tlian tlie roadway it replaces, and because a
larger area is bemg lighting, the total sky lumens are increased versus the earlier example that
assumes the presence ofroadways only.
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The modified values of total sky lumens are:

For all roadways and parking ai'eas lighted by full cutofffixtures: 836,687 lumens
For all roadways and parking area lighted by semicutofffixtures: 1,273,028 lumens

If a single billboard situated in this example square mile,the percentage oftotal sky lumens
created by the billboard lighting is as follows:

Billboard sky lumens as% oftotal, for 3 fixture system, when roadways and parking areas are
lighted with full cutoff fixtures: 2.8%

Billboard sky lumens as% oftotal, for 4 fixture system, when roadways and parking areas are
lighted with fiill cutoff fixtures: 3.8%

Billboard sky lumens as% oftotal, for 3 fixture system, when roadways and parking areas are
lighting with semicutoff fixtures: 1.8%

Billboard sky lumens as% oftotal, for 4 fixture system, when roadways and parking areas are
lighting with semicutoff fixtures: 2.5%
It should be noted that in this analysis, all lumens reflected fi-om surfaces or emitted upwards

directly from the fixtures are assumed to enter the sky. This is probably true for most billboard
lighting systems. For roadway and parking lot lighting, however,reflected light may be blocked
by objects such as buildings or trees. Ifthis blockage is 50%,for example,the above percentage
contribution of billboard lighting to sky lumens will be doubled. Nonetheless,even assuming a
scenario where all roadway and parking lot lighting sources are fully-shielded fixtures,the sky
glow caused by billboards is a small percentage of the overall sky-glow, under the conditions —
evaluated.

C3

Digital Billboards and Sky Glow

The scenario to be evaluated for digital billboards in relation to sky lumens is completely
different from conventional billboards: There is no reflecting billboard surface and no exterior
luminaires, as the digital pixels themselves are the li^t sources. Some light from the pixels is
emitted in directions below the horizontal where it provides the advertising message to viewers

and some light is emitted above the horizontal where it enters the atmosphere (unless blocked by
trees and structures).

•

The photometric test data for the digital billboard sample tested at Lighting Sciences'
laboratories has been examined, and calculations have been performed to determine the sky
lumens tliat will be generated for a typical 14 x 48 ft. digital billboard.

It is significant to note that the digital billboard as tested is designed to direct the majority ofits
light below the horizontal, in tlie dfrection ofthe viewer location. This is achieved by the use of
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horizonal louver blades that ai'e angled downwards and tliat ivn between adjacent rows of pixels.
This is illustrated in figure 1; in this figure, the lengths ofthe arrows represent the actual
intensities of the light rays in the various directions as documented in the laboratory photometric
test report. For example, fight intensity emitted 20 degrees below the horizontal is more than
dmiblft the intensity emitted 20 degrees above the horizontal. This has tlie obvious effect_pf
reducing sky lumens versus that which would be produced if fight above and below the
horizontal were equal.

Elimination of bottom mounted exterior luminaires commonly used for conventional billboards

play a very significant role in the reduction of sky glow. For the example scenario detailed
earlier in this report, where a four luminaire bottom mounted system produces 31,535 sky
lumens,roughly 90% ofthose lumens are emitted into the sky directly firom the fixtures.
For the digital billboard calculations, it was assumed that no dimming ofthe fight output occurs
due to age, as the computerized controls can be set to overcome any LED light output

degradation with time. A Light Loss Factor of0.90 was assumed to account for a possible 10%
loss due to the accumulation of dust and dirt.

For the conventional billboard discussed above, a 25% average reflectance was used in the given

example. A similar "message" was assumed for the digital billboard calculations, i.e., a
billboard luminance was assumed that would be created by an array of colors equivalent to that
used for the conventional billboard analysis, rather than an all white display. It was further
assumed that a 14 x 48 ft. bfilboard woifid be operated at 4.3% offull output at night, as
recommended in table 4 above. For these-example conditions, the amount offight directly-

emitted into the atmosphere by the digital billboard is 2260 lumens. This compares to the value
of31,535 sky lumens for the example conventional billboard lighted by four bottom mounted
luminaires, and is 8% ofthat amount.

Digital billboards can be seen to offer a major opportunity to reduce sky glow ifthey are

replacing conventional billboards that employ a bottom mounted lighting system. This is a result
ofthe elimination of the external luminaires and the direct sky lumens they produce,^d also
because of the design of digital billboards whereby less light from the billboard face is directed
upward versus downward.

Ian Lewin Ph.D.,FIES,L.C.
October 1,2008
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Effect of Horizontal Louver Blades

Billboard

Length of Arrows Represent Light Intensity
Uplight is Partially Shielded

Figure 1
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Appendix A

»

Lighting Units and-Xerms

Several terms are usefiil in describing the light characteristics ofdigital billboards. See figure
Al.

Billboard Luminance, L

or Brightness

(Candelas per sq. meter,
or nits)

Intensity, 1

or Candlepower
(in Candelas)
Billboard produces
Illuminance

at viewer's eye

Billboard Area,S .. ...

(In Footcandles)

Distance, D

Figure A1

Candlepower. This is the intensity,I, oflight produced by the billboard in a particular direction,
and it is measured in "candelas." For example, a billboard of a certain size will emit a certain

intensity oflight in a du'ection perpendicular to its face. The intensities emitted in other
directions will be less than that in the perpendicular dhection. If the billboard displays a white
image,this intensity will be higlier tlian iftlie billboard face is any other color.

Candlepower does not change significantly with distance, providing the atmosphere is clear; the
intensity continues as the light rays move in a straight line until they sti-ike a surface.
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Luminance,L, often called "brightness," relates to the overall appearance ofthe billboard. It is
the caiidlepower emitted per unit area, and is expressed in units of"candelas per square meter,"
or cd/sq.m. Say a billboai-d tliat has an area of2 square meters produces 400 candelas when
viewed from a direction perpendicular to its face, then its luminance is 400/2, equal to 200
nH/sq.m. The term "nit" is also used. Such a billboards is said to have a brightness of200 nits.
The formula relating the billboard size, luminance (or brightness) and the candlepower it projects
is;

Candlepower (in candelas)= Luminance (in candelas/sq.m. or nits) x billboard area (in square
meters)
or

I=L X S

A1.

(L is in nits, S is in sq.m.)

Illuminance, E. This is a measure ofthe amount oflight that is intercepted by an object that is

illuminated by the billboard. Illuminance is measured in "footcandles," and is dependent on the
distance fi"om the billboard, as weU as the candlepower the billboard produces. If a viewer is
looking at the billboards, the illuminance at the viewer's eye, Ey, can be found using the "Inverse
Square Law," which states
^

■

■

or

^

niummance(m footcandles)=

Candlepower(in candelas)
7——-—
Distance (m feet)

E

A2.

The value ofI from equation 1 can be substituted into equation 2to give
E

A3.

Equation 3 is very useful because it relates billboai'd size (S), billboard luminance (or brightness)
(L), and gives the footcandles(Ey) that will be produced by tiie billboards at a distance,D feet. It
can be rewritten:
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A4.

B-is^nnits^-Ev-isin-footcandlesr
D is in feet, S is in sq. meters

Otherwise,ifthe area ofthe billboard, S,is in square feet, the equation becomes
10.76 D'E,.

A5.

L=

L is in nits, Ey is in footcandles,
D is in feet, S is in sq. feet

The illuminance, E,can be measured easily with a relatively inexpensive footcandle meter at a
measured distance D feet horn the billboard. Figure A2. The area ofthe billboard, S,

presumably is known. Inserting these values ofE,D and S into equation 5 allows the luminance,
L in nits, to be calculated.

Eye

Footcandle Meter

Figure A2. Measuring Illuminance (in Footcandles) at the Viewer's Eye Location

Eye Location

TI

Nit Gun

Figure A3. Measuring Billboard Luminance (in Nits) Using a Nit Gun Aimed at Billboard
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L,the billboard luminance, can also be measured with a "nit gun", which is a luminance meter

that can be pointed at the billboard. Figure A3. However such devices are more expensive and
less readily available than a footcandle meter.

Rftcausp. nf the simple relationship as given in equation A5. billboard luminance specifications
can be written in terms of footcandle limitations at a certain distance. For compliance checking,
ifthe footcandle value produced by the billboard and measured at a prescribed distance is at or
below a specified level, then it will be known that the billboard luminance meets the desired
limitation.
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Appendix B

Description of the Lighting Environmental Zone(from lESNA publication TM-11-00)
El.Areas with intrinsically dark landscapes. Examples are national parks, areas of outstanding
natural beauty, or residential areas where inhabitants have expressed a strong desire for shict
limitation oflight trespass.

E2.Areas oflow ambient brightness. These may be suburban and rural residential areas.
Roadways may be lighted to typical residential standards.
E3.Areas of medium ambient brightness. These will gener^ly be urban residential areas.
Roadway lighting will normally be to traffic route standards.
E4.Areas of high ambient brightness. Normally this category will include dense urban areas
with mixed residential and commercial use with a high level of nighttime activity.

Note: The above descriptions are being considered for revision by lESNA at the time of writing
this report. The categories are not changed, but the descriptions are more extensive for clarity.
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EXHIBITS

[DIGITAL BILLBOARDS TODAY]
[CHANGING THE DELIVERY OF
INFORMATION]
Billboards are the oldest mass medium. The first

standardized posters appeared in the 19th century
and, not surprisingly, the medium has adapted

as varied as the places they serve.
As with any new technology, there are questions
about how best to incorporate digital billboards
Into the existing body of regulations and aesthetic
fabric of an area. The following pages give a broad

over time. What \A/as once a poster on the side of

overview of how communities have answered

a building became a freestanding, purpose-built
billboard. Hand painting on a sign became printed

those questions and why virtually every state
and hundreds of municipalities welcome digital

paper pasted on the board. Paper and paste is
giving way to computer-generated images on

billboards.

plastic substrates. Today, the next generation of

[REGULATORY FRAMEWORK]

billboards is digital.

Ail billboards are heavily regulated. The federal
government, state government, and counties,
cities, and towns regulate outdoor advertising.

These dynamic tools for advertisers and

communities represent a small fraction of the total
number of billboards in the United States. There

or one percent. Yet the communities which have

To keep pace with technology, the federal
government has said roadside billboards (offpremise signs) could use "changeable-message"
technologies as long as these signs don't scroll or

digital billboards have come to rely on them.

flash.

are an estimated 400,000 billboards faces in the
United States; about 5,200 of those are digital,

The usesfor this exciting technology are
as varied as the places they serve.

On September 25, 2007,the Federal Highway
Administration (FHWA)issued a guidance memo to
states:

Small business owners turn to them as an

affordable way to reach a large number of
customers with a dynamic message. Public safety
organizations rely on them to help bring fugitives

to justice and provide emergency information. The
news media use them to give up to the minute
news and information to an increasingly mobile
audience. The uses for this excifng technology are

"Proposed laws, regulations, and procedures
that would allow permitting CEVMS(changeable
electronic variable message signs, the official name

for digital billboards)subject to acceptable criteria
... do not violate a prohibition against 'intermittent'
or 'flashing'or'moving'lights as those terms are

used in the various FSAs (federal-state agreements)
that have been entered into during the 1960s and
1970s."

The 2007 memo gave states the green light to
approve digital billboards, as long as there were

appropriate regulatory controls in place. The
DUNKIH
DONIIT9

memo went on to list suggested areas of control,
including lighting, display time, and transition time
(the amount of time it takes for one message to

change to another message).
Industry practices conform to federal guidance.
FHWA recommends an eight second display time, a

oaaa

suggestion mirrored by industry standards. Federal
guidelines say digital billboards should "adjust
brightness in response to changes in surrounding

light levels so that the signs are not unreasonably
bright." Digital billboards are equipped with
sensors to make sure the billboards are only as
bright as necessary to be legible. Messages change
instantaneously, avoiding transition effects.

i
HUTCHINSONSEPTIOjIB

States and localities have added regulations for the
size and spacing of digital billboards.
The OAAA Code of Industry Principles includes
clauses against animation and excessive lighting.

billboards and other objects in their field of vision.
The study found the typical glance toward a digital

[TRAFFIC SAFETY]

billboard was less than one second.

Industry practices conform tofederal
guidance.

This finding is important, because a separate study

released in 2006 by VTTI for the National Highway
Traffic Safety Administration (NHTSA) identified
a two second threshold for increased risk due

Safety can be among the most contentious
questions raised about digital billboards. The
debate is puzzling, however, as research on
modern digital billboards has found them to be
"safety neutral" and unrelated to traffic accidents.
Specifically, studies

to distraction: "Glances totaling more than two

seconds for any purpose increase near-crash/crash
risk by at least two times that of normal, baseline
driving." The typical glance toward a digital
billboard is well under the threshold.

issioned by the

Accident records

Foundation

indicate digital

for Outdoor

"I ... have no Indication that digital billboards pose any

Advertising

safety threat to the traveling public. With the number of
digital signs that are currently in E! Paso, both of the busi
ness and billboard type, and the long time In which they
have been present In our city, any safety Issues surely would

a traffic safety
risk. Multiple
comprehensive

have surfaced by now.Those In El Paso who claim there are

studies have been

safety problems with the digital billboards are ignoring the

performed by

Research and

Education (FOARE)
have considered

digital billboards
and driver

evidence."

Tantala Associates,

distraction from
two different

angles.

billboards are not

a consulting
—Richard Wiles, El Paso County (TX) Sheriff,
in a letter to the El Paso City Council

engineering
firm based in

Philadelphia,
One study was
performed by the Virginia Tech Transportation
Institute (VTTI), an academic traffic safety
research institute used by government agencies

and the private sector. Researchers analyzed the
eye glances of drivers along with driving factors
such as lane changes and speed. Randomly
selected people drove a specially equipped car
which monitored when their eyes moved toward

which has

performed analytical research for various levels
of government. Since 2007, researchers have
examined years of accident data for highways and

local streets in Cuyahoga County (Cleveland) OH,
Rochester, MN, Albuquerque, NM, Reading, PA,
and Richmond, VA. Each study reached the same
conclusion: there is no correlation between digital
billboards and traffic accidents.

oaaa

(Cleveland, OH,and
These analyses looked

Los Angeles, CA),

at various view zones,

where digital billboards

or distances,from the

operate. Through

digital billboards and

LAKERS

telephone surveys,

other factors such as

CELTICS

researchers found

deer hits and weather

"the vast majority of

conditions (known as
"bias factors"). The

commuters(more
than four out of five)

studies accounted for

feel digital billboards
provide an important
community service."

differences between

younger and older
drivers and driving

during the day and at night. No matter how the
accident data were analyzed, the conclusion was
the same: digital billboards are safe.

More than seven out often people said digital
billboards help the community with emergency
information, and the majority said they were
attractive. Cleveland Councilman Joe Cimperman

Several states have also performed their own
studies related to digital billboards, looking
at accident data near digital billboards.
Transportation officials in South Carolina, Virginia,
and West Virginia reported digital billboards have
not caused traffic safety problems. Local officials
have also reviewed accident records.

described digital billboards as modern and techsawy.

Among younger demographics, digital billboards
are even more popular. The Arbitron studies found
high percentages of those 18-34 consider digital
billboards attractive, while a majority agreed

digital billboards help the community by providing
Furthermore, the US Department of
Transportation's Federal Highway Administration
(FHWA)research has concluded that drivers are
"generally more likely to gaze at CEVMs than at
standard billboards." But, the average glance
durations were well within the safe limit of two

seconds already defined by the National Highway
Traffic Safety Administration (NHTSA). In short,
the researchers said,"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", adding that "the demands of the driving
task tend to affect the driver's self-regulation of
gaze behavior."

emergency information. More than three quarters

of 18-34 year olds said digital billboards are a "cool
way to advertise."

[PUBLIC SERVICE]
Among the most important users of digital
billboards are law enforcement agencies. The FBI,
the National Center for Missing and Exploited
Children (NCMEC),the US Marshals Service, and
county and city sheriff and police departments use
digital billboards to help keep their communities
safe.

"Digital billboards are right in line with the whole
cityscape. They communicate that we are a city

[PUBLICOPIIMION]

that embraces technology. We

In 2008 and 2009, Arbitron sought to answer a
relatively simple question: what does the public

cutting edge advertising,"

actually have some of the newest state-of-the-art,

think about digital billboards? Arbitron researchers
found people are aware of and positively Inclined
toward this new technology.
The Arbitron studies focused on two metro areas

- Cleveland Councilman Joe Cimperman

Because digital billboards can be updated remotely
and instantaneously, they are ideal for quickly

oaaa

pushing emergency

digital billboards

information to

with generating

the tip leading to

the public. In
2008, NCMEC

Bank Robbef

(which operates
the national

the man's arrest.

Bandit

OCQ

Typically, law

AMBER Alert

enforcement

system)signed

agencies are given

an agreement

access to digital

with the outdoor

billboards for free.

advertising industry
to display AMBER
Alerts on digital billboards. Since then, hundreds
of abducted children were displayed on digital
billboards within minutes of the Alerts being
issued. Almost all of those children were quickly

AMBER Alerts

reunited with their families.

preempt paying

advertisers and the outdoor advertising industry
maintains a sophisticated computer network to

instantly notify operators in every state with digital
billboards of every new Alert at no cost to the
government. The FBI uses a similar system at no
cost to taxpayers.

The FBI uses digital billboards to track down
wanted fugitives and crack difficult cases. In
August, 2010, agents activated digital billboards
nationwide to identify and arrest a suspected
serial bank robber who was wanted in a dozen

states. Agents had been investigating the case
for almost two years, yet it took just nine days to
identify and arrest the bank robber after his image
was displayed on digital billboards. The FBI credits

Law enforcement officials agree digital
billboards make communities safer.

"if we have a crack at over a quarter-million
people seeing that photo every day, then we
have a very good chance at catching the
person we're after,"

-Special Agent Sean Quinn, FBI-Newark

To date, the FBI credits digital billboards with
directly leading to more than 52 arrests. When
local fugitives are added to that total, the number
is even higher. Law enforcement officials agree
digital billboards make communities safer.

ihe Na6'<^'^S,0uiorHei^'s Xd'^^'yEihglnifuslry

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 level of confidence in the eventual findings.

• The study was completed in early 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 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 fVTTh.

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 studv were
more likelv to gaze at CEVIVIS than at standard billboards.

4. The researchers were careful to note the FHWA studv adds to the knowledge base of digital billboard

safety, but does not "present definitive answers" to the questions investigated.

Bottom line:
Digital billboard glances are well within federal safety standards
concerning driver distraction.
The full report is available on the FHWA website

httD://www.fhwa.dot.gov/real estate/practitioners/oac/

THEiHILL
DOT study finds digital billboards
don't distract drivers
fiK
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1 According to the National Highway Traffic Safety Administration (NHTSA), safety concerns arise when a driver's eyes are diverted from the
roadway by glances that continue for more than 2.0 seconds.
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Introduction
Electronic Message Centers(EMC's)
One of chc more interesting types of signage that is becoming increasingly popular is on-prcmlse electronic message centers, or EMO.You may have heard
EMCs being referred to as changeable message displays or digital signs.

EMCs are nar digital billboards, which advertise a good or service that is located away from where the sign is located. Rather, EMCs are digital signs that are
located on thepremises of the business, and that advertise goods and services that are provided at the location.

Digixal biUboardJoff-pmnise sign adrcrxising an auwmobik bitsiticxs awayfiom where the

Elecn-onic Message Cenur (EMQIon-premlsc sign adveysishigan automobile biuiaess shas

sim is located

is located at the pLue ofbusiness

There is often confusion regarding on and off-premise digital signs. However,EMCs and digital billboards have very distinct capabilities and purposes, each
targets a specific audience and each has traditionally been treated under separate legal and r^ulatory r^?mes. For the purposes of this publication, ive arefocusing
solely and exclusively on EMCs.

EMO that are too bright can be offensive and ineffective. EMC brightness is an issue where sign users, the sign industry, and the planning community have
a common goal: ensuring that EMCs are appropriately legible. We know the messages that these signs convey can be rendered unanracrive and perhaps even
unreadable if they arc programmed too bright.

That's why many sign companies recommend to their customers that in order for these signs to be most effective, their brightness be set at such a level to be
visible, readable and conspicuous.
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In 2008, the Incemarional Sign Association (ISA)retained Dr. Ian Lewin ofLighting Sciences to help the industry develop scientilically-researchcd, undcmandable

recommendations for EMC brightness. Dr. Lewin is a past chair ofthe Illuminating Engineering Society ofNorth America(lES),and is gready respected within
the lighung field. His work for ISA was conducted with the input of experts within the sign industry. Dr. Lewins full report can be found at www.signs.org.
As a resuh ofthis research, the recommended brightness levelfr on premise EMCs is 0.3foot candles above ambient light conditions when measured atan appropriate
distance. This is a lighting level that works in theory and in practice.
The research and the recommendarions contained in this report pertain only to EMO,not traditionally internally illuminated signs, such as these channel

letter and neon signs below. EMCs use a different lighting technology than most ofthese types ofsigns, and as such die scientific approach differs.

LmENS-NjHIHGS
mattress

You can rest assured that the information contained in this publication is relevant, appropriate and workable for determining EMC brightness levels.

We have provided she short steps to help guide the process and recommended statutory language. Ifyou need further assistance, feel free to contaa ISA at(703)
836-4012 to answer any of your EMC brightness questions.

EMCs and distal billboards have very distinct
capabilities andpurposes, each targets a specific
audience and each has traditionally been treated
under separate legal and regulatory re^mes.
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Summary
ISA Electronic Message Display Brightness Recommendations
This summary has been developed to assist stakeholders concerned with development of brightness standards for large-format,
electronic displays used for on-premise sign applications. This summary comprises:
1) an overview ofthe importance ofemuring appropriate brightness,
2) technology utilized to ensure appropriate brightjiess,
3) recommended brightness standards, and
4) brightness measurement methodology.
1. Overview of the importance of ensuring appropriate
brightness.

2. Technology utilized to ensure appropriate brightness.

Electronic dispiays that are too bright can be offensive and ineffective.
There are significant advantages to ensuring than an electronic display is
not overly bright. These advantages indude:

Most electronic displays are designed to produce sufGdent brightness to
ensure dear legibility during daylight hours. Howevetj daytime brightness
setting are usuallyinappropriate for ni^ttime viewing. Thefollowing general
methods are used to dim an dectronic display for appropriate nighttime
viewing:

» G)nscrvauon ofenergy
1. Manual Dimming. Using this method, the sign operator dims the

display in response to changing ambient light condidons.

» Increased life expectancy of the electronic display components

2. Scheduled Dimming. Sunset-sunrise tables allow an dectronic display

» Building goodwill with the community

to be programmed to dim at the same time that the sun sets and
y> Ensuring the legibility of the display

rises. This method is generally acceptable, but is more effecdve when
used as a backup to automadc dimming controls capability, such as

It is in the best interest of all stakeholders to ensure diat electronic displays
are sufficiendy bright to ensure dear lability, while at the same time avoiding

photocell technology.

a display that is overly bright.

3. Photocell Technology. An electronic display that utilizes photocell
technology can automatically dim as light conditions change. A
photocdl sensor alerts the display to adjust brightness accordii^ to
ambient light condidons.

Most electronic displays are desired to
produce sufficient brightness to ensure clear
le^bility during daylight hours.
However, daytime brightness settings are
usually inappropriatefor nighttime viewing.
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ISA Electronic Message Display Brightness Recommendations

3. Recommended brightness standards.

4. Brightness measurement methodology.

ISA commissioned Dr. Ian Lewln of Lighting Sciences, Inc. to develop
brightness criteria for on-premise electronic displays. Dr. Lewin is a leading

There are two generally accepted measures of brightness in the sign industry;
illuminance and luminance. lUiuninance, the preferred method,is a measure
ofthe amount oflight intercepting an object at a given distance from a light
source and is measured in footcandles or its metric equivalent,lux. Illuminance

lighting expert with over thirty years experience in the lighting industry.
Dr. Lewin recommended the development ofbrightness criteria based on the
Illuminating Engineering Society's (lES) well-established standards pertaining
to light trespass, IBS Publication TM-II-OO. The theory oflight trespass is

can be measured with a footcandle meter (also know as a luxmeter), which are

relatively inexpensive($100-1000)and commonly available. The footcandle
merer should be accurate to two decimal points for accurate measurements.

based on the concept of determining the amount of Hght that can spill over

The second method, luminance, is an absolute measure of the amount of

(or "trespass") into an adjacent area without being offensive.

brightness that is being emitted from a light source and is usuaUy measured
in candelas per square merer, also known as "nits." Luminance can be measured

As a result of his research, Dr. Lewin recommended two different brightness
settings based on whether the EMC was located in an area of high or low

by use ofa "nit gun",which are expensive(-$3,000) and difficult to procure.The

ambient light. After field testing and utilizing Dr. Lewins recommendations,

because a measure ofluminance fails to account for ambient light conditions.

preferred method of measurement is illuminance using a footcandle meter

it was determined that using the more conservative recommendation is

appropriate in areas of both low and high ambient light. In order to simplify
Dr. Lewins recommendations,and to take a more reasonable approach to ensure
that EMCs are sufficiently visible but not overly bright, it is recommended
that EMCs not exceed 0.3 footcandles over ambient lighting conditions
when measured at the recommended distance, based on the EMC size.

...it is recommended thatEMCs not exceed

0.3footcandles over ambient lighting conditions
when measured at the recommended distance,
based on the EMCsize.

i,lstrpuma
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Recommended

m.

Legislative
Language

CC
1. Electronic Message Center(EMC)Criteria:The illumination
of an EMC shall conform with die criteria set forth in this
section.

A. EMCIllumination Measurement Criteria: The illuminance

SIGN AREA VERSUS MEASUREMENT DISTANCE
AREA OF SIGN

MEASUREMENT

sq.it.

Distance (fit.)

10

32

15

39

ofan EMC shall be measured with an illuminance meter set

20

45

to measure footcandles accurate to at least two decimals.

25

50

30

55

35

59

Illuminance shall be measured with the EMC off, and again
with the EMC displaying a white image for a full colorcapable EMC, or a solid message for a single-color EMC.
All measurements shall be taken perpindicular to the face of
the EMC at the distance determined by the total square
footage of the EMC as set forth in the accompanying Sign
Area Versus Measurement Distance table.
B. EMC lUumination limits: The difference between the off

and solid-message measurements using the EMC Measurement
Criteria shall not exceed 0.3 footcandles.

40

63

45

67

50

71

55

74

60

77

65

81

70

84

75

87

80

89

85

92

90

95

95

97

with a sensor or other device that automatically determines

100

100

the ambient illumination and programmed to automatically
dim according to ambient light conditions, or that can be
adjusted to comply with the 0.3 footcandle measurements.

110

105

120

110

130

114

C. Dimming Capabilities: All permitted EMCs shall be equipped

D. Definition ofEMC:A sign that utilizes computer-generated
messages or some other electronic means ofchanging copy.
These signs include displays using incandescent lamps,
LEDs,LCDs or a fliper matrix.
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140

118

150

122

160

126

170

130

180

134

190

138

200

141

220

148

240

155

260

161

280

167

300

173
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EMC Brightness Levels
How to Measure the Brightness
ofan Electronic Message Center(EMC)
STEP

STEP 3

OBTAIN AN ILLUMINANCE METER.

DETERMINE THE MEASUREMENT DISTANCE

Purchase or otherwise procure an illuminance meter. Most dty/coun^'traffic

Using the total square footage found in Step 2, look up the measurement
distance in the table provided in the Recommended L^islative Language on
page 6, to determine the distance to measure the brightness of the EMC.
The distance should be measured perpendicular to the EMC sign face. The
use ofa measuring wheel is the most convenient way to measure the distance.

departments have an illuminance meter, which are also referred to as lux or
footcandle meters (lux is the metric measure ofilluminance; footcandles is the

English measure ofilluminance).The illuminance meter must have the djility
to provide a reading up to two decimal places and must be set to read footcandles. It is preferred to have an illuminance meter with a screw-mount that
allows the sensor to be mounted on a tripod. A tripod ensures that the highly

sensitive sensor Is held perfecdy still; otherwise it may be difficult to obtain
an accurate reading.

Ifyou do not have an illuminance meter, the Kbnica Minolta T-10 is a high quality
illuminance meter that works well. However, other less expensive illuminance

meters may also provide adequate results. The International Sign Association
has no affiliation with Konica Minolta.
STEP 2

DETERMINE SQUARE FOOTAGE.

Determine the square footage of the face of the electronic message sign
(EMC)by multiplying the height and width ofthe EMC.This information

may be available In a permit application, or can be determined by physically
measuring the height and width of the EMC.Do not include the sign face
square footage attributable to any additional static signs associated with the
EMC (if applicable).

w
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How to Measure tlie Brightness of an Electronic Message Center
STEP 4

STEP 5 [CONTINUED:!

PREPARE THE DISPLAY FOR TESTING.

Ensure that the illuminance meter is set to measure footcandles up to two

Ensure that the EMC is programmed to alternate between a solid white (or
in the case ofa monodirome display-the solid color ofthe display) message
and a blank message. You may wish to include a provision in your code that
requires the EMCs in your community to be programmed to alternate briefly

decimal places. As the display altematcs between a solid white message and a
blank message, note the range ofvalues on die illuminance merer.Ifthe difference
between the readings is less than 0.3 footcandles, then the brighmess of the
display is in compliance. If not, the display will need to be adjusted to a lower
brightness level using the manufacturers recommended procedures.

(3-5 seconds) between a white message or a blank message for a short interval
at a given time of night, or you may wish to have a requirement that the sign

owner cooperate with testing by programming the EMC for testing upon
written notice.

5

USE AN ILLUMANCE METER TO MEASURE THE BRIGHTNESS
OF THE EMC

Delictoua Menu
fterra to

Mount the sensor of your illuminance meter to a tripod and orient the sensor
directly towards the face of the EMC at the measurement distance determined
in Step 2.

s.inii\

STEP 6

ENSURE THAT THE DISPLAY CAN ADJUST TO DIFFERENT
AMBIENT CONDITIONS.

Inspect the sign to ensure diat it incorporates a photocell or other technology
to ensure that the display can adjust according to ambient lighting conditions.

As the display alternates betwee^t a solid white
message and a blank message, note the range ofvalues
on the illuminance meter. Ifthe difference between the
readings is less than 0.3footcandles, then the

brightness ofthe display is in compliance.

• International Sign Association

•

A Summary Report on EMC Brightness Levels
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Recommended Brightness Levels for On-Premise Electronic Message Centers

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Saturday, February 23, 2019 7:41:59 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Other

First Name

Ann

Last Name

Hutchinson

Organization

self and including Paul McAllister

City

NEW RIVER

Zip

85087

Email

behomes@q.com

Phone Number

6237426514

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

Thank you for considering our attached comments.

If applicable, attach
supporting
documentation
associated with your
comment.

TA2018 Comments to county from PM - AH.docx

Email not displaying correctly? View it in your browser.

TA2018 Comments
Suggested by Paul McAllister and Ann Hutchinson
NR/DHCA Advisors
February 22, 2019
We will be submitting these comments personally and suggest that NR/DHCA include these comments in the
input they provide the county.
As we studied the TA2018001 OFF SITE ADVERTISING SIGNS (BILLBOARDS) we consider the impacts on the
Rural zoned areas of the county and on the unincorporated portions of Maricopa County.
This TA does not address the brightness of a digital billboard in foot candles and this type of billboard is
different than other lighted billboards.

Sample of ordinances address digital billboard brightness

https://www.cityofallenpark.org/Services-Departments/Clerk/Ordinance-Information/04-2013-DigitalSign-and-Billboard.aspx
(3) Maximum brightness levels for digital billboards shall not exceed .02 (two tenths) footcandles over ambient light levels measured within 150 feet of the sign. Certification must be
provided to the City demonstrating that the sign has been preset to automatically adjust the
brightness to these levels or lower. Re-inspection and recalibration shall be annually required
by the City, in its reasonable discretion, at the permitee’s expense to ensure that the specified
brightness levels are maintained at all times.
(4) Brightness of digital billboards shall be measured as follows:
A. At least 30 minutes following sunset, a foot candle meter shall be used to obtain an
ambient light reading for the location. This is done while the sign is off or displaying
black copy. The reading shall be made with the meter aimed directly at the sign area at
the preset location.
B. The sign shall then be turned on to full white copy to take another reading with the
meter at the same location.
C. If the difference between the readings is 0.2 foot candles or less, the brightness is
properly adjusted.
We also think these standards should apply to on-site bill boards.
The SECTION 201 Definitions appears good and needed.
For 1403.3.1.A.3, we suggest the that the 150 feet be changed to 400 feet. It would read:
Any billboard within 400 feet of a residential zoning district boundary or a residential use in a rural zoning
district shall be non-illuminated.
1403.3.1.B.1. We suggest the that the 100 feet be changed to 400 feet. It would read:
No billboards hall be erected within 400 feet of any residential zoning district boundary or a residential
use in a rural zoning district, whether or not separated by a public right-of-way.
1403.3.1.B.2. We agree

We would like to add 403.3.1.B.3.
No billboards allowed within or located less than one mile from any Scenic Corridor. This would cover
those covered in the county Scenic Corridors Plans and Guideline documents plus the corridor
described in the New River Plan along I-17 from the 1-17/ New River exit north to the county border.
Notation: The one-mile dimension would make billboards nearly invisible to any Scenic Corridor.
1403.3.3.1.C. We agree; billboards should not be audible
1403.3.1.D. This needs to be rewritten. This is confusing. We do not know what area this covers. There is no
U.S. 60-89.
1403.3.1.E. Development Standards
• The graphic details are incorrect.
• 1403.3.1.H.2. Change 450 feet to 1,000 feet. 450 feet from any Rural zoning district (could be
residential in future). Would be very distraction and visible to residential especially during dark times.

ALAN MULLER
39307 N 9TH AVE
DESERT HILLS, AZ 85086
February 23, 2019
Agree with Paul McAllister & Ann Hutchinson with some adjustments; see below:

REF: COMMENTS TO TA2018001 - Text from TA in BLACK; comments in BLUE
TA2018001 OFF SITE ADVERTISING SIGNS (BILLBOARDS.
We normally look any TA to see what impact it would have on the Rural zoned areas of the county.
We also look any TA to see what impact it may have on the unincorporated portions of Maricopa County.
This TA does not address the brightness of a digital billboard in foot candles and this type of billboard is different
than other lighted billboards.

Sample of ordinances address digital billboard brightness
https://www.cityofallenpark.org/Services-Departments/Clerk/Ordinance-Information/04-2013-Digital-Sign-andBillboard.aspx
(3) Maximum brightness levels for digital billboards shall not exceed .02 (two tenths) foot-candles over
ambient light levels measured within 150 feet of the sign. Certification must be provided to the City
demonstrating that the sign has been preset to automatically adjust the brightness to these levels or
lower. Re-inspection and recalibration shall be annually required by the City, in its reasonable discretion,
at the permit provider’s expense to ensure that the specified brightness levels are maintained at all
times.
(4) Brightness of digital billboards shall be measured as follows:
A. At least 30 minutes following sunset, a foot candle meter shall be used to obtain an ambient
light reading for the location. This is done while the sign is off or displaying black copy. The
reading shall be made with the meter aimed directly at the sign area at the preset location.
B. The sign shall then be turned on to full white copy to take another reading with the meter at
the same location.
C. If the difference between the readings is 0.2 foot candles or less, the brightness is properly
adjusted.
We also think these standards should apply to on-site bill boards.
SECTION 201 Definitions.
FREEWAY (REGARDING OFF SITE ADVERTISING (BILLBOARDS) DIGITAL.
SIGN (BILLBOARDS), EMBELLISHMENTS.

We agree we need amendments to the definitions.
By adding: For the purpose of the location of offsite advertising signs (billboards) only, (I-17 south of Carefree highway,
I-10, LOOP 101, LOOP 202, LOOP 303, SR 24, US-60 Superstition Highway, all of their connections & off ramps).
ARTICLE 1403.3 Add: advertising.
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1403.3.1
1403.3.1.A.1 3,000’ (not across freeway) when located 3 miles or more from city/town boundaries
1403.3.1.A.2 1000’ separation (not across freeway) when located less than 3 miles from city/town boundaries.
1403.3.1.A.3 no flashing, intermittent or moving illuminations …..
Any billboard within 150 feet of a residential zoning district boundary or a residential use
in a rural zoning district shall be non-illuminated.
We believe this should be 400 feet (this conforms with our suggestion for 1403.3.1.B.2
1403.3.1.B. 0’ setback from any property line …. except.
We disagree, this statement is confusing.
1403.3.1.B.1. No billboards hall be erected within 100 feet of any residential zoning district boundary or a
residential use in a rural zoning district, whether or not separated by a public right-of-way.
Notation: Suggest400’ from a residence in a rural district.
1403.3.1.B.2. 500’ from any park, school or roadside rest area.
Good as written.
1403.3.1.B.3. ADD
No billboards allowed within or located less than one mile from any Scenic Corridor. This would cover those
covered in the county Scenic Corridors Plans and Guideline documents plus the corridor described in the New River Plan
along I-17 from the 1-17/ New River exit north to the county border.
Notation: The one-mile dimension would make billboards nearly invisible to any Scenic Corridor.
1403.3.3.1.C. Good, billboards should not be audible.
1403.3.1.D. On SR 74 between U.S. 60-89 and Lake Pleasant Road and U.S. highway 60-89 from SR loop 303 to
Wickenburg shall not be erected within six-hundred sixty (660) feet of said highway right-of-way.
This is confusing. We do not know what area this covers. There is no U.S. 60-89.
1403.3.1.E. Development Standards:
1403.3.1.E.1. Billboards not located within 300’ of existing freeway.
1403.3.1.E.1.a. Shall be limited to 30 feet in height inclusive of all embellishments, lighting & attachments.
1403.3.1.E.1.b. Shall be limited to three hundred (300) square feet in sign face area. The maximum square
footage may be exceeded by up to ten percent (10%) by use of embellishments.
1403.3.1.E.2. Billboards located within 300’ of existing freeway:
1403.3.1.E.2.a. Shall be limited to forty eight (48) feet above adjacent grade or elevation of main travel lanes of
a freeway or subject property, inclusive of all embellishments, lights and attachments.
1403.3.1.E.2.b. Shall be limited to three-hundred (300) square feet in sign area. The maximum square footage
may be exceeded by up to ten percent (10%) by use of embellishments.
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1403.3.1.F A billboard may be double faced or “V” shaped, provided the “V” shape is designed so that there is
no greater than 54 inches between faces at the apex and the angle between faces of the sign is no greater than
forty-five (45) degrees.
Table above sign details incorrect.
1403.3.1.G. All lighting shall adhere to Article 1112.3.2. of the Maricopa County Ordinances.
1403.3.1.H. Digital billboards
1403.3.1.H.1. Billboards may have digital faces if the billboard is located within 300’ of a freeway and is
located fewer than three (3) miles from the boundary of any incorporated city or town.
1403.3.1.H.2. Billboards not within 300’ of a freeway but fewer than three (3) miles from the boundary
of any incorporated city or town may be digital if (i)not within 450’ of a rural or residential zoned district
boundary (ii) not more than 30’ in height, and (iii) not more than 300 sq. ft. in face area.
Change 450 feet to 1,000 feet; 450 feet from any Rural zoning district (could be residential in future). Would be a
varied distraction and visible to residential especially during dark times.
1403.3.1.H.3 Network time shall be made available on all digital sign faces to Federal, State, and local
public safety agencies for emergency messaging. Such messages shall override all copy for one hour and
shall be displayed for no fewer than eight seconds in every minute as long as needed.
1403.3.1.H.4. Digital faced signs shall adhere to provisions of Article 1401.3 of this Chapter except that
from 11:00 pm until sunrise . All billboards illuminated shall be extinguished and all billboards shall be
equipped with time devises to insure compliance. These illumination requirements shall be applicable
to the display of any Amber Alert or other government emergencies. For the emergency situations as
determined by the zoning manager further in the event of electronic malfunction the sign shall be shut
off until corrections have been made to
1403.3.1.H.7 In no instance shall a digital billboard be within 1000’ of another digital billboard.
Measurement shall not cross any freeway.
1404.3. Offsite advertising signs (billboards) (IND-2 and IND-3 zoning districts.
1404.3.1 Offsite advertising signs (billboards) shall be permitted in the IND-2 and IND -3 zoning districts subject set forth
in Article 1403.1. of this ordinance.
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From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski (PND); DARREN GERARD (PND); Derek Scheerer (PND)
FW: Online Form Submittal: Citizen Comments
Wednesday, February 27, 2019 10:21:16 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Wednesday, February 27, 2019 10:20 AM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Bernie

Last Name

DeVries

Organization

Field not completed.

City

Phoenix

Zip

85086

Email

raintree237@yahoo.com

Phone Number

6028828844

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

Why would you support something like this, when there are
enough things to distract drivers on I-17. Also think about light
pollution . I just think this is a bad idea for Arizona & the people. I
live just off of I-17 on Carefree hwy. & I don't want to have to look
at lighted signs every time I drive I-17. Thank you for your time, I
hope that you do the right thing!

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski (PND); DARREN GERARD (PND); Derek Scheerer (PND)
FW: Online Form Submittal: Citizen Comments
Wednesday, February 27, 2019 10:20:15 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Wednesday, February 27, 2019 10:11 AM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Bob

Last Name

Westle

Organization

Tramonto HOA

City

Phoenix

Zip

85086

Email

bob.westle@me.com

Phone Number

972-322-0722

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

On behalf of the Tramonto HOA board of directors as the
president, I would like to voice their objection to the placing of
electronic billboards along the I17 corridor.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski (PND); DARREN GERARD (PND); Derek Scheerer (PND)
FW: Online Form Submittal: Citizen Comments
Wednesday, February 27, 2019 8:46:27 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Wednesday, February 27, 2019 8:23 AM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Gary

Last Name

Szalakiewicz

Organization

Field not completed.

City

Phoenix

Zip

85086

Email

gns86@ yahoo.com

Phone Number

708-638-7708

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

We do not need any electronic or other billboards on carefree
and 17 .we like our night sky the way it is .No more billboards
please

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski (PND); DARREN GERARD (PND); Derek Scheerer (PND)
FW: Online Form Submittal: Citizen Comments
Wednesday, February 27, 2019 6:48:18 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Tuesday, February 26, 2019 11:00 PM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Tom

Last Name

Mozdzen

Organization

East Valley Astronomy Club

City

Gilbert

Zip

85233

Email

tjmozdzen@gmail.com

Phone Number

4802362311

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

I am against any measures that increases the number of
electronic billboards in the state of Arizona. I don't think the
wording in this document reflects the original purpose to allow
some electronic billboards. I also think the wording is flawed in
that there is no upper limit to the number of signs. Not only do I
find the signs very distracting while I am driving, but it threatens
our astronomy industry by ruining our dark skies which are
required for our astronomical industry to thrive. Finally, I would
like these signs to be required to follow the IDA (International
Dark Skies Association) guidelines for constructing night-time
lighting.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Derek Scheerer; DARREN GERARD; Jaclyn Sarnowski
FW: Online Form Submittal: Complaint for Failure to Observe Adoption Procedures
Tuesday, February 26, 2019 7:12:30 AM

From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Monday, February 25, 2019 9:38 PM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Complaint for Failure to Observe Adoption Procedures

Complaint for Failure to Observe Adoption Procedures

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. In the event a Department fails to observe adoption procedures
pertaining to Maricopa County’s Enhanced Regulatory Outreach Program policy,
citizens can submit a complaint. You will receive a written response from the
applicable department within 15 business days. You can file an appeal of the
department's decision within 30 days with the Clerk of the Board's Office. The
Board of Supervisors shall place the complaint on its agenda within 30 days of
receipt of the appeal and will provide a response to the complainant at the
meeting. Thank you for the opportunity to address your concerns.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

BROOKS

Last Name

SCOFIELD

Organization

East Valley Astronomy Club (and myself)

City

CHANDLER

Zip

85249

Email

bandjinpnx@msn.com

Phone Number

4808027733

Phone Type

Home

Would you like someone

No

to contact you?
Specify Failure of
Process

I came here from L.A. and do not want to see more outdoor
lighting not needed for safety. It appears this "revision" could
allow for more lighting. Changes may be need in existing signs
but ANY INCREASE in total brightness should be disallowed.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski; DARREN GERARD; Derek Scheerer
FW: Online Form Submittal: Citizen Comments
Monday, February 25, 2019 3:37:31 PM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Monday, February 25, 2019 3:04 PM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Gene

Last Name

Fioretti

Organization

Field not completed.

City

Goodyear

Zip

85395

Email

gpfioretti@msn.com

Phone Number

6237483171

Phone Type

Home

Would you like someone
to contact you?

Field not completed.

Comments

Roadside signs should be designed to help the motorist. To
ensure public safety all road signs should be designed to cause
minimal distraction without promoting any significant risk to the
driver. They should have a negligible effect on the environment.
Certain road signs, by this I mean billboards meant for
advertisement, have no place on our highway systems, as they
do not benefit the motorist in any way and only cause variable
amounts of distraction depending on type and illumination. By
destroying natural beauty, advertising billboards decrease our
county and state's visual appeal. Many drivers considered
billboards an annoyance, others just ignore them, few if any
enjoy them or have incurred any benefit from them. When
addressing the safety of billboards, common sense needs to
prevail because studies on things like drivers attention and
subsequent accident rates are very difficult to perform, properly
interpret, and report on in an unbiased manner. Common sense
would suggest that advertising billboards simply not be allowed
on our highway system because their ultimate purpose is just to
sell something to the rapidly passing motorists. The request of
advertisers to expand the number and types of presently allowed
billboards rises to another level of absurdity. Digital billboards are
known to demand even more attention of passing drivers, and
their effects are much more difficult to study. Their always
changing displays and illumination may escape regulation
compliance and enforcement, ultimately exposing the driving
public to unknown and increasing risk. And for what purpose?
Advertisers simple goal is financial remuneration. They are not
concerned with what is good for the general population or the
environment. Certainly the ever mounting list of negative effects
of light pollution on human, mammalian, insect and plant life
should discourage light polluting illumination of signs whose only
purpose is to make money. In my opinion no amount of fees and
taxes can justify granting their request, and we should reconsider
allowing any billboards in our great state.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Sunday, February 24, 2019 3:19:38 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Therold Larry

Last Name

Perkins

Organization

Property owner

City

Scottsdale

Zip

85266

Email

lpN2drums@gmail.com

Phone Number

6024992514

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

These types of signs are distracting and not appropriate in open
space and residential areas. Let's not become like Las Vegas! If
you would lik to see how the use of this type of advertisement
can ruin a rural (residential community) look up Dublin,
California. A bedroom community in the east San Francisco Bay
area. I saw it go from a beautiful quiet area to a lit-up nightmare
along the 580 corridor. I dont see the necessity of this extreme
measure in advertising that will instantly become a nuisance in
our already compromised deserts.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Saturday, February 23, 2019 2:48:37 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

CW

Last Name

Sims

Organization

---

City

Mesa

Zip

85206

Email

simscaw@yahoo.com

Phone Number

6128174625

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

Field not completed.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Saturday, February 23, 2019 11:07:38 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Jane

Last Name

Perkins

Organization

Field not completed.

City

Scottsdale

Zip

85266

Email

mystijane@gmail.com

Phone Number

6024992522

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

Field not completed.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Friday, February 22, 2019 2:17:50 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Duane

Last Name

Smith

Organization

Home

City

Sedona

Zip

86351

Email

smith.duane@gmail.com

Phone Number

9288219895

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

No to digital billboards! We need to preserve the precious
Arizona night skies. Nearly everywhere in the state light pollution
from Phoenix is visible and most don't want to be impacted by it.
Digital billboards serve no purpose to the community and provide
no benefit. Take care of the environment and work to actually
reduce light pollution that wastes money, impacts the natural
environment and doesn't increase safety when not done right

If applicable, attach
supporting

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Friday, February 22, 2019 11:52:25 AM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Daniel

Last Name

Heim

Organization

Desert Foothills Astronomy Club

City

New River

Zip

85087

Email

dan@heimhenge.com

Phone Number

623-465-7307

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

As president of the Desert Foothills Astronomy Club I speak for
myself and our members. We object to any changes in the code
for electronic billboards that would increase either the number or
density of these light polluting devices. Unlike shielded light
fixtures, these devices are designed to put out their light
horizontally and hence send a lot of light upward into the sky.
This interferes with astronomy at both the amateur and
professional level. Light pollution continues to increase, despite
new technology and public education. Let's not take another step
backward. Thanks.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Friday, February 22, 2019 7:34:49 AM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Bill

Last Name

VanOrden

Organization

Field not completed.

City

Tempe

Zip

85283

Email

beevo1@cox.net

Phone Number

480-345-0016

Phone Type

Home

Would you like
someone to contact
you?

Field not completed.

Comments

I am vehemently opposed to any increase in the brightness or
quantity of these devices. The amount of light that is thrown up
into the sky at this point is incredible, adding more only
decreases the amount of enjoyment that the public can have of
teh night skies. Professional astronomers are doubly impacted by
excess lighting. Also would like to see the brightness of the
existing signs reduces after dark. There is NO NEED to have
them run at full brightness at night. Case in point is the signage
for the San Tan Auto dealerships. Driving west past these is very
similar to staring into the high beam headlights of an oncoming

car. There is no need for all this lighting!!

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Friday, February 22, 2019 7:14:47 AM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Mary

Last Name

Hoffmann

Organization

Field not completed.

City

Phoenix

Zip

85085

Email

maryhoffmann1@gmail.com

Phone Number

602-743-8893

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

Field not completed.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Friday, February 22, 2019 6:20:42 AM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Renee Hope

Last Name

Guillory

Organization

N/A

City

Phoenix

Zip

85013

Email

reneehguillory@gmail.com

Phone Number

6024103704

Phone Type

Mobile

Would you like
someone to contact
you?

Yes

Comments

I strongly oppose electronica billboard. Maricopa County should
be advancing and protecting Arizona’s dark sky resource.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Complaint for Failure to Observe Adoption Procedures
Thursday, February 21, 2019 9:07:33 PM

Complaint for Failure to Observe Adoption Procedures

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. In the event a Department fails to observe adoption procedures
pertaining to Maricopa County’s Enhanced Regulatory Outreach Program policy,
citizens can submit a complaint. You will receive a written response from the
applicable department within 15 business days. You can file an appeal of the
department's decision within 30 days with the Clerk of the Board's Office. The
Board of Supervisors shall place the complaint on its agenda within 30 days of
receipt of the appeal and will provide a response to the complainant at the
meeting. Thank you for the opportunity to address your concerns.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Kenneth

Last Name

Cotter

Organization

citizen

City

Fountain Hills

Zip

85268

Email

737kptan@gmail.com

Phone Number

6308035370

Phone Type

Mobile

Would you like
someone to contact
you?

No

Specify Failure of
Process

Please no more of these overly illuminated electronic billboards.
They are a hazard to night driving and are blinding. Bright during
the day but ridiculous at night. Makes me think we are heading
toward Blade Runner (movie) type existence if this keeps going.
Please put a stop to it. Thank you.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 7:28:32 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Mark

Last Name

Johnston

Organization

Field not completed.

City

Scottsdale

Zip

85255

Email

markj57@gmail.com

Phone Number

4803298255

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

I am strongly opposed to any current or future electronic
billboards. Light pollution in Maricopa is terrible already and
getting worse. This is destroying quality of life under desert skies
at night. We do not want this to turn into Las Vegas!

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 7:13:24 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Bernard

Last Name

Miller

Organization

Field not completed.

City

Gilbert

Zip

85233

Email

bgmiller011@cox.net

Phone Number

6025249173

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

The beautiful night sky is one of Arizona's treasures and creates
hundreds of millions of dollars in revenue through Astronomy
related businesses and academic research. We should do
nothing that would endanger this valuable resource.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 7:05:09 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Other

First Name

Robert

Last Name

Ayers

Organization

Maintenance Resources

City

Flagstaff

Zip

86004

Email

astroayers@gmail.com

Phone Number

9288536938

Phone Type

Field not completed.

Would you like
someone to contact
you?

No

Comments

A bit unclear from the documents provided, but I would like to
voice my opposition to increasing the number of road-side signs
that are "electronic" and change their messages. I find them to
be quite drive-distracting. And I don't like to be on the road with
distracted drivers, even if it is only momentarily.

If applicable, attach
supporting
documentation
associated with your

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 7:02:49 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

LeRoy

Last Name

Knauth

Organization

Citizen

City

Gilbert

Zip

85298

Email

Knauth@asu.edu

Phone Number

480-654-4159

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

These billboards are disgusting eyesores. Limit to whatever
extent possible to help keep Phoenix beautiful.

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski; DARREN GERARD; Derek Scheerer
FW: Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 3:03:53 PM

From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Thursday, February 21, 2019 2:17 PM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Rick

Last Name

Graham

Organization

Field not completed.

City

Carefree

Zip

85377

Email

rgraham@thethreadfactory.com

Phone Number

6024027400

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

Please do not allow billboards to be installed along Carefree
Highway. I can't believe that a few business owners think that
this is a good idea. Carefree Highway is a scenic corridor and
should not be defiled by billboards. I would urge a no vote on the

billboard question. Thanks

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski; DARREN GERARD; Derek Scheerer
FW: Online Form Submittal: Citizen Comments
Thursday, February 21, 2019 11:49:14 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Thursday, February 21, 2019 8:36 AM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Kathryn

Last Name

Graham

Organization

Field not completed.

City

Carefree

Zip

85377

Email

kathryn.graham@me.com

Phone Number

4802625270

Phone Type

Mobile

Would you like someone
to contact you?

No

Comments

Allowing billboards along Carefree Hwy is the worst idea I’ve
heard of in a long time. This is very likely being proposed be a
few bar owners in Cave Creek who will stop at nothing to make a
dollar. They have already turned the town into a carnival of
motorcycles and weekend pop up vendors. And now they want to
destroy desert open space. For what? There certainly is no
community or public benefit in this proposal. If billboards are
allowed, you will be sacrificing the enjoyment of many to serve
the greed of a few. Do not let that happen. Vote no.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Wednesday, February 20, 2019 4:24:32 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Susan

Last Name

Cable

Organization

Field not completed.

City

New River

Zip

85087

Email

sbcable@yahoo.com

Phone Number

6234655929

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

This proposed change is nuts! How can you even consider such
a change that appears the self-serving advertising industry is
trying to ram-rod through! The proposed change will adversely
affect the scenic corridors, dark sky initiatives, motorist safety,
environmental initiatives, property values and more. Please do
not approve this absurd change!

If applicable, attach
supporting
documentation

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Wednesday, February 20, 2019 7:48:13 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

James

Last Name

Slezak

Organization

Field not completed.

City

New River

Zip

85087

Email

vangjim1@yahoo.com

Phone Number

6022066040

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

I object to the proposed text amendment. Billboards will create
additional distractions for drivers, light pollution and disrupt our
scenic corridors

If applicable, attach
supporting
documentation
associated with your
comment.

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Wednesday, February 20, 2019 4:26:58 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Scott

Last Name

Massey

Organization

Field not completed.

City

New River

Zip

85087

Email

sbcable@yahoo.com

Phone Number

6234655929

Phone Type

Home

Would you like
someone to contact
you?

No

Comments

This proposed change is nuts! How can you even consider such
a change that appears the self-serving advertising industry is
trying to ram-rod through! The proposed change will adversely
affect the scenic corridors, dark sky initiatives, motorist safety,
environmental initiatives, property values and more. Please do
not approve this absurd change!

If applicable, attach
supporting
documentation

Field not completed.

From:
To:
Subject:
Date:

noreply@civicplus.com
Regulatory
Online Form Submittal: Citizen Comments
Wednesday, February 20, 2019 7:46:01 PM

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Planning and Development

I would like to

Express opposition

First Name

Michele

Last Name

Slezak

Organization

Field not completed.

City

Phoenix

Zip

85087

Email

shellbell6408@gmail.com

Phone Number

6022066408

Phone Type

Mobile

Would you like
someone to contact
you?

No

Comments

I oppose the text amendment and support preservation of our
roadway Scenic Corridors. Billboard spacing, LEDs and lighting
should not be modified to protect Maricopa County’s scenic
highways for the benefit of the public. Billboards will create
additional distractions for drivers, light pollution and disrupt our
scenic corridors.

If applicable, attach
supporting
documentation

Field not completed.

From:
To:
Subject:
Date:

Caitlin Brady - MCDOTX
Jaclyn Sarnowski; DARREN GERARD; Derek Scheerer
FW: Online Form Submittal: Citizen Comments
Tuesday, February 5, 2019 11:59:36 AM

Caitlin Brady
602.372.1176
From: noreply@civicplus.com [mailto:noreply@civicplus.com]
Sent: Tuesday, February 5, 2019 11:35 AM
To: Regulatory <regulations@mail.maricopa.gov>
Subject: Online Form Submittal: Citizen Comments

Citizen Comments

Each Regulatory Department is committed to providing opportunities for
stakeholder input regarding the adoption and amendment of all regulatory
requirements. Your input will be collected and forwarded to the appropriate
department. You will receive a written response from the applicable department
within two business days. We appreciate your comments and your time.

Case Number/Rule

TA2018001 - Off-Site Advertising Signs (Billboards)

Department

Field not completed.

I would like to

Express opposition

First Name

Petrer

Last Name

Strupp

Organization

Field not completed.

City

Carefree

Zip

85377

Email

peter.strupp@princetoneditorial.com

Phone Number

480-488-8827

Phone Type

Home

Would you like someone
to contact you?

No

Comments

I am opposed to any regulatory change that would permit the
installation of digital advertising in areas (including the Carefree
Highway corridor) that are largely desert rural in character. The
"always on" nature of such advertising is at odds with the "dark
skies" ethos that has driven development in the areas, and that
has attracted residents and tourists alike.

If applicable, attach
supporting documentation
associated with your
comment.

Field not completed.

Email not displaying correctly? View it in your browser.

