Q Mermorandum

US.Department
of Transportation

Federal Highway
Adminisiration

Subject:

ACTION: Requests =1 tublic Interes. Findings for 3M Da=. December >, 2007
Prismatic Retrorefl(<ive Sign She’.\ng Materials

From: Jéffr?yj ATiR In Repj Refer To: Hi'a

To:

Associate Administrato - cor Safety

Lo1vision Administrators

Acirany of you ar. already aware, earlier this supimer 15 Division otfices received requests
{~ public interes. 1indings (PIFs) from their rey octive State Ir2purtments of Transportation
{or a new prisi.atic retroreflective sign sheeting material mai.nactured by 3'v called
Diamond {tude Cubed (I'<'3). These PIF requests were <uumitted pursvaze to 23 CFR
635.41" (), which allevis Division Administrators to &~ prove the use ¢t a proprietarv

proa »_: upon reques. by a State when it is in the public interest to o s0. In these P17
requests, each Stote asserts that IV -3 offers superior performarce nrimarily becatse of its
higher brightn¢ss (luminance }3vel) in many situations. The St tes have requesied public
interest find1 gs allowing JXU3 to be specified on a sole source basis on Feacral-aid projer::
for all guide signs, chevyons, markers axi uelineators for a period of thzec years. A doter'ed
technical justificatic= ¢ atlining perfo:raance advantages for DG3 over vther comme.ially
available sign sheetii.g products v’a: included wit:. =ach request.

Due to the unique nature of } s situation —%.c. multiple, identical requests for PIFs using a
common set of technical documentation ~ ve requested t! 'z : the Divisions forward these
request, ‘0 Headquarters so that our age..cy response *v:uld be consistent. Upon recer ug
these <2quests, we performed an evz'uation involviny FHWA technical experts in sign
re‘roreflectivity issues, as well as other staff in the Offices of Safity, Infrastructure,
Operations, Re <arch & Technology, and the Chief Counsel’s oitice. A detailed review of
the technica justification of safety benefits i as been perfrinied, as well & a preliminary
evaluatinu of the claimod benefits versus the higher cos” for DG3 mate a1, including
consigetation of the z3wntial impact that approving the PIFs as requie: ted could have on the
mat.stplace for tratic sign sheeting products and traffic sign fab. cation in the States making
Pi: requests.
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Based on our review, we have determined that additionel information *: needed before a full
approval of the PIFs could be granted. However, ::= believe thatai: approval on a more
limited basis for experimental purposes under 23 CFR 635.411{x3) is appropr..te as
outlined below. Our review cunfirms some of the claimed beiziits of DG3.. “1owever, it also
raises questions about the 12ognitude and significance of ¢':.zrs, as well ac noting that many
of the estimated benefii~ a.e based on computer modeling instead of evy »1imental data!. Jur
evaluation also raises ~uncerns about 1 .e possibility that use of DG2 ou chevrons in‘taial
areas could create 1.sability glare.a2d recommends further study ¢” \he potential alverse
impacts of this . wplication. Acuordingly, since we feel that more information is needed, a
broad finding that the use 0£1.G3 is in the nutiic interest pursuant to 23 CF.} 635.411(c) is
not warranted at this time:

Under 23 CFR 635.411(a)(3), States are permitted > experiment with new produ :>on a
roore limited basis in order to pyoaace experimeial data to better understand performance
characteristics and perhaps support more wid *spread specific.tion of a product. Such a
request wa. not made regarding DG3. We ~icourage anyv ( erested State, including the

15 State® rhat submitted the PIF reques +,to consider stcu experimentation on as extensive a
levei.as they deem appropriate as a means to develep an adequate ju tification for a full PIF.
In (rder to suppor’ 1.roduction of relevant and reli avie data, we hove prepared the attached
gutdance on hev.-such experimentation should ¢ pursued. B~cause States ray find the
experimentai approach required to produce relevant data to oe costly and eoniplicated if
pursued £ a State by St210pasis, we encourage States ‘o pool resources. 9 support

experin ental evaluations. FHWA is willing to help fac.litate this piou=ss, if so desi*od and
reque sted by the Stafes. States inivrested in specifying DG3 on a 1hore widesprea®™ than
experimental bas continue to Kuve the option to do so as a nc v participating #c.a, as
outlined in t'» cxisting regulat ons.

As a final note, the decition to make a.g #lional determination of FHW > s position on the
requests for PIFs in" 115 case is due {1 une unique circumstances surrounding this situation —
namely, multiple and simultanecu. requests regat *.ag a single product. The con.ondated
t.view used in this case is not<nwended to set ¢ piecedent for action in handliny tuture
requests. However, given tl- determinaticn ‘nade regarding the need for additional
Justification for PIFs involving DG3, ongoing review of tuat product will continue to %~
handle..5y Headquarters. We are a'<o currently revi=\ving options to ensure that our
pracssses to review PIF requests are effective in piumnoting innov.tion and advancing the
c*awe of the pracice in the highway industry.

For furthatz1formation on the technical aspects of this iss ¢, please conti:c: Messrs. Carl
Anderscwin the Office € Safety Research at (202) 497-2366 or Greg < caertz,
Retro<ilectivity Teawr Leader, at (720) 963-3764.
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Evaluating Experimental Plans Assessirig the Safety enefits of
Retroreflective Sheeting for Traffic Cor¢+ul Signs in. Capport of Public
Interest Findings

BASIC ELEMENTS OF £ xERIMENTAL PLAN

Experimental plans as<cssing the safety benefits of retroreflective mat ».1als (in supnaiiof a PIF
for DG’ sheeting) si suld include the Tollowing:

Objective of evaluatio::;

Treatments to be eve uated;

Measures of effectiveness to be evaluated;

dypotheses to be tested;

Experimental design that wiil allow treati. eat effects to ke isolated,;
Sites a* \rhich treatments will be impl-nented;

Locazons that will be used as contr. . sites;

Sample sizes required to produce desired level a1 statistical cornfiuence;
2xperimentalpiotocols describing how datiew 1l be collectad: and
Statistical-a ralysis methods.

“ o o o
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CRITICAL ISSUES 7« D BE ADDRUSSED IN EXPERIMENTAT 2LAN

In reviewing pot tial State expaiinental plans, the following critical issues shocld be
scrutinized:

Selecting an app. « priate measurc 0. effectiveness (MOE);
Selecting appropriate treatmen.: to be evaluat <, including the ability to isela  the effect
of changing only the sign shecting material:

e Selecting appropriate co1 rol sites;
Det¢rmining the requirements for an‘1.collecting date from an adequate sample siz- o
okiain an appropriate level of steisiical confidence in the results; and

o ~Y'mploying appropriate experimental design, v.'0i0cols, and stuistical analysis.

» Special considerations in evaluating chevrans

appropriate Vi JEs

The first c=.tical issue fol rae State is to identify a quant *faiive MOE tha: relates to the
hypotsizsized impact ot DG sheeting on driver performance, with cau.al links to safety.
Selecting an apprep.iate MOE will auisure that the State has clearl; evaluated the expected
improvement th 't will be providcd by DG3 sheeting and that the results will be meaningful and
useful.

Examples of acceptahle MOEs include!



e A combination of legibility distance and reading ime — the meas:ue of how long it takes
to acquire the information provided on a guide sign; and
e A reduction in erratic maj ~uvers related to desired lane pcsition, such as '“ic exits;

Examples of unacceptable M Es include:

e Driver preferencs of signs, typic«lly measured by installing si, .5 with differei t inaterials
on the same <izn bridge or ¢ven using multiple materials on the same sign;-aad

e Retroreflectivity or luminznce (brightnes. of signs — measured either.iti 21tu or calculatia
from lab measuremen: .

Appreoriate Treatments

The Sécond critical issue is insuring that only the pasameter of inerest—the sign sheeting
n.aterials—wil! change over the duration of the evaluation. For caample, if the State propose:
that the use o* DG’ will permit removal of avurhead guide si<n lighting, the base line conditicn
would be+i e existing sign materials with lighting, and €-Corimental corwitions should include
the exisitig materials * rithout lighting as well as altersi:tive microprismatic sheeting (including
DG’} without lightiriz.

Er =rimental Condition ] Lighting
b | Material Y N
Baisiine q Existing X ‘
| Treatment T .~ Existing X :
Treatm>.ii 2 D3 X |
Treatment 3 “ Material X X
Treatment n Matzoial Y X |

Apuropriate Conirol Sites

The third critieal issue is tc insure the evaluation plan incluies a descriptici o1 the selection of
control sites. Evaluations:niay be conducted as cross-se:ticnal or befora<a ter studies. A cross-
sectinna’ study may per mit the evaluation to be performed within a siioster time period but will
likely require a large: aumber of s'.2s and inclusion of equivalent cuitrol sites. A before-after
study would neec 1o be carefully Jesigned to insure that there i. ‘.ppropriate compensation for
other change ‘= the roadway a..d roadway usage throughout the duration of the evaluation. The
evaluation plan should clex -1y articulate tt'= manner in which data will be collected and should
describe controls that wii-oe used. For.c zample, if a before-after study of lane exits were



proposed, the evaluation might include upstream and dowrsi.eam interchanzzs as control sites
for the experimental site. The State would probably need to include seve-ai experimental sites
and carefully select those sites to minimize the operatic aal and geomauic difference: between
sites. In a cross-sectional study, the evaluation might include the vosiream and dovustream
interchanges as local controls te-siurmalize the magnitude of e»scrved changes<: driver
behavior. It should be noted that the results of an evaluation wi.l likely not h¢ #ransferable 2. -o0ss
facility types and envirorminntal conditior.s. That is, the results for urban. {~<eways, with 7zed
roadway lighting, high AP T, and high ‘= vels of off-road lighting, will ¢~t permit calc fiadon of
the probable impact «* changing sigricheeting materials on rural freeways without 1:x¢d roadway
lighting and with low levels of 01..1oad lighting. «'so, the results on divided, high-speed urban
freeways may not be transferah.s to undivided ““zban arterials.

Approporiate Sample Size and Statistiea® significance

The harth issue is related to the an._ipated benefit. of the propesed action and the anticipated
it2pact on driver performance. The evaluation plai: should inclia > a statistical hypothesis of the
‘rnpact on driv r performance due to the proos sed change in.¢iga sheeting materials. A power
analysis sh¢uid be conducted to determine 1« amount of <a.a that must = collected to make a
reasonahic inference, a* a statistically significant level, ‘rat an observes <unange in the MOE is
due to fue sign sheetiny material.

A ppropriate F‘,;.t»erimental L ~sign, Protocols, and Statistic<t Analysis

The fifthissae is to insure-that the proposed experiment wil, provide a r¢iulstic measurer.nt of
the anticipated impact. <. good experir..2ntal plan with well thought 0. protocols in et cert with
appropriate statistica «nalyses will »¢lp insure that the results of ti.< cvaluation ar¢ mieaningful.
It is important tc ¢~usider the type of statistical analyses that will be conducted <.» the data that
will be collected. The characte stics of the da o can dictate the feasibility of <erain statistica!
analysis methods. Since ea<l. ¢valuation wi.* depend upon the actual facilii'cs selected, the
number of experimental “iies, the type ol evaluation and the level of control that will be
exercised, it would not be practical i 1u1s document.to-describe all of the necessary
con.lderations generically. Insteac. ror illustrative purposes, considerations are dis:ussed belov:
{0 the MOEs identified earlier a. acceptable:

e Readinz ame — The objective is to d:tesmine if drivess use less time in reading a highet
lumrinance overhead traffic sign and position theit“chicle to exit ecrlier than other overhead
s.zus with less J-minance. The safety surrogate (=/che hypothesi® *hat less time used by the
Iriver in read 2 and recognizing a sign wili 12sult in more ¢ to perform the driving task,
especially.wi.en exiting a roadway, and better positioning .t an exit. Thi' nay be very
difficuli *¢ conduct on ¢ open road. It would require e ve tracking equipzent, and would
prefeccaitially includs ~onstant recording of the vehic'c’s position. Ti.is experiment, which
wonid involve pre selected drivers, might include the following:

o Drivers “7ould be provid<d'a specific course to follow, w’iich would require obtaining
inform. ~uon from guiae signs.

o Signs manufactured. with different si.eeting materials would provide varying levels of
luminance. Nete *hat the sign p<sitions should be varied to control for geometric and



ambient lighting conditions. The number of observars should be 1<z enough to control
for the variance within each group when evaluatii g the reading time of each sign along
the course (i.e., Group A might observe a sign 11anufacturec. »nth DG? at si¢» position 1,
while for Group B it may e Type VIII and for Group C itimay be Type [’V

o Itis acceptable to have 25 ¢valuation plan in which all b« signs on the.ccurse are of the
same material, with-diferent observation groups used to evaluate dil«crent sign mat_.:als.

o The time requirec cr each observe: to read each sign, and the dist.=ce at which 1> 'sign
is read, would bu.iecorded for c=rnparison within and between « Zbjects.

Note that the evatuation plan . hould include *4 ks in addition to the wayfind<ag task to try tc
duplicate driver behavior o1.10ads with trai”sc.

¢ Erratic maneuvers — The objective of s experiment 15 to determine if drivers obsei 7ed
tra e ssing the study site position t!'eir vehicle to ex.i'in the proper lane earlier and ‘nake
{ower “last second” maneuvers «» exit when 2rule signs are reanufactured with DG? sheeting.
as compared to driver performance with guide signs manufaciured with other sheeting
materials.. .ie safety surrogate is the hynohesis that driv<rs will establish a proper vehicle
positier. sooner to exit a roadway, and will make few=1 " 1ast second’” oxit maneuvers. An
eva'vadon of errati. maneuvers might be conductec <s a before-after study. Several
cOHraparable sites would be selected for the eval intion, along witi: control sites. The control
sites might inci.de the upstream and downstreain interchangc: adjacent to tk«= zxperimental
sites.

o (Ci:crve the genera, traffic flow at night, and measure vehicle l2no positioning wh.n
preparing to ex.* at the experir e atal sites and control sites foi sume period of v.ine
(determined Ly the power at.2iysis of the data requirements, .

o It may be wussible to recca license plates (kept private) to evaluate the pcrcentage of
out-of-State vehicles that exit late (paicatially indicative of unfami'iay drivers).
Recording license ¢ 'ates might als¢ permit identification of vehicles that repeate i exit
late.

n  After the base line is establishrd, change sigi: tnaterials at selected sites inweurdance
with the evaluation plan¢Same site might'z>ceive DG’ signs, while others might receive
Type VIII or Type IX, wlile control s.'e; would not b ~hanged.

To fu’tv evaluate erratic maneuvers, 2 State would:ticed to record the lane positioning of

exivng vehicles from the location of the first adva. ce guide sign O the exit. This would be

\\wssible by usir e low-light level or near infra-"ed cameras, and Zata reduction would likely
oe labor intet.<1ve.

Special Coi siderations in r:valuating Chevrons

The f.~_1 issue pertaii.s 10 an evaluation of chevrons. It is important that the potential for glare be
evaluated before 22encies use DG <ieeting on chevrons, especializ in dark, rural locations. Such
an evaluation skhuid be conducied on a closed course — preferat’y a road course with multiple
left and right «ins of varyivg curvature. MOEs would include lane tracking and detection/
recognition of pedestrian: 2s drivers negsiiate the course with curves marked with chevrons



manufactured with different sheeting materials. The evaluatian should inclcue older drivers in
sedans and SUVs and should require driving with high-{ eams.

FOR FURTHER INFORMAZION

For further informationz¢garding the tec-nical content of this documen., please contasi Carl
Andersen in the Offic= of Safety R&7 at Carl. Andersen@fhwa.dot.gc v or (202) 422.-5366.






