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Executive Summary

GTRI has been working in coordination with Los Angeles County to understand the wide
range of voter needs in the county and to ensure that those needs are addtiessed
modernization of voting systems. GTRI was tasked with evaluating the accessibility of three new
voting system concepts that were developed by IDEO, a hgerarred design firm, for the LA
County Voting Systems Assessment Project (VSAP) Initiafite. purposes of this document
are to (1) describe the accessibility issues associated with each concept, which may partially
determine which concept should be pursued for further development, and (2) describe
accessibility issues that should be considegthg future, detailed design activities.

We evaluatedhreelDEO voting system conceptsd identified a number of design
issues as they pertain to accessihilltye identify and describeigh level design issues in more
detail throughout the reporiVe focus orthe following themes: 1) universal design; 2)
accessibility of tactile control; 3) physical accessibility of system components; and 4) ballot
verification. One of the most challenging and important issues we found across the three
concepts rekas to universal design. Many of the overarching issues across concepts pertain to
limited reach and visibility, as well as adjustability of the system. Each concept is briefly
described in this summary, highlighting major challenges and possible dekitiors.See
Table 1 for more details abolmt some caseshé drawings are netery specific, as is the nature
of 6conceptsd, but i n some c asobtlsedesignewithost di f f i
further clarification. For instanceit was difficult to ascertain whether the ballot slot was an
input slot printout slot or both.In these cases, we will note where we make assumptions or need
clarification.

Concept 1

1 Posture Seated vsstanding users. The design accommodates seatex] liger
would be difficult for a standing user to operakteleg length adjustable’&s
shown, in its fully extended position, what furniture is needed to support it for a
standing user?

9 Tilt: It is not clear whether a tilt feature is available in thisgresack of
adjustability in the angle/ tilt of the display may produce glare, reducing
touchscreen visibilityDue to theuncontrolled environment of the polling place
this may be an issue

1 Position of lallot printoutslot Standing users may have diffiity finding the
ballot printout area since it may not be visible or within resireover,a seated
userb6s knees may obstruct the ballot in
beneath the touchscreen.

1 May require handling of ballofthere is not enough detail to clearly state whether
t his desifgrne eiés. 0 hlafn dtsh ewhbenthé dotertmakesnal y pr i n
mistake and wants to discard that baltben that would not be an issue.
However, if the ballot must be pulled frotmetslot and cast in another location, it
would not be considered hanfise.

1 How will a user who is blind or low vision verify their ballot?



Figure 1. IDEO Concept 1

Concept 2

1 PostureThis design appears to be tailotedard standing users, given its
display height and angl&Vithout adjustment, seated users would have difficulty
viewing the display and reaching the ballot printout. g\oditionally, the legs
look veryunsteadyand may not be suitable for wheelchaienssdue to space
constraints.

1 Adjustability: It seems feasible that the legs could become adjustable, making this
a fairly easy modification fonniversality of physical height

1 Tactile control:Errors are more likely to occur if the tactile control asnplex
and button shapes/sizes are not easily discerniilerecommend a tactile
control with fewer buttons, whose unique colors and shapes would provide
essential, redundant indicators of their purpose (e.g., ashawed buttons)

1 Requires handling dhe ballot This design requires the voter to insert the ballot,
and remove it, and cast it. This is not ideal for users who have upper mobility
impairments.

1 How will a user who is blind or low vision verify their ballot?

Figure 2. IDEO Concept 2



Concept 3:

1 PostureThis desigmprimarily accommodates seated usersis design cannot be
set on a table, ge it possible to make an extension for standing users?

0 The shield may prohibit a standing ug®m viewing the ballot on the
large vertical screen.
o Ample knee clearance may be an issue for seated users as well.

i Tilt: The touch screen may have an adjustable tilt, but that is not clear based on
the illustrations provided, and the upper vertiaapthy cannot be tilted to
accommodate standing users

1 Position of ballot printout sloSeated users would have difficulty viewing and

accessing the ballot input/output slot on the top of the machine.

o |If seated users can reach the ballot slot, howadliffiis it to pull out the
ballot from the ballot slot on top of the machine? What keeps the ballot
from going over the back of the machine as it finishes printing?

Tactile control isnot shown|s there a tactile control?

Does not require handling of thallot This is the only concept that is clearly

handsfree. Voters only have to handle the ballot if they made a mistake or want

to discard it.

1 Controls on ballot display screehat is thgpurpose of theaised portion on the
left side of the ballodlisplayscreer? What are the functions of the red and green
buttors shown to the right of the ballot display screditfese elements are not
provided in the concept description.

1 How will a user who is blind or low vision verify their ballot?

= =
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Figure 3. IDEO Concept 3

Common to All Concepts

In order to meet universal design and overall accessibility requirenteatellowing
four characteristics must be further scoped beightadjustability,screen adjustability, design
of the tactile controlsand ballot verification.Height and screen adjustabildéye essential,
particularly if only one system is going to be chosen to accommodate both standing and seated
users. If the legs cannot be adjusted, perhaps a modificaticalltves the machine to stand




alone or sit on a table or stand. This does not solve the tilt issue, however. Further modifications
may be necessary, depending on the chosen design path.

When designing the tactile contrabnsider Bape color labe$, andocation of the
controls Theyare essential faninimizing complexityof the tactile control The position of the
control in Concept 2 is goodlowever, the antrol should be rema@ble such that a voter can
placeit in their lap. Raised buttons are portant for users who are blind or have low vision, as
this assists them with locating the buttons. Consider adding suitable shapes, such a®arrows
better define the action of each button. Numerous buttons add complexity, so breaking up
functional eéments of the tactile control pawebuld make it easier to understand and use
Perhaps separate the panel into two sastione for adjusting settingach as volume control,
speed, cadence, etc., and another section for navigation (e.g., Back, Nemt, En

Headset jacks are not shown in any of the concéfgsrecommend including the
headset jack othetactile control This allows the tethered remote to keep from tangling with
the headset wire arkieps the seataserfrom having to extend theieachto access fixed
headset jackn thevotingmachine

All of the concepts provided by IDEO offtére voterpaper balloverification However,
this printout is not accessible to voters with vision impairments. If LA County chooses to
implementa designthat uses a paper balldiallot verificationmight be performed on the
electronic ballot marking system where ballot marking AND verification take place at that same
location, where affordances for accessibility can be providedcept 3, in whiclthe printed
ballot is displayed under glass, may be most amenable to this option. However, note that a single
system for ballot marking and verification is more susceptible to tampering and fraud than two,
independent system&uidelines in VVSG 1.1, Clpger 7.8 discusses the importance of using
independent verification, stating tiiatT he ver i fi cati on processes f o
must be independent @&ch other, and at least one of the records must be verified directly by
the votero

As the VSAP initiative movesowardadesign solutionthe acessibility issues and
proposed solutions contained in this document should be considered during the concept
refinement phase of this projeBach of the concepts has positive design featanaking it
difficult to choose one over the otherBhe desigrieam ismostlikely to achieve a single,
universally accessible voting system by adoptireggoodness from each of the conceyid
enabling height and tilt adjustmenBerhapshere is a way to incporate the goodness of each
design into one new conceqat hybrid of the positive design qualities of eaéthso, a separate
system for ballot verification may be required to provide accessibility for voters with vision
impairments.Additional modificatons should be considered, based on the issues and potential
solutions laid out in this report.



Table 1. Mapping of accessibility issues to the voting system concepts

RBEiboxes indicate that extensidesignmodificationswould be necessary to address the accessibility
issue.Yellow boxes indicate that the accessibility issoeldbe addresseboly detailed design
considerations during concept refinemdéteenindicates no (or minimal) issue.

Concept

Accessibility Issue

Components may be difficult to
reach.

Components may kdifficult to see.

1

2

Glare and parallax may cause
difficulty for seated users.

LCD displays are visible from a
limited range of viewing angles.

Remotecontrols may require two
handed operation.

Buttons that arall shaped the same
or that do not have shapes
corresponding to their functions are
more difficult for the blind to Identify
and for the cognitively impaired to
understand.

The printed ballot, which may be
used for voter verification, is not
accessible to users with vision
impairments.

The printed ballot is not accessible
for people with upper mobility
impairments that cannot
insert/retrieve ballot from machine.

3

Comments

Concepts 1 and 3 may be too low for standing participani
and their heights do not appear to be adjustable.

Concept 3: seated users may not be able to reach the ba
insertion/printout slot. Poll worker assistance may be
required.

Display angle cannot be adjusted to mitigate glare or
accommodate different user heights. This may be more
problematic for seated users who cannot easily adjust the
viewing angle. Although Concept 3 appears to feature al
adjustalbe electronic display, the printed ballot display is 1]
adjustable.

Concept 1the ballot insertion/printout slot may not be
visible to standing users.

The display is not perpeni
sight. The display cannot be tilted to mitigate glare or
parallax.

LCDs are best viewed with a line of sight that is
perpendicular to the display. Displays can be less visible
invisible from more extreme angles. The displays of
Concepts 1 and 2 cannot be tilted to accommodate differ,
viewing angles.

The tactile control should be mounted (or mountable) on
machine to enable ordganded operatio.hey should also
be detachable for use in the l§assuming Concept 2 is
detachable.)

The tactile control (shown in Concept 2) features several
buttons of the samghape.

Speech output should be provided for tiadiot verification
task Only Concept 3 includes a mechanism for ballot
verification, but it is not clear whether the mechanism wo
be accessible to voters with vision impairments.

Verification should be conducted on another machine
(different than the voting machine) to redugusceptibility
to tamperingVVGS 7.8)

The system should not require the voter to physically har
the ballot. OnlyConcept 3 provides a completely hadfid=e
ballot (unless voter wants to discard it, then it would neec
be removed from slot).




Introduction

Overview and Document Structure

Section 1 begins with the introduction of voting system accessibility andtwehy
important. Section 2 contains a description of accessibility guidelines and standards across a
variety of documents (e.g., ADA, HAVA, VVSG 1.1, etc.). Relevant guidelines and standards
are presented in appendices. Sections 3 and 4 describe laiibessues associated with voting
machine hardware and software, respectively. The description of each issue is accompanied by a
list of LA County voting system design concepts to which the issue applies, as well as an
explanation of why it is applicéda GTRI evaluated the voting system design concepts to address
features and functionality that may or may not meet accessibility requirements for a voting
system. In addition, recommendations are provided that would enable voters with disabilities to
vote independently and privatelxccessibility ssueswithin each subsection are presented in the
order of importance and relevance to the design concepts. The final two sections of the report
present prioritized, major findings and recommendations forstegs in the design and
evaluation process.

This document contains descriptions of accessibility issues and potential solutions for
voting systems. Some of these issues should be considered when determining which voting
system concept should be pursutablel shows a summary of the accessibility issues and the
corresponding IDEO voting concepts. These issues are discussed in more detail in the section
entitled, "Accessibility issues and potential solutions associated with voting system hardware."
There are manother accessibility issues described in the aforementioned section, as well as a
section on voting systesoftware which should be considered during detailed design, but they
do not provide a basis for discriminating among the existing concepts.

Voting Accessibility

In the United Stateshe ability tocast a voten a public polling locatiors taken for
granted by many. However, despite guidance fronfAthericans with Disabilities AQtADA)
and the ADAAmendments Act Accessibility Guidelines (ADAAGHany people with
disabilities find accessibility at their pollipdacesto be deficient.Barriers to voting can come
from a number of interrelated facets including social, political, physical, and economic. The
physical inaccessibility of polling plasgein addition tdhe stigma associated with cognitive
impairmentsis enough to dissuade some voters frating at he polling locationsln a recent
study, when people with disabilities were polled regarding their voting experiences, three
categories oénvironmental factors were identified dgcial environment of polling place?)
access t@re-election informationand 3)the physical environment of polling place@sluding
voting technologies and ballogdarriset al, 2013) This report focusesmothe issues that make
up the third set of environmental factdrthe physical environment and the design of voting
systems for people with disabilities.

The ADA defines an individual with a disability as a person whphas a physical or
mental impairmet that substantially limits one or more major life activities; @Rhas a record
of suchimpairmenf OR (3) is regarded as having suafpairment It is not possible to list all
diseases or conditions covered under the definition. Howesemmon dishilities include those
associated with vision, hearimgobility, and cognition Beyond thecommonlylisted terms are
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hidden disabilities affecting a large portion of the population, including dyslexia, brain injuries,
arthritis, and temporary disabilities due to an injury or medical treatmentybeemdesigning

new voting systems, it is importantkeep in mind thasystem accessibility fggeople with
disabilitiesimproves usability for everyone, including those without disabilities and those with
functional limitationghataren ot consi dered O0di sabilitiesd.

An accessible voting machine is a tygenteractive device that a voter wigtdisability
(visual/hearing/mobility impairments, cognitive and/or functional limitations) can use to produce
a marked ballot independently. Accessible voting machines can reduce interaction times and
enhance privac)Electronic voting systems often use complex user interfaces, have varying
functionality, and may have a stigma associated with them (distrust, difficult to use, etc.).
Physical dimensions and characteristics of an accessible voting system spanangecatnoss
the U.S.

Voting systems have potential accessibility issues in the following areas:
Physical access

Reach and visibility

Labeling

Displays

Touchscreen interfaces

Physical buttons

Pointing devices/stylus

Feedback

Audio output

Headphone jacks

Ballot scanners

Printer outputaindballot verification

Ballot slot

Card readers for voter registration cards

Writing areas and storage areas for personal belongings

=2 =20 _9_9_9_9_42_49_9_2°_2°_-2-2_-2._-2-

These common accessibility issues will be addresssdbsequent sections of this documen
Their applicability to the Los Angeles County voting system concepts will be described.

Voter Needs in LA County

GTRI has been working in coordination with Los Angeles County to identify hidden
disabilitiesand to understandolwv the wide range of vet needs in this large and diverse county
can be addressedA County has expressed a concern that hidden disabilities may be
underrepresented in mainstream voting platform accommodatiomsder to address these and
other issues within the county, LAoGnty formed the Voting Systems Assessment Project
(VSAP) initiative.
VSAP seeks to address the diverse needs of Los Angeles County voters by modernizing the
countyds voting system. \Wtchkidgabdgsorwgormritte¢, bAe p u bl
County hageamed witHDEO to conceptualize future voting systertaking intoaccountvoting



system requirements, security, privacy, and accessibility, among other logistical considerations
of the systemsuch as maintenance and storage

This documenprovides an irdepth review of accessibility requirements for voting
systems as well as an evaluationhathree design concepts developgdbBEO for the LA
CountyVSAP initiative. The primary purpose of the task is to provide actionable
recommendation® LA County concerning salient voting platform design issues for people with
disabilitiesand toidentify the utility of various design approachesd conceptthat address
accessibility in designThe information garnered frothis evalation, as well as subsequent
activities identified in the conclusion of this repavtil be usedto ascertairthe requirements
necessary for generating an integrateting system that addresses accessibility.

GTRI has developed a series of monographs that address accessibility in Mesign.

of the accessibility issues described in this
Voting AccessibilityMonographand tailored to meet the needs of thigj@ct
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Accessibility Guidelines for Voting Systems

Recommendations imis reportare based oguidelines and standards that are applicable
to a variety of systems that are similar to voting machines, such as ATM machines and kiosks.
The guidelines angtandards are also applicable to the administration of federal elections, and
they are regarded as a list of best practices that should be followedfedeoal elections as
well. Each set of guidelines/standards can be categorized as compulsoryntaryollhe
sources of the guidelines and standards are briefly described below. Lists of relevant guidelines
and standards are presented in the Appendix.

Americans with Disabilities Act Guidelines (ADA)

The ADA guidelines are published in conjunctioithithe Architectural Barriers Act
(ABA) guidelines as th&DA and ABA Accessibility Guidelines for Buildings and Facilities
(seehttp://www.acces$doard.gov/quidelineandstandards/buildingandsites/abouthe-ada
standards/background/adhaaccessibity-guidelines2004). The ADA guidelines apply to
facilities in the private sector, and to state and local government facilities; the ABA guidelines
apply to federally funded facilities. In addition to guidance for building accessibility, the ADA
ABA guidelines contain guidance that applies to automatic teller machines and fare machines
and specifically excludes other types of interactive transaction machines from the scope of the
guidance. However, the ABDABA guidelines represent best practicesdocessibility, and are
used in this document as recommendations for designing accessible voting machines. The
complete ADAABA accessibility guidelines can be found at the link above; the sections of the
guidelines are the most relevant to the desigrothg machines are shownTable2.

Table 2. ADA-ABA Accessibility guidelines relevant to voting machine accessibility

Section Title
306 Knee and Toe Clearance
308 Reach Ranges
309 Operable Parts
703.3 Braille
707 Automatic Teller Machines and Fare Machines
904.3.3 Check Writing Surfaces

Section 508 Guidelines

Originally added as an amendment to the Rehabilitation Act of Biffiion 508
requires that all Federal information that is accessible electronically must be accessible for those
with disabilities. Information must be accessible in a variety of ways, which are specific to each
disability. Section 508 applies specificalio federal departments and agencies, although various
state and local governments have also adopted legislation based on Section 508. Section 508
does not apply to procurement in the private sector. However, Section 5G8gbet private
organizatonsthat provide services for local, state, or federal governments. Furthermore, the
Section 508 technical standards represest practices for accessibilignd are used in this
document as recommendations for designing accessible voting machmaéppendixlists the
guidelines that are applicable to voting machines.
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Information and Communication Technology (ICT) Standards and Guidelines

Section 508 is a federal law that requires agencies to provide individuals with disabilities
access to electronand information technology and data comparable to those who do not have
disabilities, unless an undue burden would be imposed on the ademoposed updates to
Section 508 and Section 255 (Disabled Persons' Telecommunications Accese)ewsed for
public comment on December3)1l;under the title Al nformation
Technol ogy St and ar ”tg/wamatceshoarddyeviguidelieesnd ( s e e
standards/communicatioamdit/aboutthe-ict-refresh/drafrule-2011) The guidelines address
accessibility issues that have emerged from recent technological developments. They include
guidance for the design ofieetronic documents which may be relevant to ballot design.

The ITC standards and guidelines provide guidance for systems with closed and open
functionality. Systems with closed functiona
altering settingsg.g., font size); they also do not provide peripheral hardware connections.

Voting machines should have open functionality, to the extent that users should be able to

modify settings. However, voting machgshould not require voters to attach assistive

technol ogy (see VS S[TivdingmacBifeahall] notrdguire the vetérat e s ,
to bring their own assi s tRelewant|CTguidelmeslare gy t o a
presented in an Appendix.

Help America Vote Act of 2002 (HAVA)

HAV A was passed to modernize the administration of federal elections. HAVA
provides federal funding for programedated tgprovisional voting, voting information,
statewide voter registration lists and identification requirements for first time registrants,
administrative complaint procedures, and updated/upgraded voting equipment. HAVA was
critical in the development of voting system guidelinegfEwple with disabilitiesThis act led
to requiredmprovements to the quality, reliability, accuracy, asdsbty, affordability, and
security of voting equipment, election systems, and technology.

Section 301 of HAVA (42 USC § 15481) sets forth requirements for voting systems used
in federal elections. The requirements were amendétiRy2239 (Voter Confience and
Increased Accessibility Act of 2003). The amended requirements are shawAppendix.

Voting System Standards and Voluntary Voting System Guidelines

A list of accessibility standards for voting machines and ballots is providéolume 1
of the Voting System Standards (VS®deral Election€ommission, 2002) The purpose of
the standards is to help designers and evaluators ensure that voting systems are easy to use,
accessible, and secure. The standards are based in large part on588cstamdards, with
adaptations to the voting context.

The standards set forth in the VSS (2002) were later updated and supplemented with the
Voluntary Voting System Guidimes (VVSG) These updated guidelin@gersion 1.1yeflect
changes in technology and election pragicBoth the VSS and the VVSte voluntary, and
are therefore listed separately from Section 508 standards, which are manBatexant
VVSG guidelines are presented in an Appendix.
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Human Factors Design Standard (HFDS)

Originally written as a set of guidelines for Federal Aviation Administration (FAA)
systems, théluman Factors Desigstandard has since been expanded and modified to include
technical operations systems as well and is widely uséditman factors practitioners in a broad
range of fields. In 2007 the FAA added draft updates related to interface design, including
displays and no#eyboard input devices (e.g. mouse, joystick, touchscrelrg.resulting set of
standards can be tailoremlmeet the needs of the system or program at hand. The HFDS can be
found athttp://hf.tc.faa.gov/hfds/

HFDSis acomprehensiveet ofhuman &ctors practices and principles that provides
succinct and tactat, evidencebased informatiofior designersHFDS is organized such that
users can easily locate specific design critéta example, chdprs are arranged by
overarching topicsgeneraldesign requirementgutomationgontrols and visuahdicators;
computer human interfaces, etc.

ISO/IEC 71 Guide 71 (2001)

This set of guidelines was written to address the needs of both older people and people
with disabilities. The main focus is to support the need for more accessible products and
services. ISO/IE 71guidelines are useful for manufacturers, designers, service providers and
educators who are designing products to meet standards for accessibility and usability. The
guide applies to products, services and environments encountered in all aspaityditd end
intended for the consumer market as well as the workplace. As it provides general guidance only,
consideration should be given to additional guidelines for more specific design detail.

13
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Accessibility Issues and Potential Solutions Associated with Voting
System Hardware

This section addresses accessibility issues that are associated with system hardware,
including configuration, orientation, and physical features. A subsequent section of this report
addresses system software.

Each accessibility issue below is designated as directly applicabdes thngeles Coumt
voting systentonceptg10/01/2013, see Appendir) potentially applicable to future design
iterations and refinements. Issues are segregated into subsesichts which addresssa
system component or functioWithin each subsection, the issues are ordered according to their
relevance td.A Countyvoting system concepts.

Please note that the following sections depict illustrations that may or may ndydirect
correlate to the concepts IDEO has provided. In many casdBERkeconcept drawingsid not
provide the necessary detail to impart the issue, and thus, a more generic image is used to
illustrate design solutions for accessibility.

Issues associated with reach and visibility

Voting machines have several components, such as displays, keypads, and smart card
slots, which users must be able to see and/or physically interact with. The issues below are
relevant to almst all types of voting machines, inding the thre¢ A Countydesign concepts.

Some components of voting machines may be difficult to reach.
This issue applies to Concepdt, 2, and 3

Detailed Descriptiont The display heights of Concepts 1 and 3 may be unsuitable for
standing users.@cepts 2 and 3 have ballot insertion/printout slots that might be out of
reach for seated users, and most seated users would not be able to see the slot on Concept
3.

Users of wheelchairs or other personal mobility devices may have limited reach
capabiities. Some users have power wheelchairs that allow them to raise and lower their
seats to increase their reach capabilities; however, many users have manual wheelchairs
that do not allow for these sorts of adjustments. Some wheelchair users areainable t
shift their upper bodies, | imiting their
it is important that thenteractivecomponents of a voting machine arewableand

operable from a seated position, without requiring excessive leaning bmiggac

Populations Impacted All users; especially thoseith upper olower mobility
impairments.

Potential Solutions Follow the ergonomic standardscluding, but not necessarily
limited to those described belotw)determine where to position thentrols to ensure
easy access by all users.

14



1 The position of any operable control should be determined with respect to a
vertical planghatis 48 inches in length, centered on the operable control, and at
the maximum protrusion of the product within the 48 inch le(gglkFigure4).

1 Where any operable ntrol is 10 inches or less behind the reference plane, the
height shall b&8 inches maximurand 15 inches minimum above the floor

1 Where any operable control is more than 10 inches and not more than 24 inches
behind the reference plane, the height sha#® inches maximum and 15 inches
minimum above the floor.

1 Operable controls shall not be more than 24 inches behind the reference plane.

=
o™ & § -
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> 10-24 max ;

29%-610

(b)
Figure 4. Obstructed high-side reach.

Allow adjustment of component positiohere possible, allow users to adjust the
position of components to meet their specific needs. Compostemitdbe adjustable
between two or more discrete positions, or freely within a range of positions.

Provide area for knee clearance beneath the nreecto allow a forward approach by
wheelchair usersSufficient knee clearance will allow a forwaagpproaching voter in a
wheelchair to move closer to the machifiéne knee clearance area beneath the machine
should extend from 9 inches to 27 inches alibeefloor, with a minimum vdth of 30
inches. Regarding the depth of the clearante, YVSGstates théollowing:

1 The minimum knee clearance depth at 9 inches (230 mm) above the

finish floor or ground shall be either 11 inches (280 mm) or 6

inches lesshan the toe clearance, whichever is greater

1 Between 9 inches (230 mm) and 27 inches (685 mm) above the
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finish floor or ground, the knee clearance depth SHALL be pernittesduce at a
rate of 1 inch (25 mm) in depth for each 6 inches (h&d) in heigh. (It follows that
the minimum knee clearance ati@¢hes above the finish floor or ground shall be 3
inches less thathe minimum knee clearance at 9 inches above the floor.)

Provide toe clearance area beneath the machine to allow a forward apprgach b
wheelchair usersThe toe clearance area extends 9 inches above the floor, with a depth
of at least 17 inches and a width of 30 inches.

Applicable Guidelines:
ADA-ABA i 308.2.1, 308.2.2, 308.3.1, 308.3.2
Section 508 1194.25(j), 1194.31(f)
Section 255 1194.31(f)(2)(c)
ISO/IEC 71i 8.3.1
ICT T 407.13, 407.14, 407.1802.8
VWS 2.2.7.1 (b)
VVSGi 3.3.5.1B.3, 3.3.5.1B.4
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Some components of voting machines may be difficult to see from a seated position.
This issue applies to Concepts 1a@d 3

Detailed Description: Users who are seated in a wheelchair may be able to reach a
component, but may be unable to adequately see it. For example, a user might be able to
reach an input slot for a prearked ballot, but may be unable to see itfi@ seated

position.

Populations Impacted Users with lower mobility impairments.

Potential Solutions:Allow tilting of the componentThe componenghouldbe
adjustable between two or more discrete positions)awefreely within a range of
positions.

Place components so that all users can see thWimen designing a voting machine,

consider the needs of both standing and seated users and attempt to place components in
locations and orientations that are visible for all users. For example, aygitgtad

with the screen perpendicular to the ground may be visible for both standing and seated
users, although the height of the display and the viewing envelope of the display must
also be considered.

Applicable Guidelines:
ADA-ABA i 308.2.1, 308.2.2308.3.1, 308.3.2, 707.7.1
Section 508 1194.25())
HFDST 5.11.1, 6.4.1.27
ISO/IEC 71i 8.3.1
VWSGi 3.3.5C
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Parallax may be a problem for seated users.
Thismightapply to Concepts 1, 2, and 3.

Detailed Descriptiont Certain display and contrabnfigurations (for example, an inset
display screen surrounded by soft keys) are susceptible to parallax erressre©mkey

labels are designed to align with the location of bezel keys when viewed from a certain
angle (e.g., when standing in fronttbé display). When viewed from a different angle

(e.g., when seated in front of the display), the parallax error causes misalignment between
the labels and the keys, making it difficult to tell which label goes with each key.

Populations Impacted Userswith lower mobility impairmentgseated users)

Potential Solutions Place the display and the soft keys on the same platige display
and the soft keys are coplanar, parallax errors are eliminated.

Providean adjustable angle displayf the vertcal tilt angle of the panel containing the
display and the soft keys is adjustable, users can reposition the screen to eliminate
parallax errors.

Provide guiddines from soft keygo the edge of thdisplayto provide additional visual
associationcuesGui de | i nes can Vvi sual lsgreerilabelmy nect o
allowing users to follow the guide lines to determine the appropriate key to press.

Applicable Guidelines

ADA-ABA 1T 707.7.1
HFDST 5.1.2.6, 9.4.2.6
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Issues associated with labeling

Labels include text and graphics that identify components of a voting machine and any
instructional text located on the machine. The issues in this section are general, and are
applicable to all threeA Countydesign concepts. The issues did not appebe tearly
violated by any of the design concepts. They are presented here for guidance during refinement
of the detailed design.

Icons used in place of text labels may be ambiguous.

This issue applies tine remote controls dfoncept 1, 2, and,&nd mightalso apply to
other components of the interfaces

Detailed Descriptiont Graphical icons may be used to identify controls in place of text
labels for various reasons: to produce a device that is langudg@endent, to reduce the
amount of spaceequired to label controls and components, or to achieve a desired
aesthetic effect in the design of the device. However, understanding icons, especially if
the icons are very abstract and/or are unfamiliar to the user, can be difficult, especially
for users with cognitive impairments.

Not designed
for accessibility. °

N

Figure 5: Buttons are labeled only with ambiguous icons.

Populations Impacted All users with vision, especially those with cognitive
impairments.

Potential Solutions Limit the use of iconsConsider the use of icons carefully, and

avoid using icons instead of text labels for the sake of aesthetics or other considerations
to the detriment of usability. Consider supplementing icons with text labels for clarity,
but avoid crowding.
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Figure 6: Buttons have text labels supplemented with icons.

Use standarar familiar icons. Icons representing certain functions or controls (such as
stop, play, headphone output, volume, etc.) are widely used and are likely to be familiar
to most users. Avoid deviating too far from the common appearance of those types of
icons. Other icons ¢&h as a depiction of a card next to a smart card slot) may be clear in
the context in which they appear. The use of new icons to represent abstract concepts
should be avoided.

When new icons must be developed, test the icons with members of the wis¢éiopdp
ensure that the meaning of the icons is cldaser testing may provide insight into how
to design clearer, more meaningful icons. Care should be taken to sample a
representative portion of the targeted user population, including users sehilities.

Applicable Guidelines
HFDST 8.13.3.1, 8.13.3.9, 8.13.3.10
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Color coding should not be used as the sole means of conveying information.
This issue applies to Concept 3.

Detailed Description: Indicator lights or buttons that use only@oés the sole method

of conveying information may be difficult for color blind users and some users with low
vision to discern. For example, if a tvgtate light is used, with green representing the
ready state and red representing a fault state, auvitbered/green colorblindness may

not be able to determine if the device is ready or is in a fault state.

- Not designed
p for accessibility. \‘

Figure 7: A single light illuminates red or green to indicate status.
Populations Impacted: Users who are color blindisers with low vision.

Potential Solutions:Do not use color pairs that are easily confused by color blind users
to convey informationRed/green color blindness is most common; however,
blue/yellow color blindness occurs occasionally. Total color hisd, where users are
not able to perceive color and only see shades of grey, is extremely rare. Using color
combinations other than red/green and blue/yellow to represent information will help
avoid confusion among most users who are color blind.

Alwaysprovide a redundant alternative to color, such as text and/or location that

conveys the same information that the color conv@ysywhere color coding is used, the

message conveyed by that color coding should be conveyed through text as well, in order

to ensure that color blind users have access to the same information that other users do.
For instance, in the example used above, a
systemis in the ready state could be provided. The text message would comtadinéca

same information to a color blind user that the green light communicates tecalopn

blind user.
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o Designed for 0
% accessibility.

Figure 8: Information is conveyed redundantly through color and text.

Additional Comments: Although the solutions presented above will improve
accessibility for those who are color blind (and for some with low vision), they in no way
solve the problem for users who are blind and are therefore dependent on tactile or
auditory differentiation o$tatus information.

Applicable Guidelines
Section 508 1194.25(g), 1194.31(a)
Section 255 1193.41(c)
HFDST 8.6.2.1.5, 8.6.2.5.2
ICT1 302.1, 302, 302.3
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Issues associated with displays

The LA Countyconceptgprovide output (i.e., ballot instructie and races) primarily
through an electronic visual display. The display is a touchscreen and doubles as the primary
user interface with the machine, although remote controls are also available.

Glare makes it difficult for some users to see the display.

This issue is most applicable to Concept 1, which does not have an adjustable display
and appears to be intended for wheelchair users. It might also apply to concepts 2 and 3.

Detailed Descriptiont Glare on displays from overhead lights onkght through

windows may make it difficult for voters to view the displHythe displays are highly
reflective, they are likely to produce substantial glare that will reduce visibility. This is
particularly problematic for seated users who are lekesta change their viewing angle.

Not designed
for accessibility. \‘

.,o

Figure 9: The angle of the display results in glare for a seated user.

Populations Impacted: Users with lower mobility impairments.

Potential Solutions Use an antglare display. Matte finish displays reduce glare by
making the surface of the display less reflective. Chemical coatings can also be used to
reduce glare.

Providean adjustable angle displayf the vertical tilt angle of the display is adjustable,

users can repdson the screen to reduce glare, instead of having to change their physical
position relative to the screen.

23



~

Designed for

N accessibility.
N
N
~
N
~
N
>

Figure 10: An adjustable display allows a seated user to adjust the display angle to reduce
glare.

Use a hood to shidlthe display.A hood over the display can block direct light that
causes glare. However, a poorly designed hood might also block visibility for tall users.

Designed for
N accessibility.

Figure 11: A hood shields the display from overhead lights, reducinglare for seated users.

Applicable Guidelines:
Section 255 1193.41(b)(2)(a)
HFDSi1 5.2.3,13.4.4
ISO/IEC 71i 8.4.2,8.4.4
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LCD \ewing angle limitations make it diffi  cult to see the display from a seated
position.

This issuappliesto Concepts 1, 2, and 3.

Detailed Description: Many LCD screens are optimized for viewing from a particular
angle, and demonstrate a sharp doffgn contrast and readability when viewed at angles
that are offaxis. If the display of a voting machireaptimized for standing users, users
who are viewing the display from a wheelchair or other personal mobility device may
have difficulty seeing the contents of the display.

Populations Impacted Users with lower mobility impairments.

Potential Solutions Ensure thatiewing envelope of the selected disgagommodate

both standing and seated useihe viewing envelope of the display, which describes

the range of eye positions from which the contents of the display are visible, can be
determined viaimple geometry based on the viewing angles of the display and the
height and angle at which the display is
envelope includes the eye positions of both seated and standing users.

Allow users to adjust the angléthe display.A vertical tilt adjustment for the display
will help to accommodate both seated and standing users.

Applicable Guidelines:
ADA-ABA T 707.7.1
HFDSi1 5.1.2.6,5.11.1
ICT-407.14, 407.15

25



Small icons and text are difficult for users with low  vision to perceive.

Thismightapply to Concepts 1, 2, and 3.

Detailed Description: Text and icons used in labels on voting machines may be difficult
for users with low vision to read if the characters or graphics are too small.

Not designed
for accessibility. °

cancal

Figure 12: Very small labels and icons on a keypad.
Populations Impacted: Users with low vision.

Potential Solutions:Ensure that the font size of the texsusficientlylarge. For 20/20
vision, the Human Factors Design Standard (HFDS) recommends that the height of
characters occupy a visual angle of 16 to 24 minutes of arc. To compute the character
height, use the following formula

h = 2dTan(x/2)

where h is the character heigtl is the viewing distance, and x is the desired angle in
radians. (One radian equals 3437.747 arc minutes, or 57.296 arc degrees.)

1194.31(b) of Section 508 states that a mode that does not require visual acuity greater
than 20/70 must be provided. Mplying the character height (h) calculated for 20/20
vision by 3.5 (70/20) yields the recommended character height for 20/70 vision for the
specified viewing distance.

While this font size may not be possible foriaitances of text on a machjmeaking the
text as large as possible will increase the ch#amatiserswith low visionwill able to
read the labsl
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Figure 13: Large labels and icons on a keypad.

Ensure that icons are large enough for low vision sg@isee. The largest dimension
(height or width) of icons should be at least as large as the character height calculated
above. Icons should be made as large as possible, given theaable Often a
controlis fairly large, but the icoon the controls only a small fraction of thtotal size

of thecontrol If a controlwill accommodatéhe same icon in a larger size, the larger
size should be used to enhance visibility for those with low vision.

Applicable Guidelines:
Section 508 1194.310b)
Section2557 1193.43(b)
HFDST 8.2.5.6.5, 8.2.5.6.6, 8.2.5.6.9
ICT 1 302.2, 402.4, 407.2
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Raised or recessed lettering may be difficult to perceive .

Thismightapply to Concepts 1, 2, and 3.

Detailed Descriptiont Raisedor recessed lettering is oftéme same alor as the

backgroun, so the contrast between the lettering and the background is insufficient. The
lack of contrast makesdiifficult for users with low visioror low contrast sensitivitio
distinguishthe letteringrom the background surface

Populations Impacted: Users with low vision.

Potential Solution: Ensure that raisedr recessed letterings different in color from the
control panel surfaceThe contrast between the lettering and the background surface
should be at least 3:1. If theaghine is to be used in very bright lighting (which should
be avoided), then a contrast ratio of at least 10:1 may be more appropsatg.
sufficiently contrasting colorwill help users with low vision or low contrast sensitivity
perceive and read thettering

Applicable Guidelines
Section 508 1194.310b)
HFDST1 9.6.7
ICT- 302.2, 407.2
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Labels are not clearly associated with the component s that they label.

Thismightapply to Concepts 1, 2, and 3.

Detailed Description Labels that are not clearassociated with the components that

they identify may cause problems for some users. Users may have difficulty locating
components if they are not clearly labeled, causing them to spend time searching for a
particular component. Users may erroneoustpeisite a label with an incorrect
component, causing them to commit errors when interacting with the machine. This can
be particularly problematic with soft keys that are paired with adjacent screen elements.
Users with low vision, who may have a limiteeld of view, may have difficulty

associating components and their labels if they are not associated by proximity or some
other type of coding technique.

Not designed
for accessibility. \‘

Figure 14: Icons are not clearly associated with thie corresponding labels.

Populations Impacted All users, particularly thoseith cognitive impairmentsr users
with low vision.

Potential Solutions Place labels in close proximity to the components they ideriify.
possible, place labels directly on the comporemg identified. If this is not possible,
place labels as close as possible to the component being identified, and use spacing to
ensure that the label is unambiguously associated with the intended component and no
others.
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Figure 15: Icons are clearly associated (by proximity) with thé& corresponding labels.

Use grouping or other coding techniques to reinforce the association of labels to
componentsBounding boxes encompassing labels and components or linesctiogn

labels and components may help to reinforce associations. The boxes or lines could be
visual (printed on) and/or tactile (raised), as appropriate. Tactile markings are preferable
to accommodate users with low vision. Other coding techniquesasuior coding or

the use of icons, may also be used. However, color coding should not be used as the sole
means of association, and coding techniques that rely on user vision are inaccessible to
users who are blind.

Applicable Guidelines:
Section 508 1194.31(b)
HFDSi1 6.1.2.2.3,6.1.2.2.6
ICT T 302.1, 302.2, 407.3, 407.3.1, 407.16
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Information presented in text labels is not accessible to users  with visual
impairments.

Thismightapplyto the remote controls @@oncepts 1, 2, and 3.

Detailed Description: Labelsmay appear on buttons, input and output slots, adjustable

c o mp o0 n e nltalseling iaforroadion that is presented only as printed text is not
accessible to users who are blind and to some users with low vision. It is important that
all users have access to all of the information that is necessary for the operation of the
machine.

Populations Impacted Users who are blind; users with low vision.

Potential Solutions Provide tactile labels for controls and componeritabels for
contrds and components should be provided in a tactile format, which could include
Braille, raised lettering, or other raised markings that help identify controls.

Allow button shapand positiorto convey informationln some cases, button shape can
unambigwusly indicate button function. For example, if a control panel consists of only
two arrows and an enter button, then the arrow buttons could be shaped like arrows or
triangles, and the enter button could be rectangular. Up/down buttons shalifghbd
vertically, and left/right arrows should b&gnedhorizontally.

Providecritical instructions in Braille. Providing redundant labeling with at least the

most important instructions in Braille will increase accessibility of information for users
with visual impairments that are able to read Braille. (However, the percentage of users
with visual impairments that are able to read Braille is fairly low, so other methods of
providing information are also necessary.)

Provide information in an auditory farat. Thevoting machine should be capable of
outputting information in an auditory format (i.e., speech output). All text that is
displayed onscreen should also be presentable aurally. Auditory information should
include any necessary instructions on howse the machine, astiouldalso include
feedbacksuch as repeating the nawfea candidate after he/she is selected

Applicable Guidelines:
ADA-ABA T 707.5
Section 508 1194.31(a), 1194.31(b)
Section 255 1193.43(a)(2)
ICT 1 302.1, 302.2402.2,407.3, 407.3.1, 407.16
ICT-302.1, 302.2, 407.16
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Issues associated with touchscreen interfaces

Touchscreens are the primary user interfaceamt of theeA Countyvoting machines
conceptsA touchscreen interface allows the designer to accommodétieavariety of controls
and functions in a relatively small area on the control panel, and allows users to interact directly
with onrscreen display elements.

Touchscreen controls are easily activated and do not provide tactile feedback, often
resulting in unintentional control activations.

Thisissue applies t&€oncepts 1, 2, and 3.

Detailed Description: Touchscreens require very little pressure to activate controls. The
low strength requirement is beneficial to users with limited upper body stréugttan
cause problems for other users, especially if controls on the touchscreen are small or
closely spaced. When controls are small or closely spaced, users who have upper
mobility impairments or lack fine motor control will have difficulty activatspecific
controls without also activating adjacent controls. Users without vision may
inadvertently activate touchscreen controls while moving their hands over the control
panel to locate hardware controls. Because no tactile feedback is provided by
touchscreen controls, if redundant visual and auditory feedback is not provided when
controls are activated, these accidental activations may go unnoticed.

Populations Impacted: Users who are blind; users with upper mobility impairments.

Potential Solutions Ensure that buttons are large and are spaced far enough apart to

minimize the possibility of accidental activation of adjacent buttdvisen designing a

touchscreen interface, include adequate space between buttons. According to the Human
FactorsDesiy St andard (HFDS), touchscreen button
along each side, with spacing between butt
that a user who does not have fine motor control is able to activate a button without

accidentdly activating adjacent controls.

Provide an alternate display mode with larger, widely spaced contiotee normal

display cannot be made accessible, providing an alternate display mode with larger, more
widely spaced controls, even if it containsyotile most frequently used controls, will be
useful for users who lack fine motor control.

Provide alternatives to the touchscreen to facilitate interaction by users with disabilities.
Touchscreen functionality could be replicated in a fixed or attaatuelary control

panel using control elements with functionality, position, and status that are easily
discernible by touch. A voice display could be integrated with the control panel, so that
feedback is presented in an auditory fashion as well. Fongbe, usingrrow keysas

an input device, the user could navigate through options that are voiced, without having
to rely on vision to perceive the screen contents.

Provide visual and auditory feedback when user input is receReakiding visual ad
auditory feedback when user input is received can make up for the lack of tactile
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feedback, and helps users detect unintentional activations. Visual feedback can be
provided in the form of salient visual changes in the display. Audible feedback might
consist of simple tones or speech output when more descriptive feedback is needed.

Allow easy recovery fromerrordh fiBack o or AUndoo button shc
all ow users to recover from accident al i np
somevhat ambiguous; a user may think that a
transaction, rather than cancel only the most recent input.

Applicable Guidelines:
Section 508 1194.25(c),1194.31(a), 1194.31(f)
Section 255 1193.41(a)(3)(e)1193.31(e)(2)(e)
HFDST 9.4.2.4
ICT 1 302.1, 302.2302.7, 302.8102.2, 407.3, 407.3.1, 407.16

33



Touchscreen controls are not tactilely differentiable.
This issue applies tGonceptsl, 2,and 3.

Detailed Description: Users with vision impairmentsavigate by touch, moving their

hands over the control panel to determine where various controls are located.
Touchscreens are inaccessible to users who navigate by touch, because controls displayed
on touchscreens are not tactilely discerniliteey aremerely graphical controls

displayed on a screen, and cannot be identified by touch.

Populations Impacted: Users who are blind; users with low vision.

Potential Solutions:Provide an alternate interface, such as a secondary control panel
with speech outg. TheLA Countyvoting concepts include a remote control that may
provide an adequate solution if coupleith audible speech output, so that feedback is
presented in an auditory fashion. Using the remote control, users should be able to
navigate throgh options that are read aloud via headphones, without having to rely on
vision to perceive the screen contents.

Provide hardware controls for basic function$ possible, provide redundant, tactilely
differentiable hardware controls for basic funcéohis will allow users to perform
those basic functions without having to interact with the touchscreen. For example, a
voting machine might offer hardware controls for moving the cursor up and down and
selecting an item; these controls would allowrsige input necessary data and complete
a simple step without using the touchscreen.

Applicable Guidelines:
Section 508 1194.25(c), 1194.31(a)
Section 255 1193.41(a)(3)(e)
VSSi 2.2.7.2(f)
ICT 1 302.1, 302.2, 302.7, 407.3, 407.3.1
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A touchscreen positioned for use by standing users may be difficult for users in
wheelchairs to reach.

This issue applies to Concept 2.

Detailed Description: Users who are seated in wheelchairs or other personal mobility
devices may be unable to reach portion€af n ¢ e ptichs2réepwhich appears to be
positionedfor standing users. This problem may be compounded if access to the

machine by wheelchair is impeded by objects around the machine. Some wheelchair
users are unable to shift their upper bodies tilngitheir access to only controls within
armos | engt h. Thus, 1t is iIimportant that
without requiring excessive leaning or reaching.

Population Impacted: Users with lower mobility impairments.

Potential Solutions: Follow the ergonomic standards to determine where to position the
touchscreen to ensure easy access by all users.

1 The position of any operable control should be determined with respect to a
vertical plane that is 48 inches in length, centered ongheable control, and at
the maximum protrusion of the product within the 48 inch length.

1 Where any operable control is 10 inches or less behind the reference plane, the
height shall be 48 inches maximum and 15 inches minimum above the floor. (See
note bebw.)

1 Where any operable control is more than 10 inches and not more than 24 inches
behind the reference plane, the height shall be 46 inches maximum and 15 inches
minimum above the floor.

1 Operable controls shall not be more than 24 inches behind thenaferiane.

Allow adjustment of the position of the touchscregrouchscreen that can be adjusted
between two or more discrete positions, or freely within a range of positions, could
accommodate the needs of both seated and standing users.

Provide an daernate interface that is within reach for seated usdiise alternate

interface could be a fully redundant interface to the touchscreen, or could consist of
hardware controls that provide a method for interacting with the screen without touching
it, butstill require the user to look at the screen. In the latter case, care must still be taken
to ensure that the touchscreen is comfortably visible for seated users using the alternate
interface.
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Applicable Guidelines:
ADA-ABA i 308.2.1, 308.2.2, 308.3.1, 308.3.2, 707.7.1
ISO/IEC 71i 8.3.1
ICT T 302.8, 407.14
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Issues associated with buttons on panels and remote controls

Control panebuttons are mechanically operated push buttons that are used to interact
with the machineThese include physical buttons on the voting machine remote controls.

Remote controls may require two -handed operation.
This issue applies to Concepts 1, 2, and 3.

Detailed Description: Someremote controls are difficult to operate with one hdnd.

may be necessary to hold the control with one hand and operate the buttons with the other
hand. RRmote controls may be diffilt to hold and operate for users with only one

functional upper limb. Moreover, users without functional use of either upper limb may

be unable to operate the remote controls with a mouthibtic& control is not secured at

a suitable height and angle

Populations Impacted: Userswith upper mobility impairments

Potential Solutions:Design the remote control to be operable with one h#&hd.

remote control should be operable with only the right hand or the left hand. Users should
be able to operatal buttons with the thumb, without needing to reposition the remote
controlin their hand.

Mount the remote control.he remote control could be mounted on the voting machine
so that users have the option of keeping it mounted on the machine or holditiggir
hand. The mounted solution would enable mesiitk interaction for users without
functional arms and hands.

Applicable Guidelines:

Section 508 307.4
ICT1 302.7, 302.8
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Buttons mounted flush with the panel are difficult for users without vision or with
low vision to detect.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Users with vision impairments may navigate by touch, by moving
their hands over the control panel in order to determine where controls ard.locate
Buttons that are mounted flush with the surface of the control panel are difficult for users
without vision and users with low vision to feel when they move their hands over the
control panel. Furthermore, users without vision typically depend orvioetauch as
counting to find a specific control, and this is problematic when there is insufficient
tactile differentiation of the controls.

Populations Impacted: Users who are blind; users with low vision.

Potential Solutions:Ensure that buttons are sufficiently raised above the control panel

so they are tactileldiscernibleby users without visionButtons should be raised at least

1/ 320 above the panel so that users can | o
accessibility of the buttons to users with visual impairments.

Include Braille or raised large text on buttons that are flat to help users without wsion
with low visiondetermine exactly what each button Bor devices where it isot

possible to sdiciently raise the buttons on the control panel, consider providing Braille
labels on the buttons so that users without vision will still have access to the buttons.
Providing large, raised lettering would have the additional benefit of assisting tilese w
low vision (or those who cannot read Brailia)identifying the functionality of the
buttons.

Make the texture of the buttoisdifferent from that of the control panel to make the
buttons easier to distinguish tactilel{2roviding a rougher textaron buttons if the

control panel surface is smooth or providing a more rubbery texture on the buttons if the
control panel is made of a hard material can help users without vision distinguish buttons
from the control panel surface more easily.

Combiningall of these approaches (providing sufficiently raised buttons with
accompanying Braille labels or large raised lettering and a distinctive texture) would
increase button accessibility significantly.

Applicable Guidelines:
ADA-ABA i1 707.6.1, 707.6.3.2
Sedion 5081 1194.23(k)(1),1194.25(c),1194.31(a)
Section 255 1193.43(a)(2)(b), 1193.43(a)(2)(c)
HFDST 6.4.1.7, 6.4.1.18, 6.4.1.19, 6.4.1.20, 6 4.1.23, 6.4.1.28, 9.6.10
ICTT 302.1, 302.2, 407.16, 407.3, 402.7.3.1
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Buttons that do not have sufficient contrast with the panel are difficult for users with
low vision to detect.

This issuamight applyto Concepts 1, 2, and 3.
Detailed Description: If buttons are the same color as the control panel, they may blend

in with the panel, making it difficufor a user with low vision to distinguish the button
from the surrounding surface.

‘ Not designed
RN for accessibility. \‘

Figure 17: Buttons on a control panel have very little contrast with the control panel
surface.

Populations Impacted: Users with low vision.

Potential Solution: Ensure that buttons are different in color from the control panel
surface. Buttons should be colored differently from the control panel, making them easy
for a low vision user to distinguish. Using sufficiently contrasting colorsandlusers in

di stinguishing buttons from one another.
would be easily distinguishable from a dark gray control panel. Backlighting buttons
may also help distinguish them from the surrounding surface.
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cancel

Figure 18: Buttons on a control panel have high contrast with the control panel surface.

Applicable Guidelines:
ADA-ABA i 707.6.3.1
HFDST 6.1.1.4.12
ICTT 302.1, 302.2, 407.2
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Buttons are not identifiable as operable controls.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description:But t ons t hat are designed to appe
be readily recognizable as operable controls. For example, users may interact with the

device by touching backlit areathe control panel surface that use electrostatic touch
detection, rather than traditional mechanical controls. While these sorts of designs may

be visually appealing, users may have difficulty identifying the operable controls on the

devicei particulrly users with cognitive impairments, or users who are blind and rely on

touch to perceive the presence and location of controls.

Not designed
for accessibility. \‘

\

Figure 19: A stylized button is not identifiable as an operable control.
Populations Impacted: Users who are blind; users with cognitive impairments.

Potential Solution: Ensure that buttons are readily identifiable as operable controls to

all users. Buttons should be easily identifiable as operable controls through their

appearance, tactile chatagstics, and/or labels. Buttons should stand out from the

control panel by virtue of visual or physical characteristics so that users can identify them

by sight or touch. Clear | abeling and ins
users to iéntify nontraditional types of buttons.
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Press for ADA mode s

Figure 20: Design of the button and accompanying text help to identify the button as an
operable control.

Applicable Guidelines:
ADA-ABA i 707.3,707.6.1

Section 508 1194.23(k)(1)1194.25(c),1194.31(a)
Section 255 1193.41(a)(3)(b)

HFDST 6.4.1.7,6.4.1.18, 6.4.1.19, 6.4.1.20, 6 4.1.23
ICT T 302.1, 302.2, 407.16, 407.3, 402.7.3.1
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Buttons that are small and close together may be difficult to differentiate or activate
without activating adjacent controls.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: If control panel buttons are small and are placed too close
together, they may be difficult for users without fine motor control to activate without
accidentally activating adjacent controls. Small, tightly spaced control panel buttons are
also more difficult for users who are blind to differentiate by feel.

Populations Impacted: Users with upper mobility impairments; users who are blind.

Potential Solution: Ensure that buttons are large and are spaced far enough apart to

minimize the possibility of accidental activation of adjacent buttons and to enhance

tactile differentiation.When designing the control panel for a voting machine, provide

adequat space between buttons. According to the Human Factors Design Standard
(HFDS), minimum spacing of 0.50 (with 20 p
are not part of keyboards. Make sure that the diameter of the buttons is large enough (up
toamak mum di ameter of 10) that a user who do
activate a button even if he or she does not hit the button directly in the center.

Increasing button size and spacing will also aid those who need to differentiate the

buttans by feel. Buttons with very little separation can be problematic for those who

depend on the tactile quality of the buttons to find the ones they need.

Designed for O
accessibility.

Figure 21: Buttons on a control panel are largeand widely spaced.

Applicable Guidelines:
Section 508 1194.23(k)(1)1194.25(c)1194.31(a), 1194.31(f)
Section 255 1193.41(e)(2)(a), 1193.41(e)(2)(b), 1193.41(e)(2)(c)
HFDST 6.1.1.3.8,6.1.5.8.1,6.4.1.1, 6.4.1.3, 6.4.1.14, 9.6.10
ISO/IEC 71i 8.12.3.2

43



ICTT 302.7, 407.3407.3.1
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Buttons that are all shaped the same or that do not have shapes corresponding to
their functions are more difficult for the blind to identify and for the cognitively
impaired to understand.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: For users with limited cognitive abilities or vision, it may be

difficult to understand the difference between buttons that look and feel exactly the same.
Button shapes should correspond to their functionality. Commonly used or important
controls should be more prominent. Control panel buttons that are logically grouped
together, such as on a numeric keypad, should all have the same shape and distinguishing
features.

Not designed
for accessibility. \‘

Figure 22: Buttons on a control panel areall shaped identically.
Populations Impacted: Users who are blind; users with cognitive impairments.

Potential Solution: Design buttons with distinguishing features, including differences in
shape.Ensure that buttons with different functions are distisiged from one another in

some way. For example, on many voting mac
panel is larger than all the other buttons because of its relative importance. It is also a

good idea to associate buttons that have relatedidmsdy making them all the same

shape. In addition to shape and size coding, color cotdiagie differentiationand

grouping can be used as distinguishing features for controls.
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Figure 23: Buttons on a control panel are gouped and distinguished by size, shape, and
color.

Applicable Guidelines:

ADA-ABA T 707.3,707.6.1

Section 508 1194.23(k)(1),1194.25(c),1194.31(a)
Section 255 1193.41(a)(3)(b)

HFDST 6.4.1.16, 6.4.1.18, 6.4.1.19, 6.4.1.22, 6.4.1.30
ICT T 302.1,302.7, 407.3
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Buttons do not provide a surface that facilitates button activation.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Buttons that are slick or have no concave curvature are more
difficult for some users to activatéJsers without fine motor control or users that utilize
manipulation sticks may have difficulty activating buttons that are slick and not curved
inward, because their fingers or manipulation sticks may slip off the button and activate
adjacent buttons.

Populations Impacted: Users with upper mobility impairments limited dexterity

Potential Solutions: The buttons on the device should be conc&a@ncave buttons help
prevent userso6é6 fingers from slipping off t

The buttons on the device stabble made from a high friction materiah rubberized
coating or other high friction material he
slipping off the controls.

Applicable Guidelines:
Section 508 1194.31(f)
Section 255 1193.41(e)(2)(9)
HFDST 6.4.1.1,6.4.1.7, 6.4.1.23
ISO/IEC 71i 8.12.3.1
ICT- 302.7
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Buttons requiring very little force to activate can increase the number of accidental
activations.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Buttons that aractivated with very light forces are more

frequently accidentally activated. This causes problems for users who are blind or who
have low vision, because they may rely on touch to locate buttons, and may accidentally
activate buttons if the activation fmr is too low. Users lacking fine motor control may
touch buttons unintentionally, and accidentally activate them if the activation force is too
low.

Populations Impacted: Users who are blind; users with low vision; users with upper
mobility impairmentsor limited dexterity

Potential Solution: Buttons should require a sufficient activation force to reduce the
number of accidental activation8utton activation forces in the range of 0.22 to 1.8
pounds are recommended (Bullinger, Kern, and Muntzing&)19

Applicable Guidelines:
Section 508 1194.31(a), 1194.31(f)
Section 255 1193.41(a)(3)(e), 1193.41(e)(2)(e)
ICT T 302.1, 302.2302.7 302.8, 407.3.1
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Buttons requiring high levels of force to activate can pose difficulties for users with
limited strength.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Buttons that require a great deal of force for activation may be
difficult for users with limited strength to activate.

Populations Impacted: Users with upper mobility impanents.

Potential Solution: Buttons should require moderate levels of force to activai2A

and Section 508 guidelines place an upper limit of 5 pounds on control activation forces,
but this force is excessive for buttons, which are typically intended for fingertip
operation.Button activation forces in the range of 0.22 to 1.8 poundsammmended
(Bullinger, Kern, and Muntzinger, 198 However, button activation forces should not

be too low, lest accidental activations (e.g., when a user with tremors brushes against a
control) become a possibility.

Applicable Guidelines:
ADA-ABA i 3094
Section 508 1194.23(k)(2).1194.25(c)
Section 255 1193.41(f)(2)(d)
HFDST 6.1.5.8.1,6.4.1.2,6.4.1.11
ICT- 302.7, 302.8
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Buttons do not provide sufficient tactile feedback.
This issuemight applyto Concepts 1, 2, and 3.

Detailed Description: Tactile feedback indicating the activation of mechanical buttons is

a primary source of user feedback. If a buttorsdus provide tactile feedbaak the

form of a mechanical click and/or perceptible displacement, users may be unsure whether
they successily activated the control. This can lead to multiple activation errors (where
users press the button again because they were unsure if it was activated) and
unintentional activations (where users do not perceive that a button was pressed by
accident). This issue applies to all voting systems that feature a touchscreen, and may
also apply to physical buttons that provide insuffictewtile feedback.

Populations Impacted: Users who are blind; users who are deaf; users who are hard of
hearing; userwith upper mobility impairments.

Potential Solution: Ensure that buttons provide adequate tactile feedback when
activateddButt ons should provide Asnap actiono f
resistance prior to activation, followed by a sharp desaen resistance after activation.

Buttons with very low travel distances should be avoided; buttons should travel between

1.3 and 6.4 mm when activated. Providing visual and auditory feedback to supplement

tactile feedback is also recommended.

Applicable Guidelines:
Section 508 1194.31(a), 1194.31(b), 1194.31(c), 1194.31(f)
HFDST 6.1.5.8.5, 6.4.1.31
ICT i 302.1, 302.2, 407.3
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Some types of buttons do not respond to touch from materials other than skin.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Certain types of controls, such as electrostatic buttons, do not
respond to touches from materials other than skin. Users with prosthetic limbs and users
who use manipulation sticks are therefore unabéetivate these buttons.

Populations Impacted: Users with upper mobility impairments.

Potential Solution: Ensure that controls can be activated by materials other than skin.
Provide mechanically activated controls, or togensitive controls that usedatection
technology that responds to a variety of materials other than skin. However, care must be
taken to ensure that the controls are not too sensitive, so that accidental activations
become a problem.

Applicable Guidelines:
Section 508 1194.31(f)
Section 255 1193.51(c)
HFDST 6.4.1.1
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Issues associated with card readers and ballot slots

Direct recording electronic voting machines typically use smart cards to allow only
registered voters to interact with the machine. Each voter receives\ateatsmart card from
a poll worker after verifying their eligibility, and then activates the voting machine with the
smartcard. Typically the card is fully inserted into the machine, rather than swiped through a
slot. Although smart cards are typicallyed, some machines may use magnetic strip or RFID
cards.

Ballot slots may be present on a ballot marking machine (e.g., Concept 2 includes a slot
for voters to insert a blank ballot). Ballot slots may also be present on ballot verification
machinesyhich read a marked ballot and enable voters to verify that their intentions were
recorded correctly.

Users may have difficulty locating the card reader or ballot reader.
This issuapplies to Concept 2, and might apply to Concepts 1 and 3.

Detailed Description: The card reader and ballot reader are often not in a central

location, and are sometimes housed in a separate machine that is connected to the voting
machine. Therefore, some users might have difficulty finding the card slot. Concept 2
depics a blank ballot insert slot near the top of the display.

Populations Impacted: Users who are blind; users with low vision; users with lower
mobility impairments.

Potential Solutions:Ensure that the card/ballot reader is easy to distinguish from the

rest of the machineThe card/ballot reader should be prominently locatedi labeledn

the machine, so that a searching user can find it quickly. It should also be tactilely
identifiable as a card/ballot reader. For example, instead of providing sniglbslot in

the machine into which a card or ballot must be inserted, provide an interface that can be
easily located and identified by touch. The visual appearance of the reader should also
contrast with the machine, to assist users with low visidocate it.

Providevisual andtactile labels. The card/ballot reader should be cleargrked and
labeled with a Braille label, raised text, or other tactile markings.

Describe the location of the card/ballot reader to the user both visuallyadidorily.

Provide both ofrscreen text and/or graphics and auditory output indicating the location of

the card/ballot readers to the user, making use of obvious landmarks on the machine to
establish the | ocation (e .leeft nafhet bhal diog pl

Use an indicator light to draw attention to the card/ballot readéfthen a card or ballot
must be read (for example, at a ballot verification station), illuminate an indicator light on
the card/ballot reader to indicate location and attract the attention of the user.

Applicable Guidelines
ADA-ABA T 707.5
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Section 508 1194.31(a), 1194.31(b)

Section 255 1193.41(a)(2)(b), 1193.41(i)(2)(a)

HFDST 6.4.1.16, 6.4.1.18, 6.4.1.22, 6.4.1.28, 6.4.1.30

ICT 1 302.1, 302.2, 302, 302.8, 407.13, 407.14, 407.15, 407.16
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Determining the proper orientation for inserting a card or ballot may be difficult.
This issuapplies to Concept 2, and might apply to Concepts 1 and 3.

Detailed Description: Concept Zeatures a blank ballatsert slot It is unclear whether
Concepts 1 and 3 also include a ballot insert slbtofAhe design might feature a card
reader. Most card readers and ballot readers require users to insert the card or ballot in a
specific orientation (e.g., faag, or with the magnetic stripe up and to the left).

Determining the proper orientation may be difficult for users with visual impairments

(who may not be able to see orientation instructions) and users with cognitive
impairments (who may not be able to ursiend orientation instructions).

‘ Not designed
for accessibility. \‘

~.

Figure 24: The proper orientation for inserting a card is not shown.

Populations Impacted: Users who are blind; users with low vision; users with cognitive
impairments.

Potential Solutions:Provide a clear graphic on the card reader illustrating the proper

card orientation. Provide a simple graphic located adjacent to the card reader that shows
the proper card illustration, using only one or two prominent features of the card (such as
the magngc stripe or the alignment arrow on a memory card) as landmarks. If possible,
avoid perspective drawings that may require users to perform mental geometry to work
out the proper card orientation.
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accessibility.

Figure 25: The proper orientation for inserting a card ris shown.

Provide a card/ballot reader that accepts multiple card orientatidha. card reader can
successfully read a card in more than one orientation (for example, stripe up and stripe
down), the likelihood of a seessful insertion increases.

Provide redundant, nemisual cues and instructions describing the proper card/ballot

orientation for example, creating a notch on the corner of the voter card as well as an

arrow, providing two directional cuesA voice mesage describing the proper card
orientation (e.g., fAinsert card with the m
be helpful to users with visual impairmeritfie ballot could feature a clipped corner that

is distinct from the other three cornendsers could be audibly prompted to “insert the

short end of the ballot with the clipped corner on the +igirtd side.”

Applicable Guidelines
ADA-ABA i 707.5
Section 508 1194.31(a), 1194.31(b)
HFDSi 8.18.3.2
ICT 1 302.1, 302.2, 302.7, 302.807.3,407.16
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Users lacking fine motor control may have difficulty aligning and inserting a card.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Precisely aligning a card with a card reader slot for insertion or
swiping can badlifficult for users lacking fine motor control.

Populations Impacted: Users with upper mobility impairments limited dexterity

Potential Solutions:Design the card slot so that it guides the card into the fatlot

design with an opening that tapento the insertion slot or a design that provides a clear
area for the user to rest the card before sliding or inserting it reduces the amount of fine
motor control required to interact with a card reader.
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Figure 26: A tapered card slot facilitates insertion.

Provide a clear area around the card slot for users to brace their hadsziding a
space near the card slot where users can brace their hands to steady themselves and
reduce tremors can help users perfornoastinore accurately.

Provide support for contactless card readingontactless cards (which use barcodes or
RFID technology to store data) eliminate the need for the user to align and insert the card.

Applicable Guidelines
Section 508 1194.31(f)
Secton 2551 1193.41(e)(2)(h)
HFDS1 6.4.1.1,6.4.1.9,6.4.1.16
ICT- 302.7, 302.8
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The card reader does not eject the card far enough for users to grasp it.
This issuamight applyto Concepts 1, 2, and 3.
Detailed Description: Cardreaders into which cardse fully inserted may not eject the

card far enough for easy retrieval. Users with upper mobility impairments may find it
difficult to grasp the edge of the protruding card.

‘ Not designed
for accessibility. \‘

—

Figure 27: The card is not ejected far enough to gasp easily.

Populations Impacted: Users with upper mobility impairments.

Potential Solution: Ensure that the card is ejected a sufficient distance from the reader

so that a large area of the card is available for the user to gra$e card should be

giected far enough so that users can easily grasp it between the thumb and lateral aspect
of the index finger. Users should not be required to pinch the edge of the card with their
fingertips.
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accessibility.

Figure 28. The card is ejected farenough for easy grasping.

Applicable Guidelines
ADA-ABA i 309.4

Section 508 1194.23(K)(2), 1194.25(c), 1194.31(f)
HFDSi 6.4.1.14

ICT-302.7
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Insufficient feedback is provided when a user forgets to retrieve a card.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Users may forget to retrieve cards from card readers at the
conclusion of the voting process, especially with castlers into which cards are fully
inserted. When this occurs, the feedback provided bydtieg machine may be unclear
or insufficient.

Populations Impacted: Users who are blind; users with low vision; users with cognitive
impairments.

Potential Solutions:Require the user to remove the card before casting their vote.
Preventing the completion of the transaction until the card has been removed from the
card slot will greatly reduce the likelihood of users forgetting to retrieve cards.

Provide a visual and audible alert to the user that the card has not been retrigved
machine should remind users via ansaneen message as well as an auditory alert that
the card has not been removed from the card reader. The alert should occur quickly
enough (perhaps a few seconds after the card is able to be retrieved) tisat ike
notified before movingwayfrom the machine.

Applicable Guidelines
ADA-ABA T 707.5
Section 508 1194.31(a), 1194.31(b)
HFDST 8.18.3.2,8.18.4.1
ITC1 302.1, 302.2402.2

59



Issues associated with ballot verification and output areas

Many vaing machines provide apaperpromtut of a voter dssselecti
the voter to verify that the vote will be cast as intended.

The printed ballot is not accessible to users with vision impairments
This issue applies to Concepts 1, 2, and 3

Detailed Description: After completing a ballot, voters should be able to review their ‘otes

ensure they will be castas intendddh e ver i fi cation step may al so
machinereadable code matches the human readable cod@ifi¢ed text). Many voting

systems provide a method of ballot verification whereby an electronically marked ballot is

printed, and the voter is permitted to review the printed ballot for verification. The voter then

decides to cast the ballot or discardnd mark a new ballot. Printed ballots are not accessible to

voters with vision impairments.

Populations Impacted Users who are blind; users with low vision.

Potential Solutions:Provide speech output for the verification functi®he ballot verification

system should feature software for audio output and a headphone jack. The system should read
aloud the ballot races and selected candidates. To reduce susceptibility to tampebiitptthe
verification systenshould be entirely garate from the voting device.

Applicable Guidelines:

VVSGT 3.3.FE.1
ICT T 302.1, 302.2, 402,2107.11, 502.2.9
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Users may have difficulty locating the print -out area.

This issuappliesto Concepts 1, 2, and 3.

Detailed Description: Because vots may be unfamiliar witlroting machine, theymay
have difficulty locating the prirbut area.

&

!

: R N
Figure 29: The printout/insertion slot on thetop of the machine(right) is not clearly visible
to seatedusers (left).

Populations Impacted: Users who are blind; users with low visj@eated users

Potential Solutions:Place the ballot insertion/printout slot in an accessible location.
Voters should be able to see and reach the slot so that they can use the machihe witho
poll worker assistance.

Ensure that the output area is easy to distinguish from the rest of the machime.

output area should be prominently located on the machine, so that a searching user can
find it quickly, and it should be tactilely identifile. Avoid covering output with a door

that the user must open; the door may hinder the ability of users to locate the output area
by touch. The visual appearance of the output area should contrast with the machine, to
assist users with low vision to laie it.

Providevisual andtactile labels. The output area should be cleamarked andabeled
with a Braille label, raised text, or other tactile markings.

Describe the location of the output area to the user both visually and auditBribvide

both onscreen text and/or graphics and auditory output indicating the location of the

output area to the user, making use of obvious landmarks on the machine to establish the

|l ocation (i.e., fAprintouts are dispensed b

Useann ndi cator | ight to dr aw aWhanoetpuSare at t ent
dispensed, illuminate an indicator near the output area to indicate its location and attract
the attention of the user.

Applicable Guidelines
ADA-ABA i 707.5
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Section 508 1194.31(a), 1194.31(b)

Section 255 1193.41(a)(3)(b), 1193.41(i)(2)(a)
HFDST 6.4.1.16, 6.4.1.18, 6.4.1.22, 6.4.1.28, 6.4.1.30
ICT i 302.1, 302.2, 407.3, 407.3407.11
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Users are not sufficiently notified when outputs are present in the output area.
This issue might apply to Concepts 1, 2, and 3.

Detailed Description: On some voting machines, no indication that a gutthas been
dispensed (other than mechanical sounds associated with the dispensing) is provided.
This may result in users failing tealize that there is a priout that needs to be

retrieved, and leaving them behind when they finish voting.

Populations Impacted: Users who are blind; users with low vision; users who are deaf;
users who are hard of hearing; users with cognitive imyaits.

Potential Solutions:Prompt the user to retrieve the pratt, both visually and
auditorily. Provide both orscreen text and/or graphics and auditory output indicating
that a printout has been dispensed, and describing the location of the atgpito
users. Consider providing a light in or near the output area that illuminates at the
appropriate time to indicate the presence of the-puint

Repeat prompts if outputs are not retrieved in a timely manfieutputs remain in the

outputarea after some period of time after the initial prompt (long enough to not be a

nuisance to the user, but short enough that the user is notified before moving too far from

the machine), prompt the user that there are still outputs that need to bedettdhe

machine is attended, notifying the attendant may also be beneficial, so that the attendant
can get the customerds attention and assi s

When possible, dispense all outputs into a single aféds enablesisers to retrieve all
outputs at the same time, and avoids situations where users retrieve output from one area
but forget to check other areas.

Ensure that outputs are clearly visible within the output atdaers should be able to
tell at a glance ibutputs are present in the output area. Outputs should be visible from
either a seated or standing position.

Ensure that outputs are tactilely discernible within the output aiasign output areas

so that users can quickly determine by touch if ostpoe present. Ensure that outputs

are ejected a sufficient distance from the machine to be tactilely located. Ensure that the
output area does not provide any way for outputs to become hidden (for example, by
slipping too far away from the opening oétbutput area).

Applicable Guidelines
ADA-ABA i 707.5, 707.5.1
Section 508 1194.31(a), 1194.31(b), 1194.31(c)
HFDST 6.4.1.12, 8.18.4.2
ICT 1 302.1, 302.2, 402,207.3, 407.16407.11
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Users have difficulty retrieving outputs from the output area.
This issue might apply to Concepts 1, 2, and 3.

Detailed Description: Various aspects of the design of the output area, such as
obstructions, the depth of the area, and the output ejection distance, may interfere with
userso6 abil ity mtheoutpat treaj especallydouusgysunithsupperr o
mobility impairments

Populations Impacted: Users with upper mobility impairments.

Potential Solutions:Ensure that the outputs are ejected a sufficient distance from the
machine to facilitate grasping lmsers. When paper outputs such as verification ballots

are output through a slot, ensure that enough of the item protrudes from the machine so
that users can easily grasp it between the thumb and the lateral aspect of the index finger.
Users should ndie required to pinch the edge of the item with their fingertips.

Provide a cutout in output trays so that items can be grasped for remi@adn paper
outputs are dropped into an output tray, provide an open cutout in the tray that allows
users to grasfhe items from above and below for removal.

Ensure that the design of the output area does not interfere with removal of the outputs.
Avoid covering the output area with a door that users must hold open while retrieving
outputs. Ensure that there areummecessary lips or other obstructions around the output
area that could interfere with the removal of outputs.

Applicable Guidelines
ADA-ABA T 309.4
Section 508 1194.31(f)
HFDST 6.4.1.12
ICT 1 302.7, 302.8407.9 407.11
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Issues associated with audio output and headphone jacks

Many voting machines provide some form of audio output, ranging from simple beeps to
speech output. Audio output should be provided through a headphone jack for privacy. Audio
output can be used to greatly improve the asibésy of a voting machine, particularly for users
with visual impairments.

A headphone jack on a voting machine allows users to connect a pair of personal
headphones to the device in order to hear audio output from the device more clearly and more
privately.

No headphone jack is provided on the device.
This issuanight applyto Concepts 1, 2, and 3.

Detailed Description: Users with visual impairments often rely on audio output to
interact with voting machines. Interference from ambient noise mag reKficult for
users to perceive information provided via audio, especially for users who are hard of
hearing. Use of headphones allows users to hear audio output more clearly and also
enhances privacy. However, some voting machines do not prokiekdahone jack.

Populations Impacted: Users who are blind; users with low vision; users who are hard
of hearing.

Potential Solution: Provide a headphone jack so that users can connect personal

headsets to the devic&he headphone jack should use adsnd headphone connector
(a 3.5 mm pin is most common). External audio playback through speakers should be

disabled when headphones are connected.
Designed for
accessibility.

Figure 30: A headphone jack is provided for private listening.

Applicable Guidelines
ADA-ABA T 707.5
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Section 508 1194.25(e), 1194.31(a), 1194.31(b), 1194.31(c), 1194.31(d)
Section 255 1193.43(e)(2)(f)
HFDST 8.18.4.2

ITCT 402.3.1406.1 407.10
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The voting machine does not support t -coil coupling.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Assistive devices such agck loopscan transform electrical

currents from headphone jacks to magnetic fluctuations. These magnetic fluctuations are
transformed into sound bycbils located inside heariragds. Users who rely on audio
outputfrom the voting machinandwho alsohave limited hearinghay need to use t

coils to hear audio output.

Populations Impacted: Users who are blind and users with limited hearing.

Potential Solutions: Equip the voing machine with a-toil-compatible headphone jack.
The headphone jack should be the standard size of 3.5mm.

Applicable Guidelines:

VVSGT 3.3.3C.2
ICT T 302.4, 406.1
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Locating the headphone jack may be difficult for users with visual  impairments.
This issuemight applyto Concepts 1, 2, and 3.
Detailed Description: Headphone jacks are often used by users with visual impairments,

who may have difficulty locating the headphone jack if it is not prominently located and
tactilely discenible.

Not designed
for accessibility. \‘

Figure 31: The headphone jack is located in an obscure location on the device.
Populations Impacted: Users who are blind; users with low vision.
Potential Solutions:Place the headphone jack prominently on the dewtace the

headphone jack in a prominent location where users are likely to look or feel when
searching for the jack. Avoid placing the jack in an obscure location (too low or too high

on the device, on the side of the device, etc.).
Designed for
b accessibility.
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Figure 32 The headphone jack is located in a prominent location on the device.

Ensure that the headphone jack is tactilely discernibblee headphone jack should be
identified with a Braille label or other raised marking. The jack itself should be raised
above the surface of the machine (for example, surrounded by a raised ring). The jack
should not be obscured behind a cover.

Ensurethat the headphone jack is visually discernibléne headphone jack should be
located in plain view on the device, and not hidden in an obscure location or behind a
cover. Marking the headphone jack with a distinctive, high contrast color will also help
users with low vision locate the jack.

Provide support for wireless headphone connectivitye 3.5 mm connector (and to a
lesser extent the 2.5 mm connector) are still the most common methods for connecting
headphones. However, wireless technologiel sis Bluetooth are becoming more
prominent, and providing support for wireless headphone connectivity would help to
eliminate many of the accessibility problems associated with headphone jacks.

Applicable Guidelines
ADA-ABA i 707.5
Section 508 1194.31a), 1194.31(b)
HFDST 6.4.1.15, 6.4.1.18, 6.4.1.22, 6.4.1.28
ICT 1 407.3, 407.3.1
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The headphone jack does not use a standard connector.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: 3.5 mm headphone connectors are the masimon, and are used
for headphones for music devices. If the headphone jack does not support 3.5 mm
headphone plugs, many users will be unable to connect their headphones to the device.

Populations Impacted: Users who are blind; users with low visioseus who are hard
of hearing.

Potential Solution: Provide at least a standard 3.5 mm headphone j&kpport for
other connectors, such as 2.5 mm headphone connectors or wireless technologies such as
Bluetooth can also increase accessibility.

Applicable Guidelines
ADA-ABA i 707.5
Section 508 1194.25(e)
Section 255 1193.51(b)
VVSGi 3.3.3C.1
ICT 1 302.4, 406.1

70



Users may have difficulty inserting a plug into a headphone jack.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Inserting a small headphone plug into a headphone jack can be
difficult, especially for users with visual impairments and users lacking fine motor
control. The problem may be exacerbated if the headphone jack is located in a cramped
space or if it is coved.

Populations Impacted Users who are blind; users with low vision; users with upper
mobility impairments.

Potential Solutions:Do not cover the headphone jackvoiding a cover on the
headphone jack eliminates the requirement for users to opernvitrebedore plugging in
headphones, and also enhances visual and tactile discernibility of the headphone jack.

Avoid placing the jack too close to other controls, or in an area where access is
obstructed.Users lacking fine motor control may find it easeinsert a plug if they are
able to brace their hands while inserting the plug. Ensure that there are no obstructions
around the headphone jack (for example, avoid placing the jack in an interior corner
where two or more panel surfaces meet). Ensuatetliere are no controls near the
headphone jack that may be accidentally activated when a user braces his or her hand.

Design the jack to help guide the plug into the jaekr example, provide a concave area
around the headphone jack that helps to futiveeplug into the jack.

Applicable Guidelines
ADA-ABA i 309.4
Section 508 1194.31(f)
HFDST 6.4.1.1,6.4.1.9, 6.4.1.12
ICT 1 302.4, 302.7
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The placement of the headphone jack causes the headphone cord to interfere with
use of the machine.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Headphones are typically attached to voting machines by a cord.
The placement of the headphone jack could result in the headphone cord resting in an
area where it interferes with the use of tiechine (for example, the cord may hang over
the controls). Moreover, if users must change positions to interact with different parts of
the machine, headphone cords may restrict range of motion or become unplugged during
movement.

Not designed
for accessibility. \‘

Figure 33: The headphone jack location allows the cord to interfere with use of the
machine.

Populations Impacted: Users who are hard of hearing, users who are blind; users with
low vision; users with upper mobility impairments; userwower mobility
impairments.

Potential Solutions:Consider the expected user interactions with the machine, and
position the headphone jack so that the headphone cord does not interfere with use of the
machine.For example, the headphone jack coulglaeed on the front of the machine
directly below the smart card slot.
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Designed for
accessibility.

Figure 34: The headphone jack location prevents the cord from interfering with use of the
machine.

Position the headphone jack in a location that allows@efit range of motion to

perform all tasks Consider the positions in which users, both seated and standing, will
occupy when using the device, and place the headphone jack in a location central to those
positions. Also consider wheelchair users who &iteer a forward or parallel approach.

This will allow users the necessary range of motion so they do not accidentally unplug
their headphones.

Provide support for wireless headphone connectiwtyted connectors are still the most
common methods faronnecting headphones, but wireless technologies such as
Bluetooth are becoming more prominent. Providing support for wireless headphone
connectivity would eliminate interference from headphone cords.

Applicable Guidelines
ADA-ABA i 308.2.1, 308.2.2, 3.1, 308.3.2
Section 508 1194.25())
HFDST 6.4.1.12
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Issues associated with speech input

Some voting machines enable complete user control through speech input. Voice
commands operate controls that would otherwise be operated by buttons or @teech s
interface. Users who have difficulty operating controls and users with visual impairments may
wish to use speech inpussues in this section apply to all thie& Countydesign concepts.

Speech input is not supported.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: If a voting machine does not accept speech input,sbere

voters are required to use their upper limbs or a mouth stick to interact with the machine.
The position of voting machines may make thesgonsphysically impossible or
impracticalfor some users.

Populations Impacted: Users with upper mobility impairments; users who are blind.

Potential Solutions:Enable speech inpul speech input mode should be provided so
that voters can interact with tineachine without using their upper limbs or a mouth stick.
A poll worker or a person selected by the voter should be able to easily activate the
speech input mode.

Applicable Guidelines:
VWSGT 3.2.31
VSSi 3.2.4.1
ICT - 302.1, 302.2, 402.2, 40212
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The speech input mode is difficult to activate.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: Voters may have difficulty finding and operating the control to
activate the speech input feature. Users who need the featurdyymée@ upper

mobility impairments, which can impede their ability to activate small buttons placed in
awkward positions.

Populations Impacted: Users with upper mobility impairments.

Potential Solutions: Place a large mechanically operated buttorainentral location to
activate the featureThe button should be large enough and close enough to the user that
he or she can activate it easily with a reaching aid or mouth stick.

Applicable Guidelines:

VVSGT 3.2.31
ICTT 302.7, 407.9
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Speech input does not allow voter privacy.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: If voters are required to speak the names of candidates, then their
privacy will be compromised. Voters should be able to make their selections privately
and without assistance.

Populations Impacted: Userswho are blind or thoseith upper mobility impaments.

Potential Solutions: Associate numbers or letters with candidatdiow voters to say

the numbers or letters instead of candidate names. The system could say, for example,
ATo vote for Ross Perot, s aydhbelisted beford e c ond
the action (i.e. number). For example, th
30 rather than ASay 3 to vote for Ross Per

Allow voters to speak a common command as soon as they hear their candidate of choice.

As an alernative to using numbers or letters, the system could allow voters to simply say
Avoteo or Aselecto when a candidateds name
say, ATo vote for Ross Perot, say vote.o
randomized.

Applicable Guidelines:
VWSGT 3.2.31
VSSi 3.2.4.1
ICT T 402.2,407.10
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No Microphone is provided.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: The machine must be equipped with a microphone to accept
speech input. Voters should not be required to bring their own personal assistive devices,
such as a microphone, to the voting place.

Populations Impacted: Users with upper mobility impairments.

Potential Solutions:Provide a builtin microphone in the voting machin&he
microphones should be positioned as close to the user as possible so that it can receive
more sound from the user than from the surrounding environment.

Provide an external miophone that can be attached to the machifAg.external
microphone may be preferable to a binlimicrophone, because the external microphone
can bepositionedon a boom near the ugemouth. This may provide better sound

guality, resulting in fewerpeech recognition errors.

Applicable Guidelines:

VSS-2.2.7.2(a)
ICT i 302.7, 406.1
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The speech recognition software does not allow easy correction of mistakes.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: A voter may unintentionally select a choice, or the speech
recognition software may erroneously process input. The voter should be able to easily
and immediately correct the mistake.

Populations Impacted: Users with upper mobility impairments.

Potential Solutions: Prevent mistakes by requiring voters to confirm selections.

Immediately after the software processes the speech input, the software should repeat the
selection to the user and ask him or her f
RossPer ot . If this is correct, say yes. | f

Before theballot iscast,provide areviews cr een t hat shows all of
Voters should be able to review their choices and make changes before casting the ballot.
The review screen should be presented visually and audibly. Voters should be able to
navigate the screen with voice commands (for example, by speaking a nurségngr
Adowno to move the cursor). l nstructions
top of the screen. The instruction should be presented before (and while) the review is
displayed, so that the voter can fully attend to the instructicsts fir

Applicable Guidelines:
VSS-2.2.7.2(a
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Issues associated with indicator lights

Indicator lights on voting machines are lights that illuminate to convey information (such
as system status) or to attract attention.

Information conveyed by indicator lights is not available to all users.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Indicator lights depend on user vision to communicate
information. Therefore, the information conveyed by indicator lights is nossitde to
some users with visual impairmenfBhe placement of indicator lights in certain
locations on a voting machine may make it difficult for users in wheelchairs to see the
lights. Additionally, indicator lights are not well suited to conveying glex

information, and attempting to convey complex information via indicator lights may
cause confusion for users, especially for users with cognitive impairments.

Not designed
for accessibility. \‘

-~
}

Figure 35: An indicator light is placed out of sight for a seatd user.

Populations Impacted: Users who are blind; users with low vision; users with lower
mobility impairments; users with cognitive impairments.

Potential Solutions:Place indicator lights so that they are visible for both seated and
standing usersWhen placing indicator lights, consider the viewing angle of users who

are accessing the machine from wheelchairs, and avoid placing lights in locations that are
only visible from a standing position.
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Designed for
accessibility.

Provide a redundant alternative to vision that conveys the same information that is
conveyed visuallyProviding audio output that communicates the same information that
indicator lights convey will incr@se accessibility for users who cannot see the indicator
lights due to visual impairments or due to the position from which they are using the
machine. Simple audio output such as beeps can be used to indicate status, but the
sounds must be recognizabledaistinguishable to be effective. Voice output should be
used to convey more detailed information.

Avoid communicating complex information via indicator lighHtedicator lights are well
suited for conveying simple information that can be communidatede presence or
absence of a light. Using indicator lights to convey more complex information (for
example, by requiring users to discriminate between flash rates or count a sequence of
flashes) should be avoided. Complex information should be pegsky means of text,
graphics, or voice output.

Applicable Guidelines
ADA-ABA T 707.5
Section 508 1194.31(a), 1194.31(b)
HFDST 5.11.1,5.1.2,5.11.6,5.11.8, 8.18.3.3
ICT 1 302.1, 302.2, 502.2.9
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Color coding should not be used as the sole means of conveying information.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Indicator lights that use only a change of color (especially when

the change is between red and green or between blue and yellow) as the only method of
conveyirg information may be difficult for color blind users and some users with low
vision to discern. For example, if a tvgtate light is used, with green representing the
ready state and red representing a fault state, a user with red/green colorblindness may
not be able to determine if the device is ready or is in a fault state.

~ Not designed
p for accessibility. \‘

Figure 37: A single light illuminates red or green to indicate status.
Populations Impacted: Users who are color blind; users with low vision.

Potential Solutions: Do not use color pairs that are easily confused by color blind users
to convey informationRed/green color blindness is most common; however,

blue/yellow color blindness occurs occasionally. Total color blindness, where users are
not able tgperceive color and only see shades of grey, is extremely rare. Using color
combinations other than red/green and blue/yellow to represent information will help
avoid confusion among most users who are color blind.

Always provide a redundant alternative to color, such as text and/or locatioch

conveys the same information that the color conv@ysywhere color coding is used, the
message conveyed by that color coding should be conveyed through text asovedr in

to ensure that color blind users have access to the same information that other users do.
For instance, a text i n dvotingartachioasinthéready s ay s
state could be provided. The text message would communicate thenfammeation to a

color blind user that the green light communicates to acotor blind user.
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Designed for 0
accessibility.

Figure 38: An example of redundant color coding and text.

Additional Comments: Although the solutions presented above will imgrov

accessibility for those who are color blind (and for some with low vision), they in no way
solve the problem for users who are blind and are therefore dependent on tactile or
auditory differentiation of status information.

Applicable Guidelines
Section50871 1194.25(g), 1194.31(a)
Section 255 1193.41(c)
HFDST 8.6.2.1.5, 8.6.2.5.2
ITCi 302.1, 302.2, 302.3, 407.3, 407.3.1, 502.2.9
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Overuse or misuse of indicator lights reduces their effectiveness.
This issuemight applyto Concepts 1, 2, and 3.

Detailed Description: Indicator lights can be useful for communicating status to users or
attracting the attention of users. However, overuse of indicator lights (especially lights
with strong attentiomgetting qualities such as flashing or brightnesshisuse of

indicator lights can be an irritation or a distraction to users, and can cause the lights to
lose their attentiomrawing power.

Not designed
for accessibility. \‘

communicating information.
Populations Impacted: All users.

Potential Solutions:Avoid overuse of indicator lights, particularly for nontical

information.A Overusedo of indicator | ights is subj
machineto machine. Generally, indicator lights should be used to communicate

information that is important to the user (for example, that user input is required or that

an error has occurred), and should not be used for decorative purposes, or to

communicate irdrmation that is obvious in other ways (for example, a power light is
unnecessary if it is obvious from the user interface that the machine is on).

The intensity of indicator lights should commensurate with their importartoe use of

intense indicatolights (larger, brighter, flashing) should be reserved for situations where

it is Iimportant to attract the userb6s atte
error has occurred). More subtle (smaller, dimmer;ftashing) indicator lights shodil

be used for more mundane purposes, such as acknowledging successful user input.

Applicable Guidelines
HFDST 6.2.2.1.27,6.2.2.3.3, 6.3.3.5
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Flashing lights can trigger seizures in some users.
This issuappliesto Concepts 1, 2, and 3.

Detailed Description: Lights that flash at certain frequencies may induce seizures in

users with photosensitive epilepsy. Seizures are typically induced by flash rates between
2 Hz and 55 Hz, and flashing that occupies a large portion of the visuatfratate

likely to induce seizures.

Populations Impacted: Users with photosensitive epilepsy.

Potential Solutions:Avoid flashing lights with flash rates between 2 Hz and 55IHz.
flashing indicator lights are used, ensure that the flash rate doedl matHin these
bounds.

Avoid flashing lights that occupy large areddashing lights that occupy only part of the
usero6s visual field are |l ess |likely to ind
field. Therefore, flashing lights thatwer large areas of the machine should be avoided.

Applicable Guidelines
Section 508 1194.25(i)
Section 255 1193.43(f)
HFDST 5.2.1.2
ICT- 302.9

84



Issues associated with writing space and temporary storage areas

Some voting booths provide a flatear space that users can use for temporary storage of
personal items (purses or wallets, paperwork, etc.) while using the machine, or as a writing
surface to mark paper ballots.

No space for temporarily placing belongings is provided.
This issue pplies to Concepts 1, 2, and 3.

Detailed Description: Any user may have items in his or her hands when voting that

they would like to temporarily set aside, such as anpaeked ballot or a purse, in order

to interact with the machine. Users with disab#ittreay have particular needs in this

areal for example, a user with low vision might need to retrieve a magnifier from a bag,
or a user with an upper mobility impairment might have only one functional hand to carry
items and to interact with the machine.

Not designed
for accessibility. \‘

|&\ )\\" i

Figure 40: A lack of space for temporary placement of belongings and paper ballots forces
users to hold those items.

Populations Impacted: All users.

Potential Solutions:Provide an area where users can temporarily placé the
belongings.The storage area should be large enough to accommodate the sorts of items
that users might typically carry in their hands (purses, umbrellas, etc.), and should allow
users to place the items in a location that does not interfere with ém¢keegnachine. In
terms of surface height, consider both standing users as well as those who may be in
wheelchairs.
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accessibility.

Figure 41: An area for writing or placing belongings is provided.

No space for writing is provided
Thisissue gplies to Concepts 1, 2, and 3.

Detailed Description: Some voters may wish to bring pmearked ballots to the polling
place, and they may wish to modify them at the polling place before scanning and
validating them. Voters may have difficulty miagg changes to their ballots without a
writing surface.

Populations Impacted: All users.

Potential Solutions: Provide a writing surfaceA writing area for seated users should

be | ocated at a height between &m0l ®B®ihd 340
behind the most forward point of the device surféice design of the machine does not

allow placement of a single writing area that is usable by both seated and standing users,
consider providing separate areas for standing and seated userare& intended for

seated users should conform to the location guidance above.

Applicable Guidelines
Section 508 1194.31(f)
Section 508 1194.25())
HFDST 6.4.1.1
ADA-ABA i 308.2.1, 308.2.2, 308.3.1, 308.3.2, 902.3, 904.3.3
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Accessibility Issues a nd Potential Solutions Associated with Voting
System Software

This section addresses accessibility issues thasaceiated with system softwarkéhese
issues may not be directly relevant to hardware design, but they should be considered during
software development. All issues below are applicable to all thkeggountyvoting system
concepts.

Issues associated with displays

The LA County Concepts provide output primarily through an electronic visual display.
The displays are touchscreens and double as the primary user interface with the machine,
although remote controls are also available.

Small text and icons are difficult for users with low vision to perceive .
Thismightapply to Concepts 1, 2, and 3.

Detailed Description: Text and icons on graphical user interfaces may be difficult for
some users to read if they are too small.

Populations Impacted: Users with low vision.

Potential Solutions: Ensure that théont size used for text is sufficiently largeor

20/20 vision, the Human Factors Design Standard (HFDS) recommends that the height of
characters occupy a visual angle of 16 to 24 minutes of arc. To compute the character
height, use the following formula

h = 2dTan(x/2)

where h is the character height, d is the viewing distance, and x is the desired angle in
radians. (One radian equals 3437.747 arc minutes, or 57.296 arc degrees.)

1194.31(b) of Section 508 states that a ntbdé does not require visual acuity greater
than 20/70 must be provided. Multiplying the character height (h) calculated for 20/20
vision by 3.5 (70/20) yields the recommended character height for 20/70 vision for the
specified viewing distance.

While this font size may not be possible for atl-screen text (including control labels,
ballot instructions, and other textual informatiomgaking the text as large as possible
will increase the chandbatuserswith low visionwill able to read theext

Enaure that icons are large enough for low vision users to 3ée largest dimension
(height or width) of icons should be at least as large as the character height calculated
above. Icons should be made as large as ibbssgiven the space available.
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Provide contrast adjustment for the displaddthough users with low vision prefer and
generally require larger fonts, they may be able to read smaller fonts if the contrast is
sufficiently high. Provide a range of contrast settings for the user td #ajosgh a
hardware control. (Software controls are problematic, because if the contrast is
insufficient for the user, the user may not be able to read the display in order to find the
contrast adjustment controls.)

Provide an alternate display mode wigliger fonts and high contrast option# user
selectable alternate display mode that uses larger fonts and provides high contrast
options, even if it contains only the most important information and controls, will be
useful for users with low vision.

Provide alternatives to thesualdisplayto facilitate interaction by users with low vision.

A voice display should be integrated into the machine, so that visual content is presented
in an auditory fashion as well. For example, using a set of hardeatim®ls, the user

could navigate through configuration menus that are voiced, without having to read the
menus on the display.

Applicable Guidelines:
ADA-ABA T 707.5
Section 508 1194.31(b)
Section 255 1193.43(b)
HFDSi1 5.11.1,5.11.7, 8.2.5.6.8,2.5.6.6, 8.2.5.6.9, 8.18.3.1
VSSi 2.2.7.2(b)
ICT 1 302.2, 402.4, 407.2
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Complex or inconsistent user interface screens may be difficult for users to
understand.

Thismightapply to Concepts 1, 2, and 3.

Detailed Description: User interfaces that@ complex (for example, displays that

contain many controls associated with multiple tasks) can be difficult for users with
cognitive impairments to navigate. Inconsistencies in displays, such as changes in
control placement from screen to screen ormsesient use of terminology, can be
confusing to users with cognitive impairments. Similarly, inconsistent or excessive use
of abbreviations can decrease reading comprehension for users with cognitive
impairments. Maintaining consistency and keepingritexface as simple as possible are
important usability considerations, and will improve the accessibility of the machine to
all users.

Populations Impacted: Users with cognitive impairments.

Potential Solutions:Reduce the complexity of user interfaceesas where possible.

Design screens around individual user tasks (for example, a voting machine might have
one screen dedicated to each race). Avoid complex displays that contain a large number
of options and controls.

Place common controls consisterttiyoughout the user interfacedf there are controls
that appear on multiple screens, such as navigation controls, ensure that the placement of
those controls is the same on every screen.

Use consistent terminology throughout the user interf&sesure hat names and
abbreviations are applied consistgrthrouglouttheuser interface.

Limit the use of abbreviationgAbbreviations (especially those that may be unfamiliar to
users) should be used sparingly in the user interface.

Applicable Guidelines:
Section 255 1193.41(i)(2)(a)
HFDST 2.3.1,4.3.5.4.1,8.2.5.4.4,8.2.5.4.8,8.2.11.1.2,8.14.1.10
VVSGT 3.2.4C
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System time -outs may cause problems for some users.
Thismightapply to Concepts 1, 2, and 3.

Detailed Description: The user interfactr voting machines may include system time

outs, which are situations where the user interface automatically changes states or resets
if user input is not received within a certain time period. People with disabilities often
require more time to respomigan nondisabled users, so system thmets can disrupt

their transactions if they are not notified that a timue has occurred and allowed to

request more time.

Populations Impacted: Users with cognitive impairmentasers with upper mobility
impairmerts; users who are blind; users with low vision.

Potential Solution: Alert users when a tiraeut occurs, and allow them to request more
time. When a system timeut occurs while the user is performing a task, the user should
be alerted that the tirr@ut ha occurred, and given the option to request more time or
cancel the task. The user should be given sufficient time to respond to the alert before it
expires. A good rule of thumb for what constitutes sufficient time is 10 times the amount
of time it woul take an average user respond.

Applicable Guidelines:
Section 508 1194.25(b)
Section 255 1193.41(g), 1193.41(i)(2)(f)
HFDST 8.18.2.2
VSSi 2.2.7.2(9)
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When scrolling is required to see all candidates, the user is not notified that scrolling
IS possible .

This issuamight applyto Concepts 1, 2, and 3.

Detailed Descriptiornt When there is too much information to fit on a single screen (for
example, if the list of candidates is very long), users may be expected to scroll through
the display.

Populations Impacted: Users with cognitive impairments.

Potential Solutions: A clear indication that scrolling is available should be provided to
users. This can be accomplished by providing obvious scrolling controls as part of the
visual interfaceand by announcing the total number of candidates available in the audio
interface. When a list of candidates is long enough to require scrollingrethentation
order of candidateshould be randomized offsetpresentation ordesffects.

Applicable Guidelines:
VVSGT 3.3.6(a)
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| ssues associated with the systemds respon

It is important for the system to respond to user input in a timely and appropriate manner.
A good interface must provide feedback to users. The user intergreébsdk in order to
determine whether input was received, whether the desired action was executed, and whether the
desired consequences were achieved. Alerts and error messages are special notifications that
indicate to the user when certain actions shoulchust be taken. Feedback is generally
provided visually or audibly. Audible feedback should maintain voter privacy, and may consist
of simple auditory signals that indicate acceptance of user input. Audible feedback should be
provided through headphamenly, so that users cannot hear feedback from adjacent voting
machines.

The voting machine does not provide sufficient feedback to the user.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Users with different disabilities haw#ferent needs for the

amount and type of feedback provided by a voting machine. The feedback that is
provided may be insufficient because it does not cover the full range of events for which
feedback is required, or it may be insufficient becausepitogided in a form that is not
useful to a user with a particular disability (for example, visual feedback indicating that
input has been accepted is not useful to a user who is blind). Providing feedback for a
wide range of events and user actions iaety of sensory modalities is beneficial for

all users.

Populations Impacted: Users who are blind; users with low vision; users who are deaf;
users who are hard of hearing; users with upper mobility impairments.

Potential Solutions:Ensure that feedlzk is provided for all relevant eventBrovide

feedback for all user inputs, system status changes, user or system errors, and other
events that are relevant to the userodés int
events should be distincioin one another and appropriate to the events represented. For
example, a simple click may be sufficient to acknowledgeyapressbut a more

prominent tone may be necessary to indicate that an error has occurred.

Provide feedback in a visual formatisual feedback is necessary for users with hearing
impairments, but it can also be helpful for users with low vision (if the feedback is
sufficiently large or if it also makes use of color or other visual cues), and for users with
upper mobility impairments (to help the user determine when unintentional inputs have
been made).

Provide feedback in an auditory formaiuditory feedback is necessary for users who

are blind, and it can also be helpful for users with low vision and for users with upper

mobility impairments. Beeps and other sounds help users know that input was accepted
(e.g., a candidate was selected), and also serve to alert users if an unintentional input was
mad e . Voice output of more compl am dat a (
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your ballot?0) helps users with visual i mp
operate voting machines more effectively.

Applicable Guidelines
ADA-ABA T 707.5
Section 508 1194.31(a), 1194.31(b), 1194.31(c), 1194.31(d)
Section 255 119343(a)(2)(a)

HFDSi 2.6.1, 5.11.1, 5.11.2, 8.15.8.3, 8.18.3.2, 8.18.4.1
VSSi 2.2.5.2.2, 2.2.7.2(h)

ICTT 302.1, 302.2, 302.4, 502.2.9
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Users cannot change cursor focus without making a selection.
This issuamight applyto Concepts 1, 2, and 3.
Detailed Description: Users of screen reacssometimes move the cursor among screen
elements so that the assistive tecbgglwill read aloud the elements that receive focus.
Some interfaces are designed to automatically select the focused element. This preven
users of screen readers from being able to hear the elements without selecting them.

Populations Impacted: Users who are blind.

Potential Solutions: Allow cursor movement without selecting iterf®sovie a fAs el ect
button that is independent of the controls that move the cursor.

Applicable Guidelines:
ICT- 502.2.8, 503.2, 602.2
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System response time to user input is slow.
This issuemight applyto Concepts 1, 2, and 3.

Detailed Description: Usersrely on timely feedback from the system in response to their
inputs. If feedback is not provided in a timely fashion, users may conclude that their
input was not accepted and try again, leading to multiple activation errors. This is a
usability problemdr all users, but it may exacerbate difficulties for users who are more
prone to making input errors (e.g., users who are blind or who lack fine motor control).

Populations Impacted: Users who are blind; users with low vision; users with upper
mobility impairments.

Potential Solutions:Minimize system response lag timihe system should provide

timely feedback to the user. The system should provide some response to user input

within 500 ms. If the system response to a user input takes longer thars 580

interim Ain progresso indication should be
received and is being processed.

Allow easy recovery fromerrordd A Backo or AUndoo button shc
allow users to recover from multiple activatierrors or accidental inputs. Note that a
button | abeled ACancel 6 i s somewhat ambigu
will cancel the entire ballot, rather than cancel only the most recent input.

Applicable Guidelines
Section 508 1194.25(h, 1194.31(f)
HFDSI 2.6.1, 6.3.1.5, 6.3.1.6, 8.8.2.24, 8.15.8.13, 8.15.11.1.13, 8.15.11.1.14
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The voting device changes the ballot automatically based on assumptions about user
intent.

This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Voting devices may attempt to streamline the voting process by
providing default selections or by attempting to resolve errors automatically. Although
these actions may sometimes be appropriate, care must be taken to ensure that final
controlover voting selections remains with the user.

For some electronic voting machines, the first option listed for a particular office
is automatically selected by default. This may be confusing for users with cognitive
disabilities, because it may appeaattthey have already made a selection. They may
proceed to the next screen without realizing that they voted for a candidate.

Some voting devices automatically deselect options when voters attempt to make
more than the maximum number of selections for a contest. This could be appropriate
when there are mutually exclusive options for a contest, but should not occur when users
canselect more than one option for a particular contest.

Populations Impacted: Users with cognitive impairments.

Potential Solutions: Options should not be pigelected.None of the options on the
ballot should be selected without the user activelgding those items. If the user does
not actively select one of the items, then an undervote should occur.

Users should be notified that they have exceeded the allowable number of selections
When more than one selection is allowable, users shouldtified if they have

exceeded the allowable number of selections so that they can deselect candidates as
desired before making additional selections.

Applicable Guidelines:
HFDST 8.2.11.78.12.1.13, 8.12.1.14
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Issues associated with audio output

Many voting machines provide some form of audio output, ranging from simple beeps to
speech output. Audio output should be provided through a headphone jack for privacy. Audio
output can be used to greatly improve the accessibility of a voting machine,lpést for users
with visual impairments.

The volume level is insufficient.
This issuanight applyto Concepts 1, 2, and 3.

Detailed Description: Some users may have difficulty hearing audio output at default
volume levels, particularly if the devitglocated in a noisy environment. Users with
vision impairments may rely exclusively on auditory information to use the device, so it
is important to ensure that the output volume can be adjusted to sufficient level.

Populations Impacted: Users who aréard of hearing; users who are blind; users with
low vision.

Potential Solution: Provide sufficient output volume and range of adjustment through
the builtin speakers and the headphone outpihe range of volume available should be
implemented as desbed in Section 508 guideline 1194.25(f). Controls that allow users
to adjust the output volume within the range specified in 1194.25(f) should be provided.

Designed for
accessibility.

volume

Figure 42: A volume knob is provided to allow the user to adjust theutput volume.

Applicable Guidelines
Section 508 1194.25(f), 1194.31(a), 1194.31(b), 1194.31(c), 1194.31(d)
HFDST 8.18.4.2
ICT i 302.1, 302.2, 403.2.1, 408.2
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Non-verbal audio output is not meaningful.
This issuemight applyto Concepts 1, 2, and 3.

Detailed Description: In addition to verbal outputpse voting machines use simple
nonverbal audio output (i.e., beeps or tones) to communicate information to users.
These tones may not be meaningful in the absence of accompanying verbal information,
such as an eacreen message or graphic. Users with visual impairments may not have
access to visual information, and may therefore have difficulty interpreting the meaning
of nonverbal audio output. Users with cognitive impairments may also haveuttiffic
understanding the meaning of reerbal audio output.

Populations Impacted: Users who are blind; users with low vision; users with cognitive
impairments.

Potential Solutions:When possible, select sounds with characteristics that convey

meaning. It is difficult to convey meaning through simple sounds in a way that is

universally understood, but it may be possible in some situations. For example, a
Apositived sound (a Adingo or a rising ton
accepted,md a finegatived sound (a Abuzzo or a d
indicate that input has been rejected.

Consider using nofrerbal sounds only to convey very simple informatiéor. example,

a Aclickd sound coul dprdsshas beereadcepted. Thendi cat e
information is conveyed by the presence or absence of the sound, and not by the
characteristics of the sound. When using sounds in this way, ensure that the sounds are
temporally matched with the associated event, so that thenslaip between the event

(for example, a keypress) and the sound is clear.

Use verbal messages to convey informatidfhen detailed information needs to be
conveyed via sound, use verbal information to explicitly and unambiguously convey the
information. This eliminates the requirement for users to interpret the meaning of the
sound, and also serves as a redundant means of providing the information, which benefits
users with visual impairments.

Applicable Guidelines
ADA-ABA i 707.5
Section 508 11%.31(a), 1194.31(b)
HFDSV 7.2.1.2,7.2.1.4,7.2.1.7,7.2.1.8
ICT 1 302.1
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Voice output is difficult to understand due to poor sound quality or interference.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Voice output may bdifficult for some users to understand

because the deviceds speakers are not capa
without distortion, particularly at higher volumes. Other sounds that accompany voice

output, such as background music, mapahake it more difficult for users to

understand the content of voice messages.

Populations Impacted: Users who are blind; users with low vision; users who are hard
of hearing; users with cognitive impairments.

Potential Solutions:Ensure thatthedevec6 s s peakers are capabl e
output legibly through the full range of output volum&ke range of volume available

should be implemented as described in Section 508 guideline 1194.25(f). The speakers
used in the device should be teste@nsure that they are capable of reproducing voice

output clearly and without distortion through the entire range of volume adjustments.

Avoid background music or other sounds that may reduce the legibility of voice output.
Background music or otherwwiad effects that are played back at the same time as voice
output messages may be distracting, and may reduce the legibility of the voice output.

Ensure that information conveyed by voice is accompanied by a redundant visual
presentation.Providing redudant visual information (for example, via-sareen text or
graphics) may help users who are hard of hearing obtain the information.

Applicable Guidelines
ADA-ABA i 707.5
Section 508 1194.25(f),1194.31(a), 1194.31(b), 1194.31(c), 1194.31(d)
Section2557 1193.43(e)(2)(a), 1193.43(e)(2)(e)
HFDSi 7.3.2.1,7.3.2.2,8.18.4.1, 8.18.4.2
ICT- 402.3.2
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The rate at which speech output is provided is not adjustable.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Users who are accust@d to using speech output often become
proficient at understanding speech output delivered at a very high rate. However, users
with recent visual disabilities, especially when coupled with cognitive impairments, may
not be as proficient with speech outgystems

Populations Impacted: Users who are blind; users with low vision.

Potential Solutions: The rate of audio output should be adjustablénere are several

things to address for this issue. The primary issue is that the rate of speech aatput is
adjustable. But other issues can also arise, even if the rate is adjustable. If not

implemented properly, speech may become distorted at high or low speeds. Also, one
system GTRI observed all owed wuser spitcho adju
of the voice, without actually reducing or extending the amount of time required to listen

to the speech output.
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Voice output is not repeated.
This issuemight applyto Concepts 1, 2, and 3.

Detailed Description: Users may fail to hear or und&sd voice output messages when
they are first presented. If the messages do not repeat, either automatically or under user
control, then users may be unsure how to proceed with their interactions with the device.

Populations Impacted: Users withcognitive impairments; users who are hard of
hearing; users who are blind; users with low vision.

Potential Solutions:Repeat voice messages automatically if the user does not respond
within some period of timdf the user fails to respond or take antwithin a reasonable
amount of time (a few seconds) after a voice message is presented, repeat the voice
message.

Provide a control that allows the user to request that voice messages be repdased.

will allow users to listen to messages agaiéy did not hear or understand the message
initially. Ideally, the repeat control should be a physical control (as opposed te an on
screen control) and should be tactilely discernible to increase the accessibility of the
control for users with visual ingirments.

Applicable Guidelines
ADA-ABA i 707.5.1
Section 508 1194.25(e), 1194.31(a), 1194.31(b), 1194.31(c)
Section 255 1193.43(e)(2)(d)
HFDST 8.18.4.2
ICT- 402.2
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Audio output via speakers may be inappropriate due to privacy concerns.
This issuamight applyto Concepts 1, 2, and 3.

Detailed Description: Audio output may be required for some users to interact with
voting machines. The audio output may need to be at a relatively high volume to
overcome ambient noise or to accommodate users whuaad of hearing. However,

much of the information provided by voting machines should remain private, rather than
being broadcast over speakers.

“The social security number Not designed \‘
you've entered is.. /\ for accessibility.
=

Figure 43: Potentially sensitive audio is output through speakers.

Populations Impacted: Users who are blind; users with low vision; users who are hard
of hearing.

Potential Solutions:Provide a headphone outpufAn industry standard 3.5 mm
headphone jack should be used.
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Figure 44: A headphone jack is povided for private listening.

Avoid outputting potentially sensitive information through speakigrtse to privacy
concerns, information regarding a usero6s v
Rather, it should be delivered only through the headphone jack.

Applicable Guidelines
ADA-ABA i 707.4, 707.5
Section 508 1194.25(e), 1194.31(d)
Section 255 1193.43(e)(2)(e)
HFDST 8.18.4.2
VWSGi 3.2.3.3A.2, 3.2.3.2A.3
ITC1 402.2,402.2.1,407.1@02.3.1
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