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I.	   Introduction	  

This	   report	   summarizes	   the	   findings	   of	   the	   post-‐election	   tabulation	   audit	   pilot	  
program	   (“the	   pilot	   program”)	   conducted	   by	   the	   staff	   of	   the	   Maryland	   State	  
Board	   of	   Elections	   (“SBE”)	   in	   Carroll	   and	   Montgomery	   Counties	   following	   the	  
April	   2016	   Primary	   Election.	   	   The	   goal	   of	   the	   pilot	   program	   was	   to	   evaluate	  
feasible	   post-‐election	   tabulation	   audit	   methods	   and,	   based	   on	   the	   practical	  
experiences	  of	  the	  pilot	   jurisdictions,	  to	  select	  the	  most	  cost-‐effective,	  efficient	  
and	  accurate	  audit	  method	  for	  use	  after	  the	  November	  2016	  General	  Election.	  

Post-‐election	  tabulation	  audits	  are	  used	  to	  verify	  and	  confirm	  the	  accuracy	  of	  a	  
voting	   system’s	   reported	   results.	   A	   post-‐election	   tabulation	   audit	   serves	   to	  
ensure	  that	  the	  voting	  system	  is	  accurately	  tallying	  ballots	  and	  that	  the	  winners	  
of	   each	   contest	   are	   called	   correctly,	   without	   regard	   to	   the	   closeness	   of	   any	  
particular	  contest.	  	  	  A	  post-‐election	  audit	  is	  not	  a	  recount	  or	  a	  re-‐canvass	  of	  the	  
votes.	   	   Rather,	   the	   audit	   concerns	   itself	   with	   the	   actual	   performance	   of	   the	  
voting	   system,	   based	   on	   the	   actual	   votes	   cast	   by	   voters.	   	   When	   used	   in	  
conjunction	  with	   pre-‐election	   logic	   and	   accuracy	   testing	   (“L&A”),	   post-‐election	  
tabulation	  audits	  serve	  to	  increase	  public	  confidence	  in	  election	  results,	  election	  
administration	  and	  the	  democratic	  process.1	  	  

While	  there	  are	  many	  schools	  of	  thought	  on	  the	  “right”	  or	  “best”	  way	  to	  conduct	  
a	   post-‐election	   tabulation	   audit,	   there	   is	   no	   real	   consensus	   among	   election	  
administrators,	   academic	   experts,	   policy-‐makers	   or	   legislators	   as	   to	   a	   single,	  
most	  accurate	  or	  most	  effective	  post-‐election	  audit	  methodology.	   	   	  As	  a	  result,	  
election	   districts	   throughout	   the	   country	   use	   a	   variety	   of	  methods	   to	   conduct	  
post-‐election	  tabulation	  audits	  based	  on	  their	  priorities	  and	  the	  capabilities	  and	  
limitations	  of	  their	  voting	  systems.2	  	  Regardless	  of	  the	  audit	  methodology	  used,	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  SBE	  and	  the	  LBEs	  currently	  conduct	  a	  comprehensive	  audit	  of	  election	  practices	  and	  procedures	  
following	   each	   election.	   	   The	   goal	   of	   this	   comprehensive	   audit	   is	   to	   protect	   and	   ensure	   the	  
integrity	   of	   the	   election	   process	   before	   the	   local	   boards	   of	   canvassers	   certify	   the	   election.	   	   It	  
includes	  a	  review	  of	  15-‐20	  tasks	  performed	  by	  the	  LBEs.	  	  A	  post-‐election	  tabulation	  audit	  will	  be	  
added	  to	  this	  comprehensive	  audit.	  	  	  
	  
2	  For	  example,	  Florida	  counties	  can	  chose	  to	  conduct	  either	  an	  independent,	  automated	  audit	  or	  
a	  manual,	   hand-‐count	   fixed	  percentage	   audit.	   	   §	   101.591	   Fla.	   Stat.	   (2016).	   	  New	  York	   similarly	  
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the	   goal	   of	   a	   post-‐election	   tabulation	   audit	   remains	   the	   same:	   to	   verify	   the	  
accuracy	   of	   the	   primary	   voting	   system’s	   reported	   results,	   thereby	   increasing	  
confidence	  in	  those	  results.	  

An	   important	   feature	   of	   Maryland’s	   new	   paper-‐based	   voting	   system	   (Election	  
System	  &	   Software’s	   (“ES&S”)	   EVS	   5.2.0.0),	   first	   implemented	   during	   the	   April	  
2016	   Primary	   Election,	   is	   its	   ability	   to	   capture	   an	   image	   of	   each	   voted	   ballot	  
when	  the	  paper	  ballot	  is	  fed	  through	  the	  scanner	  at	  the	  voting	  location	  or	  at	  the	  
local	  board,	   in	  the	  case	  of	  absentee	  and	  provisional	  ballots.	  This	  feature	  means	  
that	   election	   results	   can	  be	   audited	   at	   a	   ballot	   level,	  which	  was	  not	   an	  option	  
under	   the	   previous	   voting	   system,	   while	   eliminating	   the	   need	   for	   election	  
officials	  to	  physically	  handle	  or	  count	  voted	  ballots	  unless	  a	  petition	  for	  recount	  
or	  other	  judicial	  challenge	  is	  granted.	  	  

In	  an	  effort	  to	  take	  advantage	  of	  this	  newly	  available	  functionality,	  and	  to	  fulfill	  
its	   legislative	   mandate	   to	   maximize	   the	   use	   of	   technology	   in	   election	  
administration,3	  SBE	  issued	  a	  Request	  for	  Information	  (“RFI”)	  in	  November	  2015	  
seeking	   information	   regarding	   the	   functionality	   and	   costs	   of	   existing	   products	  
associated	   with	   the	   independent	   electronic	   verification	   of	   voting	   results.	   	   In	  
December	  2015,	  SBE	  began	  developing	  a	  pilot	  program	  to	  test	  different	  types	  of	  
post-‐election	  tabulation	  audits.	  

Following	   the	   2016	  General	   Assembly	   Session,	   the	   Joint	   Chairmen’s	   Report	   on	  
the	  Fiscal	  2017	  State	  Operating	  Budget	  included	  an	  amendment	  to	  SBE’s	  general	  
fund	   appropriation	   stating	   that	   $50,000	   of	   the	   appropriation	   “may	   not	   be	  
expended	   until	   a	   post-‐election	   tabulation	   audit	   following	   the	   2016	   general	  
election	  .	  .	  .	  is	  completed	  and	  the	  State	  Board	  of	  Elections	  []	  submits	  a	  report”	  to	  
the	   House	   Appropriations	   and	   Ways	   and	   Means	   Committees	   and	   the	   Senate	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
allows	   counties	   to	   choose	   independent,	   automated	   audits.	   	   NY	   Elec.	   Law	   §	   9-‐211	   (2016).	   The	  
Ohio	  Secretary	  of	  State	  requires	  counties	  to	  use	  either	  a	  manual	  fixed	  percentage	  audit	  or	  a	  Risk	  
Limiting	  Audit.	  	  Directive	  2014-‐36.	  	  Pennsylvania	  allows	  counties	  to	  choose	  manual	  or	  electronic	  
audits.	  	  25	  P.S.	  §	  3031.17.	  	  In	  addition,	  at	  least	  20	  states	  do	  not	  conduct	  any	  kind	  of	  post-‐election	  
tabulation	   audit	   or	   only	   conduct	   post-‐election	   tabulation	   audits	   under	   certain	   circumstances.	  	  
See	  http://www.ncsl.org/research/elections-‐and-‐campaigns/post-‐election-‐audits635926066.aspx	  	  
	  
3	  Md.	  Code	  Ann.	  Election	  Law	  §	  2-‐102(a)(7).	  
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Budget	   and	   Taxation	   and	   Education,	   Health	   and	   Environmental	   Affairs	  
Committees.	  

The	  development,	  implementation	  and	  results	  of	  the	  pilot	  program	  are	  discussed	  
below.	  

II.	   Types	  of	  Post-‐Election	  Tabulation	  Audits	  

In	  developing	  the	  pilot	  program,	  the	  SBE	  researched	  and	  evaluated	  the	  different	  
types	   of	   post-‐election	   tabulation	   audit	  methods,	   including	   those	   used	   in	   other	  
jurisdictions.	  	  	  The	  evaluation	  and	  selection	  of	  pilot	  methods	  were	  guided	  by	  the	  
following	  criteria:	  	  

• Maximize	  the	  technological	  functions	  of	  the	  new	  voting	  system;	  	  

• Minimize	   human	   error	   and	   eliminate	   chain	   of	   custody	   issues	   by	   using	  
securely	  stored	  ballot	  images,	  rather	  than	  actual	  voted	  paper	  ballots;	  	  

• Minimize	   the	  use	  of	  valuable	  staff	   time	  at	   the	  Local	  Boards	  of	  Elections	  
(“LBEs”)	  in	  the	  days	  following	  an	  election;	  	  

• Complete	   the	   audit	   prior	   to	   legally	   binding	   local	   certification	   and	  
swearing-‐in	  deadlines;4	  

• Be	   conducted	   at	   the	  ballot-‐level,	   i.e.	   tally	   actual	   voted	  ballot	   images	   to	  
audit	  the	  voting	  system	  results;	  and	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  County	  boards	  of	  canvassers	  must	  certify	  election	  results	  no	  later	  than	  the	  second	  Friday	  after	  
the	  election,	  or	  if	  the	  canvass	  is	  completed	  after	  that	  date,	  within	  48	  hours	  of	  the	  completion	  of	  
the	   canvass.	   	   Md.	   Code	   Ann.	   Elec.	   Law	   §	   11-‐401(c)(1).	   	   Note	   that	   during	   the	   time	   prior	   to	  
certification,	   the	   LBEs	   also	   conduct	   two	   absentee	   ballot	   canvasses	   and	   a	   provisional	   ballot	  
canvass.	  	  In	  addition,	  in	  many	  counties,	  county	  charters	  establish	  December	  1	  as	  the	  swearing-‐in	  
date	  for	  county	  officials.	  	  	  
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• Be	  entirely	  independent	  of	  the	  primary	  voting	  system.	  

Following	   its	   research,	  evaluation	  and	  guiding	  criteria,	  SBE	  decided	   to	  pilot	   the	  
three	   (3)	   post-‐election	   tabulation	   audit	   methods	   diagramed	   and	   described	  
briefly	  below.	  	  	  

	  

	  

Independent	  Automated	  Audit	  

An	   independent	   automated	   audit	   relies	   solely	   on	   the	   use	   of	   independent	  
software	  to	  tabulate	  ballot	  images.	  The	  results	  from	  the	  independent	  tabulation	  
are	   then	   compared	   to	   the	   tabulation	   results	   from	   the	   voting	   system.	   Any	  
variances	  between	  the	  two	  tabulations	  are	   identified	  and	  resolved	  by	  LBE	  staff	  
members.	  	  	  

For	   the	   pilot	   program,	   SBE	   contracted	   with	   the	   Boston-‐based	   elections	  
technology	   company	   Clear	   Ballot	   and	   used	   its	   ClearAudit	   software	   product.5	  
ClearAudit	   is	   the	   only	   currently	   available,	  market-‐ready	   software	   product	   that	  
can	   perform	   an	   independent	   automated	   post-‐election	   tabulation	   audit	   using	  
ballot	  images	  imported	  from	  another	  voting	  system.	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  For	  more	  information	  about	  Clear	  Ballot	  and	  its	  ClearAudit	  solution,	  visit	  www.clearballot.com.	  

	  Post-‐Elecpon	  
Tabulapon	  Audit	  Pilot	  
Methods	  Selected	  

Independent	  
Automated	  Audit	  	  

Ballot	  Level	  Audit	  
applying	  Risk	  Limipng	  
Principles	  (Manual	  

Review)	  

Fixed	  Percentage	  
Audit	  (Manual	  

Review)	  
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Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Principles	  	  

Risk-‐Limiting	   Audits	   (“RLAs”)	   are	   evidence-‐based	   tabulation	   audits	   concerned	  
with	  confirming	  the	  correct	  winner	  of	  any	  particular	  contest.	  	  In	  an	  RLA,	  the	  audit	  
tabulation	  stops	  as	  soon	  as	  it	  becomes	  statistically	  implausible	  that	  a	  full	  recount	  
would	   alter	   the	   result	   of	   the	   election.	   When	   the	   margin	   of	   victory	   in	   any	  
particular	  contest	  is	  large	  enough,	  very	  small	  sample	  sizes	  can	  be	  used	  to	  achieve	  
high	  statistical	  confidence	  that	  the	  results	  reported	  by	  the	  primary	  voting	  system	  
are	  correct.	   	  As	  the	  margin	  of	  victory	  becomes	  smaller,	  however,	   larger	  sample	  
sizes	  are	  needed	  to	  achieve	  the	  desired	  level	  of	  confidence	  in	  the	  voting	  system	  
results.	   	   In	   this	  audit	  method,	  a	  very	  close	  election	  may	  mean	   that	   the	  sample	  
size	  equals	  all	  ballots	  cast	  in	  that	  contest.	  
	  
The	   use	   of	   RLAs	   has	   been	   pioneered	   by	   Dr.	   Phillip	   Stark,	   a	   statistician	   at	   the	  
University	   of	   California	   at	   Berkeley,	   who	   has	   made	   his	   RLA	   audit	   tools	   and	  
formulae	   available	   to	   the	   public.	  6	  	   A	   “true”	   RLA	   requires	   using	   voted	   paper	  
ballots	  stored	   in	   the	  order	   in	  which	   the	  ballots	  were	  voted.	  Out	  of	  concern	   for	  
voter	   privacy,	   Maryland’s	   new	   voting	   system	   does	   not	   keep	   voted	   ballots	   in	  
sequential	  order	  but	  rather	  randomizes	  both	  voted	  paper	  ballots	  and	  the	  images	  
of	   those	  ballots.	   	  Accordingly,	  while	   it	  was	  not	  possible	  to	  pilot	  a	  “true”	  RLA	   in	  
Maryland,	  RLA	  principles	  were	  applied	  to	  a	  ballot-‐level	  audit.	  

Fixed	  Percentage	  Audit	  

A	   fixed	   percentage	   post-‐election	   tabulation	   audit	   audits	   a	   randomly	   selected	  
percentage	  of	  all	  ballot	   images	  cast,	   regardless	  of	   jurisdiction	  size	  or	  margin	  of	  
victory.	  	  For	  the	  pilot	  program,	  SBE	  decided	  to	  audit	  1%	  of	  the	  precincts	  in	  each	  
pilot	   county,	  where	   100%	   of	   the	   ballot	   images	   from	   those	   precincts	  would	   be	  
tabulated.	   	   In	   Carroll	   County,	   which	   has	   35	   precincts,	   one	   randomly	   selected	  
precinct	  was	  audited.	  	  In	  the	  interest	  of	  conserving	  valuable	  staff	  time,	  SBE	  fully	  
audited	  one	  randomly	  selected	  precinct	  in	  Montgomery	  County	  (which	  with	  254	  
precincts	   would	   require	   3	   precincts	   to	   be	   audited	   to	   reach	   1%)	   and	   gathered	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  Available	  at	  http://www.stat.berkeley.edu/~stark/Vote/auditTools/htm.	  	  
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data	  from	  an	  additional	  125	  ballot	  images	  from	  a	  second	  precinct.	  Using	  the	  data	  
collected,	   SBE	   was	   able	   to	   estimate	   the	   time	   and	   cost	   of	   an	   audit	   of	   1%	   of	  
precincts	  in	  Montgomery	  County.	  	  

III.	   Pilot	  Program	  Description	  &	  Implementation	  	  

Independent	  Automated	  Audit	  

The	   first	   phase	  of	   the	  pilot	  program	   launched	   in	  April	   2016	  when	  SBE	  entered	  
into	   an	   agreement	  with	   Clear	   Ballot	   to	   use	   its	   ClearAudit	   software	   to	   conduct	  
independent	   automated	   audits	   of	   the	   2016	   Primary	   Election	   results	   in	   both	  
Carroll	  and	  Montgomery	  Counties.	  

In	  May	  2016,	   staff	  at	   the	  Carroll	   and	  Montgomery	  Boards	  of	  Election	  provided	  
SBE	   staff	   with	   the	   necessary	   data	   to	   conduct	   the	   audits.	   	   SBE	   staff	   in	   turn	  
transmitted	  this	  and	  other	  data	  to	  Clear	  Ballot.	  	  This	  data	  included:	  

• PDFs	  of	  all	  printer-‐ready	  primary	  ballot	  styles	  for	  both	  counties;7	  

• Election	  results	   reports	  generated	  by	  the	  primary	  voting	  system	  (EL30A	  
reports);	  and	  	  

• Unencrypted	  images	  of	  all	  voted	  ballots	  from	  the	  primary	  election.	  	  

Upon	  receipt	  of	  the	  data,	  Clear	  Ballot	  created	  “Ballot	  Definition	  Files”	  (BDFs)	  for	  
both	   counties,	   analyzed	   and	   processed	   ballot	   images,	   converted	   the	   ballot	  
images	   into	   raw	   image	   files,	   ran	   the	   ClearAudit	   tabulator	   on	   all	   ballot	   images,	  
created	  a	  “Comparison	  Results	  File”	  (CRF)	  for	  both	  counties	  based	  on	  the	  EL30A	  
reports	   and	   resolved	   any	   unreadable	   ballot	   images	   from	   both	   counties.	   	   The	  
Clear	  Ballot	  Post	  Project	  Review,	  which	  provides	  a	  detailed	   technical	   review	  of	  
the	  process,	  is	  attached	  at	  Appendix	  A.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  SBE	  is	  responsible	  for	  creating	  all	  ballot	  styles	  used	  by	  the	  LBEs	  and	  sending	  those	  ballot	  styles	  
to	  the	  printer.	  
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The	   results	  of	  Clear	  Ballot’s	   independent	  automated	  audit	   confirmed	  all	  of	   the	  
results	   reported	  by	   the	  primary	   voting	   system.	   	   The	  most	   common	  differences	  
between	   Clear	   Ballot’s	   audit	   solution	   and	   the	   primary	   voting	   system	   stemmed	  
from	  ballots	  that	  were	  improperly	  scanned	  (i.e.	  crooked),	  low	  resolution	  ballots,	  
and	   unreadable	   or	   invalid	  marks	  made	   by	   the	   voter	   on	   the	   ballot.	   Tabulation	  
differences	  regarding	  the	  way	  a	  voter	  marks	  the	  ballot	  are	  caused	  by	  algorithmic	  
variations	  between	  the	  two	  systems	  (e.g.,	  one	  system	  “counts”	  a	  lighter	  shaded	  
oval,	   while	   the	   other	   does	   not;	   or	   one	   system	   “counts”	   a	   mark	   that	   strays	  
outside	  of	  the	  oval,	  while	  the	  other	  does	  not).	   	  Sample	  ballot	  images	  that	  were	  
counted	  differently	  by	  the	  two	  systems	  are	  attached	  at	  Appendix	  B.	  

All	  47,540	  images	  of	  the	  ballots	  cast	  in	  Carroll	  County	  were	  successfully	  imported	  
into	  the	  ClearAudit	  system.	  8	  	   	  Of	  those,	  289	  ballot	   images	  (.6%)	  were	  identified	  
as	   unreadable	   by	   ClearAudit	   for	   the	   reasons	   outlined	   above.	   	   Following	   the	  
review	   and	   reconciliation	   process	   conducted	   by	   Clear	   Ballot	   staff,	   zero	   ballot	  
images	  remained	  unresolved,	  meaning	  that	  upon	  further	  review,	  any	  differences	  
between	   the	   two	   tabulations	   could	   be	   accounted	   for	   in	   a	   logical	   and	  
demonstrable	  manner.	  	  	  

Similarly,	   all	   245,871	   images	   of	   ballots	   cast	   in	   Montgomery	   County	   were	  
successfully	  imported	  into	  the	  ClearAudit	  software.	  Of	  those,	  1,702	  ballot	  images	  
(.7%)	   were	   identified	   as	   unreadable	   by	   ClearAudit.	   	   Following	   the	   review	   and	  
reconciliation	   process,	   zero	   ballot	   images	   were	   left	   unresolved,	   meaning	   that	  
upon	   further	   review,	   any	   differences	   between	   the	   two	   tabulations	   could	   be	  
accounted	  for	  in	  a	  logical	  and	  demonstrable	  manner.	  

The	   results	  of	   the	  pilot	   independent	  automated	  audit	  were	  presented	  by	  Clear	  
Ballot	   on	   June	   20,	   2016	   at	   two	   identical	   presentations	   at	   the	   Maryland	  
Association	   of	   Election	   Officials	   (MAEO)	   Annual	   Meeting	   in	   Cambridge,	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  At	   the	   time	  of	   the	  pilot,	  Clear	  Ballot’s	   solution	  was	  programmed	   to	   read	  and	   tabulate	  ballots	  
marked	   by	   hand	   but	  was	   not	   able	   to	   read	   and	   tabulate	   ballots	  marked	   by	   the	   ballot	  marking	  
device.	   	   After	   validating	   that	   the	   number	   of	   ballot	   images	   received	   matched	   the	   number	   of	  
ballots	  cast	  in	  the	  election,	  representatives	  of	  Clear	  Ballot	  manually	  entered	  into	  the	  ClearAudit	  
solution	  the	  votes	  recorded	  on	  the	  images	  of	  the	  ballots	  marked	  by	  the	  ballot	  marking	  device.	  



October	  2016	   State	  Board	  of	  Elections	  
Post-‐Election	  Tabulation	  

Audit	  Pilot	  Program	  	   14	  

	  

	  	  

Maryland.	   The	   results	   were	   presented	   again	   on	   June	   30,	   2016	   at	   the	   regular	  
public	  meeting	  of	  the	  Maryland	  State	  Board	  of	  Elections	  in	  Annapolis.	  	  	  

Data	  collected	  from	  the	  automated	  independent	  audit	  is	  presented	  at	  Section	  IV,	  
below.	  

Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Principles	  &	  Fixed	  Percentage	  Audit	  

The	   second	   phase	   of	   the	   pilot	   program	   was	   conducted	   on	   June	   27,	   2016	   in	  
Montgomery	  County,	  and	  on	  June	  28,	  2016	  in	  Carroll	  County.	  	  Both	  a	  Ballot	  Level	  
Audit	  applying	  Risk	  Limiting	  Principles	  and	  a	  fixed	  percentage	  audit	  were	  piloted	  
in	  each	  county.	  	  	  SBE	  staff	  worked	  closely	  with	  staff	  from	  the	  LBEs	  to	  successfully	  
conduct	   these	   pilots.	   Dennis	  McGrath,	   PhD,	   a	   statistician	   and	   professor	   at	   the	  
University	  of	  Baltimore,	  served	  as	  a	  consultant	  for	  the	  statistical	  portions	  of	  the	  
pilot	  program	  and	  conducted	  all	  necessary	  calculations.	  

Prior	   to	   the	   launch	  of	  phase	   two	  of	   the	  pilot	  program,	  SBE	  made	  a	  number	  of	  
preliminary	   decisions	   to	   streamline	   and	   standardize	   the	   pilot	   process.	   	   First,	  
using	   the	   random	   selection	   method	   of	   rolling	   ten-‐sided	   dice,9	  where	   an	   even	  
number	   represented	   Democratic	   ballots	   and	   an	   odd	   number	   represented	  
Republican	  ballots,	   it	  was	  determined	  that	  Republican	  ballots	  would	  be	  audited	  
in	   Carroll	   County	   and	   Democratic	   ballots	   would	   be	   audited	   in	   Montgomery	  
County.	  Note	  that	  in	  a	  tabulation	  audit	  following	  a	  general	  election	  it	  would	  not	  
be	  necessary	  to	  separate	  ballots	  by	  party	  affiliation.	  	  	  

Second,	  SBE	  decided	  that	  three	  contests	  –	  U.S.	  President,	  U.S.	  Senate,	  and	  U.S.	  
House	   –	   would	   be	   audited	   in	   each	   pilot	   county.	   	   Because	   the	   primary	   voting	  
system	   reports	   results	   at	   a	   countywide	   level,	   contests	   for	   both	   the	   1st	   and	   8th	  
congressional	  districts	  were	  audited	   in	  Carroll	  County,	  and	  contests	   for	   the	  3rd,	  
6th	  and	  8th	  congressional	  districts	  were	  audited	  in	  Montgomery	  County.	  	  

Third,	   SBE	   developed	   tally	   sheets	   to	   record	   the	   results	   for	   each	   type	   of	   audit.	  	  
Samples	  of	  these	  tally	  sheets,	  which	  reflect	  improvements	  suggested	  by	  the	  LBEs	  
following	  the	  pilot,	  are	  attached	  at	  Appendix	  C.	  	  Ten	  sided	  dice	  were	  purchased	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	  Using	  ten-‐sided	  dice	  is	  recommended	  by	  statisticians,	  including	  Dr.	  Stark	  and	  Dr.	  McGrath,	  as	  a	  
public,	  transparent,	  and	  recordable	  way	  to	  make	  random	  selections.	  
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to	  assist	  the	  LBEs	  with	  the	  random	  selection	  of	  precincts	  for	  the	  fixed	  percentage	  
audit.	  

Finally,	  both	  LBEs	  were	  instructed	  to	  prepare	  for	  the	  pilot	  audits	  by:	  	  

• Exporting	   the	  Cast	  Vote	  Record	   (CVR)	   report	   for	   the	   county,	   filtered	  by	  
party,	  and	  creating	  separate	  spreadsheets	  for	  each	  party;	  	  

• Exporting	   the	   ballot	   images	   from	   the	   county,	   sorted	   by	   precinct	   and	  
party;	  and	  

• Having	   computer	   workstations	   ready	   for	   multiple	   teams	   of	   two,	   with	  
access	  to	  the	  CVR	  export	  and	  the	  ballot	  images.	  

Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Principles	  

To	   determine	   the	   number	   of	   ballots	   to	   review,	   Dr.	  McGrath	   first	   selected	   the	  
contest	   where	   the	   winner	   had	   the	   smallest	   margin	   of	   victory	   over	   his	   or	   her	  
opponent.	  Of	  the	  four	  contests	  being	  audited	  from	  the	  2016	  Republican	  Primary	  
Election	   in	   Carroll	   County	   (U.S.	   President,	   U.S.	   Senate	   and	   the	   1st	   and	   8th	  
Congressional	   Districts),	   the	   smallest	   margin	   of	   victory	   (2,958	   votes)	   was	   Dan	  
Cox’s	   5,512	   votes	   over	   Jeffrey	   Jones’s	   2,554	   votes.	   Using	   Dr.	   Stark’s	   publicly	  
available	   tools	   and	   formulae,	   Dr.	  McGrath	   determined	   that	   247	   ballot	   images	  
should	  be	  reviewed	   in	  order	  to	  achieve	  a	  95%	  confidence	   level	   that	  the	  results	  
reported	  by	  the	  primary	  voting	  system	  were	  accurate.10	  	  	  

Of	  the	  five	  contests	  being	  audited	  from	  the	  2016	  Democratic	  Primary	  Election	  in	  
Montgomery	   County	   (U.S.	   President,	   U.S.	   Senate	   and	   the	   3rd,	   6th,	   and	   8th	  
Congressional	   Districts),	   the	   smallest	  margin	   of	   victory	   (8,595	   votes)	  was	   John	  
Sarbanes’s	   10,609	   votes	  over	   John	  Rea’s	   2,014	   votes.	  Again,	   using	   the	  publicly	  
available	   tools	   and	   formulae	   found	   at	   Dr.	   Stark’s	   website,	   Dr.	   McGrath	  
determined	  that	  82	  ballot	  images	  from	  Montgomery	  County	  should	  be	  reviewed	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10	  Note	   that	   if	   a	   greater	   level	   of	   confidence,	   such	   as	   99%,	  was	   required,	   the	   number	   of	   ballot	  
images	  to	  be	  audited	  would	  increase.	  	  Most	  jurisdictions	  that	  have	  piloted	  RLA-‐style	  audits	  have	  
used	  a	  90%	  confidence	  rate.	  	  
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in	   order	   the	   achieve	   a	   95%	   confidence	   level	   that	   the	   results	   reported	   by	   the	  
voting	  system	  were	  accurate.	  

A	   central	   feature	   of	   Risk	   Limiting	  Audit	  methodology	   is	   that	   as	   the	  margins	   of	  
victory	  get	  smaller,	  the	  sample	  sizes	  get	  larger.	   	  This	   is	  why	  more	  ballot	   images	  
had	  to	  be	  tabulated	  in	  Carroll	  County	  than	  in	  Montgomery	  County.	  	  

In	  order	  to	  determine	  which	  ballot	  images	  to	  review,	  ten-‐sided	  dice	  were	  rolled	  
until	  a	  20	  digit	   random	  “seed”	  number	  was	  generated.	   	  This	   seed	  number	  was	  
then	  entered	  into	  Dr.	  Stark’s	  tools	  and	  used	  to	  generate	  a	  sequence	  of	  pseudo-‐
random	  numbers.	   	   The	   use	   of	   a	   pseudo-‐random	  number	   generator	   allows	   the	  
sequence	  of	  numbers	  to	  be	  replicated	  by	  anyone	  using	  the	  same	  seed	  number,	  
thereby	  allowing	  for	  greater	  transparency	  in	  the	  process.	  	  

When	  a	  ballot	  is	  scanned,	  the	  voting	  system	  creates	  an	  image	  of	  that	  ballot	  and	  
assigns	  the	  image	  a	  unique	  numeric	  identifier.	  	  The	  voting	  system	  also	  creates	  a	  
Cast	   Vote	   Record	   (CVR)	   for	   that	   ballot,	   which	   is	   assigned	   the	   same	   unique	  
numeric	  identifier	  as	  the	  ballot	  image.	  	  The	  sequence	  of	  numbers	  generated	  by	  
the	  pseudo-‐random	  number	  generator	  was	  used	  to	  identify	  the	  actual	  CVRs	  and	  
ballot	   images	  that	  would	  be	  reviewed	  as	  part	  of	  the	  audit.	   	  These	  lists	  for	  both	  
pilot	  counties	  are	  attached	  at	  Appendix	  D.	  	  

Ballot	  images	  –	  in	  batches	  of	  25	  –	  were	  manually	  reviewed	  and	  tallied	  by	  teams	  
of	  two.	  	  One	  team	  member	  opened	  and	  displayed	  the	  appropriate	  ballot	  image	  
on	  the	  computer	  monitor	  and	  read	  the	  votes	  cast	  to	  the	  second	  team	  member	  
who	  recorded	  the	  votes	  on	  the	  tally	  sheet.	  When	  a	  batch	  of	  25	  ballot	  images	  was	  
completed,	   the	   tally	   sheet	  was	   given	   to	   a	   second	   team	   of	   two	   reviewers	  who	  
compared	  the	  tally	  sheet	  results	  to	  the	  CVRs	  for	  those	  ballot	   images.	   	  This	  step	  
confirmed	   that	   the	   voting	   system	   had	   accurately	   tabulated	   the	   ballot.	   	   The	  
results	  of	   the	  comparison	  were	  also	  noted	  on	   the	   tally	   sheet.	   	  A	   sample	  ballot	  
image	  and	  its	  corresponding	  CVR	  are	  attached	  at	  Appendix	  E.	  

The	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	   Principles	   confirmed	   with	   95%	  
certainty	  that	  the	  voting	  system	  accurately	  counted	  the	  ballot	  images	  selected	  as	  
part	   of	   the	   audit.	   While	   there	   were	   initially	   a	   small	   number	   of	   differences	  
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between	   the	   primary	   voting	   system	   results	   and	   the	   audit	   results	   in	   both	  
counties,	   the	   differences	  were	   statistically	   insignificant	   and	  were	   the	   result	   of	  
human	   error	   (numbers	   being	   placed	   on	   the	   wrong	   line	   of	   the	   tally	   form,	  
arithmetic	  errors,	  etc.)	  and	  were	  able	  to	  be	  fully	  resolved	  upon	  review.	  	  LBE	  staff	  
made	   excellent	   suggestions	   to	   improve	   the	   tally	   sheets	   and	   the	   methods	   by	  
which	  the	  required	  data	  was	  most	  efficiently	  exported	  in	  advance	  of	  the	  audit.	  	  

Data	   collected	   from	   the	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	   Principles	   is	  
presented	  at	  Section	  IV,	  below.	  	  

Fixed	  Percentage	  Audit	  

SBE	  piloted	  fixed	  percentage	  audit	  of	  precincts,	  where	  100%	  of	  all	  ballot	  images	  
in	  1%	  of	  randomly	  chosen	  precincts	  in	  each	  county	  were	  manually	  reviewed	  and	  
tallied	  and	  compared	  to	  the	  precinct	  level	  results	  reported	  by	  the	  voting	  system.	  
As	   described	   above,	   one	   randomly	   selected	   precinct	   was	   audited	   in	   Carroll	  
County	  and	  one	  randomly	  selected	  precinct	  was	  audited	  in	  Montgomery	  County	  
(where	  1%	  of	  precincts	  would	  have	  required	  three	  precincts	  be	  audited)	   in	   the	  
interest	   of	   conserving	   valuable	   staff	   time.	   	   Additional	   data	   was	   also	   collected	  
from	   an	   additional	   125	   ballot	   images	   from	   a	   second	   Montgomery	   County	  
precinct.	  	  

While	   the	   precincts	   in	   both	   counties	   were	   randomly	   selected,	   Dr.	   McGrath	  
applied	   statistical	  methodologies	   to	   ensure	   that	   each	   ballot	   cast	   in	   the	   county	  
had	  an	  equal	   chance	  of	  being	   selected,	   regardless	  of	   the	  precinct	   in	  which	   the	  
ballot	  was	  cast.	   	  This	  meant	  that	  larger	  precincts	  had	  a	  greater	  chance	  of	  being	  
chosen	  than	  smaller	  precincts.	  	  Based	  on	  the	  cumulative	  number	  of	  votes	  cast	  by	  
precinct,	  Dr.	  McGrath	  assigned	  a	   range	   for	  each	  precinct	   in	  each	  county.	  Using	  
the	  ten-‐sided	  dice,	  LBE	  staff	  rolled	  a	  six-‐digit	  number	  and	  selected	  the	  precinct	  
that	   fell	   within	   that	   range.	   The	   charts	   showing	   the	   cumulative	   vote	   ranges	  
developed	  by	  Dr.	  McGrath	  are	  attached	  at	  Appendix	  F.	  

Ballot	   images	   –	   in	   batches	   of	   25	   –	  were	  manually	   reviewed	   by	   teams	   of	   two.	  	  
Ballot	  images	  were	  reviewed	  consecutively	  until	  all	  ballot	  images	  in	  the	  precinct	  
had	   been	   reviewed.	   	   The	   first	   team	   member	   opened	   and	   displayed	   on	   the	  
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computer	   monitor	   the	   ballot	   image	   and	   read	   the	   results	   to	   the	   second	   team	  
member	  who	  recorded	  the	  results	  for	  the	  given	  contests	  on	  the	  tally	  sheet.	  	  

When	  a	  batch	  of	   25	  ballot	   images	  was	   completed,	   the	   reviewing	   team	   totaled	  
the	  results	  for	  each	  contest.	  	  Once	  the	  entire	  precinct	  was	  tallied,	  the	  total	  from	  
each	  tally	  sheet	  was	  aggregated	  on	  a	  second	  tally	  sheet	  to	  get	  data	  for	  the	  entire	  
precinct.	  	  This	  manual	  tally	  was	  then	  compared	  to	  the	  Precinct	  Summary	  Report	  
with	  Group	  Detail,	  which	   is	   the	  report	  generated	  by	   the	  primary	  voting	  system	  
that	  provides	  the	  results	  from	  a	  given	  precinct.	  	  

The	   fixed	   percentage	   audit	   also	   confirmed	   the	   primary	   voting	   system’s	   results	  
from	  the	  precincts	  selected	  as	  part	  of	  the	  audit.	  	  While	  a	  fixed	  percentage	  audit	  
cannot	  provide	  the	  same	  level	  of	  confidence	  as	  a	  Ballot	  Level	  Audit	  applying	  Risk	  
Limiting	  Principles,	  one	  can	  conclude	  that	  the	  results	  from	  the	  precincts	  selected	  
accurately	   reflect	   the	   results	   reported	   by	   the	   voting	   system	   for	   all	   audited	  
contests	  and	  that	  no	  systemic	  discrepancies	  were	  present.	  	  	  

Again,	   in	  both	  counties,	  there	  were	  a	  small	  number	  of	  differences	  between	  the	  
voting	   system	   results	   and	   the	   audit	   results	   found	   in	   the	   first	   examination	   of	  
ballot	   images.	   	   Nearly	   all	   of	   these	   differences	   were	   found	   to	   be	   the	   result	   of	  
human	   error	   (numbers	   being	   placed	   on	   the	   wrong	   line	   of	   the	   tally	   form,	  
arithmetic	   errors,	   etc.)	   and	   were	   fully	   resolved	   upon	   review.	   In	   a	   very	   small	  
number	  of	  cases	  (approximately	  2),	  the	  difference	  could	  be	  traced	  to	  a	  mark	  on	  
the	   ballot	   that	   was	   ambiguous	   and	   was	   interpreted	   differently	   by	   the	   voting	  
system	  and	  the	  reviewing	  team.	  	  

Data	  collected	  from	  the	  fixed	  percentage	  audit	  is	  presented	  Section	  IV,	  below.	  
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IV.	   Data	  Collection	  from	  Pilot	  Program	  

Carroll	  County	  	  
	  
1.	   Independent	  Automated	  Audit	  
	  
The	   table	   below	   reflects	   the	   staff	   time	   at	   both	   the	   Carroll	   County	   Board	   of	  
Elections	   and	   SBE	   to	   prepare	   and	  process	   the	   47,540	  ballots	   that	  were	   cast	   in	  
Carroll	  County	  during	  the	  2016	  Primary	  Election	  for	  the	  Independent	  Automated	  
Audit.	  	  	  
	  

Table	  1.	  	  Staff	  Time	  for	  Independent	  Automated	  Audit	  
	   Carroll	  County	  	   SBE	  	  	  	   Total	  Staff	  Time	  
Sending	  primary	  ballot	  PDFs	   0	  hours	   .08	  hour	   .08	  hour	  
Sending	  EL30A	  reports	   .08	  hour	   0	  hours	   .08	  hour	  
Sending	  ballot	  images	   5	  hours	   1.5	  hours	   6.5	  hours	  
Export	  Cast	  Vote	  Record,	  
filtered	  by	  party,	  create	  
spreadsheets	  

3.5	  hours	   0	  hours	   3.5	  hours	  

Export	  ballot	  images,	  sorted	  
by	  precinct	  and	  party	  

1	  hour	   0	  hours	   1	  hour	  

Total	  Time	   9.58	  hours	   1.58	  hours	   11.16	  hours	  
	  
	  

2.	   Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Principles	  	  
	  
The	   table	   below	   reflects	   the	   staff	   time	   at	   the	   Carroll	   County	   Board	   of	   Elections	   to	  
review	  the	  247	  ballots	  in	  the	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  Principles	  using	  
the	  two-‐step	  process	  described	  above.	  The	  average	  total	  review	  time	  for	  a	  batch	  of	  
25	  ballot	   images	  was	  25	  minutes	  and	  45	  seconds,	  or	  approximately	  one	  minute	  per	  
ballot	  image.	  
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Table	  2.	  	  Ballot	  Level	  Audit	  Applying	  RLA	  Principles	  (time	  in	  minutes)	  
	   Manual	  Count	   CVR	  Verification	   Batch	  Review	  Time	  
Batch	  1†	   23:53	  minutes	   10:16	  minutes	   33:69	  minutes	  
Batch	  2	   20:43	   	  	  7:45	   27:88	  
Batch	  3	   16:15	   	  	  7:32	   23.47	  
Batch	  4*	   24:07	  	   	  	  	  	  -‐-‐	  	   -‐-‐	  
Batch	  5	   23:08	   	  	  3:37	   26:45	  
Batch	  6	   17:37	   	  	  5:07	   22:44	  
Batch	  7	   18:51	   15:07	   33:58	  
Batch	  8	   15:06	   	  	  4:27	   19:33	  
Batch	  9	   14:29	   	  	  2:47	   16.76	  
Batch	  10*	   17:03	   	  	  8:17	   -‐-‐	  
Average	  Review	  Time	  
Per	  Batch	  

18:45	   	  	  7:44	   25:45	  minutes	  

	  
†	  Batches	  contained	  25	  ballot	  images.	  
*	  The	  time	  reported	  for	  Batch	  4	  is	  the	  combined	  time	  for	  manual	  counting	  and	  CVR	  verification.	  	  
Batch	  10	  contained	  only	  22	  ballot	  images.	  	  As	  a	  result,	  Batch	  4	  and	  Batch	  10	  data	  are	  not	  included	  
in	  the	  “average	  review	  time”	  data.	  
	  

3.	   Fixed	  Percentage	  Audit	  	  	  

The	  table	  below	  reflects	  the	  staff	  time	  at	  the	  Carroll	  County	  Board	  of	  Elections	  to	  
review	  all	  137	  Republican	  ballot	   images	  from	  a	  randomly	  chosen	  precinct	  (#05-‐
06).	   	   Ballot	   images	   were	   reviewed	   and	   tallied	   by	   teams	   of	   two.	   The	   average	  
review	   time	   to	   manually	   review	   and	   tally	   a	   batch	   of	   25	   ballot	   images	   was	  
approximately	  14	  minutes,	  or	  34	  seconds	  per	  ballot	  image.	  
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Table	  3.	  	  Fixed	  Percentage	  Audit	  (time	  in	  minutes)	  
	   Manual	  Count	  and	  Tally	   	   	  
Batch	  1†	   14:18	   	   	  
Batch	  2	   15:10	   	   	  
Batch	  3	   15:11	   	   	  
Batch	  4	   11:31	   	   	  
Batch	  5	   13:58	   	  	  	   	  
Batch	  6*	   	  	  5:18	   	  	  	   	  
Average	  Review	  Time	  	  
Per	  Batch	  

14:01	   	  	  	   	  

	  
†	  Batches	  contained	  25	  ballot	  images.	  
*	  Batch	  6	  contained	  only	  12	  ballot	  images.	  	  As	  a	  result,	  Batch	  6	  data	  are	  not	  included	  in	  the	  
“average	  review	  time”	  calculation.	  
	  
Montgomery	  County	  
	  

1.	   Independent	  Automated	  Audit	  	  	  
	  
The	  table	  below	  reflects	  the	  staff	  time	  at	  both	  the	  Montgomery	  County	  Board	  of	  
Elections	  and	  SBE	  to	  prepare	  and	  process	  the	  245,871	  ballots	  that	  were	  cast	   in	  
Montgomery	   County	   during	   the	   2016	   Primary	   Election	   for	   the	   Independent	  
Automated	  Audit.	  	  	  

	  

Table	  4.	  	  Staff	  Time	  for	  Independent	  Automated	  Audit	  
	   Montgomery	  County	  	   SBE	  	   Total	  Staff	  Time	  
Sending	  primary	  ballot	  PDFs	   0	  hours	   .17	  hour	   .17	  hour	  
Sending	  EL30A	  reports	   .05	  hour	   0	  hours	   .05	  hour	  
Sending	  ballot	  images	   13.5	  hours	   3	  hours	  	   16.5	  hours	  
Export	  Cast	  Vote	  Record,	  filtered	  	  
by	  party,	  create	  spreadsheets	  

.75	  hour	   0	  hours	   .75	  hours	  

Export	  ballot	  images,	  sorted	  	  
by	  precinct	  and	  party	  

9	  hours	   0	  hours	   9	  hours	  

Total	  Time	   23.3	  hours	   3.17	  hours	   26.47	  hours	  
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2.	   Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Audit	  Principles	  	  	  
	  

The	  table	  below	  reflects	  the	  staff	  time	  at	  the	  Montgomery	  County	  Board	  of	  Elections	  
to	   review	   the	   82	   ballots	   in	   the	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	   Principles	  
using	   the	   two-‐step	   process	   described	   above.	   The	   average	   total	   review	   time	   for	   a	  
batch	   of	   25	   ballot	   images	   was	   37	   minutes	   and	   23	   seconds,	   or	   approximately	   1.5	  
minutes	  per	  ballot	  image.	  
	  

Table	  5.	  	  Ballot	  Level	  Audit	  Applying	  RLA	  Principles	  (time	  in	  minutes)	  
	   Manual	  Count	   CVR	  Verification	   Batch	  Review	  Time	  
Batch	  1†	   23:37	  minutes	   16:16	  minutes	   39:53	  minutes	  
Batch	  2	   23:40	   18:03	   41:43	  
Batch	  3	   21:39	   	  	  9:35	   30:74	  
Batch	  4*	   	  	  6:26	   	  	  3:57	   9:83	  
Average	  Review	  Time	   22:58	   14:38	   37:23	  

†	  Batches	  contained	  25	  ballot	  images.	  
*	  Batch	  4	  contained	  only	  7	  ballot	  images.	  	  As	  a	  result,	  Batch	  4	  data	  are	  not	  included	  in	  the	  
“Average	  Review	  Time”	  calculation.	  
	  
	  

3.	   Fixed	  Percentage	  Audit	  	  

The	   table	   below	   reflects	   the	   staff	   time	   at	   the	   Montgomery	   County	   Board	   of	  
Elections	  to	  review	  all	  107	  Democratic	  ballot	  images	  from	  one	  randomly	  chosen	  
precinct	   (#09-‐10)	   as	   well	   as	   the	   staff	   time	   to	   review	   125	   Democratic	   ballot	  
images	  (from	  a	  total	  of	  327)	  from	  a	  second	  randomly	  selected	  precinct	  (#11-‐00).	  	  
Ballot	   images	  were	   reviewed	   and	   tallied	   by	   teams	  of	   two.	   The	   average	   review	  
time	  to	  manually	  review	  and	  tally	  a	  batch	  of	  25	  ballot	  images	  was	  approximately	  
7.8	  minutes	  or	  31	  seconds	  per	  ballot.	  
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Table	  6.	  	  Fixed	  Percentage	  Audit	  (time	  in	  minutes)	  
	   Manual	  Count	  and	  Tally	  
Batch	  1	  (09-‐11)	  †	   	  	  7:09	  
Batch	  2	  (09-‐11)	   	  	  7:26	  
Batch	  3	  (09-‐11)	   11:02	  
Batch	  4	  (09-‐11)	   10:28	  
Batch	  5*	  (09-‐11)	   	  	  2:17	  
Batch	  6	  (11-‐00)	   	  	  6:42	  
Batch	  7	  (11-‐00)	   	  	  7:46	  
Batch	  8	  (11-‐00)	   	  	  6:17	  
Batch	  9	  (11-‐00)	   	  	  7:19	  
Batch	  10**	  (11-‐00)	   	  	  9:54	  	  
Average	  Review	  Time	  	  
Per	  Batch	  

	  	  7.86	  

†	  Batches	  contained	  25	  ballot	  images.	  
*	  Batch	  5	  contained	  only	  7	  ballot	  images.	  	  As	  a	  result,	  Batch	  5	  data	  are	  not	  included	  in	  the	  
“Average	  Review	  Time”	  calculation.	  
*	  *	  Batch	  10	  includes	  the	  time	  to	  add	  totals	  for	  each	  tally	  sheet	  and	  for	  the	  batch	  once	  the	  review	  
has	  been	  completed.	  	  As	  a	  result,	  Batch	  10	  data	  are	  not	  included	  in	  the	  “Average	  Review	  Time”	  
calculation.	  

V.	   Assessment	  &	  Costs	  

All	   three	  piloted	  methods	  confirmed	  the	  accuracy	  the	  voting	  system’s	  reported	  
results	   for	   all	   audited	   contests	   in	   both	   counties.	   Any	   differences	   between	   the	  
results	  reported	  by	  the	  voting	  system	  and	  the	  three	  piloted	  audit	  methods	  were	  
immaterial	   with	   respect	   to	   the	   reported	   outcomes	   and	   were	   able	   to	   be	   fully	  
resolved	   in	  a	   clear,	   transparent	  and	  understandable	  manner.	   	   Such	  differences	  
would	   easily	   be	   able	   to	   be	   demonstrated	   and	   explained	   to	   members	   of	   the	  
public,	  candidates	  or	  other	  observers,	  regardless	  of	  which	  audit	  method	  is	  used.	  	  	  
There	  were,	  however,	  different	  costs	  as	  well	  as	  advantages	  and	  disadvantages	  to	  
each	  of	  the	  piloted	  audit	  methods.	  	  These	  are	  discussed	  below.	  	  	  
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Independent	  Automated	  Audit	  

Independent	   automated	   tabulation	   audits	   have	   the	   advantage	   of	   being	  
independent	   of	   the	   primary	   voting	   system	   and	   eliminating	   the	   subjective	   and	  
error-‐prone	   human	   element	   present	   in	   manual	   audit	   methods.	   	   Academic	  
research	  regarding	  error	  rates	  during	  manual	  post-‐election	  tabulation	  audits	  has	  
indicated	   that	   error	   rates	   can	   be	   as	   high	   as	   2%.11	  An	   independent,	   automated	  
audit	   fulfills	   SBE’s	   legislative	   mandate	   to	   maximize	   the	   use	   of	   technology	   in	  
election	   administration	   and,	   unlike	   a	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	  
Principles	  or	  a	  fixed	  percentage	  audit,	  an	  independent	  automated	  audit	  provides	  
the	   most	   comprehensive	   audit	   of	   reported	   election	   results	   because	   100%	   of	  
ballots	  in	  100%	  of	  all	  contests	  are	  re-‐tabulated.	  	  

In	   addition,	   the	   speed	   with	   which	   an	   independent	   automated	   audit	   can	   be	  
performed	   provides	   the	   public,	   candidates	   and	   other	   interested	   parties	   the	  
timely	  reassurances	  they	  seek	  regarding	  the	  performance	  of	  the	  voting	  system,	  
before	  the	  LBEs	  are	  required	  to	  certify	  the	  election	  results.	  Finally,	  the	  manner	  in	  
which	  ballot	   images	   can	  be	   reviewed	   through	  a	   single	  portal	   of	   the	  ClearAudit	  
software	  makes	  it	  the	  most	  user-‐friendly	  of	  all	  three	  piloted	  methods.	  	  	  	  	  

The	  ClearAudit	   tool	  also	  confers	  some	  additional	  benefits	  not	  offered	  by	  either	  
manual	  audit	  method,	  namely	  the	  ability	  to	  improve	  training	  for	  election	  judges	  
as	  to	  how	  to	   instruct	  voters	  to	  properly	  mark	  ballots	  (by	   identifying	  patterns	   in	  
ballot	  marking	   from	  particular	   precincts)	   and	   as	   to	   how	   to	   clean	   and	  maintain	  
scanners	  at	  voting	  locations	  (by	  identifying	  voting	  locations	  with	  crooked	  or	  low	  
resolution	  ballots).	  

The	  greatest	  disadvantage	  of	  the	  ClearAudit	  solution	   is	  the	  cost.	   	  The	  propriety	  
software	  is	  the	  only	  one	  of	  its	  kind	  currently	  on	  the	  market	  and	  is	  expensive.	  The	  
cost	   for	   software	   and	   unlimited	   technical	   support	   for	   the	   pilot	   program	   was	  
$75,000	  for	  two	  counties	  (after	  a	  $100,000	  pilot	  program	  discount	  was	  applied).	  	  	  
In	  addition,	  Carroll	  County	  and	  SBE	  staff	  spent	  approximately	  11	  hours	  at	  a	  cost	  
of	  $251.74	   in	  staff	   time	  to	  prepare	  for	  the	  audit,	  and	  Montgomery	  County	  and	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  See	  e.g.,	  https://www.sciencedaily.com/releases/2012/02/120202151713.htm.	  
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SBE	   staff	   spent	   approximately	   26	   hours	   at	   a	   cost	   of	   $799.97	   in	   staff	   time	   to	  
prepare	  for	  the	  audit.	  	  

Once	   the	   necessary	   data	   was	   supplied,	   Clear	   Ballot	   was	   able	   to	   tabulate	   and	  
reconcile	   all	   293,411	   ballot	   images	   from	   both	   counties	   in	   approximately	   two	  
business	   days.	   	   The	   subsequent	   review	   and	   analysis	   of	   the	   results	   from	   the	  
primary	   voting	   system	   and	   the	   ClearAudit	   solution	   took	   approximately	   an	  
additional	  two	  business	  days.12	  

SBE	   has	   received	   a	   proposal	   from	   Clear	   Ballot	   to	   conduct	   a	   comprehensive	  
statewide	  independent	  automated	  audit	  for	  the	  2016	  General	  Election	  for	  a	  cost	  
of	   $275,000.	   The	   estimated	   cost	   per	   ballot	   image	   is	   $.09.13	  At	   $.09	   per	   ballot	  
image,	   based	   on	   2014	   General	   Election	   turnout	   figures,	   the	   cost	   per	   county	  
would	   range	   from	   $459.81	   (Somerset	   County)	   to	   $19,038.06	   (Montgomery	  
County).	  	  These	  costs	  would	  not	  include	  the	  staff	  time	  required	  in	  each	  county	  to	  
prepare	   for	   and	   provide	   the	   necessary	   data	   and	   ballot	   images	   to	   Clear	   Ballot	  
prior	  to	  the	  audit,	  which	  would	  vary	  based	  turnout	  by	  county.	  

	  
Ballot	  Level	  Audit	  Applying	  Risk	  Limiting	  Principles	  

A	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  Principles	  has	  the	  advantage	  of	  being	  a	  
ballot-‐level	  audit	  that	  is	  independent	  of	  the	  primary	  voting	  system.	  	  The	  greatest	  
advantage	   of	   a	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	   Principles	   is	   that	   in	  
contests	   with	   a	   wide	   margin	   of	   victory,	   an	   entire	   contest	   can	   be	   effectively	  
audited	   using	   a	   very	   small	   number	   of	   ballot	   images,	   thereby	   saving	   significant	  
staff	   time	   and	   resources.	   	   	   An	   additional	   advantage	   of	   a	   Ballot	   Level	   Audit	  
applying	  Risk	  Limiting	  Principles	  is	  that,	  even	  if	  a	  small	  number	  of	  ballot	  images	  is	  
audited,	   the	   ballot	   images	   are	   selected	   from	   a	   variety	   of	   precincts	   across	   the	  
jurisdiction.	  	  This	  provides	  a	  more	  diverse	  and	  robust	  verification	  of	  the	  election	  
results	  than	  using	  a	  fixed	  percentage	  audit.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12	  Note	  that	  for	  the	  pilot	  program,	  Clear	  Ballot	  reviewed	  and	  reconciled	  every	  unreadable	  ballot	  
image.	   	   If	   ClearAudit	   is	   implemented	   as	   the	   post-‐election	   tabulation	   method,	   SBE,	   like	   other	  
jurisdictions,	  will	  set	  an	  acceptable	  variance	  level	  (e.g.	  0.5%)	  and	  only	  unreadable	  ballot	  images	  
exceeding	  that	  variance	  level	  will	  be	  reviewed,	  thereby	  reducing	  the	  overall	  review	  time.	  	  
13	  This	  cost	  per	  ballot	  assumes	  that	  3	  million	  ballots	  will	  be	  cast	  in	  the	  2016	  General	  Election.	  
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During	  the	  pilot	   in	  Carroll	  County,	  three	  teams	  of	  two	  LBE	  employees	  reviewed	  
the	  required	  247	  Republican	  primary	  ballots.	  	  The	  average	  time	  it	  took	  for	  each	  
team	  of	  two	  to	  manually	  review	  a	  batch	  of	  25	  ballot	  images	  was	  18	  minutes	  and	  
45	  seconds.	  The	  average	  time	  it	  then	  took	  a	  second	  team	  of	  two	  to	  verify	  a	  batch	  
of	   25	   ballot	   images	   against	   the	   corresponding	   Cast	   Vote	   Record	   (CVR)	   was	   7	  
minutes	   and	   44	   seconds.	   	   The	   total	   batch	   review	   time	   (manual	   review	   plus	  
comparison	   to	   the	   CVR)	   was	   25	   minutes	   and	   45	   seconds,	   or	   approximately	   1	  
minute	   per	   ballot.	   	   The	   total	   time	   to	   review	  all	   247	  ballots	  was	   approximately	  
4.24	  hours	  for	  6	  employees.	  See	  Table	  2,	  above.	  	  	  	  

Using	   an	   estimated	   rate	   of	   $15	   per	   person,	   per	   hour,14	  it	   cost	   approximately	  
$380	  for	  the	  three	  teams	  of	  two	  to	  review	  the	  required	  247	  Republican	  primary	  
ballots	  in	  the	  primary	  election.	  	  This	  estimated	  time	  does	  not	  include	  the	  time	  it	  
took	  to	  identify,	  organize	  and	  prepare	  the	  selected	  ballot	  images	  for	  review.	  	  Nor	  
does	  it	  include	  the	  required	  cost	  of	  the	  services	  of	  the	  statistician	  (approximately	  
$2600),	   which	  would	   be	   required	   each	   time	   a	   Ballot	   Level	   Audit	   applying	   Risk	  
Limiting	  Principles	  were	  conducted.	  

During	   the	   pilot	   in	   Montgomery	   County,	   two	   teams	   of	   two	   LBE	   employees	  
reviewed	  the	  required	  82	  Democratic	  primary	  ballots.	  	  The	  average	  time	  it	  took	  
for	   each	   team	   of	   two	   to	  manually	   review	   a	   batch	   of	   25	   ballot	   images	  was	   22	  
minutes	  and	  58	  seconds.	  The	  average	  time	  it	  then	  took	  a	  second	  team	  of	  two	  to	  
verify	   a	   batch	  of	   25	  ballot	   images	   against	   the	   corresponding	  Cast	  Vote	  Record	  
(CVR)	   was	   14	  minutes	   and	   38	   seconds.	   	   The	   total	   batch	   review	   time	   (manual	  
review	   plus	   comparison	   to	   the	   CVR)	   was	   37	   minutes	   and	   23	   seconds,	   or	  
approximately	   1.5	  minutes	   per	   ballot.	   	   Total	   time	   to	   review	   all	   82	   ballots	  was	  
approximately	  1.8	  hours	  for	  four	  employees.	  	  See	  Table	  5,	  above.	  	  	  

Using	  an	  estimated	  rate	  of	  $15	  per	  person,	  per	  hour,	  it	  cost	  approximately	  $108	  
for	  the	  two	  teams	  of	  two	  to	  review	  the	  required	  82	  Democratic	  primary	  ballots	  in	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14	  This	  rate	  was	  selected	  simply	  to	  give	  some	  context	  to	  the	  cost	  of	  staff	  review	  time	  and	  would	  
in	  practice	  vary	  greatly	  by	  jurisdiction.	  Some	  larger	  counties	  might	  use	  temporary	  workers	  to	  
perform	  the	  post-‐election	  tabulation	  audit	  and	  might	  pay	  a	  lower	  rate	  closer	  to	  $10/hour.	  	  Some	  
smaller	  counties	  might	  need	  to	  use	  permanent,	  professional	  staff	  to	  conduct	  the	  post-‐tabulation	  
and	  would	  pay	  a	  rate	  closer	  to	  $20	  or	  $30,	  particularly	  if	  senior	  staff	  were	  used.	  



October	  2016	   State	  Board	  of	  Elections	  
Post-‐Election	  Tabulation	  

Audit	  Pilot	  Program	  	   27	  

	  

	  	  

the	  primary	  election.	   	  This	  estimated	  time	  does	  not	   include	  the	  time	   it	   took	  to	  
identify,	  organize	  and	  prepare	  the	  selected	  ballot	  images	  for	  review.	  	  Nor	  does	  it	  
include	  the	  required	  cost	  of	  the	  services	  of	  the	  statistician	  (approximately	  $2600	  
the	  two	  pilot	  counties),	  which	  would	  be	  required	  each	  time	  a	  Ballot	  Level	  Audit	  
applying	  Risk	  Limiting	  Principles	  were	  conducted.	  	  

While	  the	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  Principles	  initially	  appears	  to	  
be	   more	   cost	   effective	   than	   the	   independent	   automated	   audit,	   the	   greatest	  
disadvantage	  of	  the	  methodology	  is	  that	  it	  is	  highly	  dependent	  on	  the	  margin	  of	  
victory	  in	  any	  given	  audited	  contest.	  	  This	  results	  in	  a	  highly	  variable	  number	  of	  
ballots	  that	  must	  be	  reviewed	  following	  a	  given	  election,	  making	  it	  difficult,	  if	  not	  
impossible	   to	   implement	   on	   a	   statewide	   basis.	   	   LBEs	   would	   not	   be	   able	   to	  
accurately	  budget	   for	  post-‐election	   tabulation	  audit	   costs	  or	  anticipate	   staffing	  
needs	  because	  the	  amount	  of	  staff	   time	  would	  vary	  so	  widely	  depending	  upon	  
the	   closeness	  of	   the	   contest	   and	   the	  number	  of	  ballot	   images	  needing	   review.	  	  	  
The	   planning	   process	   for	   a	   Ballot	   Level	   Audit	   applying	   Risk	   Limiting	   Principles	  
cannot	  even	  begin	  until	  the	  day	  after	  the	  election	  when	  the	  results	  from	  election	  
day	   and	  early	   voting	   are	   known.	   	  A	   very	   close	  margin	  of	   victory	   could	   actually	  
necessitate	   almost	   a	   complete	   manual	   re-‐tabulation,	   which	   would	   greatly	  
increase	   the	   cost	   of	   the	   audit	   and	   require	   days	   of	   staff	   work,	   possibly	  
compromising	  the	  local	  certification	  deadline.	  	  	  

The	   unpredictability	   and	   implementation	   difficulties	   of	   a	   Ballot	   Level	   Audit	  
applying	   Risk	   Limiting	   Principles	   are	   disqualifying	   disadvantages.	   	   In	   addition,	  
Ballot	   Level	   Audits	   applying	   Risk	   Limiting	   principles	   are	   complex.	   They	   require	  
sophisticated	   statistical	   calculations,	  oversight	  by	  a	   statistician	  and	  are	  difficult	  
to	   explain	   to	   candidates,	   the	   public	   and	   the	   LBEs	   that	   would	   be	   required	   to	  
conduct	  them.	  	  
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Fixed	  Percentage	  Audit	  

A	  fixed	  percentage	  audit	  also	  has	  the	  advantage	  of	  being	  a	  ballot-‐level	  audit	  that	  
is	  independent	  from	  the	  primary	  voting	  system.	  In	  theory	  it	  is	  probably	  the	  most	  
straightforward	   post-‐election	   tabulation	   audit	   method	   (simply	   audit	   1%	   of	  
precincts	   from	  each	   county);	   however,	  when	   properly	   conducted,	   it	   is	   actually	  
quite	  variable.	  This	  is	  because	  despite	  being	  randomly	  selected,	  each	  precinct	  in	  
the	  county	  has	  an	  equal	  chance	  of	  being	  chosen	  for	  audit.	  	  In	  a	  county	  with	  large	  
precincts	  (for	  example,	  18	  of	  Carroll	  County’s	  35	  precincts	  have	  more	  than	  3,000	  
registered	  voters),	  the	  chance	  of	  randomly	  selecting	  a	  large	  precinct	  is	  the	  same	  
as	   selecting	   a	   smaller	   precinct.	   	   The	   larger	   the	   size	   of	   the	   precincts	   randomly	  
selected,	  particularly	  in	  a	  county	  where	  more	  than	  one	  precinct	  must	  be	  audited	  
to	  reach	  the	  1%	  rate,	  the	  higher	  the	  cost	  (in	  both	  time	  and	  dollars)	  of	  the	  audit.	  
	  
In	   addition,	   a	   fixed	   percentage	   audit	   of	   precincts	   does	   not	   generate	   the	   same	  
high	   level	  of	  confidence	  as	  a	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  Principles	  
because	  it	  only	  audits	  all	  of	  the	  ballot	  images	  from	  a	  single	  (or	  small	  number)	  of	  
all	  the	  precincts	  in	  that	  county,	  while	  a	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  
Principles	  draws	  ballot	  images	  from	  multiple	  precincts	  throughout	  the	  county.	  A	  
fixed	   percentage	   audit	   can,	   however,	   generate	   some	   small	   but	   important	  
probability	  that	  any	  systemic	  discrepancies	  can	  be	  found.	  	  	  
	  
In	  the	  Carroll	  County	  pilot	  of	  the	  fixed	  percentage	  audit	   four	  teams	  of	  two	  LBE	  
and	   SBE	   employees	   reviewed	   all	   of	   the	   Republican	   ballots	   from	   the	   randomly	  
selected	   precinct	   #05-‐06	   (137	   ballot	   images).	   	   The	   average	   time	   it	   took	   to	  
manually	   review	   and	   tally	   a	   batch	   of	   25	   ballot	   images	   was	   approximately	   14	  
minutes	  or	  34	  seconds	  per	  ballot	  image.	  	  See	  Table	  3,	  above.	  	  Using	  an	  estimated	  
rate	  of	  $15	  per	  person,	  per	  hour,	   the	   staff	   cost	  was	  approximately	  $126.	   	   This	  
cost	  did	  not	   include	  additional	   time	   to	  aggregate	  all	  of	   the	   tally	   sheets	   so	   that	  
precinct	   totals	   could	   be	   obtained	   and	   compared	   with	   the	   precinct	   summary	  
report	   with	   group	   detail,	   nor	   did	   it	   include	   the	   services	   of	   the	   statistician	  
(approximately	  $2600	  for	  two	  pilot	  counties).	  	  
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In	  the	  Montgomery	  County	  pilot	  of	  the	  fixed	  percentage	  audit,	  four	  teams	  of	  two	  
LBE	  employees	  reviewed	  all	  of	  the	  Democratic	  ballot	  images	  from	  the	  randomly	  
selected	  precinct,	  09-‐10	  (107	  ballot	  images).	  	  In	  addition,	  125	  ballot	  images	  (out	  
of	  327)	   from	  a	   second	   randomly	   selected	  precinct	   (11-‐00)	  were	  also	   reviewed.	  	  
The	   average	   time	   it	   took	   to	   manually	   review	   and	   tally	   a	   batch	   of	   25	   ballots	  
images	   was	   approximately	   7	   minutes	   and	   8	   seconds,	   or	   approximately	   17	  
seconds	  per	  ballot	  image.	  	   	  See	  Table	  6,	  above.	  	  Using	  an	  estimated	  rate	  of	  $15	  
per	   person,	   per	   hour,	   the	   staff	   cost	   for	   the	   fixed	  percentage	   audit	   review	  was	  
approximately	  $126.	  	  This	  cost	  did	  not	  include	  additional	  time	  to	  aggregate	  all	  of	  
the	  tally	  sheets	  so	  that	  precinct	  totals	  could	  be	  obtained	  and	  compared	  with	  the	  
precinct	  summary	  report	  with	  group	  detail,	  nor	  did	  it	  include	  the	  services	  of	  the	  
statistician	  (approximately	  $2600	  for	  two	  pilot	  counties).	  	  

While	   less	  variable	   than	  a	  Ballot	  Level	  Audit	  applying	  Risk	  Limiting	  Principles,	  a	  
fixed	   percentage	   audit	   still	   maintains	   enough	   unpredictability	   to	   make	   it	   an	  
unappealing	  choice	  for	  a	  statewide	  post-‐election	  tabulation	  audit.	  The	  likelihood	  
of	   selecting	  extremely	   large	  precincts	   is	   the	  same	  as	   the	   likelihood	  of	   selecting	  
very	   small	   precincts,	   which	   raises	   the	   question	   of	   the	   effectiveness	   and	  
thoroughness	   of	   the	   methodology	   –	   in	   a	   general	   election	   where	   over	   three	  
million	   ballots	   are	   cast,	   the	   value	  of	   auditing	   a	   precinct	  with	   69	   ballots	   in	   one	  
county	  to	  confirm	  and	  verify	  the	  election	  results	  seems	  dubious	  at	  best.	  	  

It	  is	  also	  important	  to	  note	  that	  the	  pilots	  of	  both	  the	  Ballot	  Level	  Audit	  Applying	  
Risk	   Limiting	   Principles	   and	   the	   fixed	   percentage	   audits	   were	   conducted	   in	  
Montgomery	   and	   Carroll	   Counties	   during	   a	   relatively	   quiet	   time	   for	   LBE	  
administration	  and	  staff	  (June	  2016).	  	  Both	  counties	  used	  experienced	  staff	  and	  
administrators	   to	   perform	   the	  manual	   ballot	   image	   reviews.	   In	   Carroll	   County,	  
the	   election	  directors	   and	  deputy	  directors	   from	  both	  Baltimore	   and	   Frederick	  
Counties	  were	  present	  to	  assist	  with	  the	  pilot.	  	  	  

Neither	  of	  these	  factors	  would	  be	  true	  if	  a	  manual	  type	  post-‐election	  audit	  were	  
conducted	   in	  the	  days	   immediately	  following	  a	  statewide	  election.	   	  Staff	  would	  
be	  exhausted,	  as	  they	  typically	  work	  80-‐hour	  workweeks	  in	  the	  time	  leading	  up	  
to	  the	  election.	  	  In	  addition,	  some	  LBEs	  might	  need	  to	  use	  seasonal	  or	  temporary	  
workers	  to	  conduct	  the	  audit	  rather	  than	  experienced	  professional	  staff,	   if	   that	  
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permanent	  staff	   is	  required	  for	  other	  post-‐election	  responsibilities.	   	  As	  a	  result,	  
longer	  ballot	   image	  review	  times	  and	  more	  human	  tabulation	  and	  other	  errors	  
would	  almost	  certainly	  occur,	  thereby	  increasing	  the	  cost	  and	  time	  of	  the	  audit.	  	  
This	  would	  be	  particularly	   important	   in	   the	  context	  of	   the	  certification	  window	  
that	  the	  LBEs	  have	  to	  certify	  election	  results.	  

VI.	   Conclusion	  and	  Recommendation	  

Upon	   the	   conclusion	  of	   a	   successful	   pilot	   program,	   it	   is	   recommended	   that	   an	  
independent,	   automated	   audit	   using	   Clear	   Ballot’s	   ClearAudit	   solution	   be	  
implemented	   statewide	   following	   the	   2016	   General	   Election.	   This	  
comprehensive	   post-‐election	   tabulation	   audit	   method	   maximizes	   the	   use	   of	  
technology	   in	   election	   administration,	  minimizes	   human	   error	   and	   handling	   of	  
official	  election	  materials,	  including	  voted	  ballots,	  and	  provides	  the	  fastest,	  most	  
visual	  and	  transparent	  presentation	  of	  audit	   results	  which	  can	  easily	  be	  shared	  
with	  the	  public,	  candidates	  and	  other	  interested	  parties	  through	  a	  single	  portal.	  	  
The	  poll	  worker	  training	  and	  equipment	  maintenance	  feedback	  provided	  by	  the	  
ClearAudit	   solution	   are	   additional	   benefits	   that	   will	   lead	   to	   more	   effectively	  
conducted	  elections	  in	  Maryland.	  	  It	  is	  further	  recommended	  that	  the	  ClearAudit	  
solution	   be	   used	   in	   the	   2016	   General	   Election	   only,	   leaving	   SBE	   with	   the	  
flexibility	   to	   select	   another	   available	   independent,	   automated	   audit	   solution	  
should	  one	  become	  available	  before	  the	  2018	  election	  cycle.	  	  	  
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Appendix	  B	  	  
On	  the	  ballot	  image	  below,	  the	  primary	  voting	  system	  counted	  a	  vote	  for	  U.S.	  Senate	  candidate	  
John	  R.	  Graziani,	  while	  Clear	  Audit	  did	  not.	  
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On	  the	  ballot	   image	  below,	  the	  primary	  voting	  system	  identified	  an	  overvote	  in	  the	  U.S.	  Senate	  
contest	  (a	  vote	  for	  Kathy	  Szeliga	  and	  a	  vote	  for	  Chris	  Kefalas),	  while	  ClearAudit	  counted	  a	  vote	  for	  
Chris	  Kafalas.	  
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Appendix	  D	  

	  

2016 Primary Election
Ballot Level Audit Applying Risk Limiting Principles - Randomly Selected Ballots

Carroll County

Cast Vote 
Record 

Number
Precinct

Cast Vote 
Record 

Number
Precinct

Cast Vote 
Record 

Number
Precinct

Cast Vote 
Record 

Number
Precinct

5708 001-001 12520 004-003 19652 005-004 27360 014-002
6021 001-001 12555 004-003 19848 005-004 27442 014-002
6153 001-001 12678 004-003 19916 005-004 27825 014-001
6267 001-001 12785 004-003 19933 005-004 27894 014-001
6305 001-001 12791 004-003 20018 005-004 27924 014-001
6330 001-001 12959 004-003 20084 005-004 28400 014-001
6461 001-001 13108 004-003 20403 005-004 28462 014-001
6551 001-001 13160 004-003 20462 005-004 28554 014-001
6611 001-001 13540 004-003 20498 005-004 28560 014-001
6652 001-001 13600 004-003 20519 005-004 29003 013-001
6826 001-001 13744 004-002 20693 005-004 29088 013-001
6854 001-001 13905 004-002 20731 005-004 29101 013-001
6928 001-001 14062 004-002 21007 005-004 29112 013-001
6981 001-001 14130 004-002 21047 005-005 29325 013-001
6997 001-001 14318 004-002 21077 005-005 29372 013-001
7075 001-001 14910 005-001 21173 005-005 29454 013-001
7306 001-001 14923 005-001 21288 005-005 29537 013-001
7354 001-001 15021 005-001 21330 005-005 29599 013-001
8068 002-001 15202 005-001 21607 005-005 29670 013-001
8166 002-002 15692 005-002 21710 005-005 29734 013-001
8218 002-002 15708 005-002 21981 005-006 29788 013-001
8363 002-002 16015 005-002 22173 006-001 29947 013-001
8474 002-002 16064 005-002 22806 006-001 30014 013-001
8704 002-002 16339 005-002 22890 006-001 30198 013-001
8808 003-001 16580 005-002 22950 006-001 30450 013-001
8842 003-001 16599 005-002 22994 006-001 30502 013-001
9195 003-001 16929 005-002 23064 006-001 30652 013-001
9274 003-001 17195 005-002 23176 006-001 30703 013-001
9339 003-001 17233 005-002 23324 006-001 30770 013-001
9344 003-001 17276 005-002 23525 006-001 30985 013-001
9409 003-001 17470 005-002 23701 006-001 31017 013-001
9806 003-001 17472 005-002 23846 006-001 31171 013-001
9853 003-001 17580 005-003 24062 006-002 31481 012-001
9898 003-001 17936 005-003 24933 006-002 31638 011-001

10171 004-001 17991 005-003 25142 006-002 31674 011-001
10252 004-001 18130 005-003 25162 006-002 31729 011-001
10864 004-001 18636 005-004 25199 006-002 31809 011-001
11207 004-001 18767 005-004 25343 006-002 32325 011-001
11363 004-001 18795 005-004 26253 014-002 32371 011-001
11364 004-001 19127 005-004 26381 014-002 32789 010-001
11646 004-001 19196 005-004 26446 014-002 32812 010-001
11690 004-001 19262 005-004 26485 014-002 32900 009-002
12170 004-003 19536 005-004 27255 014-002 32978 009-002
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2016 Primary Election
Ballot Level Audit Applying Risk Limiting Principles - Randomly Selected Ballots

Carroll County

Cast Vote 
Record 

Number
Precinct

Cast Vote 
Record 

Number
Precinct

33038 009-002 39909 007-007
33131 009-002 40281 007-007
33155 009-002 40332 007-007
33286 009-002 40496 007-007
33556 009-001 40614 007-006
34063 009-001 40734 007-006
34078 009-001 40970 007-006
34526 009-001 41017 007-006
34656 009-001 41035 007-006
34861 008-003 41226 007-006
34955 008-003 41366 007-005
35058 008-003 41457 007-005
35119 008-003 41730 007-004
35178 008-003 41804 007-004
35270 008-003 41828 007-004
35377 008-003 41991 007-004
35441 008-003 42055 007-004
35744 008-002 42174 007-004
35747 008-002 42208 007-004
36029 008-002 42312 007-004
36035 008-002 42371 007-004
36137 008-002 43329 007-004
36286 008-002 43654 007-003
36442 008-002 43693 007-003
36461 008-002 44036 007-003
36564 008-002 44171 007-002
36575 008-002 44297 007-002
36799 008-001 44347 007-002
36811 008-001 44608 007-002
36907 008-001 44984 007-002
37233 008-001 45083 007-001
37253 008-001 45338 007-001
37425 008-001
38212 008-001
38660 007-008
38706 007-008
38719 007-008
38756 007-008
38910 007-008
38937 007-008
39046 007-007
39330 007-007
39338 007-007
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Appendix	  E	  	  
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Appendix	  F	  	  
Carroll	  County	  Fixed	  Percentage	  Audit	  Precinct	  Selection	  Chart	  
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Montgomery	  County	  Fixed	  Percentage	  Audit	  Precinct	  Selection	  Chart	  

	  


