
So	  far	  in	  my	  GIS	  career,	  I’ve	  used	  what	  I	  call	  “eyeball	  analysis”	  -‐-‐-‐	  I	  make	  maps	  and	  say,	  
“Golly.	  There	  seem	  to	  be	  a	  lot	  more	  over	  there	  than	  over	  here.”	  I	  know	  enough	  about	  
staBsBcs	  to	  know	  that	  not	  everything	  that	  looks	  like	  a	  cluster	  really	  IS	  a	  meaningful	  
cluster.	  It	  could	  be	  just	  a	  cosmic	  accident,	  like	  those	  shapes	  that	  show	  up	  when	  you’re	  
kniDng	  with	  variegated	  yarn.	  	  I’m	  going	  to	  show	  you	  a	  way	  to	  check	  whether	  or	  not	  it’s	  
random	  or	  meaningful.	  

I	  confess	  that	  I	  usually	  see	  a	  meaningful	  cluster	  when	  I	  can	  think	  of	  a	  reason	  for	  the	  
cluster.	  	  I	  might	  say,	  “Yes,	  that’s	  a	  meaningful	  cluster	  of	  crime	  in	  the	  center	  of	  the	  city,	  
because	  everyone	  knows	  that	  ciBes	  are	  full	  of	  crime.”	  	  However,	  I’ve	  been	  wishing	  for	  a	  
bit	  more	  rigor.	  

Andy	  Anderson	  and	  I	  were	  both	  interested	  in	  bringing	  more	  staBsBcal	  analysis	  to	  our	  
mapping,	  so	  we	  started	  reading	  a	  book	  and	  calling	  each	  other	  to	  talk	  about	  it:	  an	  ad	  
hoc	  study	  group	  like	  the	  one	  that	  Sharron	  described.	  Andy	  actually	  understands	  the	  
math,	  and	  I’m	  experiencing	  a	  gradual	  illuminaBon	  with	  his	  help.	  

He	  is	  the	  one	  who	  actually	  figured	  this	  out,	  but	  he	  couldn’t	  be	  here	  today.	  He	  sends	  his	  
regards,	  



This	  is	  the	  book	  we	  used.	  In	  2007,	  Diana	  Sinton	  organized	  a	  NITLE	  workshop	  at	  
Wheaton	  on	  SpaBal	  StaBsBcs.	  Dave	  Unwin	  teleconferenced	  in	  as	  our	  instructor,	  and	  
Diana	  and	  Bill	  Huber	  from	  U.Penn	  were	  our	  lab	  instructors.	  	  

Finally,	  last	  semester,	  I	  had	  an	  impetus	  to	  use	  a	  spaBal	  staBsBc.	  A	  student	  in	  our	  GIS	  
course	  was	  mapping	  crimes	  in	  New	  Orleans,	  and	  he	  wanted	  to	  map	  hotspots.	  	  This	  is	  
one	  tool	  Andy	  applied	  to	  the	  quesBon,	  to	  help	  me	  out,	  and	  this	  is	  the	  one	  I	  feel	  
confident	  about	  explaining.	  	  



When	  we	  look	  at	  our	  choropleth	  maps,	  we’re	  looking	  at	  paZerns	  in	  space.	  To	  get	  
warmed	  up	  to	  the	  subject,	  let’s	  look	  at	  a	  simple	  grid	  like	  this.	  



If	  we	  were	  going	  to	  create	  a	  grid	  with	  a	  random	  paZern,	  we	  could	  do	  it	  this	  way:	  

we’d	  reach	  into	  a	  huge	  bowl	  full	  of	  black	  and	  white	  Bles,	  	  
we’d	  pick	  out	  a	  black	  or	  a	  white	  Ble,	  and	  lay	  it	  in	  the	  first	  square	  of	  the	  grid.	  	  
We’d	  fill	  the	  whole	  grid	  that	  way,	  by	  picking	  a	  black,	  then	  maybe	  a	  white	  and	  maybe	  
another	  white	  and	  then	  maybe	  a	  black,	  unBl	  we’re	  done.	  

Then	  we’d	  have	  a	  random	  spaBal	  paZern.	  



Here	  are	  some	  	  possible	  	  paZerns.	  

How	  likely	  is	  it	  that	  we’re	  going	  to	  end	  up	  with	  a	  spaBal	  paZern	  like	  this?	  Is	  this	  
random?	  



We’re	  sure	  the	  first	  one	  isn’t	  random.	  Why?	  How	  do	  you	  know	  that?	  
You	  did	  an	  intuiBve	  “test”	  in	  your	  head,	  and	  the	  results	  said,	  “There	  are	  too	  many	  
black-‐near-‐black	  and	  white-‐near-‐white.	  That	  would	  never	  happen	  by	  accident.”	  

Well,	  it	  MIGHT	  happen	  by	  accident	  …	  if	  you	  picked	  Bles	  for	  a	  	  gazillion	  years,	  this	  might	  
actually	  happen	  once.	  

The	  second	  one	  isn’t	  random,	  either.	  Why?	  How	  do	  you	  know	  that?	  
Because	  when	  you	  did	  that	  “test”	  in	  your	  head,	  and	  you	  said,	  “There	  are	  too	  FEW	  
black-‐near-‐black	  and	  white-‐near-‐white.	  That	  would	  never	  happen	  by	  accident.”	  

When	  you	  see	  a	  predictable	  paZern	  like	  in	  the	  top	  two,	  you	  know	  it	  is	  NOT	  random.	  But	  
what	  about	  the	  third	  one?	  We	  need	  to	  have	  a	  way	  to	  measure	  whether	  that	  would	  
have	  happened	  by	  accident.	  	  The	  nature	  of	  randomness	  is	  that	  there	  will	  be	  clusters,	  
like	  with	  the	  variegated	  yarn.	  	  



Variegated	  yarn	  is	  a	  single	  strand	  dyed	  in	  alternaBng	  colors.	  	  	  

The	  colors	  are	  distributed	  randomly.	  DistribuBon	  depends	  on	  many	  things	  (length	  of	  each	  row,	  	  size	  of	  the	  kniDng	  
needle,	  etc.)	  

Even	  random	  distribuBons	  have	  clumps.	  KniZers	  call	  it	  “pooling”	  when	  clumps	  of	  colors	  appeal.	  



If	  we’re	  exercising	  staBsBcal	  integrity,	  we	  actually	  count	  and	  measure	  and	  calculate,	  to	  
determine	  the	  likelihood	  of	  whether	  the	  paZern	  could	  happen	  randomly.	  	  	  

I’m	  sure	  you’ve	  heard	  the	  phrase,	  “Hypothesis	  tesBng.”	  	  When	  we	  do	  that,	  we’re	  tesBng	  
the	  hypothesis	  that	  something,	  like	  this	  paZern,	  happened	  by	  accident.	  

For	  many	  of	  our	  maps,	  the	  paZerns	  are	  so	  obvious	  that	  we	  do	  the	  hypothesis	  tesBng	  in	  
our	  heads.	  	  But	  for	  this	  ambiguous	  spaBal	  paZern,	  we	  can	  measure	  adjacency:	  how	  
many	  black	  squares	  are	  near	  other	  black	  squares?	  More	  than	  we	  would	  expect	  would	  
happen	  randomly?	  

So,	  how	  do	  we	  ask	  that?	  



If	  we	  count	  up	  the	  adjacencies	  in	  this	  grid,	  these	  are	  preZy	  evenly	  distributed.	  So	  I’m	  
going	  to	  say	  that	  there	  is	  a	  high	  probability	  that	  this	  happened	  randomly.	  

Now,	  before	  you	  get	  all	  hot	  under	  the	  collar	  because	  you	  don’t	  agree	  with	  me,	  I’m	  not	  
saying	  this	  paZern	  DIDN’T	  happen	  for	  a	  reason.	  Maybe	  it	  did.	  Maybe	  there	  were	  
several	  confounding	  reasons	  influencing	  this	  distribuBon.	  	  We	  don’t	  know.	  We	  can’t	  
know	  just	  by	  looking	  at	  this.	  	  The	  only	  thing	  we	  can	  say	  is	  that	  there’s	  not	  enough	  
clustering	  going	  on	  for	  us	  to	  say	  that	  something	  caused	  this	  black	  area	  down	  here	  or	  
the	  white	  area	  over	  here.	  	  



If	  you’ve	  taken	  staBsBcs,	  then	  you’ll	  recognize	  the	  bell	  curve.	  It’s	  the	  iconic	  
representaBon	  for	  “most	  things	  that	  happen	  are	  preZy	  normal.”	  It’s	  also	  called	  the	  
normal	  curve.	  

When	  we	  pulled	  those	  36	  Bles	  out	  of	  the	  bowl,	  we’re	  expected	  to	  get	  preZy	  close	  to	  a	  
50/50	  split,	  whether	  a	  Ble	  is	  next	  to	  it’s	  own	  color	  or	  next	  to	  the	  opposite	  color.	  	  

It	  actually	  could	  happen	  for	  you	  to	  have	  one	  tenth	  of	  the	  black	  Bles	  surrounded	  by	  
white	  Bles,	  but	  	  that	  would	  be	  very	  interesBng.	  If	  you	  ended	  up	  with	  the	  even	  split	  
black/white	  paZern	  that	  we	  saw	  in	  the	  beginning,	  that	  would	  be	  a	  case	  for	  the	  Guiness	  
Book	  of	  Records.	  	  Same	  thing	  for	  making	  a	  perfect	  checkerboard.	  	  

It	  could	  conceivably	  happen,	  but	  it’s	  such	  a	  remote	  chance	  that	  we	  say	  there	  is	  ZERO	  
probability	  that	  it	  ever	  would.	  

And	  we	  can	  say	  that	  we’re	  preZy	  darn	  sure	  that	  these	  “interesBng”	  cases	  wouldn’t	  
happen	  by	  accident.	  It’s	  all	  about	  a	  conBnuum	  of	  certainty.	  	  

If	  we	  want	  to	  be	  sure	  something	  is	  a	  meaningful	  cluster,	  we	  want	  it	  to	  be	  in	  the	  
“interesBng”	  area	  …	  not	  a	  paZern	  that	  could	  very	  likely	  happen	  for	  no	  parBcular	  
reason.	  



So	  here	  are	  two	  figures	  that	  are	  each	  half	  and	  half,	  black	  and	  white.	  

Here’s	  our	  previous	  paZern	  on	  the	  lei	  and	  a	  new	  paZern	  on	  the	  right.	  	  

It’s	  my	  personal	  opinion	  that	  we	  have	  a	  meaningful	  cluster	  up	  here.	  But	  we	  can	  just	  
measure	  it	  and	  do	  the	  calculaBons….	  



Hey,	  no	  problem,	  right?	  We’ll	  just	  use	  this	  liZle	  calculaBon	  to	  figure	  it	  out.	  	  

Or,	  as	  a	  refreshing	  alternaBve,	  we	  can	  let	  the	  soiware	  do	  it.	  What	  do	  you	  think?	  



But	  before	  we	  move	  to	  maps	  and	  the	  soiware	  tools,	  let’s	  expand	  a	  bit,	  from	  black	  and	  
white	  to	  shades	  of	  gray.	  

….	  



With	  the	  assault	  data,	  we	  don’t	  have	  a	  simple	  count	  …	  we	  want	  to	  find	  a	  balance.	  

First	  we	  need	  to	  find	  the	  balance	  point	  …	  the	  Mean,	  aka	  the	  average.	  

We	  count	  the	  number	  “above	  average”	  tracts	  near	  other	  “above	  average”	  tracts.	  
And	  we	  count	  the	  number	  of	  “below	  average”	  near	  other	  “below	  average”	  tracts.	  

And	  then	  we	  take	  into	  account	  in	  how	  FAR	  above	  (or	  below)	  average	  they	  are.	  	  
That	  is,	  if	  we	  have	  2	  tracts	  that	  are	  both	  way	  above	  average,	  that	  counts	  more	  than	  2	  
tracts	  that	  are	  just	  barely	  above	  average.	  

And	  if	  we	  have	  one	  really	  dangerous	  tract	  next	  to	  a	  really	  safe	  tract,	  then	  that’s	  more	  
meaningful	  than	  two	  tracts	  that	  are	  indeed	  above	  and	  below	  the	  average,	  but	  only	  by	  a	  
mugging	  or	  two.	  
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Actually,	  before	  we	  get	  to	  the	  soiware,	  I	  want	  to	  talk	  about	  the	  case	  where	  we	  look	  at	  
more	  than	  just	  black	  and	  white	  /	  yes	  and	  no.	  	  When	  my	  student	  wanted	  to	  look	  at	  hot	  
spots,	  we	  were	  looking	  at	  “tracts	  with	  lots	  of	  assaults”	  and	  “tracts	  with	  few	  assaults”.	  	  I	  
dare	  say	  every	  census	  tract	  in	  New	  Orleans	  had	  at	  least	  one,	  those	  poor	  people.	  

So	  let’s	  move	  from	  the	  familiar	  image	  on	  the	  lei	  to	  the	  map	  on	  the	  right.	  

The	  dark	  blue	  areas	  had	  more	  assaults.	  I’m	  calling	  them	  “more	  dangerous”,	  although	  I	  
didn’t	  normalize	  by	  area	  or	  by	  populaBon	  –	  this	  is	  just	  a	  map	  of	  the	  simple	  count	  of	  
assaults	  in	  2005,	  prior	  to	  Hurricane	  Katrina.	  

It	  looks	  like	  there	  is	  a	  dark	  patch	  in	  the	  middle	  there.	  Is	  it	  really	  a	  cluster?	  Or	  could	  that	  
paZern	  have	  happened	  randomly?	  





We	  did	  this	  with	  a	  free	  extension	  to	  ArcGIS	  called	  Hawth’s	  tools,	  from	  
SpaBalEcology.com	  



So	  now	  we’re	  geDng	  to	  the	  soiware	  part.	  This	  is	  all	  in	  the	  handout.	  

Step	  1	  is	  to	  download	  the	  free	  extension	  	  

Step	  2	  is	  to	  install	  Hawth’s	  tools	  in	  ArcGIS	  

Step	  3	  is	  to	  use	  the	  dialogue	  box	  to	  specify	  the	  base	  map	  and	  the	  points	  you	  want	  
counted.	  	  Here	  I’m	  asking	  it	  to	  start	  with	  the	  census	  tract	  shape	  file,	  then	  count	  how	  
many	  points	  are	  in	  each	  census	  tract.	  	  It	  adds	  an	  addiBonal	  column	  to	  the	  end	  of	  the	  
data	  table,	  with	  that	  count.	  



Now	  we	  have	  the	  map	  equivalent	  of	  our	  liZle	  grid	  of	  black	  and	  white	  squares.	  

So	  we	  go	  into	  the	  ArcToolbox,	  choose	  SpaBal	  StaBsBcs	  Tools,	  then	  SpaBal	  
AutocorrelaBon,	  and	  let	  it	  crank.	  	  



Here	  is	  the	  dialogue	  box	  for	  the	  SpaBal	  AutocorrelaBon	  tool.	  	  
This	  is	  in	  the	  handout,	  too.	  

We	  tell	  it	  which	  shape	  file	  we	  want	  to	  look	  at,	  and	  the	  name	  of	  the	  new	  column	  we	  just	  
made,	  that	  counts	  how	  many	  assaults	  in	  each	  tract.	  

I	  took	  all	  the	  defaults	  because	  I	  don’t	  know	  any	  beZer	  (and	  nothing	  else	  worked).	  I	  only	  
know	  about	  a	  nickel’s	  worth	  about	  any	  of	  these	  opBons,	  but	  if	  you’re	  curious	  I’m	  happy	  
to	  share	  that.	  

On	  the	  right	  ESRI	  nicely	  gives	  us	  the	  range	  of	  outcomes	  we	  might	  get.	  	  On	  the	  boZom	  
we	  see	  an	  example	  of	  strong	  clustering.	  	  Blues	  next	  to	  blues,	  greens	  next	  to	  greens.	  This	  
is	  analogous	  to	  our	  grid	  with	  all	  the	  whites	  on	  one	  side	  and	  all	  the	  blacks	  on	  the	  other.	  

On	  the	  top	  we	  see	  non-‐clusters.	  	  There	  are	  NO	  blues	  next	  to	  blues	  or	  greens	  next	  to	  
greens.	  This	  is	  like	  our	  checkerboard.	  The	  example	  I	  imagined	  where	  we	  might	  see	  that	  
in	  real	  life	  would	  be	  cardinal’s	  nests.	  	  Cardinals	  are	  very	  territorial,	  so	  they	  would	  never	  
choose	  to	  put	  their	  nests	  in	  neighboring	  yards.	  They’re	  going	  to	  put	  them	  as	  far	  apart	  
from	  each	  other	  as	  they	  can	  get.	  This	  is	  non-‐random,	  like	  the	  checkerboard	  paZern.	  

And,	  of	  course,	  it’s	  all	  a	  conBnuum	  of	  probability.	  

I	  



And	  then	  the	  tool	  cranks	  away	  and	  pops	  up	  a	  liZle	  display	  and	  …	  
Ladies	  and	  gentlemen,	  we	  have	  a	  winner!	  	  Our	  data	  is	  strongly	  clustered.	  It’s	  extremely	  
unlikely	  that	  we’d	  see	  that	  paZern	  by	  accident.	  

We	  see	  that	  the	  “cardinal	  nest”	  example	  of	  non-‐random	  dispersion	  over	  here,	  and	  the	  
“assault”	  example	  of	  non-‐random	  dispersion	  over	  here,	  and	  between	  them	  are	  all	  the	  
random	  things	  that	  happen	  for	  no	  parBcular	  reason.	  	  



…	  

We	  always	  need	  to	  be	  aware	  of	  the	  Modifiable	  Area	  Unit	  Problem	  when	  we	  convert	  
point	  data	  to	  polygon	  data.	  Take	  a	  look	  at	  this	  spaBal	  distribuBon.	  We	  see	  a	  very	  clear	  
cluster	  of	  points.	  

But	  look	  what	  can	  happen	  if	  we	  start	  counBng	  the	  points	  inside	  a	  polygon,	  to	  turn	  it	  
from	  points	  to	  polygons.	  

If	  we	  decide	  to	  divide	  our	  area	  into	  9	  polygons,	  then	  our	  cluster	  is	  preserved	  ..	  .it	  shows	  
off	  very	  nicely	  as	  an	  8	  among	  much	  smaller	  numbers.	  

If	  we	  use	  4	  polygons,	  though,	  we	  effecBvely	  obscure	  the	  cluster	  by	  sharing	  it	  among	  all	  
the	  polygons.	  	  5	  just	  isn’t	  that	  much	  bigger	  than	  3.	  	  



So,	  to	  summarize.	  ….	  
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Clusters: Random or Meaningful? 
Using Moran’s I Test to measure 

 

1.To turn point data into polygon data, begin by downloading  

   Hawth’s Analysis Tools extension from www.spatialecology.com  

 

 

 

 

 

2. Install the extension into ArcMap 

 

3. Make the extension toolbar visible 

 

4. Choose Hawths Tools /Analysis/Count Points in Polygons 

 

5. Fill in dialog box. 

    In this example, we count the number of assault points in each census tract. 

    We add a new field to the Census Tract attribute table called Assaults. 

    The new field contains the number or assaults in each census tract.  

 

6. Export the layer to make a fresh file. 

 

7. Open ArcToolbox / Spatial Statistics Tool / Spatial Autocorrelation (Morans I) 

 

 

8. Fill in the dialog box. 

    In this example, we measure the degree of randomness in the field  

    called Assaults, in the attribute table of City of New Orleans Tracts. 

    Check the “Display Output Graphically” box. 

    Take the defaults for the other options. 

 

9. The resulting output tells the probability that the pattern is random. 

    On the left is non-random “dispersed” like cardinals’ nests and checkerboards. 

    On the right is clustered, like crimes and boutiques. 

 

 


