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Ba ckg round  a nd  Goa ls
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Study Goals
Landline RDD Sampling Number Generation



Surve y Ba ckg round  a nd  Goa ls
The Allegheny County Health Survey (ACHS) is a 
population base d , te le phone  surve y of he alth re late d  
be haviors for adults living  in Alle ghe ny County, PA.
T h e  s u r v e y  i s  m o d e l l e d  a f t e r  t h e  Ce nte rs for Dise ase  
Control and  Pre ve ntion’s BRFSS
○ More  inform ation about the  surve y can be  found  he re : 

http :/ / b it.ly/ ACHS-2016
Goal was to tie health information to political units  
(council d istric ts de fine d  by ge opolitical boundarie s)
Sampl ing  from  13 council d istric ts would  provide  
highe r re solution than pre vious surve ys that sim ply 
stratifie d  by RACE or INCOME 
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http://bit.ly/ACHS-2016


Stud y Goa ls  a nd  Ba ckg round
Main Task:  Develop a stratified RDD sampling plan to 
select households from the 13 council districts in 
Allegheny County, PA.
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Alle g he ny County, PA
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13 Council Districts each 
defined to have roughly 

the same population



Me thod s
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Clustering (not cluster sampling)



Our Ap p roa ch…
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Landline 
Numbers 
organized 

into 1K 
Banks

Admin. data 
available for 

some landline 
numbers 
allowing 

identification of 
local 

geography 
(LLKGs)

Council 
District 

assignments 
appended 
based on 

known 
boundaries

Machine 
learning 

algorithm 
(k-means 
clustering) 
applied to 
determine 

strata



Te le p hone  Num b e r Ge ne ra t ion  in  the  U.S.
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(ABC)-DEF-GH XY
Area Code Prefix

10K 
Bank 

Last 2 of 
Phone #

1000 Bank 
(1K Bank)



Dist rib u t ion of 1K Ba nks  b y Num b e r of LLKGs
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Landline Numbers with Known Geographies (LLKGs)



A c lose r look a t  the  LLKG’s
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2,410
1K banks

367,085 
LLKGs

507 
with 5 or 

fewer LLKGs
1,903 
1K banks

988 
from 

eliminated 
1K banks

366,097 
LLKGs



Da ta  use d  in  k-m e a ns  c lus te ring
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τ1,1 τ1,2 τ1,3 ▪▪▪ τ1,13

τ2,1 τ2,2 τ2,3 ▪▪▪ τ2,13

⁝
τ1903,1 τ1903,2 τ1903,3 ▪▪▪ τ1903,13

τi,j = proportion of LLKGs in 1K bank i within CD j

ωi = total # of LLKGs in 1K bank i falling in CDs



Id e nt ifying  the  Clus te rs
The k-m e ans c luste ring  algorithm  optim ize s g roupings 
base d  on a within c luste r SS crite rion base d  on a 
m ultivariate  se t of covariate s.
W e  u s e d  a  s c r e e  t y p e  p l o t  c r e a t e d  u s i n g  r e s u l t s  o f  a  
g rid  se arch for k possib le  c luste rs rang ing  from  2 to 12.  
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From  Clus te rs  to  St ra ta
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Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8

HD 1
HD 2
HD 3
HD 4

⁝
HD 12
HD 13

Stratum 1
Stratum ?
Stratum ?

Using counts of the 
LLKGs within each 
cell of the cross 
tabulation.



Re su lts  
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From Clusters to Strata…



3            9            2            8          85       341  20,404            4            6       342            2          14    4,183            8 

5    1,504          36          29  22,354  24,258    4,115          14            6          14          36    1,535  18,234    2,440 

1            2            3          28           -              2    1,223            5          17  18,147            2            9            2            4 

2  22,632  21,460  24,237    2,215          18          78       142          68          33          32          33          47  10,954 

4            6            3          11            2          10          30            7       389    2,169          47  12,024          17          31 

6            9            6          12            7            4            6    8,551  17,928    1,882       936          25            4          26 

7          20          23       104          21          31          18    5,506    2,234          15  15,377    5,579       353    5,191 

8           -              2       689           -              3           -    11,158       300           -              4           -             -              1 

Dist rib u t ion of LLKGs b y 
Clus te r a nd  He a lth  Dis t ric t  (HD)
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3            9            2            8          85       341  20,404            4            6       342            2          14    4,183            8 

5    1,504          36          29  22,354  24,258    4,115          14            6          14          36    1,535  18,234    2,440 

1            2            3          28           -              2    1,223            5          17  18,147            2            9            2            4 

2  22,632  21,460  24,237    2,215          18          78       142          68          33          32          33          47  10,954 

4            6            3          11            2          10          30            7       389    2,169          47  12,024          17          31 

6            9            6          12            7            4            6    8,551  17,928    1,882       936          25            4          26 

7          20          23       104          21          31          18    5,506    2,234          15  15,377    5,579       353    5,191 

8           -              2       689           -              3           -    11,158       300           -              4           -             -              1 

Cluster CD1 CD2 CD3 CD4 CD5 CD6 CD7 CD8 CD9 CD10 CD11 CD12 CD13



Fina l Dis t rib u t ion of LLKGs b y 
St ra ta  a nd  Counc il Dis t ric t
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Council District --> CD4 CD5 CD6 CD12 CD1 CD2 CD3 CD7 CD8 CD9 CD10 CD11 CD13

LLKGs in Stratum 1 22439 24599 24519 22417 1513 38 37 18 12 356 38 1549 2448

LLKGs in Stratum 2 2245 68 1355 423 22669 21497 25081 25369 20936 22246 16398 17670 16207

Percentage of LLKGs in Council 
Districts Covered by Stratum 1 90.9% 99.7% 94.8% 98.1% 6.3% 0.2% 0.1% 0.1% 0.1% 1.6% 0.2% 8.1% 13.1%

Percentage of LLKGs in Council 
Districts Covered by Stratum 2 9.1% 0.3% 5.2% 1.9% 93.7% 99.8% 99.9% 99.9% 99.9% 98.4% 99.8% 91.9% 86.9%

Council District --> CD4 CD5 CD6 CD12 CD1 CD2 CD3 CD7 CD8 CD9 CD10 CD11 CD13

LLKGs in Stratum 1 22439 24599 24519 22417 1513 38 37 18 12 356 38 1549 2448

LLKGs in Stratum 2 2245 68 1355 423 22669 21497 25081 25369 20936 22246 16398 17670 16207

     
    

     
    



From  Clus te rs  to  St ra ta …
Stratum 1 combined two of the 8 clusters to cover 
Council Distric ts 4, 5, 6  and  12
S t r a t u m  2  c o m b i n e d  t h e  r e m a i n i n g  6  c l u s t e r s  t o  c o v e r  
Council Distric ts: 1,2,3,7,8,9,10 ,11,13
The two strata  we re  furthe r partitione d  into Liste d  LL 
and  Unliste d  LL substrata .  
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96.7% Estimated 
Coverage Rate95.9% Estimated 

Coverage Rate



Unive rse  a nd  Sa m p le  Size s  & Yie ld
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Stratum Sub-stratum Landline 
Universe

Sample 
Size Respondents

Listed 122,858       9,277    1,155 (12%)

Unlisted 288,593       14,543  97 (1%)

Overall 411,450       23,820  1,252 (5%)

Listed 292,867       23,660  2,217 (9%)

Unlisted 733,151       39,310  248 (1%)

Overall 1,026,018    62,970  2,465 (4%)

Cell N/A 1,892,417    79,200  5,315 (7%)

1

2

Stratum Sub-stratum Landline 
Universe

Sample 
Size Respondents

Listed 122,858       9,277    1,155 (12%)

Unlisted 288,593       14,543  97 (1%)

Overall 411,450       23,820  1,252 (5%)

Listed 292,867       23,660  2,217 (9%)

Unlisted 733,151       39,310  248 (1%)

Overall 1,026,018    62,970  2,465 (4%)

        

1

2



Ove ra ll Sa m p le  Yie ld  b y Ass ig ne d  Stra tum
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Ge og ra p hic  Cove ra g e  of St ra ta
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Accura cy/ Cove ra g e  of St ra ta
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Overall Accuracy based 
on 3,684 Respondents on 
LL Frame

Actual Stratum

1 2
Assigned to 

Stratum
1 1192 49
2 62 2381

P(Assign to Stratum 1 | Stratum 1 Resident) = 95.1%

P(Assign to Stratum 2 | Stratum 2 Resident) = 97.8%

Overall Accuracy: Assigned vs. Actual Stratum = 97.0%



Accura cy/ Cove ra g e  of St ra ta : Lis te d
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Overall Accuracy based on 
3,341 Respondents on LL 
Frame from Listed Sub-Strata

Actual 
Stratum

1 2
Assigned to 

Stratum
1 1103 42
2 54 2142

P(Assign to Stratum 1 | Stratum 1 Resident) = 95.3%

P(Assign to Stratum 2 | Stratum 2 Resident) = 98.1%

Overall Accuracy: Assigned vs. Actual Stratum = 97.1%



Accura cy/ Cove ra g e  of St ra ta : Unlis te d
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Overall Accuracy based on 
3,341 Respondents on LL 
Frame from Listed Sub-Strata

Actual 
Stratum

1 2
Assigned to 

Stratum
1 89 7
2 8 239

P(Assign to Stratum 1 | Stratum 1 Resident) = 91.8%

P(Assign to Stratum 2 | Stratum 2 Resident) = 97.2%

Overall Accuracy: Assigned vs. Actual Stratum = 95.6%



Im p lica t ions  
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What about misclassification and survey estimates?
Percentage Ever told of Depression
Percentage in Very Good or Excellent Health
Mean BMI



Pe rce nta g e  Eve r Told  of De p re ss ion
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1.6 
pp



Pe rce nta g e  in  Ve ry Good / Exce lle nt  
He a lth
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2.1 
pp



Ave ra g e  Bod y Ma ss  Ind e x (BMI)
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0.2 pp



Discuss ion a nd  Fu tu re  
Re se a rch
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Conclusions, Limitations and Next Steps…



Discuss ion
The number of clusters that are deemed optimal using the 
k-m e ans algorithm  and  crite rion m ay not be  optim al for the  
num be r of sam pling  strata for the ore tical/ e stim ation and  
practical/ fie ld  conce rns.
The variables available for clustering may not result  in 
strata that are  e fficie nt from  a sam pling  de sign pe rspe ctive  
– i.e . be ing  close  on the  cluste ring  variab le s m ay not im ply 
hom oge ne ity in strata on outcom e s of inte re st, e spe cially if 
m ultip le  cluste rs ne e d  to be  com bine d .
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Lim ita t ions / Fu tu re  Work
Using sim ple  GIS inform ation and  land line  liste d  
num be r de nsity we  we re  ab le  to succe ssfully cove r 
subse ts of council d istric ts whose  ge ographie s don’t 
conform  to 1K bank boundarie s. 
○ Unfortunate ly, we  we re  not ab le  to se parate  or 

cre ate  RDD sam pling  fram e s that could  cove r 
e ach council d istric t or sm alle r g roups of the m .

○ We  we re  also not ab le  to app ly this approach to 
the  ce llular fram e  be cause  of lim ite d  
ge ographical auxiliary inform ation.  Consum e r ce ll 
source s with GIS inform ation are  rap id ly im proving  
so this m ight be  possib le  in the  future .
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Tha nk You!
tdbuskirk@gmail.com

+1-781-964-4997

#trentbuskirk

www.linkedin.com/in/tbuskirk/

mailto:tdbuskirk@gmail.com
https://www.linkedin.com/in/tbuskirk/
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