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In	
  a	
  final	
  step,	
  the	
  percentage	
  of	
  animals	
  with	
  signs	
  of	
  a	
  particular	
  measure	
  was	
  calculated	
  

due	
   to	
  Welfare	
  Quality	
   (2009).	
   All	
   further	
   calculations	
   are	
   based	
   on	
   these	
   percentages.	
   A	
  

more	
  precise	
  description	
  is	
  shown	
  in	
  Table	
  4.	
  The	
  percentage	
  of	
  the	
  measures	
  represents	
  the	
  

true	
  prevalence	
  of	
  the	
  different	
  measures	
  and	
  combinations.	
  	
  

	
  
Table 4: List and description of calculation basis for the prevalence of measures and combina-
tions 
 
Measure/combinations	
   Description	
  
Very	
  lean	
  animals	
   %	
  of	
  animals	
  with	
  a	
  body	
  condition	
  score	
  of	
  1	
  	
  
Total	
  lameness	
   %	
  of	
  animals	
  with	
  a	
  lameness	
  score	
  other	
  than	
  0	
  
Slightly	
  lame	
   %	
  of	
  animals	
  with	
  a	
  lameness	
  score	
  of	
  1	
  
Moderately/severely	
  lame	
   %	
  of	
  animals	
  with	
  a	
  lameness	
  score	
  of	
  2	
  
Signs	
  of	
  diarrhea	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Nasal	
  discharge	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Ocular	
  discharge	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Overall	
  dirtiness	
  	
   %	
  of	
  animals	
  with	
  any	
  dirt	
  on	
  hindquarter,	
  hock	
  or	
  udder	
  
Dirty	
  hindquarter	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Dirty	
  hock	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Dirty	
  udder	
   %	
  of	
  animals	
  with	
  a	
  score	
  of	
  1	
  
Hock	
  alterations	
  total	
   %	
  of	
  animals	
  with	
  any	
  alteration	
  on	
  the	
  hock	
  	
  
Hock	
  lesions	
  and	
  swellings	
   %	
  of	
  animals	
  with	
  any	
  lesion	
  or	
  swelling	
  on	
  the	
  hock	
  
Carpal	
  joint	
  alterations	
  total	
   %	
  of	
  animals	
  with	
  any	
  alteration	
  on	
  the	
  carpal	
  joint	
  

Carpal	
  joint	
  lesions	
  and	
  swellings	
   %	
  of	
  animals	
  with	
  any	
  lesion	
  or	
  swelling	
  on	
  the	
  	
  
carpal	
  joint	
  

Hindquarter	
  alterations	
  total	
   %	
  of	
  animals	
  with	
  any	
  alteration	
  on	
  the	
  hindquarter	
  

Hindquarter	
  lesions	
  and	
  swellings	
   %	
  of	
  animals	
  with	
  any	
  lesion	
  or	
  swelling	
  
	
  on	
  the	
  hindquarter	
  

Neck	
  alterations	
  total	
   %	
  of	
  animals	
  with	
  any	
  alteration	
  on	
  the	
  neck	
  
Neck	
  lesions	
  and	
  swellings	
   %	
  of	
  animals	
  with	
  any	
  lesion	
  or	
  swelling	
  on	
  the	
  neck	
  
Flank	
  alterations	
  total	
   %	
  of	
  animals	
  with	
  any	
  alteration	
  on	
  the	
  flank	
  
Flank	
  lesions	
  and	
  swellings	
   %	
  of	
  animals	
  with	
  any	
  lesion	
  or	
  swelling	
  on	
  the	
  flank	
  
Alterations	
  at	
  hindquarter,	
  flank,	
  
neck	
  

%	
  of	
  animals	
  with	
  any	
  hairless	
  patch,	
  lesion	
  or	
  swelling	
  on	
  
the	
  hindquarter,	
  flank	
  or	
  neck	
  

Lesions	
  or	
  swellings	
  total	
  body	
  
side	
  

%	
   of	
   animals	
  with	
   at	
   least	
   1	
   lesion	
   or	
   swelling	
   on	
   hock,	
  
carpal	
  joint,	
  hindquarter,	
  flank	
  or	
  neck	
  

Hairless	
  patches	
  total	
  body	
  side	
   %	
  of	
  animals	
  with	
  at	
  least	
  1	
  hairless	
  patch	
  on	
  hock,	
  carpal	
  
joint,	
  hindquarter,	
  flank	
  or	
  neck	
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3.4 Sample	
  sizes/sampling	
  strategies	
  
For	
  the	
  comparisons	
  between	
  the	
  true	
  and	
  the	
  estimated	
  prevalence	
  of	
  the	
  measures,	
  dif-­‐

ferent	
  sampling	
  strategies	
  as	
  well	
  as	
  sample	
  sizes	
  has	
  been	
  chosen.	
  In	
  the	
  following	
  chapters	
  

all	
   sample	
   sizes/sampling	
   strategies	
   used	
   in	
   this	
   thesis	
   will	
   be	
   explained.	
   Every	
   sampling	
  

method	
  is	
  a	
  mixture	
  of	
  different	
  sampling	
  strategies	
  with	
  different	
  sample	
  sizes.	
  	
  

3.4.1 Feed	
  bunk	
  order	
  
Using	
  the	
  feed	
  bunk	
  order,	
  subsamples	
  of	
  every	
  second	
  to	
  tenth	
  animal	
  were	
  created	
  in	
  SAS	
  

and	
  all	
  measures	
  and	
  combinations	
  were	
  compared	
  with	
   the	
   true	
  prevalence.	
  The	
  propor-­‐

tion	
  of	
  animals	
  used	
  in	
  these	
  subsamples	
  ranged	
  between	
  50%	
  for	
  every	
  second	
  animal	
  and	
  

10%	
  for	
  every	
  tenth	
  animal.	
  

3.4.2 Milking	
  order	
  
From	
  the	
  milking	
  order,	
  which	
  had	
  been	
  collected	
  on	
  the	
  farms,	
  the	
  animals	
  within	
  the	
  se-­‐

lected	
  pen	
  were	
  divided	
  into	
  thirds	
  and	
  the	
  prevalence	
  for	
  each	
  measure	
  and	
  each	
  third	
  of	
  

animals	
  was	
  computed.	
  

3.4.3 Random	
  sampling	
  	
  
For	
  all	
  random	
  sampling	
  comparisons,	
  three	
  sample	
  sizes	
  were	
  used:	
  ‘d5/infinite’,	
  ‘d5/finite’	
  

and	
  ‘d10/finite’	
  (Table	
  5).	
  The	
  largest	
  sample	
  size	
  ‘d5/infinite’	
  represents	
  the	
  sample	
  size	
  for	
  

an	
  infinite	
  population,	
  assuming	
  a	
  prevalence	
  of	
  50%	
  and	
  a	
  confidence	
  interval	
  of	
  95%.	
  Fur-­‐

thermore,	
  assuming	
  again	
  a	
  prevalence	
  of	
  50%	
  and	
  a	
  CI	
  of	
  95%,	
  two	
  sample	
  sizes	
  for	
  a	
  finite	
  

population	
   were	
   determined	
   which	
   differed	
   in	
   the	
   degree	
   of	
   deviation,	
   namely	
   5%	
  

(‘d5/finite’)	
  and	
  10%	
  (‘d10/finite’),	
  respectively.	
  ‘D5/infinite’	
  is	
  a	
  fixed	
  sample	
  size	
  of	
  96	
  ani-­‐

mals,	
  whereas	
   ‘d5/finite’	
   and	
   ‘d10/finite’	
   are	
   sample	
   sizes,	
  which	
  differ	
   in	
   the	
  numbers	
  of	
  

animals.	
  	
  

For	
  this	
  strategy,	
  first	
  the	
  true	
  prevalence	
  from	
  the	
  overall	
  assessment	
  at	
  the	
  feed	
  bunk	
  of	
  

each	
  different	
  measure	
  and	
  combination	
  was	
  compared	
  with	
  the	
  estimated	
  prevalence	
  from	
  

the	
  on-­‐farm	
  random	
  sampling.	
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Table	
  5:	
  Total	
  number	
  of	
  scored	
  animals	
  and	
  number	
  of	
  scored	
  animals	
  for	
  the	
  three	
  different	
  sample	
  sizes	
  
‘d5/infinite’,	
  ‘d5/finite’	
  and	
  ‘d10/finite’;	
  values	
  in	
  brackets	
  represent	
  the	
  proportion	
  of	
  scored	
  animals	
  within	
  
the	
  farm	
  
 

Farm	
  No.	
   Total	
  number	
  of	
  
scored	
  animals	
   d5/infinite	
   d5/finite	
   d10/finite	
  

Farm	
  1	
   204	
   96	
  (47%)	
   65	
  (32%)	
   51	
  (25%)	
  
Farm	
  2	
   227	
   96	
  (42%)	
   68	
  (30%)	
   52	
  (23%)	
  
Farm	
  3	
   144	
   96	
  (67%)	
   57	
  (40%)	
   46	
  (32%)	
  
Farm	
  4	
   235	
   96	
  (41%)	
   69	
  (30%)	
   53	
  (23%)	
  
Farm	
  5	
   145	
   96	
  (66%)	
   59	
  (41%)	
   47	
  (33%)	
  
Farm	
  6	
   216	
   96	
  (44%)	
   67	
  (31%)	
   52	
  (24%)	
  
Farm	
  7	
   81	
   -­‐	
   44	
  (55%)	
   37	
  (46%)	
  
Farm	
  8	
   191	
   96	
  (50%)	
   64	
  (34%)	
   50	
  (26%)	
  
Farm	
  9	
   123	
   96	
  (78%)	
   54	
  (44%)	
   43	
  (35%)	
  
Farm	
  10	
   241	
   96	
  (40%)	
   69	
  (29%)	
   53	
  (22%)	
  
	
  

3.4.3.1 On-­‐farm	
  random	
  sampling	
  
For	
  this	
  approach,	
  the	
  three	
  sample	
  sizes	
  as	
  explained	
  in	
  the	
  chapter	
  above	
  were	
  used.	
  The	
  

animals	
   were	
   selected	
   and	
   identified	
   only	
   once	
   on	
   the	
   farm	
   for	
   the	
   largest	
   sample	
   size	
  

‘d5/infinite’.	
  Also	
  the	
  order	
  of	
  identification	
  was	
  noted	
  and	
  than	
  divided	
  into	
  the	
  two	
  finite	
  

sample	
  sizes	
   ‘d5/finite’	
  and	
  ‘d10/finite’;	
  e.g.	
  on	
  Farm	
  1,	
  the	
  ear	
  tag	
  numbers	
  of	
  96	
  animals	
  

were	
   taken,	
   then	
   the	
   first	
   65	
   animals	
   out	
   of	
   the	
   96	
   were	
   also	
   used	
   for	
   the	
   sample	
   size	
  

‘d5/finite’,	
  as	
  well	
  as	
  the	
  first	
  51	
  animals	
  were	
  included	
  in	
  the	
  sample	
  size	
  ‘d10/finite’.	
  

3.4.3.2 Computer-­‐based	
  random	
  sampling	
  
For	
   the	
   computer-­‐based	
   random	
  sampling	
  using	
   the	
  SAS	
  procedure	
  PROC	
  SURVEY	
  SELECT,	
  

the	
  same	
  sample	
  sizes	
  as	
  used	
   in	
  the	
  on-­‐farm	
  random	
  sampling	
  were	
  used.	
  The	
  procedure	
  

was	
  done	
  with	
  the	
  simple	
  random	
  sampling	
  method	
  and	
  the	
  stratum	
  farm	
  in	
  order	
  to	
  com-­‐

pare	
  not	
  only	
  the	
  estimated	
  with	
  the	
  true	
  prevalence	
  within	
  this	
  computer-­‐based	
  strategy,	
  

but	
  also	
  to	
  compare	
  the	
  on-­‐farm	
  random	
  sampling	
  with	
  the	
  computer-­‐based	
  random	
  sam-­‐

pling	
  in	
  order	
  to	
  detect	
  any	
  possible	
  observer	
  preferences	
  for	
  the	
  selection	
  of	
  animals.	
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3.4.3.3 Boot	
  strapping	
  
Boot	
  strapping	
  is	
  a	
  statistical	
  method	
  to	
  enlarge	
  the	
  population	
  and	
  therefore	
  the	
  selection	
  

possibilities	
  of	
  animals	
  for	
  comparisons	
  between	
  the	
  true	
  and	
  the	
  estimated	
  prevalence	
  of	
  a	
  

measure.	
  	
  

Independently	
   from	
   the	
   comparisons	
   between	
   the	
   computer-­‐based	
   random	
   sampling	
   and	
  

the	
  true	
  prevalence	
  values	
  from	
  the	
  overall	
  assessment,	
  the	
  computer-­‐based	
  random	
  sam-­‐

pling	
  was	
   repeated	
   ten	
   times	
   to	
   include	
   the	
  effect	
  of	
  boot	
   strapping,	
  again	
  with	
   the	
   three	
  

defined	
   sample	
   sizes.	
   Therefore	
   the	
   SAS	
   procedure	
   PROC	
   SURVEY	
   SELECT	
   with	
   the	
   rep	
  

statement	
  =	
  10	
  was	
  used.	
  	
  

	
  

3.5 Statistical	
  analyses	
  

3.5.1 Regression	
  	
  
For	
  data	
  analysis	
  the	
  statistical	
  package	
  SAS	
  9.2	
  (SAS	
  Institute	
  Inc.,	
  Cary,	
  NC)	
  was	
  used.	
  The	
  

true	
  prevalence	
  was	
  calculated	
  for	
  each	
  measure	
  and	
  the	
  created	
  subsets	
  out	
  of	
  combina-­‐

tions	
  of	
  the	
  measures,	
  e.g.	
  different	
  body	
  regions	
  and	
  lameness	
  as	
  a	
  proportion	
  of	
  animals	
  

showing	
  signs	
  of	
  the	
  measure.	
  	
  

The	
  association	
  between	
  the	
  true	
  prevalence	
  and	
  the	
  prevalence	
  derived	
  from	
  the	
  different	
  

sample	
   sizes/sampling	
   strategies	
   was	
   determined	
   using	
   a	
   linear	
   regression	
   model	
   (PROC	
  

REG).	
  	
  

In	
  the	
  linear	
  regression	
  model	
  the	
  true	
  prevalence	
  was	
  tested	
  against	
  the	
  estimated	
  preva-­‐

lence.	
  The	
  estimated	
  prevalence	
  was	
  assumed	
  to	
  reliably	
  represent	
  the	
  true	
  prevalence,	
  if	
  R²	
  

≥	
  0.9,	
  slope	
  not	
  significantly	
  different	
  from	
  1	
  and	
  intercept	
  not	
  significantly	
  different	
  from	
  0.	
  

Figure	
  3	
  shows	
  a	
  regression	
  of	
  the	
  measure	
  ‘Carpal	
  joints	
  alterations’.	
  The	
  R-­‐Square	
  for	
  this	
  

regression	
  is	
  with	
  0.96	
  greater	
  than	
  0.9	
  and	
  also	
  the	
  slope	
  and	
  intercept	
  are	
  not	
  significantly	
  

different	
  from	
  1	
  and	
  0,	
  respectively.	
  In	
  Figure	
  4	
  the	
  regression	
  of	
  the	
  measure	
  ‘hindquarter	
  

alterations’	
   is	
   shown.	
  With	
   the	
   equation	
   ‘estimated	
   prevalence=1.1395*true	
   prevalence	
   -­‐	
  

0.1821’	
  and	
  the	
  R2	
  of	
  0.67,	
  the	
  three	
  criteria	
  R2	
  ≥	
  0.9,	
  slope	
  =	
  1	
  and	
  intercept	
  =	
  0	
  are	
  not	
  ful-­‐

filled.	
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Figure 3: Regression of the true prevalence against the estimated prevalence of the measure 
‘carpal joint alterations’ 
	
  

Figure 4: Regression of the true prevalence against the estimated prevalence of the measure 
‘hindquarter alterations’ 
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3.5.2 Classification	
  of	
  farms	
  
Acceptability	
  thresholds	
  of	
  5%,	
  10%,	
  15%,	
  20%,	
  25%	
  and	
  30%	
  prevalence	
  were	
  determined,	
  

thus	
  simulating	
  another	
  potential	
  approach	
  to	
  the	
  evaluation	
  of	
  on-­‐farm	
  welfare	
  assessment	
  

outcomes.	
  Then	
  for	
  each	
  of	
  the	
  estimated	
  prevalence	
  calculated	
  from	
  the	
  ten	
  samples	
  ob-­‐

tained	
  from	
  bootstrapping,	
  it	
  was	
  decided	
  if	
  the	
  ‘farm’	
  would	
  have	
  been	
  correctly	
  identified	
  

as	
  having	
  exceeded	
  the	
  above	
  given	
  thresholds.	
  This	
  comparison	
  was	
  done	
  for	
  all	
  three	
  sam-­‐

ple	
   sizes	
   (‘d5%infinte’,	
   ‘d5/finite’,	
   ‘d10/finite’)	
   from	
   the	
   random	
   sampling	
   approach	
   (see	
  

chapter	
  3.6.3)	
  and	
  all	
  10	
  farms.	
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4 Results	
  
In	
   this	
   chapter	
   all	
   relevant	
   results	
   of	
   comparisons	
   between	
   the	
   true	
   and	
   the	
   estimated	
  

prevalence	
  of	
  different	
   clinical	
   parameters	
  with	
  different	
   sample	
   sizes	
   as	
  well	
   as	
   sampling	
  

strategies	
  are	
  described	
  and	
  shown.	
  	
  

4.1 True	
  prevalence	
  of	
  different	
  measures	
  
True	
  prevalences	
   are	
   shown	
   in	
   Table	
  6.	
   The	
  mean	
  prevalence	
   ranged	
   from	
  1.9%	
   (flank	
   le-­‐

sions	
  and	
  swellings)	
  to	
  51.4%	
  (lesion	
  or	
  swelling	
  total	
  body	
  side)	
  and	
  between	
  –	
  farm	
  varia-­‐

tion	
  was	
  generally	
  high.	
  Low	
  prevalence	
  measures	
  as	
  defined	
  by	
  a	
  threshold	
  of	
  maximum	
  6%	
  

included	
  moderate/severe	
  lameness,	
  lesions	
  and	
  swellings	
  as	
  well	
  as	
  total	
  alterations	
  at	
  the	
  

hindquarter,	
   lesions	
   and	
   swellings	
   as	
  well	
   as	
   total	
   alterations	
   at	
   the	
   neck	
   and	
   lesions	
   and	
  

swellings	
   as	
  well	
   as	
   total	
   alterations	
  at	
   the	
   flank.	
  More	
   than	
  one	
   third	
  of	
   the	
  animals	
  had	
  

dirty	
  hindquarters	
  or	
  was	
  affected	
  by	
  hock	
  alterations	
  and	
  carpal	
  joint	
  lesions	
  and	
  swellings	
  

and	
  therefore	
  also	
  with	
  regard	
  to	
  total	
  carpal	
  joint	
  alterations	
  and	
  total	
  lesions	
  or	
  swellings	
  

on	
  the	
  total	
  body	
  side.	
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Table 6: The true prevalence (in %), standard deviation, minimum and maximum for all 
measures 
 
Measurement	
   Prevalence	
  in	
  %	
   SD	
   Min	
   Max	
  
Very	
  lean	
  animals	
   13.0	
   10.4	
   1.2	
   34.3	
  
Total	
  lameness	
   9.7	
   8.0	
   1.4	
   21.1	
  
Slightly	
  lame	
   7.5	
   4.7	
   1.4	
   14.7	
  
Moderately/severely	
  lame	
   2.2	
   4.1	
   0.0	
   11.4	
  
Signs	
  of	
  diarrhea	
   8.1	
   5.8	
   0.0	
   18.6	
  
Nasal	
  discharge	
   19.4	
   14.6	
   0.4	
   48.0	
  
Ocular	
  discharge	
   22.1	
   27.2	
   0.0	
   75.0	
  
Overall	
  dirtiness	
  	
   46.6	
   12.2	
   19.4	
   61.4	
  
Dirty	
  hindquarter	
   33.2	
   10.4	
   17.8	
   48.9	
  
Dirty	
  hock	
   18.3	
   15.5	
   3.1	
   46.9	
  
Dirty	
  udder	
   16.2	
   12.3	
   0.0	
   37.3	
  
Hock	
  alterations	
  total	
   38.9	
   14.7	
   13.7	
   61.3	
  
Hock	
  lesions	
  and	
  swellings	
   24.5	
   16.5	
   6.2	
   59.3	
  
Carpal	
  joint	
  alterations	
  total	
   48.0	
   15.9	
   23.5	
   72.7	
  
Carpal	
  joint	
  lesions	
  and	
  swellings	
   33.6	
   16.3	
   13.8	
   60.3	
  
Hindquarter	
  alterations	
  total	
   5.9	
   3.6	
   1.4	
   14.1	
  
Hindquarter	
  lesions	
  and	
  swellings	
   2.7	
   1.9	
   0.9	
   5.9	
  
Neck	
  alterations	
  total	
   6.0	
   12.5	
   0.5	
   41.5	
  
Neck	
  lesions	
  and	
  swellings	
   2.5	
   3.5	
   0.5	
   12.0	
  
Flank	
  alterations	
  total	
   4.8	
   4.6	
   0.4	
   15.2	
  
Flank	
  lesions	
  and	
  swellings	
   1.9	
   1.4	
   0.4	
   4.7	
  
Alterations	
  at	
  hindquarter,	
  flank,	
  neck	
   12.9	
   12.4	
   4.1	
   46.5	
  
Lesion	
  or	
  swelling	
  total	
  body	
  side	
   51.4	
   17.6	
   33.2	
   83.8	
  
Hairless	
  patch	
  total	
  body	
  side	
   21.2	
   17.2	
   2.5	
   51.4	
  
 
 
 

4.2 Accuracy	
  of	
  estimates	
  obtained	
   from	
  different	
   sample	
   sizes	
  at	
   the	
   feed	
  
bunk	
  

The	
  coefficient	
  of	
  determination	
  (R2)	
  of	
  all	
  measures	
  as	
  obtained	
  from	
  the	
  sampling	
  strategy	
  

of	
  scoring	
  every	
  second	
  to	
  tenth	
  animal	
  at	
  the	
  feed	
  bunk	
  is	
  shown	
  in	
  Table	
  7.	
  All	
  measures,	
  

which	
  met	
  all	
  3	
  criteria	
  (R2	
  ≥	
  0.9,	
  slope	
  =	
  1,	
  intercept	
  =	
  0)	
  and	
  thus	
  were	
  considered	
  accurate,	
  

are	
  marked	
  in	
  bold	
  and	
  italic.	
  The	
  sample	
  size	
  within	
  this	
  strategy	
  decreases	
  from	
  every	
  se-­‐

cond	
   animal,	
   where	
   50	
   %	
   of	
   all	
   animals	
   were	
   taken	
   into	
   account,	
   to	
   every	
   tenth	
   animal,	
  

where	
  10	
  %	
  were	
  used	
  for	
  the	
  comparison	
  with	
  the	
  true	
  prevalence.	
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With	
   a	
   decreasing	
   sample	
   size,	
   also	
   the	
   consistency	
   between	
   the	
   true	
   and	
   the	
   estimated	
  

prevalence	
  decreased.	
  The	
  highest	
  number	
  of	
   reliable	
  estimates	
  was	
   found	
  for	
   the	
  sample	
  

size	
  ‘every	
  2nd	
  animal’,	
  i.e.	
  for	
  17	
  out	
  of	
  24	
  measures	
  the	
  estimated	
  prevalence	
  matched	
  the	
  

true	
  prevalence	
  as	
  regards	
  the	
  three	
  above-­‐mentioned	
  criteria.	
  This	
  already	
  dropped	
  down	
  

to	
  nine	
  out	
  of	
  24	
  measures	
  when	
  only	
  ‘every	
  3rd’	
  animal	
  was	
  taken	
  into	
  account	
  and	
  varied	
  

between	
  one	
  and	
   four	
  out	
  of	
  24	
  measures	
  as	
   soon	
  as	
  every	
  5th	
  animal	
  or	
   less	
  animal	
  was	
  

considered.	
  The	
  only	
  measure	
  whose	
  prevalence	
  was	
  accurately	
  estimated	
  using	
  any	
  of	
  the	
  

sample	
  sizes	
  was	
  ‘ocular	
  discharge’.	
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4.3 Accuracy	
  of	
  estimates	
  obtained	
  from	
  different	
  samples	
  as	
  defined	
  by	
  the	
  
milking	
  order	
  

As	
  shown	
  in	
  Table	
  8,	
  18	
  out	
  of	
  24	
  measures	
  met	
  all	
  three	
  criteria	
  in	
  the	
  last	
  third	
  of	
  the	
  milk-­‐

ing	
  order,	
  whereas	
  in	
  the	
  first	
  and	
  second	
  third	
  zero	
  and	
  two	
  measures	
  were	
  considered	
  ac-­‐

curate,	
   respectively.	
   For	
   the	
   vast	
   majority	
   of	
   measures,	
   the	
   coefficient	
   of	
   determination	
  

tended	
  to	
  be	
  rather	
  low	
  for	
  the	
  samples	
  taken	
  from	
  the	
  first	
  and	
  second	
  third	
  of	
  the	
  milking	
  

order.	
  The	
  measures	
  ‘moderately/severely	
  lame’,	
  ‘overall	
  dirtiness’,	
  ‘hock	
  alterations	
  total’,	
  

as	
  well	
   as	
   both	
   hindquarter	
  measures	
   and	
   ‘flank	
   lesions	
   and	
   swellings’	
   did	
   not	
  match	
   the	
  

criteria	
  in	
  any	
  third.	
  	
  

	
  
Table 8: Coefficient of determination (R2) for the regression of true prevalence vs. estimated 
prevalence as obtained from the sampling strategy ‘milking order’ for 24 measures of welfare; 
values in bold and italic represent the samples, which fulfilled the criteria R2 ≥ 0.9, slope = 1 
and intercept = 0 
 
Measurement	
   1st	
  third	
   2nd	
  third	
   3rd	
  third	
  
Very	
  lean	
  animals	
   0.17	
   0.10	
   0.91	
  
Total	
  lameness	
   0.47	
   0.33	
   0.91	
  
Slightly	
  lame	
   0.15	
   0.04	
   0.90	
  
Moderately/severely	
  lame	
   0.40	
   0.36	
   0.69	
  
Signs	
  of	
  diarrhea	
   0.51	
   0.50	
   0.97	
  
Nasal	
  discharge	
   0.87	
   0.87	
   0.97	
  
Ocular	
  discharge	
   0.89	
   0.91	
   1.00	
  
Overall	
  dirtiness	
  	
   0.21	
   0.18	
   0.86	
  
Dirty	
  hindquarter	
   0.58	
   0.85	
   0.93	
  
Dirty	
  hock	
   0.72	
   0.78	
   0.96	
  
Dirty	
  udder	
   0.53	
   0.51	
   0.91	
  
Hock	
  alterations	
  total	
   0.89	
   0.72	
   0.96	
  
Hock	
  lesions	
  and	
  swellings	
   0.79	
   0.74	
   0.96	
  
Carpal	
  joint	
  alterations	
  total	
   0.75	
   0.04	
   0.92	
  
Carpal	
  joint	
  lesions	
  and	
  swellings	
   0.52	
   0.00	
   0.95	
  
Hindquarter	
  alterations	
  total	
   0.01	
   0.66	
   0.84	
  
Hindquarter	
  lesions	
  and	
  swellings	
   0.07	
   0.00	
   0.89	
  
Neck	
  alterations	
  total	
   0.99	
   0.93	
   0.99	
  
Neck	
  lesions	
  and	
  swellings	
   0.89	
   0.87	
   0.98	
  
Flank	
  alterations	
  total	
   0.45	
   0.78	
   0.96	
  
Flank	
  lesions	
  and	
  swellings	
   0.01	
   0.48	
   0.72	
  
Alterations	
  at	
  hindquarter,	
  flank,	
  neck	
   0.74	
   0.75	
   0.99	
  
Lesion	
  or	
  swelling	
  total	
  body	
  side	
   0.76	
   0.16	
   0.96	
  
Hairless	
  patch	
  total	
  body	
  side	
   0.72	
   0.16	
   0.94	
  
Total	
  number	
  of	
  matches	
   0	
  of	
  24	
   2	
  of	
  24	
   18	
  of	
  24	
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4.4 Accuracy	
  of	
  estimates	
  obtained	
  from	
  random	
  sampling	
  of	
  predefined	
  
sample	
  sizes	
  

Comparisons	
  between	
  the	
  on-­‐farm	
  random	
  sampling	
  and	
  the	
  computer-­‐based	
  random	
  sam-­‐

pling	
   outlined,	
   that	
   the	
   largest	
   sample	
   size	
   (d5/infinite)	
   showed	
   the	
   highest	
   portion	
   of	
  

matches	
  between	
  the	
  true	
  and	
  the	
  estimated	
  prevalence	
  for	
  both	
  random	
  sampling	
  strate-­‐

gies.	
  There	
  were	
  eleven	
  measures	
  within	
  the	
  sample	
  size	
  ‘d5/infinite’,	
  where	
  the	
  criteria	
  R2	
  ≥	
  

0.9,	
  slope	
  =	
  1	
  and	
  intercept	
  =	
  0	
  were	
  fulfilled,	
  that	
  showed	
  also	
  a	
  compliance	
  at	
  the	
  comput-­‐

er-­‐based	
   random	
  sampling.	
   ‘Hock	
   lesions	
   and	
   swellings’	
  was	
   the	
  only	
  measure,	
  where	
   the	
  

estimated	
   prevalence	
  matched	
   the	
   true	
   prevalence	
   in	
   all	
   three	
   sample	
   sizes	
   and	
   the	
   two	
  

random	
  sampling	
  strategies,	
  respectively.	
  

Next	
   to	
   those	
  measures	
  with	
  a	
   true	
  prevalence	
  under	
  6%	
   (i.e.	
   ‘moderately/severely	
   lame’,	
  

also	
  the	
  measure	
  ‘hock	
  alterations	
  total’	
  with	
  a	
  true	
  prevalence	
  of	
  38.9%	
  did	
  not	
  fulfill	
   the	
  

three	
  criteria	
  in	
  all	
  three	
  different	
  sample	
  sizes,	
  neither	
  in	
  the	
  ‘on-­‐farm	
  random	
  sampling	
  nor	
  

in	
  the	
  ‘computer-­‐based	
  random	
  sampling’.	
  	
  

4.4.1 On-­‐farm	
  random	
  sampling	
  
Table	
  9	
  shows	
  the	
  results	
  of	
  the	
  comparison	
  between	
  true	
  and	
  estimated	
  prevalence	
  for	
  all	
  

scored	
  measures	
  and	
  three	
  different	
  sample	
  sizes.	
  A	
  lower	
  sample	
  size	
  showed	
  a	
  clearly	
  de-­‐

creasing	
  compliance	
  between	
  the	
  estimated	
  and	
  the	
  true	
  prevalence.	
  Those	
  measures,	
  that	
  

were	
   considered	
   accurate	
   in	
   the	
   highest	
   sample	
   size,	
   tended	
   to	
  meet	
   the	
   criteria	
   also	
   in	
  

smaller	
   sample	
   sizes.	
   ‘Neck	
   alterations	
   total’	
   was	
   the	
   only	
   accurate	
   measurement	
   in	
  

‘d10/finite’	
  but	
  not	
  in	
  a	
  larger	
  sample	
  size.	
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Table 9: Coefficient of determination (R2) for the regression of true prevalence vs. estimated 
prevalence as obtained from the sampling strategy ‘on-farm random sampling’ for 24 measures 
of welfare; values in bold and italic represent the samples, which fulfilled the criteria R2 ≥ 0.9, 
slope = 1 and intercept = 0 
 
Measurement	
   d5/infinite	
   d5/finite	
   d10/finite	
  
Very	
  lean	
  animals	
   0.94	
   0.94	
   0.93	
  
Total	
  lameness	
   0.95	
   0.90	
   0.85	
  
Slightly	
  lame	
   0.81	
   0.73	
   0.77	
  
Moderately/severely	
  lame	
   0.58	
   0.50	
   0.46	
  
Signs	
  of	
  diarrhea	
   0.93	
   0.74	
   0.81	
  
Nasal	
  discharge	
   0.99	
   0.98	
   0.95	
  
Ocular	
  discharge	
   0.99	
   0.99	
   1.00	
  
Overall	
  dirtiness	
  	
   0.88	
   0.73	
   0.71	
  
Dirty	
  hindquarter	
   0.98	
   0.98	
   0.92	
  
Dirty	
  hock	
   0.97	
   0.97	
   0.93	
  
Dirty	
  udder	
   0.91	
   0.83	
   0.87	
  
Hock	
  alterations	
  total	
   0.92	
   0.88	
   0.01	
  
Hock	
  lesions	
  and	
  swellings	
   0.98	
   0.96	
   0.94	
  
Carpal	
  joint	
  alterations	
  total	
   0.98	
   0.96	
   0.93	
  
Carpal	
  joint	
  lesions	
  and	
  swellings	
   0.94	
   0.92	
   0.89	
  
Hindquarter	
  alterations	
  total	
   0.86	
   0.59	
   0.44	
  
Hindquarter	
  lesions	
  and	
  swellings	
   0.71	
   0.63	
   0.65	
  
Neck	
  alterations	
  total	
   1.00	
   0.97	
   0.98	
  
Neck	
  lesions	
  and	
  swellings	
   0.69	
   0.34	
   0.51	
  
Flank	
  alterations	
  total	
   0.92	
   0.70	
   0.70	
  
Flank	
  lesions	
  and	
  swellings	
   0.47	
   0.30	
   0.39	
  
Alterations	
  at	
  hindquarter,	
  flank,	
  neck	
   0.97	
   0.87	
   0.85	
  
Lesion	
  or	
  swelling	
  total	
  body	
  side	
   0.94	
   0.93	
   0.90	
  
Hairless	
  patch	
  total	
  body	
  side	
   0.94	
   0.88	
   0.81	
  
Total	
  number	
  of	
  matches	
   13	
  of	
  24	
   8	
  of	
  24	
   7	
  of	
  24	
  
	
  

4.4.2 Computer-­‐based	
  random	
  sampling	
  

Table	
  10	
  reports	
  the	
  results	
  of	
  the	
  comparisons	
  between	
  the	
  true	
  and	
  the	
  estimated	
  preva-­‐

lence	
  for	
  the	
  sampling	
  strategy	
  ‘computer-­‐based	
  random	
  sampling’.	
  For	
  the	
  computer-­‐based	
  

random	
   sampling,	
   the	
   highest	
   number	
   of	
   matches	
   was	
   found	
   for	
   the	
   largest	
   sample	
   size	
  

(d5/infinite)	
  with	
  14	
  out	
  of	
  24	
  measures,	
   followed	
  by	
   the	
   smallest	
   sample	
   size,	
  where	
   the	
  

estimated	
  prevalence	
  of	
   ten	
  measures	
  met	
   the	
   true	
  prevalence	
  and	
   lastly	
   the	
   sample	
   size	
  

‘d5/finite’	
  with	
  six	
  measures.	
  ‘Nasal	
  discharge’	
  was	
  the	
  only	
  measure,	
  where	
  the	
  estimated	
  

prevalence	
  complied	
  with	
  the	
  true	
  prevalence	
  in	
  the	
  smallest	
  sample	
  size,	
  but	
  not	
  in	
  the	
  two	
  

higher	
   sample	
   sizes.	
   The	
   results	
   also	
   show,	
   that	
  measures	
  which	
  met	
   the	
   three	
   criteria	
   in	
  

‘d10/finite’	
  and	
  thus	
  the	
  smallest	
  sample	
  size,	
  also	
  met	
  the	
  three	
  criteria	
   in	
   ‘d5/finite’	
  and	
  

‘d5/infinite’.	
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Table 10: Coefficient of determination (R2) for the regression of true prevalence vs. estimated 
prevalence as obtained from the sampling strategy ‘computer-based random sampling’ for 24 
measures of welfare; values in bold and italic represent the samples, which fulfilled the criteria 
R2 ≥ 0.9, slope = 1 and intercept = 0 
 
Measurement	
   d5/infinite	
   d5/finite	
   d10/finite	
  
Very	
  lean	
  animals	
   0.91	
   0.90	
   0.92	
  
Total	
  lameness	
   0.91	
   0.72	
   0.65	
  
Slightly	
  lame	
   0.77	
   0.45	
   0.63	
  
Moderately/severely	
  lame	
   0.86	
   0.25	
   0.74	
  
Signs	
  of	
  diarrhea	
   0.94	
   0.68	
   0.69	
  
Nasal	
  discharge	
   0.88	
   0.97	
   0.99	
  
Ocular	
  discharge	
   1.00	
   0.99	
   0.97	
  
Overall	
  dirtiness	
  	
   0.94	
   0.86	
   0.81	
  
Dirty	
  hindquarter	
   0.94	
   0.89	
   0.94	
  
Dirty	
  hock	
   0.95	
   0.98	
   0.88	
  
Dirty	
  udder	
   0.91	
   0.74	
   0.73	
  
Hock	
  alterations	
  total	
   0.96	
   0.89	
   0.92	
  
Hock	
  lesions	
  and	
  swellings	
   0.95	
   0.94	
   0.96	
  
Carpal	
  joint	
  alterations	
  total	
   0.94	
   0.87	
   0.90	
  
Carpal	
  joint	
  lesions	
  and	
  swellings	
   0.98	
   0.88	
   0.93	
  
Hindquarter	
  alterations	
  total	
   0.80	
   0.79	
   0.58	
  
Hindquarter	
  lesions	
  and	
  swellings	
   0.67	
   0.56	
   0.84	
  
Neck	
  alterations	
  total	
   0.99	
   0.99	
   0.98	
  
Neck	
  lesions	
  and	
  swellings	
   0.96	
   0.97	
   0.93	
  
Flank	
  alterations	
  total	
   0.93	
   0.86	
   0.71	
  
Flank	
  lesions	
  and	
  swellings	
   0.59	
   0.39	
   0.32	
  
Alterations	
  at	
  hindquarter,	
  flank,	
  neck	
   0.99	
   0.95	
   0.95	
  
Lesion	
  or	
  swelling	
  total	
  body	
  side	
   0.95	
   0.95	
   0.95	
  
Hairless	
  patch	
  total	
  body	
  side	
   0.98	
   0.96	
   0.95	
  
Total	
  number	
  of	
  matches	
   16	
  of	
  24	
   6	
  of	
  24	
   10	
  of	
  24	
  
	
  
	
  

4.4.3 Boot	
  strapping	
  

The	
  number	
  of	
  matches	
  as	
  regards	
  the	
  three	
  criteria	
  (R2	
  ≥	
  0.9,	
  slope	
  =	
  1	
  and	
  intercept	
  =	
  0)	
  

within	
   ten	
   iterations	
   each	
   and	
   the	
   range	
  of	
   R2	
   per	
  measure	
   is	
   presented	
   in	
   Table	
   11.	
   The	
  

number	
   of	
   matches	
   decreased	
   with	
   a	
   lower	
   sample	
   size	
   in	
   18	
   of	
   the	
   24	
   measures.	
   The	
  

measures	
  ‘Lesion	
  or	
  swelling	
  total	
  body	
  side’,	
  ‘hairless	
  patch	
  total	
  body	
  side’	
  and	
  both	
  carpal	
  

joint	
  measures	
  showed	
  the	
  highest	
  number	
  of	
  matches	
  over	
  all	
  three	
  sample	
  sizes	
  compared	
  

with	
  the	
  other	
  measures.	
  	
  

Furthermore	
  the	
  tendency	
  of	
  a	
  higher	
  dispersion	
  of	
  the	
  range	
  of	
  R2	
  is	
  visible	
  with	
  a	
  decreas-­‐

ing	
  sample	
  size.	
  The	
  estimated	
  prevalence	
  values	
  of	
  the	
  measure	
  ‘flank	
  lesions	
  and	
  swellings’	
  

never	
  met	
  the	
  true	
  prevalence	
  within	
  the	
  ten	
  repetitions.	
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Table 11: Coefficient of determination (R2) for the regression of true prevalence vs. estimated 
prevalence as obtained from the sampling strategy ‘boot strapping’ for 24 measures of welfare; 
the matches represent the number of respective matches out of the 10 iterations; the range of 
R2 shows the spread between the minimum and the maximum R2-values within the 10 iterations 
 
Measurement	
   d5/infinite	
   d5/finite	
   d10/finite	
  

	
  

m
at
ch
es

	
  

Range	
  of	
  R2	
  

m
at
ch
es
	
  

Range	
  of	
  R2	
  

m
at
ch
es
	
  

Range	
  of	
  R2	
  

Very	
  lean	
  animals	
   8	
   0.89-­‐0.99	
   8	
   0.82-­‐0.97	
   3	
   0.80-­‐0.95	
  
Total	
  lameness	
   5	
   0.81-­‐0.96	
   0	
   0.54-­‐0.99	
   0	
   0.69-­‐0.93	
  
Slightly	
  lame	
   4	
   0.81-­‐0.94	
   2	
   0.55-­‐0.98	
   0	
   0.62-­‐0.90	
  
Moderately/severely	
  lame	
   3	
   0.82-­‐0.96	
   1	
   0.29-­‐0.93	
   0	
   0.25-­‐0.79	
  
Signs	
  of	
  diarrhea	
   2	
   0.81-­‐0.93	
   1	
   0.65-­‐0.90	
   4	
   0.60-­‐0.93	
  
Nasal	
  discharge	
   10	
   0.91-­‐0.99	
   9	
   0.93-­‐0.99	
   4	
   0.73-­‐0.94	
  
Ocular	
  discharge	
   9	
   1.00-­‐1.00	
   8	
   0.98-­‐1.00	
   9	
   0.97-­‐0.99	
  
Overall	
  dirtiness	
  	
   7	
   0.87-­‐0.99	
   0	
   0.70-­‐0.89	
   2	
   0.82-­‐0.91	
  
Dirty	
  hindquarter	
   10	
   0.94-­‐0.99	
   10	
   0.94-­‐0.98	
   7	
   0.88-­‐0.97	
  
Dirty	
  hock	
   10	
   0.93-­‐0.97	
   8	
   0.88-­‐0.95	
   8	
   0.91-­‐0.99	
  
Dirty	
  udder	
   9	
   0.87-­‐0.98	
   3	
   0.80-­‐0.97	
   3	
   0.79-­‐0.97	
  
Hock	
  alterations	
  total	
   9	
   0.95-­‐0.98	
   10	
   0.94-­‐0.97	
   4	
   0.83-­‐0.93	
  
Hock	
  lesions	
  and	
  swellings	
   9	
   0.95-­‐0.99	
   9	
   0.95-­‐0.99	
   6	
   0.77-­‐0.97	
  
Carpal	
  joint	
  alterations	
  total	
   10	
   0.91-­‐0.97	
   10	
   0.91-­‐0.98	
   8	
   0.88-­‐0.97	
  
Carpal	
  joint	
  lesions	
  and	
  swell-­‐
ings	
   10	
   0.95-­‐0.99	
   9	
   0.93-­‐0.98	
   8	
   0.90-­‐0.99	
  

Hindquarter	
  alterations	
  total	
   4	
   0.73-­‐0.99	
   0	
   0.20-­‐0.93	
   0	
   0.50-­‐0.88	
  
Hindquarter	
  lesions	
  and	
  swell-­‐
ings	
   1	
   0.59-­‐0.90	
   0	
   0.51-­‐0.85	
   0	
   0.28-­‐0.86	
  

Neck	
  alterations	
  total	
   1	
   0.99-­‐1.00	
   3	
   0.98-­‐1.00	
   3	
   0.98-­‐0.99	
  
Neck	
  lesions	
  and	
  swellings	
   6	
   0.88-­‐0.98	
   0	
   0.54-­‐0.96	
   4	
   0.86-­‐0.97	
  
Flank	
  alterations	
  total	
   6	
   0.78-­‐0.98	
   3	
   0.71-­‐0.98	
   1	
   0.67-­‐0.94	
  
Flank	
  lesions	
  and	
  swellings	
   0	
   0.49-­‐0.87	
   0	
   0.38-­‐0.85	
   0	
   0.30-­‐0.84	
  
Alterations	
  at	
  hindquarter,	
  
flank,	
  neck	
   8	
   0.94-­‐1.00	
   5	
   0.83-­‐0.97	
   4	
   0.84-­‐0.98	
  

Lesion	
  or	
  swelling	
  total	
  body	
  
side	
   10	
   0.96-­‐0.99	
   8	
   0.90-­‐0.98	
   8	
   0.85-­‐0.97	
  

Hairless	
  patch	
  total	
  body	
  side	
   10	
   0.98-­‐0.99	
   9	
   0.93-­‐0.99	
   9	
   0.91-­‐0.99	
  
	
  
	
  

4.4.3.1 Classification	
  of	
  farms	
  
The	
  results	
  regarding	
  the	
  proportion	
  of	
  correctly	
  classified	
  farms	
  according	
  to	
  a	
  number	
  of	
  

specified	
  thresholds	
  are	
  shown	
  in	
  Table	
  12.	
  The	
  threshold	
  closest	
  to	
  the	
  average	
  true	
  preva-­‐

lence	
  for	
  each	
  measure	
  has	
  been	
  highlighted	
  in	
  green.	
  For	
  example,	
  for	
  the	
  measure	
  ‘total	
  

lameness’	
  at	
  the	
  5%	
  threshold	
  and	
  the	
  sample	
  size	
  ‘d5/infinite’,	
  the	
  proportion	
  of	
  correctly	
  



Effects	
  of	
  Sample	
  Size	
  and	
  Sampling	
  Strategy	
  on	
  Reliability	
  of	
  Selected	
  Animal	
  Welfare	
  Measures	
  in	
  Dairy	
  Cattle	
   	
  27 

classified	
  farms,	
  e.g.	
  either	
  exceeding	
  or	
  falling	
  below	
  the	
  given	
  threshold,	
  was	
  67%,	
  whereas	
  

it	
  was	
  100%	
  for	
  the	
  10%	
  threshold.	
  	
  

It	
   becomes	
   obvious,	
   that	
   the	
   highest	
   proportion	
   of	
   misclassified	
   farms	
   was	
   found	
   if	
   the	
  

threshold	
  is	
  close	
  to	
  the	
  true	
  average	
  prevalence.	
  Figure	
  5	
  and	
  6	
  underline	
  this.	
  In	
  these	
  two	
  

figures	
  results	
  for	
  the	
  measures	
  ‘hindquarter	
  alterations’	
  and	
  ‘very	
  lean	
  animals’	
  are	
  shown.	
  

In	
  both	
  measures,	
  the	
  lowest	
  correct	
  classification	
  rate	
  of	
  farms	
  was	
  found	
  when	
  the	
  thresh-­‐

old	
  was	
  set	
  close	
  to	
  the	
  true	
  average	
  prevalence	
  of	
  the	
  particular	
  measure.	
  

A	
  view	
  on	
  the	
  three	
  sample	
  sizes	
  shows,	
  that	
  close	
  to	
  the	
  true	
  prevalence	
  the	
  level	
  of	
  accu-­‐

rate	
  classification	
  is	
  balanced	
  within	
  all	
  sample	
  sizes.	
  It	
  cannot	
  be	
  said,	
  that	
  with	
  a	
  decreasing	
  

sample	
  size	
  the	
  rate	
  of	
  misclassification	
  is	
  also	
  increasing.	
  However,	
  far	
  away	
  from	
  the	
  true	
  

prevalence,	
   farms	
   are	
   most	
   often	
   correctly	
   identified	
   within	
   the	
   highest	
   sample	
   size	
  

‘d5/infinite’.	
  	
  	
  

	
  

Figure 5: Classification of farms within the measure ‘hindquarter alterations’ dependent on 
different thresholds and sample sizes, respectively 
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Figure 6: Classification of farms within the measure ‘very lean animals’ dependent on different 
thresholds and sample sizes, respectively  
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5 Discussion	
  

5.1 Sampling	
  based	
  on	
  feed	
  bunk	
  order	
  
The	
  results	
  have	
  shown,	
  that	
  the	
  sample	
  size	
  ‘every	
  2nd	
  animal’	
  is	
  the	
  most	
  adjusted	
  sample	
  

size	
  within	
   this	
   sampling	
   strategy.	
  There	
   is	
  a	
  marked	
  difference	
   in	
   the	
  number	
  of	
  matches	
  

between	
   ‘every	
  2nd	
  animal’	
  and	
   ‘every	
  3rd	
  animal’	
   (i.e.	
  17/24	
  vs.	
  9/24),	
  whereas	
   the	
  differ-­‐

ence	
   between	
   ‘every	
   3rd	
   animal’	
   and	
   ‘every	
   4th	
   animal’	
   is	
   smaller.	
   This	
   implies,	
   that	
   the	
  

meaning	
  of	
   a	
   reduction	
  of	
   the	
  proportion	
   from	
  50%	
  of	
   the	
  herd	
   to	
  33%	
  of	
   the	
  herd	
   is	
   far	
  

more	
   important	
   than	
   the	
   reduction	
   from	
  33%	
   to	
  25%	
  of	
   the	
  herd.	
  But	
   it	
   also	
  needs	
   to	
  be	
  

mentioned,	
   that	
   the	
   accuracy	
   within	
   these	
   proportions	
   is	
   very	
   low	
   and	
   therefore	
   not	
   ac-­‐

ceptable.	
  	
  

The	
  Assure	
  Wel-­‐	
  Project	
  (s.a.)	
  considered	
  the	
  five	
  individual	
  measures	
  swellings,	
  hair	
  loss	
  and	
  

swellings,	
  cleanliness	
  as	
  well	
  as	
  body	
  condition	
  and	
  mobility	
  are	
  as	
  most	
  important	
  individual	
  

measures.	
   In	
   comparison	
  with	
   the	
   results,	
   all	
  measures	
   -­‐	
   except	
   severe	
   lameness	
   -­‐	
  would	
  

reliably	
   represent	
   the	
   true	
   prevalence	
   within	
   the	
   sample	
   size	
   ‘every	
   2nd	
   animal’,	
   which	
  

means,	
   that	
  50%	
  of	
   the	
  herd	
  would	
  need	
   to	
  be	
  scored,	
   if	
  Assure	
  Wel	
   (s.a.)	
  would	
  use	
   this	
  

strategy.	
  	
  	
  

The	
   results	
   also	
   demonstrate,	
   that	
   the	
   proportion	
   of	
  matches	
  within	
   a	
   decreasing	
   sample	
  

size	
  is	
  higher	
  for	
  high	
  prevalence	
  parameters,	
  such	
  as	
  ‘carpal	
  joint	
  alterations	
  total’	
  or	
  ‘lesion	
  

or	
   swelling	
   total	
  body	
  side’	
   than	
   for	
   low	
  prevalence	
  parameters,	
  e.g.	
   ‘moderately/severely	
  

lame’.	
  For	
  measures	
  with	
  prevalence	
  values	
   lower	
  than	
  6%,	
  this	
  sampling	
  strategy	
  was	
  not	
  

able	
  to	
  fulfill	
  the	
  three	
  criteria	
  in	
  any	
  sample	
  size.	
  This	
  means,	
  that	
  a	
  sample	
  size	
  needs	
  to	
  be	
  

higher	
  than	
  50%	
  to	
  represent	
  the	
  true	
  prevalence	
  for	
  low	
  prevalence	
  measures.	
  	
  

At	
   this	
   point	
   the	
   threshold	
   of	
   6%	
   needs	
   to	
   be	
   mentioned.	
   Not	
   only	
   high	
   prevalence	
  

measures,	
  but	
  also	
  measures	
  with	
  a	
  true	
  prevalence	
  under	
  6%	
  are	
  of	
  major	
  importance,	
  e.g.	
  

‘moderately/severely	
   lame	
  animals’.	
  Gratzer	
   (2011)	
   found	
   in	
  her	
   study	
  also	
  prevalences	
  of	
  

severely	
  lame	
  animals	
  under	
  6%.	
  Also	
  Endres	
  et	
  al.	
  (2014)	
  found	
  6%	
  severely	
  lame	
  animals.	
  

Kielland	
  et	
  al.	
  (2009)	
  came	
  to	
  similar	
  conclusions;	
  the	
  prevalence	
  of	
  severely	
  lame	
  animals	
  in	
  

this	
  study	
  was	
  also	
  under	
  6%.	
  This	
  means,	
   that	
  the	
  prevalence	
  of	
  severely	
   lame	
  animals	
   in	
  

this	
  study	
  is	
  comparable	
  with	
  other	
  studies	
  and	
  therefore	
  often	
  a	
  low	
  prevalence	
  measure.	
  	
  

For	
  this	
  measure	
  and	
  within	
  this	
  study,	
  all	
  animals	
  would	
  need	
  to	
  be	
  scored	
  to	
  represent	
  the	
  

true	
  prevalence.	
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5.2 Sampling	
  based	
  on	
  milking	
  order	
  
Compared	
  with	
  the	
  sampling	
  strategies	
   ‘feed	
  bunk	
  order’	
  and	
  ‘random	
  sampling’,	
  the	
  sam-­‐

pling	
  of	
  thirds	
  of	
  the	
  group/pen	
  as	
  defined	
  by	
  the	
  milking	
  order	
  shows	
   in	
  the	
  last	
  third	
  the	
  

most	
  matches	
  between	
   the	
  estimated	
  prevalence	
  and	
   the	
   true	
  prevalence.	
   Four	
  measure-­‐

ments	
  with	
  a	
  true	
  prevalence	
  under	
  6%	
  could	
  not	
  be	
  considered	
  accurate	
  in	
  any	
  third.	
  The	
  

fact	
  that	
  the	
  last	
  third	
  provided	
  reliable	
  estimates	
  for	
  the	
  vast	
  majority	
  of	
  the	
  measures	
  can-­‐

not	
  be	
  explained	
  within	
  this	
  thesis.	
  	
  

Main	
  et	
  al.	
  (2010)	
  found	
  the	
  best	
  estimated	
  accuracy	
  for	
  lameness	
  in	
  the	
  second	
  third	
  of	
  the	
  

milking	
  order.	
  According	
   to	
   their	
   results,	
   the	
   first	
   third	
   tends	
   to	
  underestimate	
   the	
  preva-­‐

lence	
   of	
   lameness,	
  whereas	
   the	
   last	
   third	
   runs	
   the	
   risk	
   of	
   overestimating	
   slight	
   lameness.	
  

Compared	
  with	
  the	
  results	
  from	
  this	
  study,	
  a	
  discrepancy	
  between	
  the	
  results	
  becomes	
  ob-­‐

vious.	
  The	
  measures	
  ‘total	
  lameness’	
  and	
  ‘slightly	
  lame’	
  met	
  all	
  three	
  criteria	
  only	
  in	
  the	
  last	
  

third	
  of	
  the	
  milking	
  order,	
  but	
  not	
   in	
  the	
  other	
  two	
  thirds.	
  The	
  relatively	
   low	
  proportion	
  of	
  

severely	
  lame	
  animals	
  found	
  in	
  this	
  thesis	
  might	
  explain	
  the	
  discrepancy	
  within	
  this	
  measure,	
  

but	
  the	
  clear	
  pattern	
  as	
  found	
  in	
  Main	
  et	
  al.	
  (2010)	
  cannot	
  be	
  underlined	
  within	
  this	
  thesis.	
  

On	
  the	
  other	
  hand,	
  however,	
  the	
  results	
  for	
  severely	
  lame	
  animals	
  are	
  only	
  mean,	
  that	
  the	
  

most	
  homogeneity	
  was	
   found	
   in	
   the	
   last	
   third.	
  This	
   implies,	
   that	
   the	
   last	
   third	
   is	
   the	
  most	
  

representative	
  third,	
  but	
  not,	
  that	
  this	
  can	
  be	
  seen	
  for	
  all	
  farms	
  separately.	
  Also	
  the	
  preva-­‐

lence	
  of	
  2.2%	
  of	
  this	
  measure	
  within	
  this	
  study	
  was	
  compared	
  with	
  Main	
  et	
  al.	
  (2010)	
  very	
  

low.	
  	
  

5.3 Random	
  sampling	
  
In	
   general,	
   both	
   the	
   on-­‐farm	
   and	
   the	
   single	
   computer-­‐based	
   random	
   sampling	
   strategy	
  

showed	
   a	
   similar	
   pattern;	
   with	
   a	
   smaller	
   sample	
   size,	
   the	
   number	
   of	
   matches	
   decreases	
  

markedly.	
  Nevertheless,	
  for	
  the	
  sample	
  size	
  ‘d10/finite’	
  accuracy	
  was	
  higher	
  in	
  the	
  comput-­‐

er-­‐based	
  than	
  in	
  the	
  on-­‐farm	
  random	
  sampling.	
  	
  

To	
  elucidate	
  the	
  potential	
  effect	
  of	
  observer	
  bias,	
  the	
  two	
  single	
  random	
  sampling	
  strategies	
  

can	
  be	
  compared.	
  The	
  ‘computer-­‐based	
  random	
  sampling’	
  tended	
  to	
  show	
  with	
  the	
  sample	
  

size	
   ‘d5/infinite’	
   a	
   higher	
   accuracy	
   as	
   the	
   same	
   sample	
   size	
   in	
   the	
   ‘on-­‐farm	
   random	
   sam-­‐

pling’,	
  but	
  a	
   lower	
  accuracy	
   for	
   the	
  sample	
  size	
   ‘d5/finite’.	
  On	
  the	
  whole,	
   there	
   is	
  no	
  clear	
  

evidence	
  for	
  observer	
  bias.	
  	
  

In	
  terms	
  of	
  sample	
  size,	
  ‘d5/infinite’,	
  which	
  represents	
  in	
  average	
  a	
  proportion	
  of	
  53%	
  of	
  the	
  

herds,	
  and	
  ‘every	
  2nd	
  animal’	
  from	
  the	
  sampling	
  strategy	
  ‘feed	
  bunk	
  order’	
  are	
  comparable.	
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Still,	
   the	
  number	
  of	
   reliably	
   estimated	
  measures	
  differs	
  between	
   the	
   two	
   sampling	
   strate-­‐

gies.	
   ‘Every	
   2nd	
   animal’	
   tended	
   to	
   have	
   a	
   better	
   accuracy	
  with	
   17	
   of	
   24	
   possible	
  matches	
  

compared	
   with	
   the	
   strategy	
   ‘on-­‐farm	
   random	
   sampling’,	
   where	
   only	
   13	
   out	
   of	
   the	
   24	
  

measures	
  where	
  accurate.	
  Only	
  the	
  measure	
  ‘signs	
  of	
  diarrhea’	
  met	
  the	
  three	
  criteria	
  (R2	
  ≥	
  

0.9,	
  slope	
  =	
  1,	
   intercept	
  =	
  0)	
  within	
  the	
  sample	
  size	
   ‘d5/infinite’	
  and	
  the	
  sampling	
  strategy	
  

‘on-­‐farm	
  random	
  sampling’	
  and	
  additionally	
  the	
  measure	
  ‘overall	
  dirtiness’	
  for	
  the	
  sampling	
  

strategy	
   ‘computer-­‐based	
   random	
   sampling’	
   but	
   not	
   for	
   the	
   sampling	
   strategy	
   ‘feed	
   bunk	
  

order’	
  and	
  the	
  sample	
  size	
  ‘every	
  2nd	
  animal’.	
  All	
  other	
  measures,	
  which	
  met	
  the	
  three	
  crite-­‐

ria	
  within	
  the	
  two	
  simple	
  random	
  sampling	
  strategies,	
  showed	
  the	
  same	
  compliance	
  within	
  

the	
  feed	
  bunk	
  order.	
  	
  

Also	
  when	
   considering	
   the	
   repeated	
   sampling	
  using	
   the	
  bootstrapping	
   approach,	
   accuracy	
  

was	
   lower	
  with	
  a	
  decreasing	
  sample	
  size.	
  Again,	
   the	
  highest	
   sample	
  size	
  showed	
  the	
  most	
  

matches,	
  whereas	
  the	
  difference	
  between	
  the	
  two	
  finite	
  sample	
  sizes	
  was	
  smaller.	
  Also,	
  for	
  

low	
   prevalence	
   parameters,	
   such	
   as	
   ‘hindquarter	
   alterations	
   total’	
   and	
   ‘flank	
   lesions	
   and	
  

swellings’	
   a	
   relatively	
   low	
   number	
   of	
  matches	
  was	
   found	
   even	
   in	
   the	
   highest	
   sample	
   size	
  

‘d5/infinite’.	
  Also	
  the	
  spread	
  of	
  the	
  range	
  of	
  the	
  values	
  for	
  the	
  coefficient	
  of	
  determination	
  

(R2)	
  becomes	
  higher	
  with	
  a	
  decreasing	
  prevalence.	
  	
  

The	
  estimated	
  prevalence	
  values	
  of	
  the	
  measures	
  ‘moderately/severely	
  lame’,	
  ‘hindquarter	
  

alterations	
   total’	
   and	
   flank	
   lesions	
   and	
   swellings’	
   never	
  met	
   the	
   true	
  prevalence	
   values	
  of	
  

2.2%,	
  5.9%	
  and	
  1.9%,	
   respectively	
  within	
   the	
   single	
   sampling	
   strategies.	
   In	
   the	
  boot	
   strap-­‐

ping	
   the	
  number	
  of	
  matches	
   for	
   these	
  measures	
  was	
   also	
   rather	
   low.	
   From	
   this	
   it	
   follows	
  

that	
  on	
  the	
  one	
  hand,	
  none	
  of	
  the	
  different	
  approaches	
  are	
  appropriate	
  for	
  these	
  low	
  preva-­‐

lence	
  measures.	
  On	
  the	
  other	
  hand	
  however,	
  the	
  sample	
  size	
  of	
  50%	
  (‘every	
  2nd	
  animal’)	
   is	
  

not	
   sufficient	
   for	
   comparisons	
   between	
   the	
   true	
   and	
   the	
   estimated	
   prevalence	
   for	
   these	
  

measures.	
  	
  

5.4 Classification	
  of	
  farms	
  
The	
  reason	
  for	
  this	
  approach	
  was	
  to	
  detect	
  if	
  there	
  is	
  a	
  risk	
  of	
  an	
  incorrect	
  categorization	
  of	
  

farms	
  with	
   regard	
   to	
  specific	
   thresholds.	
  The	
  correct	
  classification	
  of	
   farms	
   is	
   important,	
   if	
  

e.g.	
  a	
   label	
  or	
  an	
  organization	
  set	
  thresholds	
  for	
  different	
  measures	
  to	
  get	
  only	
  reports	
  for	
  

those	
  measures,	
  where	
  the	
  prevalence	
  is	
  above	
  the	
  threshold.	
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The	
   results	
   show,	
   that	
   the	
   risk	
   of	
  misclassification	
   increases	
   the	
   closer	
   it	
   gets	
   to	
   the	
   true	
  

prevalence.	
   However,	
   there	
   is	
   no	
   clear	
   pattern	
   of	
   a	
   higher	
   risk	
   of	
  misclassification	
  with	
   a	
  

smaller	
  sample	
  size	
  visible.	
  	
  

The	
   impact	
   of	
   the	
   true	
   prevalence	
   on	
   misclassification	
   becomes	
   more	
   obvious	
   for	
   some	
  

measures.	
  ‘Total	
  lameness’	
  had	
  a	
  true	
  average	
  prevalence	
  of	
  9.7%.	
  Even	
  with	
  a	
  threshold	
  of	
  

20%	
  there	
  was	
  one	
  out	
  of	
  nine	
  farms	
  for	
  the	
  sample	
  size	
   ‘d5/infinite’	
  and	
  three	
  out	
  of	
  ten	
  

farms	
  for	
  the	
  two	
  smaller	
  sample	
  sizes,	
  which	
  were	
  classified	
  incorrectly.	
  On	
  the	
  other	
  hand	
  

however,	
  the	
  true	
  prevalence	
  of	
  this	
  measure	
  ranged	
  between	
  1.4%	
  and	
  21.1%.	
  The	
  range	
  of	
  

prevalence	
  might	
  explain	
  the	
  incorrect	
  classification	
  at	
  a	
  threshold	
  of	
  20%.	
  This	
  mean,	
  that	
  

not	
  only	
   the	
  average	
  prevalence	
   is	
  of	
  major	
   importance	
   for	
   the	
  classification	
  of	
   farms,	
  but	
  

also	
  the	
  range	
  between	
  the	
  true	
  prevalences.	
  	
  

The	
  measure	
  ‘alterations	
  at	
  flank,	
  side,	
  udder’	
  shows	
  with	
  a	
  true	
  prevalence	
  of	
  12.9%	
  similar	
  

results.	
  ‘Dirty	
  hindquarter’	
  was	
  the	
  measure,	
  which	
  was	
  also	
  far	
  away	
  from	
  the	
  true	
  preva-­‐

lence	
   categorized	
   incorrectly	
   more	
   often	
   than	
   other	
   measures.	
   The	
   parameter	
   ‘very	
   lean	
  

animals’	
   showed	
  a	
   relatively	
  high	
  proportion	
  of	
  misclassified	
   farms	
  around	
  the	
   true	
  preva-­‐

lence,	
  but	
  also	
  again	
  at	
  the	
  threshold	
  of	
  30%.	
  There	
  is	
  no	
  explanation	
  for	
  this	
  result.	
  	
  

5.5 Meaning	
  of	
  R2	
  
The	
  criterion	
  of	
  R2	
  ≥	
  0.9	
  is	
  set	
  very	
  strictly.	
  Over	
  all	
  results,	
  with	
  a	
  lower	
  threshold	
  for	
  R2,	
  the	
  

number	
  of	
  measures,	
  which	
  meet	
   all	
   three	
   criteria,	
  would	
   increase.	
   The	
   coefficient	
   of	
   de-­‐

termination	
  was	
   the	
   limiting	
   factor	
   for	
  measures	
   to	
  be	
  considered	
  accurate	
   in	
  most	
  cases.	
  

For	
  instance,	
  with	
  a	
  threshold	
  of	
  R2	
  ≥	
  0.8	
  the	
  pattern	
  would	
  change	
  completely.	
  The	
  estimat-­‐

ed	
  prevalence	
  values	
  of	
  almost	
  all	
  measures	
  would	
  match	
  the	
  true	
  prevalence	
  values	
  for	
  the	
  

sample	
  size	
  ‘d5/infinite’	
  within	
  the	
  single	
  random	
  samplings.	
  Also	
  for	
  the	
  two	
  smaller	
  sample	
  

sizes	
  the	
  results	
  would	
  change	
  in	
  a	
  similar	
  way.	
  	
  

5.6 Effect	
  of	
  prevalence	
  
The	
   results	
   illustrate	
   the	
   importance	
  of	
   the	
  prevalence.	
  Over	
   all	
   different	
   sampling	
   strate-­‐

gies,	
   the	
   low	
  prevalence	
  measures	
  performed	
   relatively	
  poorly.	
  High	
  prevalence	
  measures	
  

show	
  comparatively	
  good	
  results	
  already	
  with	
  a	
  low	
  sample	
  size.	
  This	
  becomes	
  obvious	
  with	
  

the	
  measure	
  ‘dirty	
  hindquarter’.	
  In	
  both	
  single	
  random	
  sampling	
  strategies	
  the	
  highest	
  sam-­‐

ple	
  size	
  ‘d5/infinite’	
  as	
  well	
  as	
  the	
  smallest	
  sample	
  size	
  ‘d10/finite’	
  the	
  measure	
  was	
  consid-­‐

ered	
   accurate.	
  With	
   regard	
   to	
   the	
   repeatability	
   and	
   therefore	
   to	
   the	
   boot	
   strapping,	
   this	
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measure	
  performed	
  well.	
  It	
  met	
  all	
  three	
  criteria	
  in	
  all	
  ten	
  iterations	
  for	
  the	
  two	
  sample	
  sizes	
  

‘d5/infinite’	
   and	
   ‘d5/finite’,	
   respectively,	
   and	
   seven	
   iterations	
   in	
   the	
   lowest	
   sample	
   size	
  

‘d10/finite’.	
  	
  

Endres	
  et	
  al.	
  (2014)	
  found	
  comparable	
  true	
  prevalence	
  values	
  for	
  the	
  measure	
  ‘overall	
  dirti-­‐

ness’.	
   54.9%	
  of	
   their	
   animals	
  were	
  dirty,	
  whereas	
   in	
   this	
   data,	
   46.6%	
  of	
   the	
   animals	
  were	
  

affected.	
  They	
  concluded,	
   that	
  a	
  proportion	
  of	
  15%	
  of	
   the	
  herd	
   is	
  needed	
   to	
  consider	
   this	
  

measure	
  accurately.	
  For	
  this	
  data,	
  this	
  would	
  comply	
  with	
  the	
  sampling	
  strategy	
  ‘feed	
  bunk	
  

order’	
  and	
  the	
  sample	
  size	
   ‘every	
  7th	
  animal’.	
  But	
  the	
  results	
  show,	
  that	
  this	
  sample	
  size	
   is	
  

too	
  low.	
  With	
  the	
  comparisons	
  out	
  of	
  this	
  thesis	
  a	
  proportion	
  of	
  33%	
  of	
  the	
  herd	
  out	
  of	
  the	
  

sampling	
  strategy	
  ‘feed	
  bunk	
  order’	
  and	
  the	
  sample	
  size	
  ‘every	
  3rd	
  animal’	
  would	
  be	
  needed	
  

to	
   represent	
   the	
   true	
  prevalence.	
  But	
   it	
  needs	
   to	
  be	
  mentioned,	
   that	
   this	
   comparison	
   can	
  

only	
  be	
  done	
  with	
  regard	
  to	
  the	
  prevalence	
  and	
  excluding	
  the	
  fact,	
  that	
  Endres	
  et	
  al.	
  (2014)	
  

used	
  for	
  their	
  approach	
  the	
  SAS	
  procedure	
  PROC	
  SURVEY	
  SELECT,	
  whereas	
  in	
  this	
  study	
  for	
  

this	
  approach	
  a	
  single	
  random	
  sampling	
  was	
  used.	
  	
  

Furthermore,	
   Endres	
   et	
   al.	
   (2014)	
   had	
   a	
   prevalence	
   of	
   6%	
   of	
   severely	
   lame	
   cows	
   in	
   their	
  

study.	
  A	
  proportion	
  of	
  30%	
  of	
  the	
  herd	
  was	
  needed	
  for	
  severely	
  lame	
  cows	
  to	
  be	
  considered	
  

accurate.	
   Compared	
  with	
   this,	
   the	
   prevalence	
   of	
   severely	
   lame	
   animals	
   in	
   this	
   thesis	
  was	
  

2.2%.	
  None	
  of	
  the	
  tested	
  sample	
  sizes	
  was	
  able	
  to	
  represent	
  the	
  true	
  prevalence	
  of	
  the	
  herd.	
  

It	
  can	
  be	
  concluded,	
  that	
  the	
  sample	
  size	
  needs	
  to	
  be	
  higher	
  than	
  50%,	
  which	
  was	
  the	
  largest	
  

proportion	
   of	
   animals	
   used	
   for	
   the	
   comparisons	
   (‘every	
   2nd	
   animal’)	
   in	
   order	
   to	
   consider	
  

those	
  animals	
  accurately.	
  	
  

Otherwise	
  the	
  measure	
  ‘hock	
  alterations	
  total’	
  with	
  a	
  true	
  prevalence	
  of	
  38.9%,	
  which	
  there-­‐

fore	
  can	
  be	
  seen	
  as	
  a	
  high	
  prevalence	
  measure,	
  did	
  not	
  meet	
   the	
  three	
  criteria	
  within	
   the	
  

two	
   single	
   random	
   sampling	
   strategies	
   nor	
   within	
   the	
   sampling	
   strategy	
   ‘milking	
   order’.	
  

There	
  was	
  also	
  only	
  sample	
  size	
  (‘every	
  8th	
  animal’)	
   in	
  the	
  sampling	
  strategy	
  ‘feed	
  bunk	
  or-­‐

der’,	
  where	
   the	
  measure	
  was	
   considered	
   accurate.	
   Thus	
   a	
   solely	
   correlation	
   between	
   the	
  

prevalence	
   of	
   this	
  measure	
   and	
   the	
   sample	
   size	
   cannot	
   be	
   confirmed.	
   This	
   also	
   becomes	
  

more	
  obvious	
  with	
  looking	
  at	
  the	
  boot	
  strapping.	
  In	
  this	
  approach,	
  the	
  measure	
  ‘hock	
  altera-­‐

tions	
   total’	
   showed	
   a	
   good	
   consistency	
   over	
   the	
   ten	
   iterations	
   for	
   the	
   two	
   proportionally	
  

large	
  sample	
  sizes.	
  In	
  comparison	
  with	
  other	
  measures,	
  also	
  the	
  four	
  matches	
  out	
  of	
  the	
  ten	
  

iterations	
  within	
  the	
  smallest	
  sample	
  size	
  ‘d10/finite’	
  are	
  around	
  the	
  average	
  and	
  therefore	
  

comparable.	
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6 Conclusions	
  
The	
  results	
  of	
  this	
  thesis	
  as	
  presented	
  and	
  discussed	
  above	
  lead	
  to	
  the	
  following	
  conclusions:	
  

There	
  is	
  a	
  high	
  impact	
  of	
  sample	
  size	
  on	
  the	
  accuracy	
  of	
  the	
  estimated	
  prevalence	
  of	
  differ-­‐

ent	
  clinical	
  measures	
  of	
  welfare	
  in	
  dairy	
  cattle.	
  In	
  general,	
  smaller	
  sample	
  sizes	
  are	
  associat-­‐

ed	
  with	
  a	
  lower	
  accuracy.	
  Therefore	
  the	
  level	
  of	
  the	
  expected	
  prevalence	
  needs	
  to	
  be	
  taken	
  

into	
   account	
   in	
   the	
   decision	
   on	
   the	
   appropriate	
   sample	
   size.	
   Most	
   very	
   low	
   prevalence	
  

measures	
  (i.e.	
  in	
  this	
  study	
  below	
  6%)	
  require	
  scoring	
  of	
  more	
  than	
  50%	
  of	
  the	
  animals.	
  	
  

Within	
   the	
  sample	
  sizes	
  suggested	
  by	
   the	
  Welfare	
  Quality®	
  Assessment	
  Protocol	
   for	
  Cattle	
  

(Welfare	
  Quality,	
  2009),	
  the	
  highest	
  sample	
  size	
  of	
  96	
  animals	
  (as	
  for	
  an	
  infinite	
  population,	
  

on	
  average	
  53%	
  of	
  the	
  animals)	
  showed	
  the	
  best	
  agreement	
  between	
  the	
  estimated	
  and	
  the	
  

true	
   prevalence	
   for	
   the	
  majority	
   of	
   the	
  measures.	
   The	
   two	
  Welfare	
  Quality®	
   sample	
   sizes	
  

which	
  are	
  calculated	
  based	
  on	
   the	
  herd	
  size	
  performed	
   less	
  well	
  and	
   the	
  differences	
  were	
  

not	
  pronounced.	
  	
  

Correct	
  classification	
  of	
  farms	
  (in	
  terms	
  of	
  exceeding	
  a	
  given	
  threshold)	
  was	
  less	
  dependent	
  

on	
  sample	
  size.	
  There	
  was	
  no	
  clear	
  pattern	
  of	
  a	
  decreasing	
  level	
  of	
  correct	
  classification	
  with	
  

a	
  smaller	
  sample	
  size.	
  The	
  risk	
  of	
  misclassification,	
  however,	
  increased	
  when	
  the	
  true	
  preva-­‐

lence	
  was	
  close	
  to	
  the	
  respective	
  threshold.	
  

In	
  order	
  to	
  obtain	
  reliable	
  prevalence	
  estimates,	
  the	
  last	
  third	
  from	
  the	
  milking	
  order	
  is	
  rec-­‐

ommended	
  as	
  the	
  most	
  appropriate	
  sampling	
  strategy.	
  Since	
  scoring	
  of	
  a	
  wide	
  range	
  of	
  clini-­‐

cal	
  measures	
  as	
  in	
  this	
  study	
  is	
  not	
  feasible	
  in	
  the	
  milking	
  parlor	
  or	
  when	
  the	
  animals	
  leave	
  

the	
  parlor	
  (time	
  needed	
  to	
  assess	
  the	
  animals	
  and	
  accessibility	
  of	
  the	
  animals),	
  one	
  way	
  to	
  

overcome	
  this	
  problem	
  is	
  to	
  the	
  last	
  third	
  of	
  the	
  milking	
  order	
  in	
  the	
  parlor	
  and	
  then	
  score	
  

the	
  cows	
  in	
  the	
  home	
  pen,	
  preferably	
  at	
  the	
  feed	
  bunk	
  while	
  they	
  are	
  head-­‐locked.	
  	
  

Also	
   the	
   sample	
   size	
   ‘every	
   2nd	
   animal’	
   within	
   the	
   sampling	
   strategy	
   ‘feed	
   bunk	
   order’	
  

showed	
  a	
  good	
  agreement	
  between	
  the	
  true	
  and	
  the	
  estimated	
  prevalence.	
  As	
  this	
  sample	
  

size	
  represents	
  50%	
  of	
  the	
  herd,	
  again	
  feasibility	
  aspects	
  (time	
  needed	
  for	
  the	
  assessment)	
  

should	
  be	
  kept	
  in	
  mind.	
  Therefore	
  the	
  smaller	
  sample	
  size	
  of	
  the	
  last	
  third	
  obtained	
  from	
  the	
  

milking	
  order	
  appears	
  to	
  be	
  preferable.	
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