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Objec5ves	
  

1.  Understand	
  the	
  difference	
  between	
  
univariate	
  and	
  mul5variate	
  clinical	
  
interpreta5on.	
  

2.  Learn	
  the	
  key	
  principles	
  of	
  mul5variate	
  base	
  
rates.	
  

3.  Appreciate	
  how	
  using	
  mul5variate	
  base	
  rates	
  
can	
  reduce	
  chances	
  of	
  misinterpre5ng	
  
isolated	
  low	
  scores.	
  	
  



•  Neuropsychology	
  is	
  well	
  posi5oned	
  to	
  provide	
  
valuable	
  informa5on	
  to	
  the	
  forensic	
  process	
  
about	
  whether	
  a	
  child’s	
  cogni5ve	
  abili5es	
  
have	
  been	
  nega5vely	
  affected	
  by	
  a	
  disease	
  or	
  
injury,	
  the	
  extent	
  of	
  the	
  change	
  in	
  cogni5ve	
  
func5oning,	
  and	
  the	
  impact	
  of	
  cogni5ve	
  
problems	
  on	
  day-­‐to-­‐day	
  func5oning.	
  



•  No	
  other	
  specialty	
  has	
  developed,	
  normed,	
  
and	
  validated	
  measures	
  of	
  cogni5ve	
  abili5es	
  
in	
  the	
  same	
  manner	
  as	
  neuropsychology.	
  

•  The	
  diligence	
  of	
  our	
  field	
  leads	
  to	
  lengthy	
  
assessments	
  covering	
  mul5ple	
  cogni5ve	
  
domains	
  and	
  genera5ng	
  numerous	
  scores	
  	
  



Figure	
  4.1;	
  Brooks	
  &	
  Iverson,	
  2012	
  



•  Clinical	
  neuropsychological	
  assessments	
  are	
  
es5mated	
  between	
  4.4-­‐6.5	
  hours	
  (Sweet	
  et	
  
al.,	
  2002)	
  

•  The	
  average	
  forensic	
  neuropsychological	
  
assessment	
  is	
  es5mated	
  at	
  9.5	
  hours	
  (Sweet	
  
et	
  al.,	
  2002)	
  

•  These	
  assessments	
  result	
  in	
  a	
  large	
  amount	
  of	
  
data	
  being	
  gathered	
  and	
  analyzed	
  



“Seeing	
  the	
  forest	
  for	
  the	
  trees”	
  
	
  
To	
  discern	
  an	
  overall	
  paKern	
  from	
  a	
  mass	
  of	
  
detail;	
  to	
  see	
  the	
  big	
  picture,	
  or	
  the	
  broader,	
  
more	
  general	
  situa5on	
  
hKp://en.wik5onary.org/wiki/	
  









Univariate	
  vs.	
  mul5variate	
  

•  Univariate	
  analyses:	
  considera5on	
  of	
  single	
  
test	
  scores	
  in	
  isola5on	
  

•  Bell	
  curve	
  generally	
  applies	
  



Univariate	
  vs.	
  mul5variate	
  

•  Assuming	
  a	
  normal	
  distribu5on,	
  what	
  percent	
  
of	
  the	
  popula5on	
  obtains	
  a	
  score	
  at	
  or	
  below	
  
the	
  5th	
  percen5le?	
  	
  

	
  

Image from http://marketingchristianbooks.wordpress.com/2012/11/15/the-bell-curve-and-books/ 

5% 



Univariate	
  vs.	
  mul5variate	
  

•  What	
  about….? 	
  
–  If	
  two	
  scores	
  are	
  interpreted?	
  
–  If	
  five	
  scores	
  are	
  interpreted?	
  
–  If	
  50	
  scores	
  are	
  interpreted?	
  	
  
–  If	
  the	
  person	
  has	
  low	
  IQ?	
  
–  If	
  the	
  person	
  has	
  high	
  IQ?	
  

Is	
  it	
  s2ll	
  5%	
  having	
  a	
  score	
  ≤5th	
  percen2le? 



Univariate	
  vs.	
  mul5variate	
  

•  Mul5variate	
  analyses:	
  considera5on	
  of	
  
mul5ple	
  test	
  scores	
  simultaneously	
  

•  Reliance	
  on	
  the	
  bell	
  curve	
  will	
  lead	
  us	
  astray…	
  



Mul5variate	
  base	
  rates	
  

•  What	
  is	
  the	
  history	
  of	
  mul5variate	
  base	
  rates?	
  
– Earliest	
  work	
  using	
  the	
  Halstead-­‐Reitan	
  NB	
  

•  Reitan	
  &	
  Wolfson,	
  1985,	
  1993;	
  Heaton	
  et	
  al.,	
  1991	
  

– Majority	
  has	
  been	
  done	
  with	
  adult	
  tests	
  



Five	
  principles	
  to	
  understand	
  when	
  
interpre5ng	
  mul5ple	
  scores	
  



Principles	
  to	
  understand	
  when	
  
interpre5ng	
  mul5ple	
  scores	
  

1.  Test-­‐score	
  variability	
  (scaKer)	
  is	
  common	
  
2.  Having	
  some	
  low	
  scores	
  is	
  common	
  
3.  The	
  number	
  of	
  low	
  scores	
  is	
  related	
  to	
  the	
  

cutoff	
  score	
  used	
  
4.  The	
  number	
  of	
  low	
  scores	
  is	
  related	
  to	
  the	
  

number	
  of	
  tests	
  administered	
  
5.  The	
  number	
  of	
  low	
  scores	
  varies	
  by	
  examinee	
  

characteris5cs	
  



Principle	
  1	
  	
  
Variability	
  (or	
  scaKer)	
  is	
  common	
  



Variability	
  (or	
  scaKer)	
  is	
  common	
  

Figure	
  4.2;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1,	
  2,	
  3,	
  or	
  4SD	
  spread	
  between	
  highest	
  and	
  lowest	
  subtest	
  scores	
  on	
  WPPSI-­‐III	
  or	
  WISC-­‐IV	
  



Principle	
  2	
  	
  
Low	
  scores	
  are	
  common	
  



Low	
  scores	
  are	
  common	
  across	
  
various	
  baKeries	
  

Figure	
  4.3;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  scores	
  at	
  or	
  below	
  5th	
  percen5le	
  on	
  different	
  pediatric	
  baKeries	
  



Principle	
  3	
  	
  
Number	
  of	
  low	
  scores	
  depends	
  on	
  cutoff	
  



Number	
  of	
  low	
  scores	
  depends	
  on	
  
the	
  cutoff	
  score	
  	
  

Figure	
  4.4;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  low	
  scores	
  across	
  different	
  cutoff	
  scores	
  on	
  three	
  pediatric	
  memory	
  baKeries	
  



Principle	
  4	
  	
  
Number	
  of	
  low	
  scores	
  depends	
  on	
  the	
  

number	
  of	
  tests	
  



Number	
  of	
  low	
  scores	
  depends	
  on	
  
the	
  number	
  of	
  tests	
  

Figure	
  4.5;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  scores	
  at	
  or	
  below	
  5th	
  percen5le	
  



Principle	
  5	
  	
  
Number	
  of	
  low	
  scores	
  varies	
  by	
  examinee	
  

characteris5cs	
  



Number	
  of	
  low	
  scores	
  varies	
  by	
  
intellectual	
  level	
  

Figure	
  4.6;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  WISC-­‐IV	
  subtest	
  scores	
  at	
  or	
  below	
  5th	
  percen5le	
  by	
  FSIQ	
  categories	
  



Number	
  of	
  low	
  scores	
  varies	
  by	
  
intellectual	
  level	
  

Figure	
  4.7;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  Children’s	
  Memory	
  Scale	
  index	
  scores	
  at	
  or	
  below	
  5th	
  percen5le	
  by	
  WISC-­‐IV	
  FSIQ	
  



Number	
  of	
  low	
  scores	
  varies	
  by	
  
parental	
  educa5on	
  

Figure	
  4.8;	
  Brooks	
  &	
  Iverson,	
  2012	
  

Percent	
  with	
  1	
  or	
  more	
  scores	
  at	
  or	
  below	
  5th	
  percen5le	
  by	
  parent	
  educa5on	
  



What	
  is	
  a	
  clinician	
  to	
  do?	
  

Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Knowing	
  the	
  prevalence	
  of	
  low	
  scores	
  can	
  
help	
  to	
  minimize	
  the	
  chance	
  of	
  
misinterpreta5on	
  of	
  isolated	
  low	
  scores	
  
– Misdiagnosis	
  and	
  Missed	
  diagnosis	
  

•  Mul5variate	
  analyses	
  help	
  determine	
  if	
  a	
  
certain	
  number	
  of	
  low	
  scores	
  is	
  uncommon	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Published	
  tables	
  with	
  mul5variate	
  analyses	
  
are	
  available	
  for	
  some	
  pediatric	
  
neuropsychological	
  tests	
  

– WISC-­‐IV	
  (Brooks,	
  2010;	
  Brooks,	
  2011;	
  Crawford	
  et	
  
al.,	
  2007)	
  

– Children’s	
  Memory	
  Scale	
  (Brooks	
  et	
  al.,	
  2009)	
  
– NEPSY-­‐II	
  (Brooks	
  et	
  al.,	
  2010)	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

Brooks,	
  2010	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Can	
  compute	
  mul5variate	
  base	
  rates	
  for	
  any	
  
group	
  of	
  scores	
  using	
  a	
  Monte	
  Carlo	
  program	
  
if	
  intercorrela6ons	
  are	
  known	
  	
  

•  Program	
  publically	
  available	
  by	
  Dr.	
  John	
  
Crawford	
  at	
  hKp://www.abdn.ac.uk/~psy086/
dept/PercentAbnormKtests.htm	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Case	
  Example	
  #1:	
  
– 14-­‐year-­‐old	
  previously	
  healthy	
  boy	
  who	
  sustained	
  
a	
  concussion	
  two	
  years	
  before	
  assessment	
  (slip	
  
and	
  fall)	
  

– Although	
  family	
  report	
  vague,	
  appears	
  to	
  be	
  
func5oning	
  similar	
  to	
  before	
  the	
  injury;	
  similar	
  
academic	
  performance	
  

–  Intellectual	
  abili5es	
  es5mated	
  to	
  be	
  within	
  the	
  
average	
  range	
  

– Administered	
  the	
  CMS	
  as	
  part	
  of	
  assessment	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Case	
  #1	
  summary	
  using	
  mul5variate:	
  
– Obtained	
  1	
  index	
  score	
  at	
  14th	
  percen5le	
  on	
  CMS	
  
– According	
  to	
  Brooks	
  et	
  al.	
  (2009),	
  having	
  1+	
  index	
  
scores	
  ≤16th	
  percen5le	
  is	
  found	
  in	
  37%	
  of	
  healthy	
  
children	
  and	
  adolescents	
  

– Considering	
  only	
  those	
  with	
  average	
  intelligence,	
  
1+	
  index	
  scores	
  ≤16th	
  percen5le	
  is	
  found	
  in	
  36%	
  of	
  
healthy	
  children	
  and	
  adolescents	
  

– Number	
  of	
  low	
  index	
  scores	
  on	
  the	
  CMS	
  would	
  be	
  
considered	
  ‘common’	
  



Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Case	
  Example	
  #2:	
  
– 11-­‐year-­‐old	
  previously	
  healthy	
  girl	
  who	
  sustained	
  
a	
  severe	
  TBI	
  in	
  a	
  high-­‐speed	
  MVC	
  

– Lowest	
  GCS	
  4/15,	
  PTA	
  and	
  fluctua5ng	
  orienta5on	
  
for	
  10	
  days,	
  brain	
  MR	
  scan	
  with	
  diffuse	
  and	
  focal	
  
findings,	
  numerous	
  extra-­‐cranial	
  injuries	
  

– Assessment	
  1.5	
  years	
  aver	
  injury	
  
– Pa5ent	
  was	
  administered	
  17	
  subtests	
  from	
  the	
  
NEPSY-­‐II	
  as	
  part	
  of	
  her	
  assessment	
  





Using	
  mul5variate	
  analyses	
  in	
  
pediatric	
  forensic	
  evalua5ons	
  

•  Case	
  #2	
  summary	
  using	
  mul5variate:	
  
– Several	
  low	
  scores	
  found	
  on	
  the	
  NEPSY-­‐II	
  

•  12	
  scores	
  ≤25th	
  percen5le	
  
•  8	
  scores	
  ≤10th	
  percen5le	
  
•  4	
  scores	
  ≤5th	
  percen5le	
  
•  2	
  scores	
  ≤2nd	
  percen5le	
  

– Brooks	
  et	
  al.	
  (2010),	
  this	
  many	
  low	
  scores	
  found	
  in	
  
0.9-­‐5.2%	
  of	
  healthy	
  children	
  and	
  adolescents	
  
(range	
  depends	
  on	
  cutoff	
  selected)	
  

– Number	
  of	
  low	
  scores	
  on	
  NEPSY-­‐II	
  is	
  ‘uncommon’	
  



Conclusions	
  

•  Interpreta5on	
  of	
  mul6ple	
  test	
  scores	
  is	
  
different	
  than	
  interpreta5on	
  of	
  an	
  isolated	
  
single	
  test	
  score	
  

•  Clinicians	
  need	
  to	
  appreciate	
  the	
  five	
  
principles	
  of	
  mul5variate	
  test	
  interpreta5on	
  

•  Mul5variate	
  interpreta5on	
  increases	
  
empirically-­‐based	
  conclusions	
  on	
  
neuropsychological	
  data	
  	
  



Caveats	
  

•  Mul5variate	
  analyses	
  supplement,	
  but	
  do	
  not	
  
replace,	
  clinical	
  judgment	
  

•  Presence	
  of	
  more	
  low	
  scores	
  than	
  expected	
  is	
  
not	
  diagnos5c	
  

•  Having	
  a	
  low	
  score	
  may	
  not	
  be	
  ‘uncommon’,	
  
but	
  could	
  s5ll	
  impact	
  func5oning	
  and	
  merit	
  
accommoda5on	
  	
  

•  Only	
  possible	
  with	
  co-­‐normed	
  tests	
  
•  Cannot	
  subs5tute	
  tests	
  and	
  use	
  exis5ng	
  tables	
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