
   Th e  MSD: W h at is it, w h y use  it.
In e cotoxicology th e  re sult of a statistical significance  te st te lls you 
w h e th e r or not a significant diffe re nce  b e tw e e n  th e  tre atm e nt and th e  
control can be  obse rve d. Th e  fact th at you cannot se e  a diffe re nce , doe s not 
prove  th at th e re  is no diffe re nce . It only indicate s a lack  of pow e r to 
obse rve  a diffe re nce . Th e  Minim al Significant Diffe re nce  (MSD) is th e  
sm alle st diffe re nce  b e tw e e n  tre atm e nt and control th at, if obse rve d, w ould 
h ave  be e n  conside re d significant. If th e  MSD is sm all, th e  abse nce  of a 
significant diffe re nce  indicate s th at th e  tre atm e nt e ffe ct, if any, is sm all. 
If, h ow e ve r, th e  MSD is large  and you are  not able  to se e  a diffe re nce , th e  
tre atm e nt e ffe ct m igh t still be  quite  large .
For statistical te sts base d on th e  norm al distribution (Stude nt-t, 
Dunnett's, ...) th e  MSD can be  calculate d routine ly in  m any softw are  
pack age s. For non-param etric te sts, a m eth od is pre se nte d in  van de r 
H oe ve n (2008). Th is m eth od w ill be  illustrate d and e xplaine d w ith  an 
e xam ple .

   Sh ifting th e  m e dian

   NOEC te sting w ith  pair-w ise  com parison

   Calculating th e  MSD
To calculate  th e  MSD at th e  NOEC, dete rm ine  th e  m e dian of th e  control 
obse rvations, X1, ..., Xn , and of th e  obse rvations at th e  NOEC, Y1, ...., Ym . 
Let th e  control m e dian be  X and th e  m e dian at th e  NOEC be  Y. For th e  
calculation, it is assum e d th at th e  e ffe ct of th e  ch e m ical, if any, is a line ar 
dow nw ard sh ift in  th e  distribution of th e  obse rve d variable  (e .g. e gg 
production). In van de r H oe ve n (2008) th e  m eth od for an upw ard sh ift and 
for a proportional sh ift in  th e  obse rve d variable  is also give n. 
Calculate  for e ach  com bination of Xi and Yj
                    Z ij = (Xi –  X) –  (Yj –  Y)
Orde r all obse rvations Z ij from  sm alle st to large st and dete rm ine  th e  rank  
num be r of Z ij, R(Z ij). Th e  orde re d Z -value s are  indicate d as Z [0]≤ Z [1]≤  
… .≤ Z [n×m -1].

For sm all sam ple s siz e s: 
Look  in  a table  for th e  α critical value s of th e  one -side d W ilcoxon te st at m  
and n  obse rvations. Th e  large st tabulate  rank  sum  w ith  a p-value  le ss 
th an α is th e  critical value  W m ,n . 
Calculate  Q = W m ,n  –  m (m + 1)/2
Note  1:  Th e  usual W ilcoxon table s assum e  th at n  ≥  m . If n<m , look  up th e  
critical value  W n,m  and calculate  Q = W n,m  –  n (n + 1)/2.
Note  2: If th e  Mann-W h itne y-U statistic U  is tabulate d inste ad of th e  
W ilcoxon's statistic W , Q=U .

Th e  MSD is now  sligh tly le ss th an Z [Q], th at is b e tw e e n  Z [Q-1] and Z [Q].

For large  sam ple  siz e s:
Use  th e  norm al approxim ation. Dete rm ine  th e  α critical value  for th e  
standard norm al distribution, z=zα.

Calculate   

and tak e  Q as th e  large st inte ge r b e low  Q*.
Th e  MSD is now  Z [Q]. 

   Th e  W ilcoxon's te st

   Som e  ge ne ral re m ark s
Th e  MSD is a m e asure  for th e  ab ility to distinguish  a tre atm e nt group from  th e  control group. As such , 
it is re quire d in  m any e cotoxicological te st guide line s. For norm al-distribution base d te sts, standard 
m eth ods are  available  to calculate  th e  MSD. For non-param etric te sts, such  a m eth od w as until re ce ntly 
m issing. In th e  above , it is illustrate d h ow  to calculate  th e  MSD for th e  non-param etric W ilcoxon's te st 
(for a m ore  detaile d ve rsion, se e  van de r H oe ve n, 2008). 
Th is m eth od could be  incorporate d in  standard e cotoxicological softw are  pack age s. On th e  e costat 
w e bsite , a sim ple  R -program  is m ade   available  to calculate  th e  MSD for th e  one -side d W ilcoxon rank  
sum  te st (w w w .e costat.nl).
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Th e  num be r of e ggs produce d in  a control (T0) and 
five  incre asing conce ntrations (T1, .. , T5) w ill be  
use d as e xam ple . Th e  No Obse rve d Effe ct 
Conce ntration (NOEC) w ill be  calculate d using 
se que ntial pair-w ise  com parison betw e e n  a 
conce ntration and th e  control using th e  non-
param etric W ilcoxon's te st. Se que ntial te sting 
im plie s th at th e  conce ntrations are  te ste d starting 
w ith  th e  h igh e st conce ntration. Th e  e ffe ct of a 
conce ntration is conside re d significant at le ve l α if 
th e  p-value  for th e  pair-w ise  com parison te st at th at 
conce ntration and at all h igh e r conce ntrations is le ss 
th an  α.

Th e  data use d as e xam ple  w e re  sim ulate d w ith  
e xpe cte d num be r of e ggs pe r tre atm e nt le ve l: 100.0 
(T0),  9 7.3 (T1), 9 0.0 (T2), 69 .2 (T3), 36.0 (T4) and 
12.3 (T5).

Th e  W ilcoxon's te st e nable s us to te st w h e th e r th e  tw o 
sam ple s m igh t be  draw ings from  th e  sam e  
distribution, th e  alte rnative  h ypoth e sis b e ing th at th e  
distribution of th e  se cond sam ple  is sh ifte d com pare d 
to th e  first one . Th e  te st assum e s th at th e  obse rvation 
in  th e  tw o sam ple s is th e  only th ing k now n about th at 
distribution. If both  sam ple s h ave  th e  sam e  
distribution, th e  rank -orde r of th e  data w ould be  
com plete ly at random .
If th e  distribution of th e  se cond sam ple  is sh ifte d 
com pare d to th e  first one , th e  m e dian of th e  se cond 
sam ple  is sh ifte d. Th e  diffe re nce  b e tw e e n  th e  m e dians 
can be  use d as an indication of th e  diffe re nce  b e tw e e n  
th e  sam ple s. In th e  data se t, th e  m e dian is 89 , 9 9 , 83,
76, 36 and 12 for T0, T1, T2, T3, T4 and 
T5, re spe ctive ly. 
Th e  NOEC* for th e  data se t is 
tre atm e nt T3 w ith  a m e dian of 13 e ggs 
le ss th an th e  m e dian of th e  control (T0).
* at a = 0.05, one -side d te st

Th e  com plete  obse rve d data set in  th e  tre atm e nt 
can be  sh ifte d. By te sting th e  significance  of th e  
diffe re nce  b e tw e e n  th e  sh ifte d tre atm e nt data and 
th e  control data, th e  significance  can be  te ste d of a 
diffe re nce  sm alle r or large r th an th e  obse rve d one . 
Th e  m e asure  for th e  diffe re nce  b e tw e e n  th e  
obse rve d control data and th e  (sh ifte d) tre atm e nt 
data is th e  diffe re nce  b e tw e e n  th e  m e dians of 
th e se  data se ts. Th e  MSD is th e  sm alle st 
diffe re nce  le ading to p-value  sm alle r th an th e  
significance  le ve l (com m only set at 0.05).
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