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ABSTRACT 

By incorpora t ing  r e s t r i c t i o n  e r ro rs  i n t o  experimental design 

models, the  developmental s c i e n t i s t  i s  fo rced t o  consider what 

r e s t r i c t i o n s  on randomization have been placed on h i s  experiment 

whether they are  inadvertent o r  planned. With the  experimental 

destgn i n  mind along w i t h  the  r e s t r i c t i o n  e r ro rs  the  s c i e n t i s t  

should be able t o  eventua l l y  es tab l i sh  a very reasonable design 

model and ana lys is  f o r  t h a t  experiment. 
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37 2 ANDERSON, ANDERSON, AND PECK 

One o f  t he  more fundamental t o o l s  o f  pharmaceutical research 

and development, p a r t i c u l a r l y  i n  the  design o f  dosage forms, i s  

t h a t  o f  the  accelerated s t a b i l i t y  t e s t  (1 ) .  

t e s t i n g  done e a r l y  i n  the  development scheme i s  designed t o  screen 

the fo rmula t ion  f o r  t he  e f f e c t s  caused by changing var iab les .  

Variables are  anything associated w i t h  the  formula o r  the  manu- 

f a c t u r i n g  o f  the formula. Many developmental s c i e n t i s t s  would 

change on ly  one va r iab le  a t  a t ime. 

occasional ly,  i t  i s  t i m e  consuming and cou ld  a c t u a l l y  miss the  

most important e f f e c t s  ( i n t e r a c t i o n s ) .  An i n v e s t i g a t i o n  using 

m u l t i p l e  va r iab le  changes must be done w i t h i n  the  framework o f  

a p roper ly  designed experiment. 

design the  many i n t e r r e l a t i o n s h i p s  between fac to rs  ( va r iab les )  can 

never be success fu l l y  analyzed. Only w i t h i n  the  framework o f  an 

appropr iate experimental design can the proper re la t i onsh ips  and 

in te rac t i ons  between the  fac to rs  be ex t rac ted  from the  experimental 

data . 

In general, accelerated 

While t h i s  may be sound advice 

Without t he  b e n e f i t  o f  a proper 

What i s  needed from an experiment i s  f i r s t  expressed as a 

s t a t i s t i c a l  experimental design. The experiments a re  then ca r r i ed  

out according t o  the  design. 

according t o  the  s t a t i s t i c a l  design. An important step i n  the  

experimental design, p a r t i c u l a r l y  i n  more complex experiments, i s  

t o  f o l l o w  through w i t h  the  design model and cons t ruc t  t he  the- 

o r e t i c a l  expected mean squares (EMS) t a b l e  and es tab l i sh  the  

s t a t i s t i c a l  t e s t s  t h a t  can be performed from t h e  design ( 2 ) .  

Designing an experiment and then performing the  work w i thout  

The data i s  gathered and analyzed 
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USE OF RESTRICTION ERRORS 373 

f i r s t  t e s t i n g  the theo re t i ca l  design can lead t o  s i t u a t i o n s  where 

i t  i s  impossible t o  s t a t i s t i c a l l y  t e s t  f o r  the fac to rs  o f  i n t e r e s t ( 3 ) .  

For example, i f  a pharmaceutical s c i e n t i s t  wanted t o  f i n d  ou t  how 

the compression pressure used t o  manufacture t a b l e t s  a f fec ted  the 

t a b l e t ' s  d i s s o l u t i o n  time, the fo l l ow ing  experimental design could 

be s e t  up t o  run. 

FACTORS AND LEVELS 

Tablet  formulat ions (T) A, B, C, D 

Compression Pressures (P) 

Weeks o f  Storage ( W )  

1, 2 ,  3 

0, 2, 4, 12 

EXPERIMENTAL DESIGN 

The 12 d i f f e r e n t  t a b l e t  formulat ions - compression pressure 

combinations would be randomized and a batch o f  each made and 

placed on s t a b i l i t y .  Enough t a b l e t s  would be drawn a t  random from 

each batch t c  

c e l l .  

The resu 

g i ven be 1 ow: 

ob ta in  three d i s s o l u t i o n  measurements per design 

DATA ANALYSIS FROM THE PROPOSED DESIGN 

t i n g  model f o r  the d i s s o l u t i o n  t e s t  experiment i s  

= p + Ti + P.  + TPij +6(ij) + Wk + TWik 
'i j k l  J 

' PWjk + TPWi j k  + ( i  j k ) l  

where: i = 1,2,3,4 j = 2,3,3 k = 1,2,3,4 1 = 1,2,3 

t h  
' i j k l  = d i s s o l u t i o n  measure o f  the  lth t a b l e t ,  a f t e r  the  k 
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374 ANI)ERSON, ANDERSON, AND PECK 

TWik = 

PWjk = 

TPWijk = 

week o f  storage, manufactured a t  the  jt" pressure 

l e v e l  o f  the  ith t a b l e t  formulat ion.  

ef fect  o f  the  ith t a b l e t  formulat ion ( f i x e d ) .  

e f fec t  o f  the jth compression pressure ( f i x e d ) .  

e f f e c t  o f  t he  i n t e r a c t i o n  of the  jth compression and 

the  ith t a b l e t  formulat ion.  

e f f e c t  o f  k weeks o f  storage ( f i x e d ) .  

e r r o r  terms f o r  batch-to-batch v a r i a t i o n  per l e v e l .  

I n  t h i s  case on ly  1 batch per l e v e l .  

e f f e c t  o f  t he  i n t e r a c t i o n  of the  kth week o f  storage 

and the  ith t a b l e t  formulat ion.  

e f f e c t  o f  t he  i n t e r a c t i o n  of t he  kth week o f  storage 

and the  jth pressure l e v e l  

e f f e c t  o f  the  i n t e r a c t i o n  o f  the  kth week o f  storage, 

the  jth pressure l eve l  and the  ith t a b l e t  formulat ion.  

( i j k ) l  = random e r r o r  caused by the  lth run of the  kth week E 

o f  storage, o f  the jth pressure l e v e l  o f  t he  i t h  

tab1 e t  formulat ion.  

The corresponding Analysis o f  Variance (ANOVA) i s  shown i n  

Table I .  

It i s  obvious t h a t  t h i s  design has no t e s t s  t h a t  can be run  f o r  

T, P, and the  i n t e r a c t i o n  TxP. 

t o  ob ta in  meaningful r e s u l t s  f o r  t h e  ana lys is  o f  the  data. 

ANOVA had no t  been generated before the  work was done, a l o t  o f  data 

would have been generated worthlessly.  

The design must be changed i n  order 

I f  the  
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USE OF RESTRICTION ERRORS 3 75 

Source 

rabl e t  Formulati  on (T) 

:ompress i on Pressure (P) 

TP 

TABLE I 

ANOVA Using Equation ( 1 )  

d f  

3 

- 

2 

6 

0 U&2 + 1208 2 

i torage Time (W) 

TW 

PW 

TPW 

l i t h i n  (TPW) 

The major problem w i t h  the proposed experimental design was 

t h a t  the  design d i d  no t  contain any considerat ion f o r  the r e s t r i c t i o n  

o f  randomization t h a t  was imposed by the experimental design. The 

method o f  design development d i d n ' t  even ask the  s c i e n t i s t  t o  con- 

s ider  such things. 

To help avoid the  e r ro rs  developed above, t he  i n t roduc t i on  o f  

random r e s t r i c t i o n  e r ro rs  i n t o  the  design model should be made. A 

r e s t r i c t i o n  e r r o r  component should be placed i n t o  the design model 
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376 ANDERSON, ANDERSON, AND PECK 

corresponding to every restriction on randomization introduced into 

the design. This will force each design model to be different but 

will allow experimenters to delete those terms for a specific ex- 

periment if they believe the effects to be zero. The restriction 

error cannot be estimated from the data but it is placed in the 

model, with appropriate indexing, and is allowed to appear in the 

corresponding analysis o f  variance (ANOVA) as a source of variance. 

There are no degrees of freedom (df) and no sum o f  squares (SS)  for 

the restriction error. However, since the restriction error appears 

in the theoretical linear model, the variance component for it does 

appear in the expected mean squares (EMS).  This variance component 

i n  the EM5 forces the experimenter to recognize it and t o  account 

for it in the F-tests. 

ror is that if forces the experimenter not only to recognize the 

restriction on randomization he has imposed on his design in an effort 

to save time and money, but also to see its effects on the overall 

results of the experiment (4,5). 

The real advantage of using restriction er- 

EXPERIMENT RE-DESIGN 

The new experimental design randomly manufactures one batch of 

each of the 12 formulation-pressure combinations as before, but only 

one measurement of dissolution is taken per cell. 

periment i s  then repeated using another batch fcr each of the 12 

formulation-pressure combinations. The new desicn model usirlg 

restri-titin wr,r components is shown belob.. 

The entire ex- 
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USE OF RESTRICTION ERRORS 

= II + R i  + 6 t T. + P k  + TPjk  t er ror (a)  'ijkl ( i )  J 

t y ( i j k )  + w1 t TWjl t PWkl t TPWjkl 

t error(b)  + E ( ~ ~ ~ ~ )  

where: i = 1,2 j = 1,2,3,4 k = 1,2,3 1 = 1,2,3,4 

Y i j k l  = dissolution measure a f t e r  the l t h  week of storage 

of the kth pressure level of the jth tablet  for- 

mulation in the ith replicate.  

= effect  of the i th  repl icate  (random). 

= f i r s t  res t r ic t ion e r ror  (random). 

= effect  of the jth tab le t  formulation (fixed).  

= effect  of the kth pressure level ( f ixed) .  

Ri  

6 ( i )  

T j  

'k 
TPjk = effect  of the interaction of the kth pressure 

level and the jth tab le t  formulation. 

e r ror (a )  = pooled (RTi jy  RPik and R T P i j k ) .  

y ( i  j k )  = second res t r ic t ion  error (random). 

= effect  of the l th week of storage (fixed).  

= effect  of the interaction of the l th  week of storage 
"1 

TWj, 
and the jth tab le t  formulation. 

377 

( 2 )  

PWkl = effect  of the interaction of the l th week of storage 

and the kth  pressure level.  

TPWjkl = effect  of the interaction o f  the l th  week o f  storage 

o f  the k pressure level and the jth tab le t  formulation. 

error(  b )  = pooled ( RWil , RTWi j l  , RPWi kl and RTPWi kl ) . 
'( i j kl ) = random error  within the lth week of storage of the 

t h  k 

in the ith replicate.  

pressure level o f  the jth tab le t  formulation 
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378 ANDERSON, ANDERSON, AND PECK 

There are  two r e s t r i c t i o n s  on randomization inherent  i n  the  

new design which are accounted fo r  i n  the  model. 

t i o n  ( 6 )  occurs w i t h  the  two r e p l i c a t i o n s  o f  the  experiment being 

performed stepwise. The second r e s t r i c t i o n  (y) occurs w i t h i n  the  

t a b l e t  making sequence. It i s  eas ie r  t o  make a l l  o f  t he  requ i red  

t a b l e t s  by vary ing  the  t a b l e t  formulat ions one compression pressure 

a t  a time. The pharmaceutical s c i e n t i s t  would n o t  expect t o  see 

any s i g n i f i c a n t  i n t e r a c t i o n  between the r e p l i c a t i o n s  and any o f  the  

other fac to rs .  

pooled (RTij, RPik and RTPijk) and e r r o r  b = pooled (RWil, RTWijl, 

RPWikl and RTPWijkl). The corresponding ANOVA i s  shown i n  Table 11. 

The f i r s t  r e s t r l c -  

Therefore those fac to rs  are pooled i n t o  e r r o r  a = 

I t  i s  obvious t h a t  t he  new t e s t  design i s  much be t te r .  The 

ANOVA shows t h a t  there are  11 d f  w i t h  which t o  t e s t  1, P, and TxP. 

The use o f  r e s t r i c t i o n  e r r o r  components i n  designing exper i -  

mental t e s t s  w i l l  f o r ce  t h e  s c i e n t i s t  t o  examine h i s  design f o r  

areas where randomization has been r e s t r i c t e d ,  n a t u r a l l y  o r  by design, 

and t o  thereby be ab le  t o  design a model f o r  the  ana lys is  desired. 

As a f u r t h e r  i l l u s t r a t i o n  o f  the use o f  this design method 

l e t  us suppose t h a t  a pharmaceutical s c i e n t i s t  wishes t o  study the  

absorpt ion o f  p reserva t ive  f rom a parentera l  s o l u t i o n  i n t o  rubber 

closures. 

S p e c i f i c a l l y  t he  s c i e n t i s t  i s  i n te res ted  i n  the  e f f e c t s  due 

t o  d i f f e r e n t  rubber polymers, d i f f e r e n t  f i l l e r  concentrat ions and 

storage t i  me. 
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USE OF RESTRICTION ERRORS 379 

TABLE I1 

ANOVA Using Equation ( 2 )  

EMS - d f  

1 

Source - 
Repl icat ions (R) 

F i r s t  R e s t r i c t i o n  Error  ( 6 )  0 

u2 + 4uy2 + 4ua2 + 48us2 + 48aR 2 

2 2 

+ 4u 2 + 4ua2 + 244(T)  
uE Y 

Tab le t  Formulation ( T )  3 

2 uE 2 + 40: + 40: + 32$(P compression Pressure (P )  

11 uc 2 +4uy 2 +4ua 2 Er ror  ( a )  

Second R e s t r i c t i o n  Er ror  

(Y) 
2 2 0 u + 4Uy 

E 

Storage Time (W) 3 ‘E “b + 244(W) 

TW 9 u€ + ub2 t 64(TW) 

PW 6 u€ t ub2 t 84(PW) 

TPW 18 uE t ub2 + 2$(TPW) 

E r r o r  ( b )  

Within (E) 

2 2  

2 

36 uE + ub 

0 
uE 
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380 ANDERSON, ANDERSON, AND PECK 

FACTORS AND LEVELS 

Rubber Polymer (R) 

Batches (B) 

F i l l e r  Concentrat ion (F) 

Mold Sheet ( S )  

Storage Time ( t )  

EXPERIMENTAL DESIGN 

The e i  ghteen polymer- ba t c  hes- f i 1 1 e r  combinations woul d be 

compounded and two sheets o f  rubber c losures molded from each com- 

b ina t ion .  Each sheet o f  c losures would be c u t  i n  h a l f  and one h a l f  

used f o r  c losures  a t  t = 0 and the o ther  h a l f  used t o  supply c l o -  

sures a t  t = n. 

The experiment can be i l l u s t r a t e d  as i n  Table 111. 

The do t ted  l i n e  i nd i ca tes  the mold sheets being d i v ided  i n t o  

two po r t i ons  f o r  t e s t i n g  a t  t he  two t imes. 

The model f o r  t h i s  design i s  shown below: 
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USE OF RESTRICTION ERRORS 

cu 

4 
S 

v) 
aJ 

L 
3 ln 
0 

L 

3 a: 

m 

n 

m 
c, 
S aJ 
E 
L 
W 
Q 
x 
w 
W 
L 
S 
v) 
0 

.C 

7 

.C 

L 
aJ 

3 
cf 

n n 
F 

/- 
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382 

where: i = 1 , 2  

'i jklm 

Ri 

B( i  ) j  

( i j )  
6 

Fk 

RFi k 

BF( i ) jk  = 

'( i j k ) l  = 

E 
( i  jkl m ) =  

The ANOVA 

ANDERSON, ANDERSON, AND PECK 

j = 1,2,3 k = 1,2,3 1 = 1 , 2  m = 1 , 2  

absorption measure a f t e r  the mth storage time of 

the l t h  mold sheet of the kth f i l l e r  level of the 

j th  batch of the i th rubber polymer. 

effect  of the i th  rubber polymer (f ixed) .  

effect  of the jth batch in the i th  rubber polymer (random).  

f i r s t  res t r ic t ion  error .  

effect  of the kth f i l l e r  level ( f ixed) .  

effect  of the interaction of the kth f i l l e r  level 

and the i th  rubber polymer. 

effect  of the interaction of the kth f i l l e r  level 

of the jth batch of the i rubber polymer. 

effect  of the l t h  mold sheet of the kth f i l l e r  

level of the jth batch of the i th  rubber polymer (random). 

second restr ic t ion error .  

e f fec t  of the inth time of s torate  ( f ixed) ,  

and so on for a l l  other 

random error within the 

symbol s . 

mth time of storage of 

the l th  mold sheet of the kth f i l l e r  level of the 

jth batch o f  the i th  rubber polymer. 

from equation 3 i s  shown in Table I!/. Tests can be 

made for the 3 main factors of rubber polymer ( K ) ,  f i l l e r  concentra- 

tion ( F )  and storage time ( t )  as well as the RF,  BF, R t ,  F t ,  R F t  a n d  

BFt  interactions.  
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TABLE I V  

AVOVA Us ing  Equation ( 3 )  

tm 

R t i m  

Bt(i ) j m  

Ftkm 

RFti km 

BFt( i ) j k m  

St ( i  j k ) l m  

(i j k l m )  E 

1 

1 

4 

2 

2 

8 

18 

0 
71 
- 
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