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Lecture Notes

Paired Comparison Design (Sewage Experiment)
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e Objective : To compare two methods MSI and SIB ~ ®response : M‘i@ﬁ.

for determining chlorine content in sewage effluents; % treatment factor :

y =residual chlorine reading.

method (gualitative)
2 levels -MS1,S1B

Table 1: Residual Chlorine Readings, Ta=Tj =« —=# block factor

Sewage Experiment (g; + T2) — (di+T:) sample (gualitative)
Method —g - l - 8 '¢V¢|$ - 1.24 °"48
Ser) v s18.i-Jmsz.; block size = 2
> | 0.39 0.36 fo.o; (W&M’“ ?‘ock od E"P’ tal unit =7 ILETs.
s 2 0.54 [e—% 1.35 051 Comparison) % Design matrix Dot
3 176] |26 0.80 ] - method sample 4 _\mebrix
successful blocking o
blocks 4 3.35 3.92 0.57 bt - block —L oo.'“
> 5 469| 535 0.66 variation : large ,g}‘ -
= 6 7.70 8.33 0.63 W':th(:n - b’OCk lofqg ?C-Tﬁ
®7 10.52 = ]10.70] 0.18 variation: Small 04a1l ta
> 3 10.92 je=bd MJ‘ —0.01 ;
e Experimental Design : Eight samples were % ,,L
?
collected at different doses and contact times. L, %
Two methods were applied to each of the eighef' Q,.“, i srm
samples. It is a paired comparison design a wapatred

because the pair of treatments are applied to the same samples (or units). »

@ Paired Comparison Design vs. Unpaired Design

. 4-2

one- sample problem : Z., -, Zq ild ~ N(u,6?), Ho: = Uo s & Known constant:

Paired Comparison Design : Two treatments are

L
M

. , For block efSects, we are
randomly assigned to each block of two units. not inkerested in their

Mo

btwn  Pairs of twins, eyes, kidneys, left and right feet. (either before or after
exp't) , the analysis of
treatment effects suffer.

Y=XBi+XaBat E ,.8*
e Unpaired Design : Each treatment is applied to af =>Xi8:+ HidaB2+(I-H)XaBat €

block (Subject-to-subject variation much larger than
variation_(‘r. J ) . .
within-subject variation)__ ~within-block variation

1?  Can eliminate block-to-block variation and is estimation or besb:ng, But,
effective if such variation is large. Examples: if we (gnore block ef¥ects

separate set of units, or called the two-sample btwn block variakion =~ 0
problem. Useful if pairing is unnecessary; also I => homogeneous EUs

it has more degrees of freedom for error estimation (see LNp. 4-4).

% Exptal units: water samples
unpaired & E0s rommgeneoss]
one facter U VST, 518) 5 < (Completely randonized]s ook
amole] | samo

red ample8 16 EUs: hd-rogeneous
8 -?[-— ,
2 H btwn samples,
e homogeneous
within samples

2:; layout od"—:
-way
a 2-level Soctor

4i4s iid ~N(u:.6*)
Yag’s iid~N(il2,6?)
Ho: di= M2

= Uz
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Paired 7 tests < conceptual model: Y~ Bo+sample + method + E --(%¢)

pammeﬁer—: t: parame
e Paired 7 test : Let y;1,yi» be thew (main- eﬂ-‘ecf:mo&_el o

of treatments 1 and 2 foruniti. i=1,....N_  no interackion btwn block
Let d; = yi» — yi1, d and s5 the sample me;l\ & trea:tmertb Factors, why ?)

and variance of d;. | [one-sample problem :l:fks m—q:_'i':l-.gl ﬂ?ﬁm
9,-5, di.-- . dn iid~N(u ,6) facdors
2= o | Hoiu=0  YeRed|| F-test for'method” (et
togived = —— —_— method N s (%) Seguential
paired Sdf\/]v l v o(a) 62/N ':[w B°+we+8 ANOVA
[ o artid)= both model why 2
@ = Sample” Ticcelmanabon ( )

The two treatments are declared significantly causedby “sample” is

removed & [ ‘_
* different at level o if (exercise, use )—l from d’/a

2
g‘! 'l,"'dytpéu ‘tpazred| >IN_1¢ _L (tpmmd F_ "Pnew‘g)" /1 (1)

&;=-S«.z

RSS d =
%-%; ﬂé‘(ém gu) “/ fﬂ

di-d=fa-fizafal | | N q-sirple sw N w=spm{¥}
wﬁ:w %’I“I’ IG Io' T3

i 31 1 u o
:‘FF interoept y & +3 4 s:r. P ya A Jirs

1234.sample

df for block factor: N-1 T 2 3 4 Sample =
residuals : 4~ sample + 11\ ...
dfz? 1-1-(N-1)=N-1 |LM.LNpB-13] g mgthd:-%%@i € E &2

‘ . one,way Iayouf conceplrual m.odel P-4
Unpaired 7 tests 2-sample P,,,/,/em) Y~ B,,+meﬁwd+s -(Q)

e Unpaired ¢ test : The unpaired ¢ test is appropriate if £ 1 parameter
mc;jz‘l"fl: we randomly choose N of the 2N units to receive one  F-test for method

Np. 2
s— treatment and assign the remaining N units to the second .ﬂ. (8)

. — = Bo+€’
U treatment. Let y; and S__i_ be the sample mean and sample I Pnew(g)nz /1

g, g, variance for the ith treatment, i = 1 and 2. Define (exercisd) . RSSn/fdsn, [s%
-9 - ” Cunpiced) = QOW =S 4
zadr;;}g:k?g) Lunpaired = (L—ﬂ)/\/(S%/N) + (S%/N)( ""Pa"d) mml-%p.:t;[ }
NN ta L=syn  [total o5 2N

The two treatments are declared significantl df Sor intercept:1
. . - Y | & $or trostment Sackor: 1
different at level o if ’tmpaire d’ > tbv—2.a/2 df for residuals: (2)
S

2N=-1-1=2N-2 —
e Note that the degrees of freedom in (1) and (2) are N — 1 and 2N — 2 ——&

respectively. Unpaired z-test has more df’s, but make sure that the Fan-2 0
unit-to-unit variation is under control (if this method is to be used). <f-:.;y;
o If block effects significant | If block effects insignificant
(large btwn block variation) | ( béwn block variation == 0)
model (%) is better model () is better (> 87, = 82,) >
> 52 s 32 Cunpaired has high power, and we can
(0) (%) get better (accurate) estimate of G under (4)
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