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Lecture Notes

Paired Comparison Design (Sewage Experiment)
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e Objective : To compare two methods MSI and SIB s response : M
% treatment factor :

for determining chlorine content in sewage effluents;

y =residual chlorine reading.

method (gaali{-al:ive)
2 levels -MS1,S1B

Table 1: Residual Chlorine Readings, Ta=-Tj=< > block factor
Sewage Experiment (g; +T2) —(ai+T)) sample (gualitative)
Method _g I - I - 8 ’¢V¢'$ - 1020 "'08
Samol !_ i‘-B"'-g.”_sE"' block size = 2
0.30 =3k 036 fo.o; (within §'°°k % Exp'tal unit =7 16EUs.
084 le—% 135 051 Comparison) % Design matrix Dain
1.76 2.56 0.80 —C. - method 3"‘* 4._ matrix
3.35 3.92 0.57 SUCC355&| b‘xk'nq M% 3 a”‘ J
: : : — 1 |oa
-bl
ol - fsss | o) Pvaoiont e | | 358 3 el
F7 -3 : wcﬁu:n‘b,OCk H : ..
10.52 10.70] 0.18 variation: Small g‘g g :g: | sﬁl_'
10.92 0.91 ‘ —0.01 T
. : : Ligte " ¥eTe
o Experimental Design : Eight samples were ﬁi sé o »
collected at different doses and contact times. Er\w o %
Two methods were applied to each of the eigh? zs, ZS, zf, g
samples. It is a paired comparison design 2 8 wpaired

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

@ Paired Comparison Design vs. Unpaired Design °

. 4-2

one-sample problem : Zi,«,Zp {td ~ N(U,62), Ho: M= Mo 50 known constant

Paired Comparison Design : Two treatments are For block efSects. we are
% randomly assigned to each block of two units. not interested in :Hm:r
K Can eliminate block-to-block variation and is estimation or testing, But,
effective if such variation is large. Examples: if we tgnore block ef¥ects
btwn  Dairs of twins, eyes, kidneys, left and right feet. (ew’)zr) before or after
block  (Subject-to-subject variation much larger than &p'T) , the analysis of
ariationF——————L— : treatment effects suffer.
within-subject variation) .‘_,-wi{-hin-block variation Y=XB\+XaBatE *
=XiB 2 £
e Unpaired Design : Each treatment is applied to af  =>Xi8:+HijeBa +{I-H)XaPrt €
separate set of units, or called the rwo-sample bEwn block variakon = 0
problem. Useful if pairing is unnecessary; also I => homogeneous EUs
it has more degrees of freedom for error estimation (see LNp. 4-4).
% Exp'tal units: water samples 2-sample probiem :
wpaired (B BT ] | St
one Socter v MST,ST8} 7 < [complebely randomized}> 5757 | g, 1 g~ Na1.0®)
red - ampie§ ¢ helrogen Ya3’s iid~NUa,5?)
8 -g{——
2 2 Sactor exp't btwn samples, Ho : Li=M2
(restrictedly mdotruzodj\_; :,mgn samples M == Ua

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)
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Paired 7 tests < conceptual model: Y~ Bo+sample + method + E - ()

tber—T t
e Paired 1 test : Let Yil,Yi2 be the responseszpw(a;am_ effoct moi,l)ar umeter

of treatments 1 and 2 foruniti. i=1,....N_  no interackion btwn block
Fyl. Letd; =yp—yi, d and 55 the sample mea?\_ & trea:(vnertb f'adbrs why?)

WVWWPW;* and variance of d;. | {one-sample problem ¥ oy m_,,t;l_,, wys
ouockeﬁe’:tsml;.ﬁs j —5‘ dll...tdﬁ “l‘d~~(a’6z) | m
2= o | Hou=0 5ot | F-test Jor method” |t
gazred - — —%— method N (%) S_Qﬂlﬁ_‘ni
C_—M Var(d) = g2/N l._[“’ Bo sanple +£ | pkara
= ] = N -
Sd = 3(di-dY/n- mgt'le_'li‘ m o (Why ?)

The two treatments are declared 51gn1ﬁcantly ” is

,g dlfferent at level o if (CXQrClSQ use % - i\'l Nd*/a
F "Pnewfg)“ /1

‘t alred} > In— I_L
- T RSSa/dSou :sd/z

T,
i3z )4 ?““"‘P" SIB NOW=spm{L}
aggm:m 1 gé $o' &

i : + D
45 Sor buctment fockr+1 r - ‘,sa,,,’,';,e i P BNl

df Sor block factor: N-1 T 2 3 450@'2 = i
df Sor residuals : - 4~ sample+method+ €& &3&2’5
2N-1-1-(N-1)=N-1 ILM.LN>8-13) 'S~m&tbed+ e* |ER)

- . one-way layout conceptual model :
Unpaired 7 tests Z-SaMP/e prob m) Y B,mﬁ..,a:,s_ -(4)

1: Unpaired 7 test : The unpaired ¢ test is appropriate if pammebe
Aol we randomly choose N of the 2N units to receive one F-test for method

LNp.22 (9N (A)
~% _ treatment and assign the remaining N units to the second W: Y=Po +€’

M', My treatment. Let i and s be the sample mean and sample I Pnew(#,)llz /1

+ F=—7F—-—"—
g; g, variance for the ith treatment i=1and 2. Define (oxercisd) RSSn/d§n S

V&r(gz g’ un aired = s2/N + s?/N (tlmpa;red) = New= sp‘m{g}
Tl ) i = Lgyn/w ) G g

The two treatments are declared significantl df Sor intercept:1
| . = L | 98 Sor troatment factors 1
different at level ¢ if ’tunpaire d’ > ty-_2.0/2- ds Sor residuals : 2)

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

respectively. Unpaired 7-test has more df’s, but make sure that the Fan-2.9
unit-to-unit variation is under control (if this method is to be used). <tN—l,;}’z
« If block effects significant | « If block effects insignificant
(large btwn block variation) | ( béwn block variation == 0)
model (¢) is betber model (&) is better (87~ 83,))>
N 82 32 Tunpaired has high power, and we can
(6) > O'(x) get better (accurate) estimate of G>under (4)

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)



