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Jatroduction 
A basic experimoat to _the oII'oc:fs of several 

ectaparasiticid fcrmuIaUOIIS __ ofseveral VeaImeIIIs applied 
_ plus a IIIIIJiIIliw CDIIIrol ~ the 6ct of the pIIIlISiIiI:ide­
observed at several time poiDIs. At. eadltime point aD aaimaIs in the 
cxpaimalt have a fixedlllllDller of paras;tcs (e.g. ficas orli'des) 
appIiecI to them, and after a set tilDe such as a day or so, each animal 
is iDspected and the IIIIIDIIer of raaaiDing parasites ..... COUIIIecI. The 
-u COUDIingtedlllique is to thorougbly ccmb the animal in the 
case of cnmpaoion aaimaIs such as dop or cats. The e1Iicacy of a 
formulaIion is esIimakd by AbboU's formula: 

%~=[(C-T)/C1'lOO 

....... C is the _ CIIIIIIt of the coaIrol aaimaIs and T is the mea.. 
_ of the fimDuIaIiaa --.... In pradi::e, eiIber ariIbmeIic: CI' • 

mo4ifiecI gecmctric _ may bo used. The efIicIey eatiDIate is 
CXlIIIpUIed at eadltime poiDtiVr eadI fonnu1ation ODd tabuIatod. The 
time poiDIs do DOt ...... to bo 1IIIifonDIy spoced but arc spoced to 
obrorve tbe profile of efIicIey_time. 

'l'he 1ISWIl quation for1histype of experimeal is wbdher 
aformulalion shows adequate dIicacy at a given time where 
"adequatew is defined by the regu1atcry auIborities to be 90% or 
biller. Inpnclice, dIis JewI is applied to ~ where eadI 
_ and the coaIrol aD have the _1IIIIDIIer of aaimaIs 1t:sIed, 
usually 3 to 6 aaimaIs per~ WbiIe variousfomwlatims 
_y be ~ to eadI oCher at a fixed time, the first poiPt of the 
cxpaimalt is to eatiDIate all efI'ect, and there is DO....:J reason to _ a 
_apiast the CIlIIIroI iVr~ The time inthe 
cxpaimoDt wbae there is DO sigpificul difra ...... belwem the 
COIIIrol.ad1he_ is Iq past the time tbe fOnauIatioD \WUIcI 
be lRlbL So, foUowiogthe e>rieaIaIion of my paasitoIogist 
colleagues, tbe 1iJCus will be on the priawy _ of e1Iicacy 
and DOt OIl the_1IIcmsel-. 

The reason a ""-"p auaIysis is used. as opposed to 
more _anaIysesistha1a~mdhodis~ 
ParW:u1atly for earlier times, 1he eouut for a treaImeaI may be zero 
OIl all anima1s1ested. Howeva-, the _ on eadI coaIrol animal 
might be SO to 100, andiVrthe 1ast couple of1imepoiDlstbo_ 
t« a _ will tmd to rise. s-e, tbo meaDS may have very 
differed van-boCb wIIbin and belwem II-*. Neitberthe 
1 ... ""I"io<a of a 11III1IIIIIIl0l' a Poisson distribution cau be justified for 
these data. Also, tbe e1Iicacy statisIic is a ratio so 1ba1 the distributioa 
'WOUld have all eldIa Jevel of compIexiIy. 

WbiIe tbo tcdmiques illdlis peper aUow for oomparisoos 
oftrealmfZds.1he emphasis will be first on estimUion and the 
es!abIishment of sIaDdard enors of esIimatt:s. Camparisoas belwem 
VeaImeIIIs at aJixecltime aDd comparisOIIS wIIbin a 1realmeIIt 
belwem times will be made using amfidmge iIItcrvaIs ia&tead of 
hypaIbais tats. By takillgthe dilI'cr_ belwem these estimates, 
aIlaoalogtotrealmeal by time im«ac:IiaIlcau be esIimakd and 
di1renucrs ill efIicIey over 1ime compared. 

Standard Errors 
In ...... to es!abIish all osIimated standani omr of 

eIIicacy a ~ CCIIDJII"atino _y be carried aut (Eha ODd 
TibsbiraDi, 1993). Table 1 gives ID example set of eetopuasiticide 
data sbowing edopInsite _ at five time po_ At eadltime 

100 edopInsites were applied to eadI animal ODd after a fixed 
period the rcmaiaiag parasites wac COUIIIecI. 
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Table 1. A Repeated Measures Ectoparasiticide 
Efficacy Study 

Count Count Count Count Count 
Ooq Trt* Time 1 Time 2 Time 3 Time 4 Time 5 

All I 6 0 0 1 1 
A12 1 8 0 0 0 3 
Al3 1 11 0 0 0 1 
Al4 1 5 0 0 2 5 
Al5 1 19 1 0 4 8 
Al6 1 7 0 .7 3 36 
A21 2 9 0 0 0 1 
A22 2 3 0 0 0 1 
A23 2 14 0 1 1 0 
A24 2 2 0 0 3 2 
A25 2 3 3 2 0 25 
A26 2 6 .0 0 0 1 
A31 3 0 0 0 4 83 
A32 3 10 0 0 2 15 
A33 3 8 0 0 1 27 
A34 . 3 13 0 0 41 92 
A35 3 21 1 5 3 51 
A36 3 14 0 11 0 36 
ACl C 71 83 89 87 77 

AC2 C 77 72 76 82 84 
AC3 C 81 91 90 93 91 
AC4 C 79 96 83 88 SO 
AC5 C 86 76 72 59 73 
AC6 C 94 79 80 78 88 

• Note: "C" is 1he coaIrol; 3 is a sIaIIdard fomwIatino; 1 .I; Z are 
DeW fcrmuIatioas. 

Fram 1be data ill Table 1, the cIIi'*Y nsuIts usiag 
AbboU'sbmu!a_ SUllllDlrizedill Table Z aDd F'J&Un 1. 
AritbD.dic meaDS ....., used, but by adding oac to eac:h vatue a 
gllGllWic __ be ~ aDdoacsublraclcdhm dIis mean 

to give a madified ge<IIIIdric -. The mocIffication is IIIedcd to 
haDdIe the zero values. 

Table 2. EfIic:acy ofTreatmeuts as Measured by 
Abbott's Formula. 

'I 1 'Ime2 Tme3 .. ne4 TDDeS 
00% 19% 14 
19% 19% 14 

100% 97% ~ 

Figure 1. Efficacy over Time as Computed by 
Abbott's Fonnula. -----.... -----'''' 
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To compute I. boo1strap csIimaIe of e1Iicaey aad 1be 
odaadard _ of!be efficacy, I. sample with replacemeut of size six 
(!be IIIimb« of obsemdioDs in lbe _ gl'OIIII) is selected 1rom a 
1reIiImeat poup aad I. sample with replacemeut ofsize six is seIeded 
1rom 1bc coaIrol group. The efficacy is CCIIIIpIIIed by Abbott's 
formula, aad!be whole JIlOCOSS is repealed DlllDYtimes. say 1000. 
The mean aad odaadard deviation of!be 1000 eftiau:y values 
oomputacI1rom!be oo-ap samples pnIVide aD csIimaIe oflbe 
efficacy ud a odaadard _ of!be e1Iicaey, respectively. A simple 
C<IIdidcace iaterval caD be -...:ted using percadi1cs of!be 1000 
efIicaI:y values. 

The a=at ccmpllatioas to atabIish !be bootsIrap 
saiupIes ud!be e1Iicacy comp1J1a1i_ fir each boo1strap sample caD 

be Iccomp!js!w! usingtbt: SASe data steps within a set of maaos 
(SAS IDstiIute IDe., 19901.). These maaos _ briefly desaibed in 
1be Appendix. For each..---. select I. ump1e of animals with 
~ equal in size to the number of aaimaIs obrervecI with1be 
-. UsiDg1bis so called boo1strap sample, computelbe mean 
at each Ume point. These meaDS _ aD abservaIioa in a temporary 
data set estabIjshed focthat 1IeaImeDt. Each poosible bootsIrap 
sample is seIccted ud lbe IIIOIIDS computed firlbe sample. Heace, 
fir1be data in Table 1, tht:re are 46,656 po.sible boo1strap samples 
fir T'-l aad 46,656 observaUoDs in tbt: tomparary data set. 
These observatiaus _......aiaUy vec:tors of melDS with each 
vaiable iepteseuting I. differeat time ud are cnated by tbt: matm 

SETUP cIescribed in tbt: Appeadix. Om:e lbe data ods are 
estahIjsbed, an obsenoatiaa. is raadomIy seIcded liom tbt: T.-
1 data set of IIIOIIDS ud aD ~ is raadomIy selected hill tbt: 
eoaIrol_ data set of_ This is aocomplisbed using1be 
SET sIaIaDoat with I. POINT cpti<m """"" tbt: ~ is I. ilIIIIIomly 
seIccted value. The NOBS cpti<m 0Il1be SET statcmeat iDforms lbe 
data step howDIIIDY vec:torsof_tht:re _fir1be_ 
Aspmring1bc cpti<m is Noas-unobs, the poiJIter is seIeded by !be 
code: i=inI(JlIIIIIIIi(seed)"uumobs) + 1. ThearrayslalaDoata1lows 
1be data.slcpto store I. seriesof_liom tbt: T_ in 
temporary wriabJes be1I>te nadiDg1be IIIOIIDS Dan !be ~ For 
each time point, 1be e1Iicacy is computed so that I. _ of eIIi=ies 
is f!!!!ab\isbed with lbe dIicacy at each Ume in a cIifl'eieal variable. 
The veeklc of eIIi=ies is added to I. _ data set. The nndom 
seIectioa ud cnaIioa. of I. _ of eIIi=ies is repealed many times, 
say 1000, ud is a set ofbootslrap samples. This set -.y be 
invcsIig;1dod with pn><:e<IuR MEANS (SAS IIIstit1IIe IDe., 199Ob) or 
procoduR CAPABILlTY (SASliIsti1ute IDe., 198911) to compute 
poiDt estimates (!be mean of1be 1000 values fir each time), odaadard 
emn (tbt: staadanI devialiOll of1be 1000 values fir caeh time), aad 
c:cafWeIIce iatawIs (!be S·aad 95·pacciIIiJes of!be 1000 values 
h caeh1ime h9O% =nficIence iDtervals). 

Efi'oo aad Tibsbiraai (1m) susgest thatfoc atima!jog a 
SIaIIdanI_,1beno ueed be 25 to 100 repeatecI ods ofbootslnp 
samples, butfoc campuIiDg confidence inIerwIs 500 to 1000 repeals 
... .-Iod (see OL 19). Since confidence iateM/s will be used to 
make C ampaIismm aad atabIish a range of possible e1Iicacy,lbe 
JIIIIIIbei" ofbootsInp samples is tWa as 1be IaIpI" aDlOIIIIL 

Since the data. are repeatecI_ 0Il1be - aaimaI, 
lbe booIsInp samples .... DOt tWa iIIdepmdeaIIY at each Ume point. 
Ratber,lbe aaimaIs .... SIIIIpIed aad a vector of COUIIIs at !be 
obsenraIioa. timos is ncorded. The bootsIrap sampJe is n&Icod to 1be 
sufficicat IIaIistks, 1be -. """",;ning all usdbl iafbrmaticlo liom 
!be sample. This sampling RIaiIIS 1be mJationship 1IIIIlIIg1be_ 
tbiauPtime. Hmce, ~a _ ofe6icacies is cdmplUod hill a 
ilIIIIIomly seIcded _of __ aadl.raadomIyselccted 

_ of coaIrolmeas, 1he reJatlonship of1he e8;icacia 1brough 
time is also ntained. The_ aad coaIrol samp1es are taba 
sepantcIy because we "'" DOt iaIeresIecI in crNIiag a pennutatioa. test 
of!be_againsttheccatroL Aquidc.iaspcctioaofthedata. 
shows !be oIMous diJfinace betweat each treatmoal aad 0caIr0L 
(Formal statisIical tcsIs bate out !be sjgoifu:a_ oflbis diffcccaIle.) 
Oacetbt: eompqtatioaal price is paid to creole tbeso vootors of-. 
1be rest oftbt: campuIaIioa.s iD Ibis paper are quite 1apid. The nsuIIs 
of a oo-ap ccmputation are SUIIIIIIIrizcd in Table 3. Ari1hmcdc 
meaDS were used in !be amIysis. 
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Table 3. Efficacy ofTrea1ments by Bootstrapping 
Abbott's Formula 

(3.2%) (0.2%) (2.1%) (7.4~) (14.%) 

• BooIsIIlIp Efficacy Estimate (StaadanI Eamr ofEslimate) 

In compaiiDg Ta1>Ies 2 aad 3, 1be esIimated eIIi=ies "'" 
nearly equa1. The size of the odaadard omrrelalive to 1he esIimate 
shows that tbere is some skewness to 1he cIisIributioa. of1he estimate. 
rmally, 1bc estimates and sIaDdard errors ... sufIkieal to make some 
coocIusiaas ovaalI. The tmatmenIs do not difrcrtbrough TDDe 3, 
aad TRaImeaIS 1 and 2 do not difrcr aDd ani eft'ec:Iive tbiauP Tane 
5. ~ results iD Tahle 3 also poiDt to an obYious problem with the 
regWatory odaadard of declazing protection to be adequate with a 
pojDI csIimaIe of90% efticacy. A bellerpacticewould be to make I. 
lower limit OIl a lower coafidonce limit ofa specitled Ieve1 of 
.....wdence UsiDgtbt: perceoIiIes of!be 1000 bootsIrap ilampJes, a 
90% lower CODfideoco limit at Tane 5 hT_lis 81% ud 
for 1'IeaImaIt 2 is 89%. GiveI11be c:umat sIaDdard, iDsisIiDgthat I. 
lower 90% confidence Iimit.-eel 90% to show adequate eIJicacy 
would be I. far mare sIriJIgeot RqUircmeaI, but cbanging1be sIaDdard 
to RqUirc Ibis limit to exgeed 80% or 8S% might be reasooabIc. 

ComparisoDS Between Treatments within a Tune 
Point 

A mare 1harougb answer may be given to 1he basil;: 
qucsti.QD iD fonnuIaIioa. cxpaill*ds ofWbclber I.fonnuIaIioa. is 
improvedataporticulartimeoveraDOtbei. The data of Table 1 are 
Dan an experimaat were Treodmalt 3 is a sIaDdard 1nalDf'Il of 
kDowD~. ud animprcMmcatat Tm: S was desired. In \dial 
follows, T i -1be mean of!be t' treaImeD1 at !be 1" time, C;-1he 
mean oftbt: _I at tbt: 1" time, and E;; = !be e1Iicacy of!be t' 
1reaImeat at 1be f"time. The di1ference in T~ loud 3 at 
lUllej is 

EIj • E,; = (G • TWIG· (G • Ts;)IG = (f Ii • TWIG 

..mdl ClII1l be ~ 1be same as1he efIicacy itseI£ In Ibis 
case, line samples withreplll)Ollll!Df ofsize six are talcm, ODe hill 
each treaImeD1 ud ODe ium!be ccatroL The cIiftinDco iD e1Iicacy is 
CCIIIIpIIIed. aad lbe procel.is ..... repeated manytim,s. 

All oflbls caai be accompIisbed in I. SASe data. step. 
Three I8Ddom pojatas .... seIedcd ud!be data. ods """",ining1he 
_for T __ 1 and 3 aadfor!be CCIIIIrol ... eachnad using 
1be SET staIaDc:Dt with I. POINT opIioa.. h eadl data. set is laid, !be 
values' are SImd using an array iDto taDporaIy variabJes, ud_ 
1be meaDS are all iead in, 1be famwIa. caD be COlllputed for eadl1ime 
pojDI ud!be nsuIIs ouIpuUed.to a _ data. set. . This prDCOSI is 
repeaIC4 many times to builil up 1be ~ cIisIributica. A81in. 
proceob-e MEANS ud otha-SAS.......-y pn><:e<IuRs caD be used 
to geDOi8Ie the basil;: statistics for !be bootsIrap distributioa. • 

Tahle 4 pves!be ccmparisoa. nsuIIs at the various times 
for~ """"",Ie data: 
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Table 4. Efficacy Differences at Fixed Times 
Computed by the Bootstrap. 

TRIIIma& T""" 1· Tillie 2 T""" 3 T ..... 4 T ..... 5 
DiffeJence 

1-3 

2-3 

1-2 

• BooIsImp EstimaIe ofDifli:reDce in E1Jicacy (SIaDdard FmJr of 
EstimaIe) 

Mally ofibe eatrics in Table 4 are sma11erthao a simp1e 
subI1aI:Iioa of eaIries in Table 3 suggest should be the case. While in 
moot ..... the diJf<reao:es are cmIy sIigIdIy smalIcrthao expeded, ODd 
in fiK:t are bardly biggerthao JOIIIIding would 8QCOUIIttot, the 
ditl'ama:es ......... T_ 1 or 2 aDd TreodmoIIt3 at Time S ..... 
,.""m"..,J,1y less !ban expeded and are 0.6 to 0.9 of the sIaD:Iard 
arot. Hmcc, \1\iIca the dilfcnaces are large, 1bete is a downward 
bias in the method, but tile bias is not too serious fbr compariDg 
eIfK:acios in the 90% and hisI>er I3IJF. While in this....., !bore is DO 

misla1cingthat TRIIIma& 3 is considaab1y reob:ed in effecIi_ at 
Time S reIaIive to the odaertwo tr-, if the siIwdioa were a 
cloIIer oaII, tecbaiques to comet tot bias migbt be useM YIIIIIJy, a 
ccwpaaikai of the staadard ImIIS shows the pasitive carreIalioa 
......... the two efIicacy meosun:mads in the compIJIatioII. This 
carreIalioa slaBs Dun the fiK:t 1bat a1tbougb the 1IaImoDt means ..... 
inrlepmdent bath efticacies an: sbiftaI down 01" up togeIIIor 
acoonIiDgto the observed coaII'oI vaIucs. 

Comparisons Across Time 
In arda-to determine bow Ioag a 1IeaImoaI needs to 

estabIisb initial dfoc:tiveoess aDd to dotermiDe if a 1na1maIl is 
maintaining effecIi_ at Iatcr times, the diQaQy OlD be oompared 
__ timet The impI'ov..-in d6cacy tot1lealmoal iiom T ..... 1 
to T""" 2 is 

aDd simi1ar formulas COD be written down tot cadi pair orlimos. 
These di1fmDccs OlD be bootsIIapped to get estimates of di1fereaces, 
but can must betabn 1bat the same animals lie used tot bath tm.cs 
within the same booIsInp sample as described earlier. The SASe 
c:ode ina data step implanegljngthe estimafiGn of the comparisoos is 
simi1arto the co&: used to compute the _ of eIfK:acios \1\iIca 
building the ~ data set of cflicacies All ob&ervaticla ofmeans 
iom the 1natmoat is nmdcmIy selected, .. aIIservatica ofmeans 
iom the CClIIIrol is raDdomly selected, aDd the COIIIfI'JIatiCll is 
completed aDd stcncI in a DeW data set. For oaawaieace, sewnI 
canpariscms OlD hoi made using a single pair ofnudomly seIec:IecI 
aI!scrwliCIls of ........... Tbcn:sulliDg_ dataset of~ 
vaIucs con be iDwsIigatecI using summary paoceduRs. Example 
resuhs are pr-.d in Table S. 

Table S. ~apped EfIicacy Differeacos BetMm T ..... fM Eadl 
Treatmeat. 

T __ 
T ..... 1- T_2- Tome3- T ..... 4-

meal TaDe2* TlID03 Tame 4 T""" 5 
1 -1l.%{2.3%) 1.2%(1.3% 0.7%(1.2%) 9.0%(5.8%) 
2 -6.9% (2.3%) "().0%(0.3% 0.3%(0.7%) 5.1%(4.7%) 
3 -13.% (3.2%) 3.1%(2.0%) 7.2%(8.2%) 51.%(10.%) 

• BooIsImp EsIimatc ofDilfaeacc in E1Jicacy (SIaDdard FmJr of 
EstimaIe) 
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InIerpretiDgTabie 5, tot aIl1bne1realmeals 1bere is a 
significmt impo._ in d6cacy tot cadi1na1mall!om Time 1 
to Tame 2. Also, 1hcre is a sigiIificaal drop in efIicacy!om T_ 4 to 
T ..... S fbr TJeIIment 3 and 1bere is ewidence that TR8ImeDt 1 is 
oomiIIgto the ODd ofils .. whlness by T ..... S. A 98% cmfic!ence 
iDIervaIfbrthe cIitllnace tot TR8ImeDt 1 ......... T_ 4 aDd S is 
[1.2%, 25%), so the drop in d6cacy in the last period is sisnifit:alt 

CooIpariIIg Tables 2 01' 3 willi Table S, there is 1iUle bias 
in the estimated differeaces. The staDdanI aror tot the QOIIIjI8risCIl of 
T_ 4 aDd S tot TreGmeat 3 (10%) is muda smaIIorthanmigbt. be 
expected Dun Table 3 if tile d1icacy __ """"""" 
[15.8%= sqrt(7.4%*7.4% + 14%*14%)]. The CGIRlatioD IbnJugb 
1ime due to repealed_of the same aDimalhas bceD 
capIURd by the sampIiDg of~ of CDIIIds 1brougb time. 

In additicm to pairwise c:ompoII~ of ellAci .. , __ 
oomplicaled combinaIioas lie uselW tot detamiaio&tIIe kDIIh of 
eIf'ediveaess. Often !be IeDgth of time ......... aIJsenatiGDs in the 
desip of the experimelllldlecls .. aspnnption 1hat wiIbin oae 1ime 
imen>aI, if the 1naImaIl is Deal' the ead ofits uaefbl potecIioo, the 
cbaoge will be oIwious in the d6cacy measunmeaI. In the cummt 
data, _the stadIIp of d6cacy is ~ byT ..... 2, thereisa 
period of exInmely high d6cacy followed by a sIigbt decJine cd 
ultimltdytotal JiUlure of the _ to C<IIIIiaue proteoIioa. To 
obscrvetbesc cbaDges, a series of_can be set up """"""iug 
cadi efIicacy with !be meaD of the prior cftiQacies GIJoerwd at.me.­
limos. In the repeaIed ............. .....t,sis ofwriaace (ANOVA) 
..uing. tbesc __ would be odhogoaaJ IlllClcon be imp'-alcd 
willi proc:cdure OLM (SAS JnstiIute IDe., 19&9a). Thetimo variables 
must be eaIcred in reverse CIIdcc in the modol.... , nt, and the 
HeImIirt option would be used in the npeaIcd ..... IDIIII For the 
cumat data set, since the 1iI11 dIicacy is readied aa1y by T_ 2, !be 
Tillie 1 efIicacy resuhs are omiUed jhm tbesc _ (This is 
CCiIIlIDmI aDd expected in certaiD cases oftbesc ~) The 
SASe data step code would be mocIificd oa1y in !be farmulatot!be 
eIfk:aQy comparisGG. The raudom seIectioD of two __ 
(obsaYaIioas) of_ would be the -. Table 6 ........ the 
_ oftbesc __ tot cad!.1rcaImaIl. 

Table 6. BoolSbapped Efticacy Contrasts Among 
Times for Each Treatment 

T=- rr ...... 2+3+4)13 rr ...... 2 + 3)1l Time2-
- Tillie 5· - TJllle4 T_3 

1 9.7%(5.5%) 1.2%(0.7%) 1.2%(1.3%) 
2 5.4%(4.3%) 0.2%(0.8%) 0.0%(0.3%) 
3 58.%(13.%) 8.8%(7.7%) 3.0%(2.1%) 

* BooIsIrap EstimaIe ofCoalnst in E1Jicacy (SIaDdard Error of 
Estimate) 

AIIhouBb pcrbaps not apporeat Dun Table 6, all the 
drops in efIicacy at T ..... S !om the meaD of the GIber limes are 
sisnificaat. The lower I'll. owdidence limit is.- than zero in all 
cases. FOl'TJeIIment 1, the cInlp at T_ 4 has a lower 5% 
coafidenge limit of0.2%, mel so the small drop in d6cacy is 
sigoilic:D. No GIber CODIrasIs in the 1able art sigoificaat. While !be 
drop ill TJeaImeIIt 3 at T""" 5 has already bcca.1IOIed, tile atber 
InatmeDIs are DOt quite as ~ at T""" S, aDd bad the 
experinomt ' .... !jnlled, efIicacy may have drqIped -U bdawtbe 
9O%cutofE 

The fiK:t that Treatmeat 2 has a sisnifit:alt cInlp at T_ 5 
relati1Ie to the meaD ofT ...... 21brougb 4 shows that tbe bootsIIap 
disIributioa. ofva1ues OlD be quite sk&wed. AIIbougb the poial 
esIiDaat. of the drop is 5.4% willi a staDdanI aror of 4.3%, !be ,.. 
percearile is 0.5% 1IIICI!be lower 1- pen:eaIile is 0.2%. Because or 
the *- care Deeds to be t8bo in the use IIId inteqInIatklo of 
thellmllanl_b 1lIIY or~ estimates. 

Compariagtlle estimates in Table 6 willi Tables 2 or 3, 
there is agoiD 1iIIIe bias ill the estimatecI_ The m,..,m,. of 



1be standard 0ItQIS as 0IlIIIIpIIRd to Table 3 again shows 1be cff'tct of 
coneIatioo botwee:n time points. 

Interaction of Time and TreatlDent 
Basic to repemd measure experiwats is the comparison 

of1be paIIan of chaDges OWI'time amoag_ Ia an ANOVA 
seUiDg.1bis would be a test ofimeractiaD. Ralber1hao aIIempt an 
ovenlI_ for iatcrad:ica, "" can mere UN1WIy make a series of 
CII1hoganaI caD1rasIs wbiI1h when testecI in an ANOVA seIIiDg would 
partiIioD 1be iDIera<:tioD sum of squares. Tho:se caD1rasIs have an 
iDIerpretation direc:tIy relaUd to a meaninglUl resu1t 00II0CIDing 
efticacy. As an example, while it is oIMous 1hat T_ 1 aad 2 
diIfcr in their pattern _time fiam TreabIleDt 3, _ can direc:tIy 
measure bow much T_ 1 aad 2 difi'erfiam each oIbez-. Far 
each CXIIIInst 1brougb time in eiibOr Table 5 ar 6, 1be ~ 
tcdmique may be applied to 1be c61&:reace betweeI1 Treal,IIIenjs 1 and 
2 in that CXIIJIrasl As in the comparisoD wiIbin a single time betwem 
Il-..uts, the ~ sampling must be dcactaIdDg a single 
SIIIIpIe wUh repla, _ of comrol animals and a ample wUh 
replal:emcot fiam each of tile two _ to be oomparcd. Since 
aD __ and the CCIIIIJOI have six aaimaIs, aD 1bree samples are 
ofsize six. Again as in 1be c:omparisoas avr:riline, 1be wbole __ 
of_ is sampled, aDdthe_ ..... DOtsamp1edseparately at 
eachtime. 

The S~ data step c:odemustselec:t a __ 
(obscrvatian) of_ at~fiam each of two fIeatmeaIs anda 
__ of means 1iom tile comroL The f01'lllPlas far comparing eadl 
1Ieatmeat __ time .... CIII1IpIIIed, and the diIrereDce botwee:n these 
results far 1be two __ is the estimate of iatcrad:i0ll. The code 
is very similar to that pmiously discussed. 

Table 7 shows the _ of the inIeractioD of time and 
1natmeot farthe cIift'eraIce in 1be first two times and far each time 
ClOIIIraSt in Table 6 with each pair of-. 

Table 7. Bootsbapped Efficacy Interactions of Time 
and Treatment. 

~ '1 ..... 1- (1_2+ (1uues2+ '1""" 2-
Compar- '1 ..... 2* 3+4}13- 3]12- Time 3 

ison '1""" , '1"",,4 
Iv2 -4.,% 4.4% 1.0% 1.2% 

/3.2%) (6.7%) (1.0%) (1.4%) 
Iv3 2.0% -48.% -7.6% -1.9% 

/3.7%) (14.%) (7.7%) (2.5%) 
2v3 6.2% -52.% -1.5% 3.1% 

(4.0%) (14.%) (8.2%) (2.0%) 

• Bool8Inop Estimak: oflDlcncliGa Between Time CaIIInst in 
EfIio=y with TreabIleDt Pair (Staadard Encr ofEstimak:) 

The first coIuam of compatisaas in Table 7 is far1be 
iaitialestaMishmmt ofcflic:ac:y. WIWe T_l aDd 2 appear 
1bat tbey might have an imeramon _1be first two periodr, a 90% 
coafi,,-," inIavaI far1be inIaadion<lOlllrastis [-9.8%, 6.6%].10 
that a aipificant inIaadion dDcs DOt exist. ('The 1imits .... 1be s· 
aDd 9S'" perccaIiIes of tile 1000 ~ sampIIs.) AIl8O% 
.....t'kbxe inIavaI is (-8.4%, -0.2%]. so at the 20% IcvcI of 
';snificaaoetbere is mintaadiGD. Similarly far T_ 2 aad 3, 
a 90% coafidmcr inIavaI is [-OS%, 13%]. aad m 80% cmfidmcr 
iIIterwal is [0.8%, 12%]. Again 1be exisIaI<:e of an iDIeractioo has 
.my marginal cWIeaI:e. If an iDIera<:tioD existecJ, 1be IlIIe of aIIaiDiIIg 
optimum cfIic:ac:y would difi'er betwem __ The sip1icaDtIy 

large (mmapitudc) imcAdioas""""""" '1""" 5 and TreabIleDt 3. 
Tbcte is DO .;gnitiClllll iDteradioo betwem Treatmeals 1 aad 2, so 
that their behavior _the total time period stwiiecI is the same. 

By oamparison of Table 7 wUh Table 6,1here is IitIIe ar 
DO bias in 1be estimates. 
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Speed CODSideratioDS , 
The ~toproducethe aoaIyses inCbis paper 

......., dcme OIl a Compaq Dcskpro 4OOO,,-mg at 166 MHz with32 
Mb of RAM usiDg SAS Version 6.12 UDder WiDdows 3.1. They 
took aaly a oouple of IIIinIUs. Howwer, a Iccytedmique was to use 
baIf of1be RAM as a ..... disk and"use1bis disk as 1be wad<ing 
dttecImy. If a bard disk is used to house 1be wad<ing cIirec:tory, the 
oomputatiODS take much longer, as much as 10 to 15 times as 1aog. 

The P'''I!I.......un, was DOt as efIieieat as could be 
acbie..d in _ ....... by caalPrting.my, say, 1000 -=tors of 
means obooen atnmdomfiam each_aDd tbeo using all of 
tbis same sample to CCIOIIJ'Ilfe 1be efIicacics and 1beir comparisoas. 
This is ill coaIIaSl to tile aIgarithm acIuaDy used wbichfirst c:n:ated 
aD possible ~ ofmeans far eadt _mdtbeo drew a 
sample fiam this set. Far 6 8IIimaIs per VeaImeat, tbere .... (/ ar 
46,656 possible ~ ofmeaus, so the...-.inS" would be .. Jhstaatial 
especially if a bard disk was required far the wad<ing~, and 
for mm-e!ban 6 per treatmeut, reprogrammiugto ample 1be _ of 
means would be mp1imI. Far S auimaIs pel" VeaImeat, tba'c .... S' 
or 3125 po"sible vecton, so tile saviDgs is aeitba" much .... n:aDy 
necessary. For 3 or 4 animals pel"tr-..a, computing aD possible 
vecIaIs ofmeans is mere efIicicIIL The mediad used ..... obooen to 
aDow far1be creatiOll of a single set of ......... that would baDdIe all 
the situatioas normally fa=l at Sc:baiDg-PlougI 

Conclusion 
The ~ has becnsbown to be ar:eascaabletooi in 

the ~ of an cctopansiticidc experiment retaining1he essenIial 
repealed measures D8Iure of1be data: in 1be ana1yRs. The focus of the 
anaI)'Sis canRmaio 00 the primuymeasure of dlicacy used by 
parasitologists, yet a sIaDdard arar CIII1 be p!OVidcd with the atimafe. 
The assumpticlas of an ANOVA or a geooraJized 1m-modcI. .... DOt 
needed, and DO particulac prob1om is raised by an abuadaace ofzen>s 
at _ times. By CCIIISIruc:tins appropriate caD1rasIs of1be efticacj"" 

l!II!II!ingfUi esbmates and 1esIs CIII1 be fonnuIated. The ~ 
estimates have IitIIe important bias except.wa. comparing 
fIeatmeaIs Dr fiam tile 90% 1eveI of cfIic:ac:y, a situation with IitIIe 
pradical importance. 

The nsuIts preseaICd vary sUgbIIy due to 1be sampliDg 
....... inIroduced bytakiag aaly 1000 ~ sampIIs. Wbiletbis 
....... can be ndu=d bytakiag mare boo1sIrap"samp1os, many nms of 
scvt:I31 c6ffereat JXOllI'IIDS showed.mytile s1igbtat wriati.oo 
betwem results, and 1000 amples seems adequate. All 
progxamming ..... dooe in SAS using the data step to take ~ 
sampI"" and CCIOIIJ'Ilfe efIicacics aad their diffcreDces. The ~ 
esIimaIes, standard enus, aDd wafideace intavaIs......., computed 
using proceduns MEANS and CAPABILlTY (SAS IasIiIute 1De., 
19891». 
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Appendix 
Farthe macros used in tile ~ ana1ysis to 1IOdc, 1be 

data are assumed to be structured in a repealed _ fonDaL All 
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the oboerwd CCIUIIIs tbrough lime for a particular IIIIimaI must be in 
di8i:raIt SAS variabIfs. The _ gi .... to each aflbese wriables . 
must have a _ root 1bIJowcd by a IIIIIIIber paosibly jncIjc:atjng 
the cIa¥ aftbe sIudy 011 which parasites were appliecl. Also, there 
must be a.....w.Jeto spocifYthe_opplied to the animal 
OIberVlll'iabla..., aJ1owed, 1IIIdl .. a variableto ilIaIIi1Ythe aaimaJ. 
but 1bey..., DOt DCCdcd. F« example, in Table I, the variable DIlDOS 

-ANIMAL,GRotlP.TIMEl, 1lME2, TIME3.11ME4. TIMES 
in the data set PARASlTE. Oaly GROUP aaclTIMEI tbrough 
TIMES _required, aaclTIMEI tbrough TIMES could have been 
....... TIME3. nM87, 11ME14, TlME2I,aaclTIME2&~ 
the. afinfestatj<n 

The_ af1he_1ISedforthe booIsInp uaIysis 
_listed with 1beir c:aIIing param«m: 

To CSIabJish the lraditioaal AhboU's formula results use: 
~data .. -.1reaImaIt variable, COIdIol value, n:spoase 
variablenamos> 

To do a booIsInp malysis use: 
%sdup(data set name, _ variable, respoase vuiable JIIIIDeS) 

• esIablish the W<IIIdag data Ids Deeded by the otIIcr 
rouIines. This must be IUD priorto any afthe 1bIJowing 
maaQI, 

%e6ic(-variable, coaIrol wIue, respoase .....w.Jeaames> 
• esIablish a booIsInp esIimaIc afthe disIribuIiaas afthe 
efticaey sIatisIk:s using a sample afpossibi1i1ics. 

%efIicx(1reaIme variobIe, coaIrol wIue, respoase variable_> 
• esIablish a booIsInp esIimaIc oftbe dislribulicas oftbe 
efticaey IIatisIic:s using an possibilltics. . 

%campan(coaIrol value, fiat_ wIue, sec:ood_ 
vaJue, respoase variab1e_> 

• oampare the efIicacds of two 1IeaImaIIs bytimopoin!. 
%day.1day(COIIImI vaJuc,fiat_ value,-"'_ 
wIue, respoase variable aames> 

• oampare the efIicacics a«oss lime witbin two 
1reaImaIIL . 

%ialerad(COIdIol vaJuc, fiat _ valw. secoacI_ 
valw.respoase variabIe_> 

·_for1iale by_inIaac:tiaas fortwo~ 

Tbe 1bIJowing _ exompIe 0IIIls to these macros usingtbe 
PARASITE daIa set: 

~C,TIllleI TIIDI2 TDDe3 Time4 TauS); 
~Timel TJIIICl TaDe3 Tanc4 TuucS); 
%cflic:(goup,C,Tllllel Tane2 TaDe3 TDDe4 TUDeS); 
%cDicx(group,C,Tllllel Tane2 Timc3 TDDe4 TUDeS); 
%cwipare(C,l,2, TlIJIIl Time2 Tael TDDe4 TUDeS); 
%day2day(C,1,2,TlIJIIl Time2 Timo3); 
%inlclacl(C,2,3,Tane2 TUD<:3 TDDe4 TIlDeS); 

Tbe .... forthe ......... maybeoblainedJnJmtbe auIborviaHDaiJ. 
c-tbe autbat at DamaaDiscb@AOLCOM. 
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