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PELLJ;NTS ON
A.L REVIEW I

f{cfcrcncc
no,l

Tablc I. of lhe datu

Cilatillll Dolla analyzed

Refer· Siale or MWiquitu Tcsi Tel-H
cm:c nn. t cuuntry Selling :;pL:dcs IlHlterhll:; :;ubjecls

I Fluridll Lnbnr:tlory I I 50
2 floridil Laboratory I I 50
J Maluysin Field J I 10
4 P:umll111 Field I 2 5
5 AlllSkli Fielu 4 I) 9
(, Indin Lilborlliory I I 5
7 Florida Luhonttnry I J 3
8 Flol'iull Lilhoratory I ) 8
9 Mnrylund Lnlml'llinry I 2 3

10 Florida Picld I 2 5
II Floridn Lnborlliury lind lielll 4 12 6
12 Texmi Field I 2 10
I) Mllinysia Field 3 I 10
14 Floriun Lnhunltory I (, 5
15 Ctllifornhl LabofiHory I 4 8
16 Argclliinn Field S 2 8
17 C:llirnrnill Laborlllol'Y I 7 16
18 .!'rllllce Field 2 I 6
19 F'!midll Ficld I J 4
20 Culiforniu Laboratory I I 16
21 Cnlifornill LlIhol'lllory I I II
22 Culirornia Field I 2 4

, Sec cnrrc:;rnndlnll cntry ill 11lhlc I fm lclcnliflcnliull Ill' l'illurcc l'iludy.

Table 2. Relevilnl parallleterl'i of the dllt:l amily;r.ed.

, Identilie); CfWre);pomJing entries in 'nlbles 2 :md 3 !lilt! the Appendix.

conscrvativc in the sense tlmt it mllximizes lhe es­
timate of the among-subjects standard deviollioll
and leads to a l<lrger estimate of the number of sub­
jeels required.
. Tile number of subjects employed in certain
source studies was unclear because of uncertainly
as to whether the snme 01' different subjects were

T4lble I. mell
Table I. wnlllcn
Tuhlc J. repellent M·2020
Tul1le:; 1-3
'lilble:; I ,lnd 2
Pil£C 407
Tnble 3
Tnhles 5-9. II. 12. 15. 19
Tilhle I
Tnble 2. Scries
Tublc I
Tnhle 2
Tahle 3. dcel
I'ngc 31
Tablc I
Tilhle J

Table J
Page 299
Tithlc I
Tahle
Tllhlc 1
Tahle 2

employed in tesls conducted lit different timcs and
plnces. In such cases, the number o( subjects was
ta.ken 10 be the minimum number needed (0 account
for the dala analyzed. This approach is conservative
in the sense that j( maximizes Ihe estimate of lhe
among-subjects stand.ard deviation.

Where the source study reponed obscl"ved or

Gilbert ct ul. (1966)
Gilberl ct ul. (19M)
Tr:lllb IIml Elbbcrg (1%2)
Allmlln (19W)
Applcwllilc :lI1u Smith (19.'10)
Dua et III. (1996)
GUlick lIml DoWlllan (J 959)
Smilh claJ. (1963)
Pijoan ct Ill. (1946)
Schreck HUt! Smith (1977)
Travis (1950)
Whillclllore ct ul. (1% I)
Tr<luh llIld Elishcrg (19(,2)
WlItllcy (194(1)
Spcnccr et III. (1977)
Wiesllllllll1 ilnd Lull11l11' (1949)
Spcncer et III. (1976)
Wiesillunn 11m.! Lolmar (J 949)
Spencer lim.! Akers (1976)
Riclschcl lIud Spcncer (1975)
Skinner ct a!. (1977)
Rcilcllrlllh and Akel'1'i (IIJH I )

1
2
)

4

.'
6
7
8
9

10

"12
U
1·1
15
1[,
17
18
19
20
21
22

slitutlle IllC:lll protectiun
tiull of the llICllllS.

limits of ::0.5. 1.0. 1.5.
Jr the slumlard dcvi:llion.

Iy was unique und may
factors wilh tiny other,
vere computed as the
eelian periods, without
lrs or variables operat­

periods and sta!1­
ninu{es were convertcd
rposcs.
I slan­
tcd without adJustmcnt
ad standard deviations
ppl'Oximalion exngger­
iubjccls standard dcvi­
thin studies is usually
g studies. The bins is

Jf lhe methods employed
pcndix.

provided formulas for
u (olaJ group. sum of
1 sums of squares wilhin
ncnns, number of cnsc:;,
wiation arc given. Fisher

formuJa1i and tubles for
::vintiol1 fl'Ol11 the t'<1I1gc
J970) provided fnrlllulm;
Uldnrd deviations of mIl­
e statistical population.
Jrmulas for pooling the
Jiffcrclll standard dcviu­
lions of samples having
ISC:;, these formulas and
UI-p05CS of the study.
incd HS the period bc­
Ion of the repellent and

a specified end point,
'bserved bile. If the lest
Id point is rcnched. the
:quality (e.g.• > 120 01'

: standard dcvinlion can
containing incqunlilics

,r the incquulilicti intro-
lues deletcd nrc larger
re. in the present study.
[tics were rcported were

having long
correspondingly under-
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RESULTS AND DISCUSSION

n.7]
1.09
1.45
I.R I
2.17
2.53
2.89
.1.25

n.73
1.1l9
1.45
t,8 I

.J. 17
2.53
2.H9
3.25

Stlll1dnrd
dcvintion1

(ltl

I
2
3
<1
5
f>
7
H

I
2
]
,I
:;
r,
7
H

Protectioll
pcriml

(h)

'111hlc II. Numhers of stll~

attributable to variation
""Ile relllnining vHrilltiol
'Ilion in species, climntc
:IIlU mcthods, and othe
the respective source sli

NOll' added ill reIJi,\·it.
anonymous reviewer (R
lyses were pcrformed te
locHlc (statc/country) c
(Table 2) all pl'Otectim
Neither fuctor was signi
analysis (F = 0.65, df
3.13, de = 2,9, P > 0.0

The original version
square leSls for goodncs
tributions of means, still
llills to the normal disl
1980). Values of X' were
(X' = 0.95, df = 3, P >
df = 3. P > 0.05 for star
df = 3, P > 0.05 for re

However. Reviewer J
of standard deviations,
normal in a computer s
mogorov-Smirnov test,
and the plot or order sUI

Box-Cox n1mlysis, Rcvi!
tlsing a lognrithmic tnln
devintions, concluding l
obtained I were not too d

I NLJlIlher.~ of suhjects were t'n~

:::..11 is the cl"ilit'nl Vltluc ul' lhe c~

he aUl(t'lIed til Ihe esljullIlC. IIml
lM,lnin :md 1I:IIcSllll II}'):!,. Ih.·j
ffllt'tiolla!. -/

! llialldani tlcvil11iol1tl were cllli
it! the melm [lflliccthlll perind (S~

9•

o 0
o

'1.5

4.0

~
'.5

c '.0
0
~ 2.5 _•.~

2.0c
'l: 1,5
uc

1,0iii
0.5 ~

0
0.0

0 2 :3 4 5 6 7
Moan Prolocllon Porlod (Ilr)

Fig. J. Lincar rcgrcssion of stlllulard dcviatiolls 011

mcun protcction pcriods: Y = O.J705 + O.J596X.

Means und standard deviations

Mean protection periods computed rrom the uatu
identifieu in Table I ranged frolll 0.48 h (dala of
GilhcI't et HI. 1966) to 8.50 h (diltn or Reif'ennuh
and Akers 1981) (Table 3). The exlreme vallles
were not significant by Grubb's tcst for outlicrs (Tl

= 1.419, 1~, = 2.092, 11 = 22, I' > 0.05).
Standard deviations computed frolll thc data

idcntified in 11\ble 1 ranged from 0.21 h (data of
Trallb IIl1d Elisberg 1962) to 4.41 h (dala of Skinner
ct ai, 1977) (Table 3). The extreme vulues wcrc not
significant by Grubb's test for outliers (Tl = 1.114,
T" 1.905, 11 = 22, I' > 0.05).

Analysis

The Iincar regression of standard devilltions on
mean protection periods was

Y = 0.:1705 + 0.3596:<,

where Y is the stllndnru deviution nnd X is the mcun
protection period (Fig. I). The residuals from rc­
grcssion ranged from -1.58 h (data or Wiesmann
and Lotl11l1r 1949) to +2.52 h (data of Travis 1950).
The extremc values wcre not signiJicant by Grubb's
test for outlicrs (T, = 1.461, T!l = 2.209, /I = 22,
P > 0.05).

The coefricient of corrclHtion wns significant (I'

= 0.60, dl' = 20, P < 0.05). The coefficient or
detcrminntion (rJ = 0.51) indicated lhat 51 % 01' the
observed variation in the standard devintiol1s WBS

gression were tested for outlying observations by
Grubb's lesl (Dunn and Clark 1974).

Sampling table: A tablc Was constructed to pro- ~

vide numbers of subjects needed to determine pro­
tection periods of 1-8 h with eonlidcnce limits or
±0.5, 1.0, 1.5, and 2.0 h lit Ihe 99 alld 95% levels

.of confidcnce. Estimates of rcquircd s<lll1ple sizc.'i
werc computcd from the stnnuanl deviation as de­
scribed by Martin and Bateson (1993).

Tllhlc J. Mcnn prolcclion J1crllld~ lind Stlllldurd
tlcvinljolls.

Slllllllllnl
Rercrcncc Mcan deviation

flU. 1 (II) (il)

I OAS 0.65
2 0.65 0.52
3 1.06 0.21
4 [.06 0.59
5 1.3H 0.94
6 1.90 OAO
7 2.14 2.97
H 2.20 3.09
9 2.71 0.51

J[) 3.23 O.5H
II 3.32 II.OS
12 3.41 0.4<1
13 J.I)H 1.71
14 4.44 l.99
15 4.75 2.54
16 5.50 2.77
17 5.70 2.55
18 5.72 0.85
19 637 1.84
20 6.45 1.69
21 (1.9.1 ,1.41
22 H.50 4.40

mean protection periods obtained on individual
subjects, the nmong~subjccts mean square wns

I computed by uni1lysis of variance, and the slandard
deviation was obwinetl ns the .square root or the
among-subjecls meml square. Onc~way, 2-way, or
other conventional statisticnl designs werc em~

played wherc possible.
Multivariute methods wcrc cmployed to B1lHlyzc

data compiled from dispnmte experiments on thc
same subjects nnd to nnalyze data from experiments
with asymetricnl structurc nnd/or missing 01' cx~

eluded observations. Because order of effects is im­
portant in multivarinte st:ltisticnl annlyses (Meltd
1990), effects nttributable to subjects were given
priority over other raclOrs. This appronch is con­
servlltivc in the sense thnt it maximizes the estimate
of tllC among-subjects standnnJ devhHion,

Where the source study reported among-subjects
ranges and/or standard deviations of protection pe­
riods separntely for 2 or more tests, the combined
standard deviation was computed as described by
Mandel (1984) from pooled sums of .'\quares ob­
wined by back~cnlcul:Hionfrom the among-subjects
ranges or standard dcviations (Fishel' and Yatc.s
1963, Mandel 1984).

Analysis oJ meallS awl slalldard devialions: A
linear regression of sti1l1dard deviations on mean
protection pcr.iods was computcd. In computing the
regression, observations were weighted by the
numbcr of SUbjects tested, as shown in Table 2.
Means, stnndard deviations, ilnd residuals from re~

I Sec cllrrespllllding entry in 11111[e I rill" itienlillclliinn llr slIurce
tltmly.
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DISCUSSION

. 0.J596X,

hie 41, fiO thalthe cxtra cfron was noL ovcrly fruitful
Hnd the inlerprctation of the simplcr model was
lost. "

Similarly, an in-houl'ic reviewer (Reviewer 3)
found that the distribution of standard dcvintions
differed significantly frolll 110l"l11al by thc Ander­
son-Darling tCI'it. 011 this hilS is. Reviewer .1 fitted a
quadratic (2nd degree polynomial) curve to the
data, concluding that "thc filted values for standard
deviation based on quaul'utic lit to thc smoothed
data I'ihowlcdllittJc differcncc Ifro 111 those based on
lincar regrefisionlthl'Ough 7 h lof proleclionj."

In :Ill additional 1.II1alyl'iis, Reviewel' J grouped
l'iource I'ilUdics with simililr mean protection periods
to computc tile hins error. pure crror, mH.! F value
for lack or tit (Draper and Smith (981). Bec.lUse
the value or F wal'i not statistically signific;:1I1l, Re­
viewer 3 concluded Ihat the I' tCl'it for lack of fil
provided no rCilson 10 doubt the adequacy of the
lineal' regrcssion model.

According to Drtlpcr ;:lI1d Smith (19R I), the ratio
of the F valuc for regression to the H1hul:lted vl.tlue
must be .=::4 fur the regressioll to be lIsdul, as op­
poscd to being mcrely fiignilicanl. Reviewcr 3
round tlmt this r<ltio was 4.75 in the prescnt study
and concluded thl.lt~the regression Illodcl was usc­
ful. In this connection, Martin and Batcson (1993)
have suggested Ihat thc correlation observed in the
study (I' = 0,60) can bc interpreted as moderalc,

Tahlc ". Numhers or sUhjct.:ls I\ccded to detcrmine protct.:tinn pcriods Ill' I--H II with t.:onlhlcllce limits of" :.to.5-2.0
hilt the 99 illld 95% Icvels Dr ctlnlidcllt.:c. 1

l'nltcctiull Stlllltlmd
period <Icvi:llion!

(h) Ih) () ~ 0.5 h ()= 1.0 h ()~ 1.5 h LJ = 2.D II

n = n.n I
0.73 1.\ ./ 2 I

2 1.09 32 H 4 2
3 1.'1:; 5(1 /4 7 4
,I I.H I 87 22 10 "5 2.17 125 32 1·1 8
,(, 2.53 170 43 19 II
7 2,89 222 56 25 1,1

8 3.2:; 2S0 70 32 18

n = 0.05

I 0.73 9 3 I I
2 1.09 19 5 3 2
) 1.115 ]] 9 4 3

'I 1.8 I 51 13 (, 0[

5 2.17 73 19 9 5

" 2.53 ()9 25 II 7
7 2.89 129 )3 15 9
8 3.25 163 41 19 II

illtributabJc to variation in mean proteclion periodfi.
The' rcmuining variation can be ntlributed to vari­
ation in I'ipeciCfi, climatc, l'iea~on, weathcr, ml.lterials
Hnt! mcthods. and other vnl'inbles associated with
tbe respeclive :murcc studies (Tnble 2).

Nole added ill 1'I.'l'i,\";ol/: Al the suggestion of nn
1I11onynmul'i rcviewer (Rcviewer I), ndditiol1:11 an:l­
Iyse~ were performed to dcterminc if the effects of
localc (l'itntc!countl·y) or setting (Iahol'atory/lield)
(Thble 2) Oil proteclion periods were signilic;:lllt.
Neither factor Wtll'i l'iignificilllt when included in thc
lInalysis (f' = 0.65. df = 9.9. P > 0.05 lind F =
J.I.1, df = 2,9. P > 0.05, respeelively).

Thc originaJ version of this papel' included chi­
~lJlIare le~tN I'or goodness 01' lit or thc observeu dis~

tribulions of means, slandard deviations t1l1d rcsid M

uills to the normal distribution (Steel and Torric
1980). Values of X! were not staListically signiJicant
(X' = 0.95, df = J, P > 0.05 fOl" menns; X' = 7.15,
of = J. P > 0.05 1'01' standard dcviations: X! = 4.65.
df = J, P > 0.05 for residuals).

However. Reviewer I round lhal the dil'itrihutiol1
of l'itundm'd deviillillllS dirl'ered significalltly from
nOI'l11al in II computer simulation mal by the 1<.01·
l11ogorov-Smirnov lcst. thc Box-Cox procedure,
and Ihe plot or order statistics. On thc basis of the
Box-Cox illlillysis. Rcvie\VCI' I rcanalyzed the dntn
using II logarithmic tnmsfonnation of the slandanJ
deviations, concluding lhat "the sampJe sizcs Iso
obttlined J werc not loo different {f1'0111 thosc of TaM

I NUlI1hers Ill' suhjects wcre ClJI1lPIl(Cl! Ihull the fnl'lllUla: II = (s~'I",/)II)1. whcre /I is Ihe 1I1t1l1hCI' \If suhjccls, s is Ihe sllll1l1anl llevilllinl1,
.~..,: i.~ Ihe Criticlll vullle uf Ihe CUllIullltive 1lt1T1l1ll1 vlIrialJle ;: nl the n/2 level nf signillellilce. n is the level nl' slalisticlll signilicl111Ce Iu
he 111111ched In the e.~lhllale. lIIul n is the IlIl1Xill111ll1 lIcccplahlc llilTel'CUcc hetween the sllmple ll1Cl1ll lUll.! the Il'Itc !I111pullltinll) mcan
(Marlin lIud IlnlCl'lltl IlJl):\). Rcsultl' uf cumputlllltll1 wcrc lClUlHJcll III Illc ncxt higher hllcgcr, liS lhc Ilumhcl' Ill' I'uhjccts eitlllllll he
l'rllcllntllll.

! Standard dcvintintts werc Cl1111PUICd l'rmll the I'cgl'cssilln Clll1l1tintl I' '" 0,:\7115 + O.:\;'il)(lX. whcl'c I' is lhe :;tandanl t1C\'iillinn IIml X
Is Ihe lllcan pmlccliull pcriml {I'ee lexl).

9o

a

.,

a

4 5 6 7
loellon Porlod (hr)

I ot' ~lalHlilnl dcvjalillllS 1111
, 0 ..170:; + O.J5lJ6X.

outlying observntions by
lark 1974).
~ was constructed to pro·
necded to dcterminc pro­
",itlt contidencc limits of
It the 99 and 95% Icvds
or required samplc sizes
ilandard devintion as oe­
eson (199J).

lard dcvi:ltions

computed from thc·umil
:d fl'Ol11 0.48 h (data of
iO h (daw or Reircl1l'ath
3). The extrcme vaJues
Jbb's tesl for outlicrs (Tl

22, P > 0.05).
mputed from the d,Ha
,d fl'Ol11 0.21 h (dala nf
) 4.41 h (dala of Skinner
extreme values were not
for olltliers (T1 = 1.114,
0.05).

at ion Was significanl (r
05). The coefricienl of
Idicillcd that 5 J% of the
landard deviations WilS

iution and X is the mean
The residunls from re­
S h (dnta of Wicsmunn
h (dala of Trav!s 1950).

)( significant by Grubb's
I. Tu = 2,209, 11 = 22,

'sis

standard deviations on
1S
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indiciUing n substnntilll relationship of means :nul
stnndnrd deviations.

In a further nnalysis, Reviewer 3 identified ob­
servations I nnd 2 ns particularly influcntial nnd
reanalyzed the dilla with those ohservlltions dcleted
to determine their effect on the conclusions of the
study. Reviewer 3 concluded Ihat "The prediction
equation wns hardly nltered hy deleling these two
obscrvmions, hut the ... rntio of F vullles fell ...
to 1.9." Because neither the X vnlues (0.48 nnd
0.65. respectively) nor the Y vnlues (0.65 nnd 0.52,
respectively) of observations 1 and 2 were signifi­
cant olltliers (sec nbove), we suggest that Ihe rela­
tively large influence of obscrvlltions 1 t1nd 2 re­
flects the rclatively large weights nssigncd 10 those
obscrvations in the regrcssion annlysis (Tnble 2).

Our decision 10 rct:lin the original (linenr rcgres­
sion) analysis was bused on several considerations.
In our opinion, a point exists beyond which increas­
ingly retined and sophisticatcd statistical antilyses
yield diminishing rcllll'I1s in tCl'lllS of clarity and
credibility of preseiltation, Many phenomcnu result
in datu distributed!in n mm11ler sufficiently normul
to provide the busis of theory in biology and other
fields of appliention (Steel and TOI1·ie J980). In the
present cnse, neither lognrithrnic tfi:lI1sJ'ofmation
(Reviewer I) nor quadnltic curve filting (Reviewer
3) mnlerially ch:mged the outcollle of lhe analysis.
lcsting ror hick or, fit, lIscl'ul rcgression, and int1u­
cnti,]J ol"'scrvlltions ,(Reviewer .1) tcnded to supporl
the linear regression model.

Sampling table.

Because the among-subjects sl1.lndard dcvi;:ltion 01"
protection periods is n function of the mcnn, it is ncc­
essary to know :111 approximatc valuc uJ' thc mcnn to
compute the number ul" slll~jccts needcd to dctermine
thc mean precisely. This n:qllin~lI1cl1l l'or advance
knowledge or the paramclcr to he cslill1:lted is COI11­
mon in repellent studics (RlItlctlge et nl. 1989) nnd in
bioassay studies in general (Finney 1978).

Table 4 provides eSlimuted mnong-subjecls stan­
dnrd dcvialions 1'01' menn protcclion periods 01" 1-8
h and the corrcsponding numbers of subjects need­
ed to dctermine the mellU protectioll period with
confidence limits of :to.5, 1.0, 1.5, nnd 2.0 h nl the
99 nnd 95% levels 01' cOIlJitience. Given thc lIllCer­
tilinty in the stantllll'd t1eviutions I"rom which the
sample sizes werc t1eri ved, thc valucs shown should
be regarded as guidelincs only. However, unccr­
Ininlics in lhe source studies werc interpretcd con­
servatively (sec the Materials iIIlf.J Melhods sectinn
nnd the Appendix), nm.! we believe that the values
givcn will be found useful in pmcticc.

This pnpcr is thc Ist published :lttcmpt to deter­
mine the number of subjccts needed in repellent
tests. Addilional research is needcd 10 refine :md
extcnd Table 4, taking into llccount vnrintion in spe­
cies, climatc, scason, weather, materials and meth­
ods, and other variables present in rcpellenl tests.
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APPENDIX

This Appcndix documcllis the methods uscd ill
computing [hc means and standard dcvialiol15
shown in Tablc 3 from the data idcntified in Table
I. The informalion provided is nor csscntial for un­
derstanding [Ile body of the report. Scction numbcrs
of the Appendix correspond with thc refercnce
numbers of Tubles 1-3. Symbols und tCl'ms follow
Steel and lolTic (1980). The terms "mCi1l1 square"
unci "variance" are equivalent.

Mcthods of computing means from data that do
not includc the obscrved values wcre dcscribcd by
Walker and Lev (1953) and Langley (1970) and
will not he rcpcULet;1 here. Fol' brevity, Ihe l11elhocls
described for computing among-suhjccts standard
deviations arc considered complete whcn the vuri­
allce attributable to subjects is obtaincd, with fur­
Iher cOl11pulution of the stundard deviation as the
square rool of the variance bcing undcrstood.

Whcre source studies reportcd among-subjects
ranges and/O!' standard devialiol1s of protection pe­
riods scpnralely for 2 (}I' 1110re tCSls, the combined
stundard deviation was computed as described by
Mandel (1984) from pooled sums of squarcs ob­
tained by back-calculutiol1 from [hc among-subjccts
rangcs or stilndlll'lJ deviillions (Fishcr uud Yatcs
1963, Mandel 1984). For breviLy, this proccdurc is
rcferred to as "pooling."

I) Gilberl et al. (1966. Table 1, men) reported
thc among-subjecLs range of menns of 4 "rcndings"
of Ihe protecli~ll1 period of dcel all 50 mcn iIi tests
agnins[ Ae. aegypt;, The slandard deviation corrc~

sponding to the statcd range WilS obtaincd fl'Ol11 Ta~

ble XX of Fisher lind Yntes (1963) nnd multiplied
by v'4 to oblnin lhe 1Il1long-subjecls standard dc~
viation on iI pcr-obscl'villion basis (Steel and Torrie
1980: 142).

2) Gilbert el al. (1966. 'M>le 1, wOlllen) repOlted
the among~sul~jccts range or mcans of 4 "readings"
of the pl'Otcction period or deet on 50 women in tcS[S
,Igainst Ae. lIc,ltV/Jf;. -111C iIInong-stll~jccts standard
devialinl1 was ohlilined l.Is dCl'icribed in Seclion l.

:1) 'Jhlub and Elisbcr!,!. (1962, 'nihIe J. repellent
M-2020) reported 11l11ong w subjccts standard devia­
tions ohtilined ill 6 dctcrminations or the protection
period of rCpCIlCJ1't M-2020 011 10 sul~jccts in (csls
against il Ilaturill a,<;sociation or mosquitoes in Ma~

laysia. The 6 stllndard deviations wcre pooled to
oblain the combincd among-subjects standard dc-'
viCltion.

4) Alllllan (1%9. 1,.bles 1-3) reported the ob­
served prolcction perimls of various concentrations
or 6 repellents 011 5 sut~jccls in·teslS agnins[ AfI(Jp"~

c1es alhi111rll111.\' Wicdelllilllll ill PiIIHll11i.1. The prc::ient
ann lysis WClS limiLed to 50% N.N-dicthylbenzcnc­
sulfonamide (Table I: 2 subjects, I replication) and
25% dimcthyl plllhallile (Table 3: 4 subjects, 2 rcp~

licatiolls). hccause cerlain tcsts or the olhcr rcpel­
Icnts wcrc Icrminated before completion.

The lII11ong.subjects menn square was estimatcd
by multivariatc slalisticl.11 aJliIlysis, The model em­
ployed in the analysis included the response vari­
able, PROTECTION PERIOD (quantilillive), and 2
explanatory variables, SUBJECr (qualilalive) and
REPELLENT (qualitalive). SUBJECT inelnded 5
cla",es: subjects PB, RA, VA, VB, lind WL. RE­
PELLENT included 2 classes: 50% N.N-diethyl­
bellzenesulfonamide and 25% dimethyl phthalatc.

5) Applewhite and Smith (1950, Tables I and 2)
determined the proteclion periods of 10 repellents
on 9 subjects in tcsts agninsl 11CltUI'i1I i15sociations of
mosquitoes at Anchornge (Junc 29-July3. 1948)
and Big Delln (.IDly 8-12), Alaska. Six of Ihe 10
J'cpellenls were retcstl~d 011 5 subjects at Big Delta
(July 16-18). OIIul nllC of Ihe 6 was retested in com­
parison wilh 3 iH.lditiollal repellents on 3 subjects
al Big Della and Eilsen Pield (July 16-18). In eaeh
case, cHch repellent wns testcd nncc all cach sub­
jecL, and the Ulll(}ng~sub.iccisrange of proLcction pe­
riods was reported.
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For puqmses of analysis. il was lIssumeti that 9
sUbjects were employed in the tesls lind that groups
of 3 and 5 subjccts were choscn at random frol11
the 9 for thc July 16-18 tests. Dnw fl'Olt1 tcsts of 3
rcpcJlents ur Anchorage were excluded from ,lI1al­
ysis, because ccrulin tests or those repellents nt !lUll

locution were tcrminated before completion. SWfl­
durd deviations corrcsponding to the rcmaining
among-subjects riU1ges wcrc obtained from Table
XX of Fisher Hnd Yutes (1963) und pooled to obtnin
the combined nmong-suhjects stnndard deviation.

6) Dua el al. (1996:407) reported the among-sub­
jects stnndard devinlion of protection periods of un
cxtrnct of flowers of umtllllll camal'll (Verbena­
eeac) on 5 subjects in tests nguinst Aede,\' allmpicttls
(Skuse). No nddiliollnl nnalysis was needed in this
case.

7) Guuck ilnd lJowllliln (1959, Table 3) rcporled
subject means obtained in 4 determinations of thc
protection periods of 3 repeIlellls on 3 subjects in
tests ngainst Ae. aegypti. Subject menns were con­
vertcd 10 totals, lmd the IlJnong~suhjects menn
square wns obtained ilS in lhe nmllysis of vnrinnce.

8) Smith el al. (1963,lilbles 5-9, II, 12, IS, 19)
reported meun prolection periods 01' vnrying doses
of 3 repellcnts on 8 subjects in tests ;:lgninst At'.
aegypti under vurying experimcntal conditions.

Thc mnong-subjects mCilJ1 squurc W:l:i cstimated
by multivnrinte statistical analysis. Thc model cm­
ployed in the analysis included the rcsponsc vari~

able, PROTECTION PERIOD (quanlitative), lind 5
explanatory v;:lriilblcs, DOSE (qunntitative), SUB­
JECT (qualitative), REPELLENT (qualitalive),
END POINT (qualitative), and SKIN TREA'I'
MENT (qualitative), SUBJECT inclnded 8 classes:
subjects A-I-I. REPELLENT included 3 classes: di­
methyl phthuJate, cthyl hexnncdiol, ,md deci. END
POINT included 2 classes: the lsi hitc ~lIld the 5th
bite. SKIN TREATMENT included 4 classes:
swealed (Table 5), disinfected ('lilble 6), shaved
(Table 15), and normal.

In the source study, doses were reported in lerms
of concenlrulion (%) und volume (ml) of material
applied per forearm (Table 5), weighl (g) of male­
rinl applied per forcarm ('nlblc 6), or weight (mg)
of material applied pCI' Ullil area (in.!) of forearm
(Tables 7-9, II, 12, IS, 19). In Ihe preseul slndy,
doses were convertcd to mg/cm l w;ing appropriatc
conversion factors and the surface areas of the fore­
arms of lhc subjects as given in rnlble 1 of Smith
et a!. (1963). Because protection periods nrc pro­
portional to the logarithm of tIle dose applicd (Rut­
ledge ct a!. 1989), values of DOSE were entered ns
log mg/cm!.

Menns reported in the source study werc bnsed
nn I (Tables 6, 7, 9, 12),2 (Tuble 15),4 (Table,S,
1I, 19), or 6 (Table 8) repelitions of Ihe tesl pro­
:edure. In Ihe present .tnalysis, cntrics wcrc wcight­
:d by the numbcr or rcpelitions to oblnin thc
lmong~subjects mcrm squnre on a per-observation
msis.

9) Pijoolfl ci al. (1946. Tnble I) reported llic oh­
servcd protectiun periods of 2 repellents on J sllb~

jects in tcsts ngllinst Ae. aegypti. Tesls were con­
ducted in 4 blocks defincd by 'lmbicnt tempcnlture
nnd humidity nnd level 01" phY!-iical nctivily of the
subjects. Protection periods were recorded sepll~

ratcly for the Icft nnd right forearllls. In the present
study, lhe dnta were analyzed as n 2 X ~ X 4 (2
trcntments X 3 subjccts X 4 blocks) cxperimcntal
design with uupJicillc observnlions (left nnu right
arms) to obtain the among-subjects mcun square.

10) Schreck and Smith (1977, Tlible 2, Series I)
reported mnollg-subjccts r;:lIlges of Ihe prolection
pcriods or 2 repcJlents on 5 subjects in lests ugainst
Aet/eo\' tewlliorllync/lIIs (Wicdemann) in Florida.
Stumhml deviations corresponding 10 the rilllgcs
werc oblained from Table XX of Pisllcr nnd Yates
(1963) and pookd to obtain the combined :ullong­
subjccts standard deviation.

Note: Rnnges rcporlcd by Schreck and Smith
(1977) in Scries 2 unt! 3 or 'ruble 2 include 2 ub­
sel'vlliions on eueh suhject. Because Ihc rnnges refcr
10 observlltions, not subjects. they could not bc
used in the sludy.

II) Travis (1950. Tablc 1) reponed mean protec­
tion periods or dimethyl phthulate, bUlopyronnxyl.
nnd il sct or 10 unspccified repellents 011 3 (dimclh­
yl phthlilale), 6 (hutopyronoxyl), or 4 (10 repel­
lents) of () subjects in Icsts lIgninst Allop/w/es fjflad­
rimaclI/allls Say (dimethyl phthalnlc). A('. aegypti
(dimethyl phthalute), Aedes .mllicittllls (Walkcr)
(hulUpyronoxy1), or Ae. tlle"iorltyllcllff.\' (I 0 repel~

lents).
Thc :'HHong-subjects mean squlIrc was estimated

by muItivnriHtc stntistical analysis. The modcl elll w

ployed in the nnlllysis included the response vm'i w

able, PROTECTION PERIOD (quautitalivc), and 3
explanalory variables, SUBJECT (qualitalive). RE­
PELLENT (qualilative), and SPECIES (qualita­
live). SUBJECT included 6 classes: SUbjects 1-6.
REPELLENT included 3 classes: dimelhyl phthal­
ale, butopyronoxyl, alld 10 repellen!s. SPECIES in­
cluded 4 clnsses: All. ljlflldrimacu/lIllls, Ac. acgypti,
Ae. sollidulIl.l'. and i\e. 11Iclliorhym:/lIIs.

Means reporlcd in the !iource study werc based
all 28 (AI1. qlUltirimltcu/l1tlls). 20 (Ac. aegypti). 4
(Ae. .\'ol/kilrJf/s), or 10 (Ae. tllelliorllyllclws) repe­
titions of the test procedurc. In the prescnt an:llyshi,
entries were weighted by the numbcr of repctilions
to obtain thc mnong-subjccl5 menn squHI'e on a per­
observation basis.

12) \'{!liuemore el al. (1961, 'litble 2) reported
means OJ and sUlIldnrd devintions (s) of' the pro­
tection periods of 2 repcJlcl1(S obtained in paired
observations 011 10 (II) subjccts in Icsts against Ae~
des scapu/al"i.\· (Rondnni) in Texas. The vulue of
Student's I was nlso reported. In Ihe present slUdy
the data were rcanalyzed by 2-way (2 trcatments X
10 subjects) analysis of varinnce. Validity or the
reamllysis wns verified by pcrforming the !inme op-

er:llions on n workcd eXIt
by Steel and Torrie (198t

The sums of lhe squnl
eHeh trcatment were oht:
from s <IS (11 - J)s:! + I

sqlHlres (total SS) was Ihl
thc sums of squares so ob
correction tcrlll, C = (:E(I

The trcatment mcnn sC)
oblaincd from the treatm
nnalysis of vnrinnce. The (
trentment MS/f; where F i:
ment MS/error MS) obtai
Torrie 1980: 144). 'Ii'eulmel
muIliJ1lied by the respeclh
freedom to obtain the trci
and lhe among-subjects In

as (lolal 55 - trcntment S
13) Traub and Elisberg

por[cd the nmong-subjccts
rained in 6 delerminntions
of dcct on 10 subjccts in tl
sodation of mosquitoes in
nmong-subjects standard dl
dClicl'ibcd in Seclion 3.

14) Wadley (1946:31) 1'1

jccts SUIll or squares and il
freedum in n bnlnnced incl
reJlcllents on 5 subject:'; u!
among-subjects mean squa
viding the slim of squares'b;
of frcedom.

J;,) Spencer et a!. (19'
among-subjects standnrd de
tion periods of 4 repellents
agninst Ae. aegypti. Two of I
cd once 011 eHcll subject. :11

on ench suhjcct. The 6 stn
poolcd to obtain the COlll
slnnd:u'd dcvintion.
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hble I) rcported thc ob­
If 2 J'epdlcl1ls on J sub­
cgypri. Tests were con­
by ambicnt temperature
physical activity of the
s werc rccorded sepil­
fOrClIrllls. In thc prcscilt
~ednsn2X3X4(2

4 blocks) experimcnlnl
rViltiollS (left and right
mbjcets mcan square.
977, Table 2, Series I)
nges of lhe protection
subjects ill tests .lgainst
edcmlllln) in Florida.'
landing to lhc ranges
:X of Fisher und YiltcS
the combincd llmong-

y Schreck and Sl11ilh
l:,ble 2 include 2 01>­
ccausc thc I'allgCS refer
:S, they could 11I1( be

reported mcan prolcc­
Judaic, butopyronoxyl,
:pcllcnts on 3 (dimcth­
,xyl), or " (10 repel­
ainst Anopheles lJlIad­
hlhahlte), Ac. acgypri

sollicir(/m' (Wnlkcr)
iorl1YI1c1IIf.\' (l () reJlel-

square wns eSlimated
lysis. Thc modcl Cl1l­

cd the f'c~ponsc vari­
) (quanlitalivc), and 3
:CT (qualilalive), RE-

SPECIES (qtmJila­
:Iasscs: subjecls 1-6.
ses: dimethyl phlhal­
>ellenlS. SPECIES ill­
;lculafUs. Ac. aegypli.
rhync!fUs.
ce sludy Were. bascd

20 (Ae. ae8.l'lili), 4
1clliorllYIlc!I/{,\') repe­
thc prcsent analysis,

lumbcr of rcpelitions
lcan squarc on a per-

I, Table 2) reporled
Lions (s) of the pro­
i obtained in paired
~ in tcsls tlgnimil Ac­
rcxas. The v.duc of
In the present study
Wtly (2 trcntlncnts x
ncc. Vnlidity of the
Jrming the SillllC 01'-

cl'illions on a workcd cXill11ple of thc I-test providcd
by Sleel and TOI1'ie (1980:103).

The SUIllS of thc squilrcs of the ohscl'viltions in
each trcalmcnt wcrc oblilill.cd by hack cnlculation
from Ii ilS (II - I )SI + (n}'F/II. The tOUlI sum of
squares (total 55) wm. then oblaincd by combining
Ihc SlUllS of squares so obt!!.ined ilnd subtrncling thc
corrcction term, C = rl:(IIY)F/LU.

The tre;ltmcnt mean square (frcatJ11£!lt MS) was'
obtnincd from lhe trcatmcnt toluls (II}') as in the
1111t1lysis of variance. The errOl' MS wns obtnined as
lI'cutmcnt MSII~ whcrc F is Ihe vnrinncc rutio (trcat­
mcnt MS/el'ror MS) obtained as F = (I (Stcel and
Ton'ic /980:144). Trcatmcnt MS and ClTor MS werc
multiplied by the rcspective numbers of degrees of
freedom to oblain the treatment 5S and crror S8,
<lnd thc among-subjccts mcan square was obtained
as (lolal SS - IreaUnenl SS - error SS)/(II - I).

U) Traub and Elisl>erg (1962, Table 3, deel) I'C­

ported the among-subjccts standard dcvialions ob­
taincd in 6 detcnninntion,s of the protection period
or deet 011 10 suhjccls ill tcsts againsl a natural as­
socialion or mosquitocs in Malaysiu. Tilc eomhined
1IIl1ung-sllbjee(~ ~landllrd deviution was obtained as
de~cribed in Seclion 3.

14) Wadley (1946:3 I) reporled Ihe Ilmong-sub­
jects SlUll of squares and its assochtted dcgrecs of
frccdom in a balnnccd incomplete block lesl of 6
repellenls on 5 subjccts ngainst Ac. aegypli. Thc
nmong-subjccls mean square was obtaincd by di­
viding thc sum of squnres by thc llumber or dcgrces
of frcedonl.

15) Speneer el al. (1977, l:,ble I) reporled
umong-5ubjccts standard dcviations of lhc protec­
tion periods of 4 repcllents 011 8 subjects in tesls
against Ae. lIegypti. Two of the rcpellents werc tcst­
cd oncc 011 cach subjccl, and 2 WCl'C tcsted lwiec
on cach sul~jecl. Thc 6 standard dcviations wcre
ponkd to o(llain thc combincd among-subjects
stilndard devintion.

16) Wiesmann and Lolmar (1949, Table I) re­
porled the numbers of bilcs obscl'vcd 2, 4, 6. 9, II,
and 13 II aftcr application of 2 rcpeIlents to 1-8
su~iccts at n normal ratc, a hnJf-nofmal mtc, 01' as
necded for covcragc. Tests wcre conducted against
a nntural association of mosquitocs in Argcntina.

For purposes of the prcsent study, the end point
of the protcction period was considcrcd to be the
midpoint in time betwcen the last recordcd ncgative
observation and the 1st rccordcd positive obscrva­
tion (Rutlcdgc 1988). For example, whcre 0, 0, 0,
3, 0, and 3 bitcs wcrc reportcd al 2, 4, 6, 9, 11, unu
13 h, the protcction pcriod wus considcrcd to bc (6
+ 9)/2 = 7.5 h.

Protection periods wcre analyzed us a 2 X 3 (2
rcpellcnts X 3 npplicalion rates) eXJlcrimental de~

sign with unequal rcplication (1-8 subjects) using
multivarintc stalistienJ analysis. The model cm­
ploycd in thc mmlysis included the rcsponsc vari­
able, PROTECTION PERIOD (quanlilalive), alld 2
cxplanatory varinhlcs, REPELLENT (qualilative)

and APPLICATION RATE (qnalilative). REPEL­
LENT includcd 2 clnsses: cpellent 6-2-2 and Kik­
Geigy. APPLICATION RATE included 3 elasses:
normal, half-nonnnl, and as-necded.

In this analysis, thc crror (within-trcalmcnts)
mean square rcprescnts the among-su~jcets vari­
ance. Thc estimate is <I conservillive llppl'Oximation,
bccause it includes experimental error and is an
overcstimate.

17) Speneer el al. (1976, Table 3) reported
among-subjects standard dcviations of the protcc­
tion pcriods of 7 rcpellcnts on 4-16 subjects in lcsls
against Ac. aegypli. Subjccts wcre chosen ut rnll k

dam 1'1'0111 a pool of 30 l11ulcs. The standard devi­
tuiOlls were pooled to obtain thc combined <Unong­
sul~jccls standard deviation.

18) Wiesmann and Lolmar (1949:299) reporled
among-subjects rangcs of protcction periods of
Kik-Geigy repcllcnl obtained in 6 tcsts aguinst a
natural association of mosquilocs in Frallce. The
number of subjccls employed in the tests WtlS Slated
Lo hc 5 or 6, bUl the numbers cmploycd in specific
tcsts wCl'e not givcn. As a cOnSCI'Viltive approxi­
mation, lhc numbcr of :mbjccts wns considcrcd to
be 5 in cach tcst, Slandurd deviations con-csponding
to thc mnong-subjcct.s _rangcs wcre obtained from
l~lble XX of Fishcl' .md' Yalcs (1963) and poolcd 10
oblnin the combincd among-subjects stilJuJard dc­
vintion.

19) Spencer and Akers (1976, Tnllie I) reporled
l1Inong-:mbjects standard dcviations of protcetion
periods of 3 rcpcllcnts on 4 subjects in lests against
Ae. laelliorlIVllcllU.'I in Florida. The stanuurd devi­
ations wcrc j,001cd to obtain thc combincd mnong­
subjccls slnndard deviation.

Notc: Data of Spenccr and Akcrs (1976. Table
2) wcrc not mmlyzcd, becausc tcsling of cel'tain
(unspccified) repellcnts wns lcrminaled bcforc com­
pletion.

20) Rielsehel and Speneer (1975, Table) reported
among-subjecls standnrd dcvinlions of the protcc­
lion periods of 0.16 mg/cm! and 0.32 mglcm! dect
on 16 subjects in tests against Ac. aegypti. Thc
standill'd deviations wcre pooled to obtain the com­
bincd among-subjccts slandard deviation.

21) Skillner el al. (1977, Tnble I) reporled mean
protcction periods of dcct on II subjccts in tests
ngainst Ae. aegypli. The lcst proccdurc was rcpcat­
cd 2-8 times on eacll subject. Subject means were
converled to totals, and thc among-subjccts mcan
squarc was computcd as in the analysis of variance.

22) Reifenralh alld Akers (1981. Table 2) re­
ported lhe observcd protection pcriods of 4 rcpcl­
Icnts on 4 subjccts in tcsts ugainsl AflopllCla,f free­
borni Ailkcn in California. Data for 2 repellcnts
wcre excluded from the prescnt mwlysis, because
tcsting of those repellenls wns tcrl11inntcd before
complction. Dalil fOi' 1-(butylsulfonyl)-hexahydro­
lll-azcpine und lricthylcnc glycol monohcxyl cther
wcrc :1I1i1lyzed by 2-way (4 subjects X 2 rcpellenls)
analysis of variance to obtain the .unong-subjec(s
mcan square.
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