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Table 3. Mean protection periods and standaed 4.5 4 o a
devintions, 4.0 4 o
Stundnrd = 3.5+
Reference Mean deviation = 30

no,’ [i}] () _':% 25.

[ 0.48 0.65 & 204

3 0.65 0.52 B .

3 1.06 0.21 g7

4 1.06 .59 P §.0 S

5 1.38 0,94 0.5 -

[¢] 1.40 (.40

7 2.14 297 0.0+ T 1 T T T T T T T 1
8 2.20 3.09 [ 2 a3 4 5 6 7 8 9
9 271 0.51 Mean Protection Pariod (hr)

7

;(IJ 35; ‘?:)g Fig. 1. Linenr regression of standard deviations on
1 '3"” (,'44 mean protection periods: ¥ = (L3705 -+ (0.3596X.

i3 398 1L71

€ .« UL . . .

:‘5‘ ;_;‘.; .],;i pression were lested for oullying observations by
15 550 5:77 Grubb's test {Dunn and Clark 1974).

17 5.7 2.55 Sampling talle: A table was constructed to pro-..
18 5,72 0.85 vide numbers ol subjects needed to delermine pro-
1y 6.37 1.84 tection periods of 1-8 h with confidence limits ol
20 6.45 t.69 +0.5, 1.0, 1.5, and 2.0 h at the 99 and 95% levels
2}} 6.93 4.41 .of confidence, Estimates of required sample sizes
22 8.50 4.40 were compuied (rom the standard devintion as de-

! See corresponting entey in Tabtle B lor identilication of sosrce
steedy.

mean profection periods obtained on individual
subjects, the among-subjects mean square was
computed by analysis of variance, and the standard
deviation was obtained ns the syuare root of the
among-subjects mean square. One-way, 2-way, or
aother conventional statistical designs were em-
ployed where possible,

Muliivariate methods were employed o analyze
dnta compifed from disparate experiments on the
same subjects and to analyze dala from experiments
with asymeltrical structure andfor missing or cx-
cluded observations. Because order of effects is im-
portant in multivariate statistical analyses (Mead
1990), cffects attributable to subjects were given
priority over ether {actors. This approach is con-
servalive in the sense that it maximizes the estimate
of the among-subjects standard deviation.

Where the source study reporied among-subjects
ranges and/or standard deviations of protection pe-
riods separately for 2 or more fesis, the combined
standard devidion was computed as described by
Mandel (1984} [rom pooled sums of squares ob-
tained by back-calculation from the among-subjects
ranges or standard deviations (Fisher and Yides
1963, Mandel 1984).

Analvsis of means and standard deviations: A
linear regression of standard deviations on mean
protection periods was computed. In computing the
regression, observations were weighted by the
number of subjects tested, as shown in Table 2.
Means, standard devimtions, and residuals [rom re-

scribed by Martin and Bateson (1993).

RIESULTS AND DISCUSSION
Means and standard deviations

Mean prolection periods computed from the data
identified in Table | ranged from 0.48 h (dala of
Gilber et o, 1966) to B.50 h (datn ol Reilenrath
nnd Akers 1981} {Table 3). The extreme values
were not signilicant by Grubb's test for outliers (7
= 1419, 7, = 2.092, n = 22, P > 0.05).

Standard  devimions computed {rom the data
identified in Table | ranged from 0.21 h (data of
Traub and Elisberg 1962) to 4.41 h (dota ol Skinner
et al, 1977) (Table 3). The extreme values were nol
significant by Grubb's test for outliers (T, = L.114,
Ty = 1905, n = 22, P > 0.05).

Analysis
The linear regression ol stundard deviations on
mean prolection periods was
Y = .0.3705 + (0,3596X,

where ¥ is the standard devintion and X is the mean
protection period (Fig, 1) The residuals from re-
gression ranged from ~ 1,58 h (datn of Wiesmann
aned Lotmar 1949) 1o -#2.52 h (datn of Travis 1950),
The extremie values were nol significant by Grubb's
test for outlicrs (7, = 1461, 1, = 2,200, n = 22,
£ > 0.05).

The coeflicient of correlation was significant (-
= 0,60, df = 20, P < 0.05). The cocllicient of
determination (#* = 0.31) indicated that 51% of the
observed varintion in the standard deviations was
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altributable to variation in mean prolection periods.
The remaining vartation can be attributed o vari-
ation in specics, climale, scuson, weather, materials
and methods, and other variables associated with
the respective source studies (Table 2).

Nate added i revision: Al the suggestion of an
anonymous reviewer {Reviewer 1), additional ana-

lyses were performed o determine i the effects of

locale (statefcountry) or selting (laboratory/licld)
(Table 2) on prolection perivds were significant,
Neiher Tactor was slgnilicant when included in the
analysis (F = 0.65, dl = 99, 7 > 005 and FF =
313, dF = 2,9, P > 0.05, respectively).

The original version of this paper included chi-
square tests for goodness of fit of the observed dis-
tributions of’ means, standard deviations and resid-
uvals o the normal distribution (Steel and Torvic
19807, Values of ¥* were nol statistically significant
{(x' =095 dI= 3, P > 0.05 for mcans; x* = 7,15,
di = 3, P > 0.05 lor standard devintions; x* = 4.65,
df = 3, P > (.05 for residuals).

However, Reviewer | found that the distribution
ol stundard deviations differed signilicantly {rom
normal in oo competdr simudation and by the Kol-
mogorov-Smirnoyv (esl, the Box-Cox procedure,
and the plot of order stalistics. On the basis of the
Box-Cox analysis, Reviewer | reanalyzed the data
using a logarithmic transformation of the standard
deviations, concluding that “the sample sizes {so
obtained] were not toa differen! {{rom those of Ta-

Tuble 4.

bie 4], so that the extra cfTort was not overly [ruitful
and the interpretation of the simpler model was
lost.*

Stmilarly, an in-house reviewer (Reviewer 3)
found thit the distribution ol standard deviations
differed significantly from normal by the Aader-
son=Uarling test, On ks basis, Reviewer 3 fitted a
guadratic (2nd degree polynomial) curve to the
data, cancluding that “'the fitted values Jor slandard
devintion based on quadratic 11 ta the smoothed
data show[ed] litde difference | rom those based on
lincar regression| through 7 Iy of protection].”

In an additional analysis, Reviewer 3 grouped
source studics with similar mean profection periods
ter conmpute the bias ceron pure crron, and I ovalue
for fack of 6t (Draper and Smith 1981). Becausc
the value ol F was nol statistically significant, Re-
vicwer 3 concluded that the F oiest for lack of fit
provided no reason 1o doult the adequacy of the
lincar regression modcl.

According to Draper and Sraith (1981), the ratio
of the F value Tor regression to the tabulated value
must be =4 for the regression to be uselul, as op-
posed lo being merely significant, Reviewer 3
found that this ralio was 4,75 in the present study
and concluded that’the regression model was use-
ful. In this connection, Martin and Baleson (1993)
hiave suggested that the correlation observed in the
study (r = 0.60) can be interprefed us moderale,

Numbers of s::h]cus needed to determine profection pmm]-. ol -8 I with conlidence Hmits of £0.5~2,0

b oot the 99 and 95% levels of conlidence,)

Protection Standard
periad deviation?
(m (h) D=05h H=1.0nh D=15h D=20nh
a = (L0
I 0.73 4] 4 2 i
2 1.0Y a2 4 4 2
3 .45 506 14 7 4
B 1.81 87 22 1Y [¢]
5 2,17 125 i2 14 4
K¢ 2.53 170 43 19 11
7 2,39 222 56 25 14
b 3.25 280 70 32 18
o = {105
1 .73 9 3 | 1
2 1.0g 19 5 3 2
3 145 33 Y 4 3
4 181 51 13 : 6 4
5 2,17 73 I 4 3
6 2.53 94 25 I 7
7 2.89 129 i3 15 4
4 3.25 163 41 19 Il

* Numbers of subjeets were computed from (e Tormmshi: 1 = (52,2002 where s (e swaber of suhjeets, s Bs the stindaid deviation,
fo 15 the eriticul vidue of the cunwlative normal virlable @m0 the of2 level of signifleance, « is the level of sttistical signilicance o
he atinchert (0 the estimate, ord 22 s the moximom acceptable difference hetween e sample wean and the e (gopulaion) mean
tMartin wnd Bateson 1993}, Results of computution were taunded 6o abe next higher integes, as the munber of subjects cinnot be

fragtionml,

! Standard devistions were compuied from the regression equation ¥ = 03705 4 035968, where P is the standand devintton and X

is e s protection peciod (see text)
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indicating # substantial relationship of means and
standard deviations.

In a {urther analysis, Reviewer 3 identified ob-

servations 1 and 2 as particularly influential and
reanalyzed the data with those observations deleted
te delermine their elfect on the conclusions of the
study. Reviewer 3 concluded that “The prediction
equation was hardly aliered by deleting these two
observations, but the .. ratio of F values {ell ..,
to 1.9." Beeause neither the X vatues (0.48 and
0.65, respectively) nor the ¥ values (0.65 and 0.52,
respectively) ol observations 1 and 2 were signili-
cant outliers (sce above), we supggest that the rela-
tively large influence of observations 1 and 2 re-
flects the relatively farge weights assigned 1o those
observations in the regression analysis (Table 2).

Our decision to retain the original (linear regres-
sion) analysis was bascd on several considerations,
In our opinion, a point exists beyond which increas-
ingly refined and sophisticated statistical analyscs
yicld diminishing returns in (erms of elarity and
credibility of presentation. Many phenomena resull
in data distributed «in 2 manner sufficiently normal
to provide the busis of theory in biology and other
ficlds of application {Steel and Torrie 1980). In the
present case, neither Jogarithmic transformation
(Reviewer 1) nor quadratic curve [itting (Reviewer
3) materially changed the outcome of the analysis,
Testing for fuck of fif, uselul regression, and influ-
ential observitions (Reviewer 3) tended fo support
the linear regression maodel,

Samipling table

Because the among-subjects stundurd deviation of
protection periods is o function of the mean, it is nec-
essary to know an approgimate vilue of the mean (o
compuie the number of subjects needed 1o delermine
the mean precisely, This requirement for iadvance
knowledge ol the parimeter 1o be estimated is com-
non in repellent studies (Rutledge et al. 1989) and in
bioassay stuclies in general (Finney 1978).

Table 4 provides estimated among-subjects stan-
dard deviatiens [or mean protection periods of 1-8
h and the corresponding numbers of subjects need-
ed to determine the mean protection period with
coniidence limits of 0.5, 1.0, 1.5, and 2.0 h at the
99 and 95% levels of conlidence. Given the uncer-
tainty in the standard deviations rom which (he
sample sizes were derived, the values shown should
be regarded as puidelines only. However, uncer-
taintics in the source studies were inlerpreted con-
servatively (see the Materials and Methods section
and the Appendix), and we believe that the values
given will be found useful in practice.

This paper is the 1st published attempt to deter-
mine the number of subjects needed in repellent
iests. Additional research iy needed to refine and
extend Table 4, taking inlo account variation in spe-
cies, climate, season, weather, malerials and meth-
ods, and other viviables present in repellent Llests,
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APPPENDIX

This Appendix documents the mcthods used in
computing the means and standard deviations
shown in Table 3 lrom the data identified in Table
[. The information provided is not essential for un-
derstanding the body of the report. Seetion pumbers
of the Appendix correspond wilth the refercnce
numbers of Tables 1-3. Symbols and terms follow
Steel and Torric (1980). The terms “mean square™
and "variance™ are equivalent,

Methods of computing mcans from data that do
not include the obscrved values were described by
Walker and Lev (1933) and Langley (1970) and
will not be repeated here, For brevity, the methods
described for computing among-subjects standard
deviations arc considercd complete when the vari-
ance attributable to subjects is obtained, with fur-
ther computation of the standard deviation as the
square rool of the variance being undersiood,

Where source studies reporied among-subjecls
ranges and/or standard devialions of protection pe-
riods separately {or 2 or more lests, the combined
standard deviation was computed as described by
Mandecl (1984} from pooled sums of squarcs ob-
tained by back-calculation from the among-subjects
ranges or standard deviations (Fisher and Yales
1963, Mandel 1984}, For brevity, this procedure is
referred (o as “pooling.”

1} Gilbert et al. (1966, Table I, men) reported
the aimong-subjects range of means of 4 “readings”
ol the proteciion period of deet on 50 men in lests
against Ae. acgypti. The standard devialion corre-
sponding 1o the stated range was obtained [rom Ta-
ble XX of Fisher and Yates (1963) and multiplicd
by V4 (o obtain the among-subjects standard de-
vistion on a per-observation basis (Steel and Torrie
1980:142).

2} Gilbert el al. (1966, Table I, women) reported
the ameng-subjects range of means of 4 “readings”
ol the protection period of dect on 50 women in tests
against Ae. aepypri. The among-subjects standard
deviation was obitained us described in Section 1.

3 Traub and Clisberp (1962, Table 3, repellent
M-2020) reported among-subjects standard  devia-
Lions obtained in 6 determinations of the protection
period of repellent M-2020 on 10 subjects in tests
against a natural association of mosquitoes in Ma-
laysia, The 6 standard deviations were pooled to
oblain the combined mmong-subjects standard de-
viation,

4) Altman (1969, Tables 1-3) reported the ob-
served protection perfods of virious concentrations
of & repellents on § subjects in-tests against Anoph-
eley albimanny Wiedemann in Panama, The present
anadysis was limited to 50% N N-dicthylbenzene- ¢
sulfenamide (Table 1: 2 subjects, | replication) and -
25% dimethyl plithalate (Table 3: 4 subjects, 2 rep-
lications), because certain tests of the other repel-
lents were terminated belore completion.,

The among-subjects mean square was estimated
by multivariate stalistical analysis, The model em-
ployed in the analysis included the response vari-
able, PROTECTION PERIOQD (quantitative), and 2
cxplanatory variables, SUBJECT (qualitative) and
REPELLENT ({qualitative). SUBJECT included 5
classcs: subfects PB, RA, VA, VB, and WL. RE-
PELLENT inchuded 2 classes: 30% N N-dicthyl-
benzenesullonamide and 25% dimethyl phthaiate.

5) Applewhite and Smith (1950, Tables | and 2)
determined the protection periods of 10 repellents
on 9 subjeccts in tests against natural associations of
mosquitoes at Anchorage (Junc 29-luly3, 1948)
and Big Dclta (July 8-12), Alaska. Six of the 10
repellents were retested on 5 subjects at Big Delta
(July 16— 8), and one of the ¢ was retesicd in com-
parison with 3 additional repelients on 3 subjects
at Big Delta and Eilsen Field (July 16-18), In each
case, cach repellent was tested once on each sub-
jeet, and the among-subjects range of protection pe-
ricds was reported.
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For purposes of analysis, # was assumed that 9
subjects were cmployed in (he testy and that groups
of 3 and 5 subjects were chosen at random [rom
the 9 for the July 16-18 tests, Data from lests of 3
repellents ot Anchorage were excluded {rom anal-
ysis, beeause cerlain tests of these repellents at that
location were terminated before completion. Stan-
dard deviations corresponding to the remmining
among-subyjects ringes were obtained from Table
XX of Fisher und Yates (1963} and pooled to obtain
the combined nmong-subjects standard deviation.

6) Dua et al. (1996:407) reported the among-sub-
jects standard deviation of protection periods of an
extract of llowers of Lamtana camara (Verbena-
ceae) on 5 subjects in tests against Aedes albopictus
{Skuse). No additional analysis was needed in this
case.

7) Gouck and Bowman (1959, Table 3) reported
subject means obtained in 4 determinations of the
protection periods of 3 repellents on 3 subjects in
tests against Ae. aegypti, Subject means were con-
verted o tofals, and the among-subjects mean
scquare was obtained as in the analysis ol variance.

8) Smith et ol. (1963, Tables 5-9, 11, 12, 15, 19)
reported mean profeclion periods ol varying doses
of 3 repellents on 8 subjects in fests against Ae.
aegypri under varying experimental conditions,

The among-subjects mean square was estimated
by multivariste statistical unalysis. The model em-
ployed in the analysis included the response vari-
able, PROTECTION PERIOD (quantitative), and 5
explanatory variables, DOSE (quuntitative), SUB-
JECT (qualitative), REPELLENT (qualitative),
END POINT (qualitative), and SKIN TREAT-
MENT (qualitative). SUBIJECT included 8 classes:
subjects A~H. REPELLENT included 3 classes: di-
methy] phthalate, ethy! hexanediol, and deet. END
POINT included 2 clusses: the [st bite and the Sih
bite. SKIN TREATMENT included 4 classes:
sweualed (Table 5), disinfecied (Table 6), shaved
{Table 5), and normal.

In the source study, doses were reported in terms
of concentration (%) and volume {nl} of material
applied per forearm (Table 5), weight (g) of maic-
rial applied per forearm (Table 6), or weight (ing)
ol material applied per unit wrea (in?) of lorcarm
(Tubles 7-9, 11, 12, 15, 19, In the present study,
doses were converted o mp/em?® using appropriate
conversion factors and the surface areas ol the fore-
arms of the subjects as given in Table | of Smith
et al, (1963), Because protection periods are pro-
portional to the logarithm ol the dose applied (Rut-
ledge ct al, 1989), vaiues of DOSE were entered o
log mgfem?.

Means reported in the source study were based
on | (Tables 6, 7, 9, 12), 2 (Tablc [5), 4 (Tables 5,
i1, 19}, or 6 {Tabic 8) repetitiony of the test pro-
cedure. In the present analysis, entrics were weight-
s« by the number of repetitions o obtain the
imong-subjects mean square on a per-observation
msis.

93 Pijoun et al, (1946, Table 1) reported the ob-
served protection periods of 2 repellents on 3 sub-
jeets in fests agninst Ae. aegypri, Tests were con-
ducted in 4 blocks defined by ambient temperature
and humidity and level of physical activity of the
subjects. Protection periods were recorded sepit-
rately for the Iefl and right {forearms. In the present
study, the datn were analyzed as 0 2 X 3 X 4 (2
treatments X 3 subjects X 4 blocks) experimental
design with duplicate observations (left and rigit
arms) to obtain the among-subjects mean square,

10) Schreck and Smith (1977, Table 2, Series 1)
reporled among-subjects ranpes of the profection
periods ol 2 repellents on 5 subjects in tests ugainst
Aedesr taeniorfyneiuy (Wicdemann) in Florida,
Stundard deviations corresponding 10 the ranges
were oblained from Table XX of Fisher and Yates
(1963) and pooled 1o obtain the cémbined among-
subjects standard deviation,

Note: Ranges reported by Schreck and Smith
(1977) in Serics 2 and 3 of “Tuble 2 include 2 ob-
servations on cach subject. Because the ranges reler
{o observadions, not subjects, they could not be
used in the study.

L) Travis (1950, Table 1) reported mean protec-
tion periods of dimethyl phthalade, bulopyronoxyl,
and a set ol 10 unspecified repellents on 3 (dimeth-
y} phthalate), 6 (butopyronoxyl), or 4 (10 repel-
lenis) of 6 subjects o {ests against Anoplicles qrad-
rimacitlainy Say (dimethyl phthalsie), Ae. aegypii
(dimethy! phthalate), Aedes soilficitany (Walker)
(butopyronoxyl), or Ae. raeniorfiynetins (10 repel-
lents).

The wmong-subjects mean square was estimate
by multivariate statistical analysis. The mode] em-
ployed in the analysis included the response viri-
able, PROTECTION PERIOD (guuntitutive), and 3
explanatory variables, SUBJECT (gualitaiive), RIE-
PELLENT (qualitative), and SPECIES (qualita-
tive). SUBJECT included 6 classes: subjects 1-6.
REPELLENT included 3 classes: dimethyl phthal-
wle, butopyronoxyl, and 10 repellents, SPECIES in-
cluded 4 classes: An. guadrimaculatus, Ae. aegypti,
Ae, yollicitans, und Ae. taeniorlyncius.

Menns reported in the source study were bhascd
on 28 (An. gradrimacilatus), 20 (Ae. aegypii), 4
{Ae. sollicitans), or 10 (Ae. taeniorhynchity) repe-
litions of the fest procedure. [n the present analysis,
entries were weighted by the number of repetitions
to obtain the among-subjects mean square on i per-
observation basis.

12} Whittemore et al, (1961, Tuble 2) reported
means (Y} and stndard deviations (8) of the pro-
tection periods of 2 repellents obtnined in paired
observations on 10 (1) subjects in tests agninst Ae-
des scapularis (Rondani) in Texas. The value of
Student’s ¢ was also reported. In the present study
the data were reanalyzed by 2-way (2 treatments X
10 subjects) nnalysis of variance. Validity ol the
reanalysis was verilied by performing the same op-

PASEL S  OF 49

SuPTEMBER 1999

crations on 4 worked exa:
by Steel and Torrie (198

The sums ol the squu
eiach treatment were obl:
from s as (0 — 1)s7 + {
squares (totnd S5) was
the sums ol squares so ob
correction term, € = [X(

The lreatinent mean sq
obtained from the treatm
analysis of varinnee, The
treatment MS/F, where F i
ment MS/error MS) obint
Torrie 1980: 144), Treatme
multiplied by the respectiy
freedom 1o obtain the tre
and the among-subjects m
s (lotal 8§ ~ treayment S

[3) Traub and Elisberg
ported the among-subjects
lained in 6 determinations
of deet on 10 subjects in ti
sociation of mosquitoes in;
wmong-subjects standard di
described in Scction 3.

14) Wadley (1946:31) n
Jects sum ol squares and &
freedom in o balanced inci
repelfents on 5 subjects o
among-subjects mean squa
viding the sum of squares'b:
of [reedom. : :

I5) Spencer et al. (19
wmnong-subjects standard de
tion periods of 4 repellents
against Ae. aegypti. Two of |
cd once on cuch subject,
on cach subject. The 6 std
pooled to oblain the cony
standard deviation,

16) Wiesmann and Lotm;
ported the numbers of bites i
and 13 h after application {
subjects at a normal rate, n |
needed for coverage, Tests W
a natural association of mosc

For purposes of the preser
ol the protection period was
midpoint in lime between the|
observation and the st recot
tion (Rutledge 1988). For ex
3,0, and 3 bites were repottel
I3 h, the prolection period w
+ 0)2 = 75N,

Protection periods were un
repellents X 3 npplication ra
sign with unequal replication
multivariste stuistical analy
ployed in the analysis includ
able, PROTECTION PERIOD
explanatory variables, REPE




YoL. 15, No. 3

able ) reported the ob-
f 2 repetlents on 3 sub-
egypti. “Tesls were con-
by ambicent femperaturc
physical activity ol the
5 were rcecorded sepa-
forcarms. In the present
ted as a2 X 3 X 4 (2
4 blocks) experimental
rvalions (left and right
subjects mean square,

977, Table 2, Series 1)
nges of lhe prolection
subjects in tests against

edemann) in Florida,”

onding v the ranges
X of Fisher and Yatcs
the combined among-

¥ Schireck and Smith
Table 2 include 2 ab-
ccause the ranges refer
5, they could npot be

reported mean protec-
halate, butopyronoxyl,
pellents on 3 (dimeih-
wyl), or 4 (10 repel-
ainst Anopheles giad-
hthalute), Ae. aepypri
sollicitany (Walker)
forftynetuy (10 repel-

squarc was cstimated
lysis, The model ¢m-
ed the response vari-
) (quantitative), and 3
CT (qualitative), RE-
SPECIES (qualita-
:lasses: subjects [-G.
ses: dimethyl philal-
whents, SPECIES in-
scitlatus, Ae. aegypli,
riynclius,
ce study were based
20 {Ae. aegypi), 4
1emiorhiynciu) repe-
the present analysis,
wmber of repetitions
1Can squarc on a per-

1, Table 2) reported
lions (s) of the pro-
i obtatned in paired
5 in tosts against Ae-
lexas. The value of
Iny the present study
way (2 treatmenls X
nce, Validity of the
arming the same op-

SErrimmin 1999

ProOTECTION PERIODS OF REPELLENTS 353

crations on a worked example of the r-test provided
by Steel and Torrie (1980:103).

‘The sums of the squares of the observations in
cach treatnent were obtained by back calculation
from s as (n — 1}s° + (u})¥n. The total sum of
squares (tolal SS) was then obtained by combining
ihe sums of squares so obtained and subtracting the
correclion term, C = [Z(n¥)[¥Zu.

The treatment mean square (trcatimcnt MS) was'
obtained from the ireatment tolals (1Y) as in the
analysis of variance. The error MS was obtained as
treatmend MS/E where FF is the variance rmtio (treal-
ment MS/crror MS) obtained as F = £ (Sicel and
Torvie 1980: [44). Trealtnent MS and citor MS were
mullipliect by the respective numbers of degrees of
freedom to obtain the treatment S5 and crror SS,
and the among-subjects mican square was oblained
as (total 8§ — lreatmenl 88 — crvor SSY(n — 1),

13) Traub and Elisberg (1962, Table 3, dect) re-
ported the among-subjects standard deviations ob-
tained in 6 determinations of the prolection period
of dect on 10 subjects in tests against a natural as-
socialion ol mosquitocs in Malaysia, The eombined
wmong-subjects standard deviation was obtuined as
described in Scclion 3.

14) Wadley (1946:31) reported the among-sub-
jects sum of squares and its associsied degrees ol
freedom in a balanced incomplele block test of 6
repelients on 5 subjects against Ae. aegypti. The
among-subjecls mean square was obtained by di-
viding the sum of squarcs by the number of degrees
of [recdom.

15) Spencer et al, (1977, Table 1) reporied
among-subjects standard deviations of the protec-
tion periods of 4 repellents on 8 subjects in tests
apainst Ac. eegypti. Two of the repellents were test-
ed once on cach subject, and 2 were tested twice
on cach subject, The 6 standard deviations were
pooled to obtain the combined among-subjects
standurd devialion,

16) Wicsmann and Lotmar (1949, Tuble 1) re-
ported the numbers of biles observed 2, 4, 6, 9, 11,
andd 13 h after application of 2 repellents to -8
subjects al a novmal rale, a hall-normal rate, or as
necded for coverage. Tesls were conducicd against
a natural association of mosquitoes in Argentina.

For purposes of the present study, the end point
of the protection period was considercd (o be the
midpoint in time between the last recorded negative
obscrvation and the {st recorded positive observa-
tion (Rutledge [988), For cxample, where (0, 0, 0,
3,0, and 3 bites were reported at 2, 4, 6, 9, 1, and
13 h, the protection period was considered to be (6
+ 9¥2 =75h

Protection periods were analyzed as a 2 X 3 (2
repellents X 3 application rates) experimental de-
sign with unequal replication (-8 subjects) using
multivariate statistical analysis. The model cm-
ployed in the analysis included the response vari-
able, PROTECTION PERIOD (guantitative), and 2
explanatory vartables, REPELLENT {qualitative)

and APPLICATION RATE (gualitative). REPEL-
LENT included 2 ciasses: epellent 6-2-2 and Kik-
Geigy. APPLICATION RATE included 3 classes:
normai, hall-normal, and as-needed,

In this analysis, the ecrror (within-trealments)
meanp square represents the among-subjects vari-
ance, The estimale is & conservative approximation,
because it includes experimental error and is an
overesiimalte.

17}y Speacer ot al. (1976, Table 3) reported
among-subjects standard deviations of the protec-
tion periads of 7 repelients on 4—16 subjects in tests
againsi Ae. acgypti, Subjects were chosen at ran-
dom from a poel of 30 males. The standard devi-
ations were pooled to obtain the combined wmong-
subjects stancard deviation,

18) Wicsmann and Lotmar (1949:299} reporied
among-subjects ranges of protection periods of
Kik-Geigy repellent obtaincd in 6 {ests against a
natural association of mosquiloes in France. The
number of subjects employed in the tests was stated
o be § or G, but the numbers cmployed in specific
fesis were nol given. As a conservative approxi-
mation, the nuuber of subjects was considered o
be 5 in cach test, Standard deviations corresponding
1o the among-subjects ranges were obtained from
Table XX of Fisher and Yates (1963) und pooled to
obtain the combined among-sulijecets stmdard de-
viation,

19) Spencer and Akers (1976, Table [} reported
among-subjects standard deviations - of protection
periods of 3 repellents on 4 subjects in tests against
Ae. taciiorhiynchus in Flovida, The standard devi-
ations were pooled to obtain the combined among-
subjects standard deviation,

Note: Datn of Spencer and Akers (1976, Table
2) were not analyzed, because testing of certain
(unspecificd) repellents was lerminated belore comi-
pletion,

20y Rictschel and Spencer (1973, Table) reported
among-subjects standard deviations of the protec-
tion periods of 0.16 mgfem? and 0.32 mgfemn! deet
on 16 subjects in lests against Ae. aegypti. The
standard deviations were pooled to obtain the com-
bined among-subjects standard deviation,

21y Skinner et al. (1977, Table 1} reported mean
protection perieds of deet on 11 subjects in tests
apainst Ae, acgypti. The lest procedure was repeat-
cedd 2-8 limes on each subjeet. Subject means were
converted Lo totals, and the among-subjects mean
square was computed as in the analysis of variance,

22y Reifenrath and Akers (1981, Table 2) re-
porled the observed protection periods of 4 repel-
lents on 4 subjects in tests against Anopheles free-
borni Aitken in California. Data for 2 repellents
were excluded from the present analysis, because
testing of those repellents was lerminaled belore
completion. Data lor I-(butylsulfonyl-hexahydro-
1 H-azepine and tricthylenc glycol monohexyl ether
ware analyzed by 2-way (4 subjects % 2 repelients)
analysis ol variance to oblain (he among-subjects
mcin sguare,
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