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INTRODUCTION
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samer presents a critical swaluztion of the statis-

ticz! computer program SPEARMAM.  The purpose of the program is

tm osztimate the medizn effective dosze (EDSELY or the median
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concentration CLOSOY using the trimmed Spearman-Karber

loaw =tudies. Both of these represent the con-
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misation at which 0¥ of the subjects can be gxpected to re-
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spond to the themical. The responss for the LCSO is mortality,

concerned only with
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the =ziffg-% ¢ the chemical on Fhe neruvous syvs=tem of fish.
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program originated st Montansa State University. Qrig-
inaliy *the program consisted of & collection of subroutines

Martin &. Hamilton and Dr. Susan Hinkins. The
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wiork wae coordinated with the Fisheries Bicazsay Laboratory at

Montznz State Uniwversity.
The orogramming =taffe at the Coluth and &thens Environ—
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mental Hessarch Labs for the Environmental Frotection Agency
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modified the program to its
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lusting industrial
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The program (2 intended for use i euw
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cffects on water quality, Rozemarie C. Russo, an Environmental
Frotection f&ogency administrator, aduocates the implementation

industrial effectz on the
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water auality zre within the bounds specified by the Environmen—

+al Frotection Agency.



BaACKGROUND
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v ronmental Protection figency iz concerned with esti-

ELED or
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be LOSO for certain chemical
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related to
itw. The most popular technigues implemented presently
on the logit or probit model. These fechniques, how-

imappropriate whensuwer the data do not fit the logit or

1. Large biasz in the resulis mar oCour i the model

[N}

M

P

1Y)

i

i

I

r
0

]

i pi

o

1 g

4

method of estimation which

dezirable ta have 2 singls
e« for & wide range of comditions.  The appropriate
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ztimation for the EDSOD or LOE0 should have the fol-
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reazonably accurate and orecise,

rela 5 =mzll fraction of anomal-
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analwses reguire these properties to exist if the

o be conclusive. In analzzing numerous cets of

e

wparimenter iz bound fo encounter data which is some-
al in comparizon with the bulk of the data, therebyr
irg the zecond condition requiring robustness of the

moram SPESRMAM implements the trimmed Spearman-Karber
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2te the median lethal concentration. The trimmed
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Spezrman—Karker method is a nonparametric or model-free me thod

and zatizfies the three characteristics desired for an estima-
tar. The method does require symmetry of the response curve.

The *rimmed Spearman—Karber mesthod newer fails to give & rea-

sonabiie sstimate of the LOSG or the EDEQ i o 2 lﬂﬂﬁl ard

DESCRIPTION OF THE TRIMMED SPEARMAN-KARBER PROCEDURE

The datz of a tovicity study nermaxlly conszist of the concen-

= mf the chemical, the number exposed to each concentra-
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tion and the number of mertalities 2t 2ach concentration for a

traticns are oftern used.
{at the natural Togarithms of the k concentrations of the
toein e represented by e -

i [y gy seey Hpd Mgy Ogy weey n, are
the number of subjiscis e posed to the ¥ concentrations, respec—
bivelyy FI, Foy sves P are the number of mortalities for a

3 21 » ;!

fived time of exposure to the ¥ concentrationz, respectively.
The concentrations, *., and their correzponding mortalities,
zre arranged in order b increazing lewsl of concentration,

Ths cbzerusd proporticon of mortality for

Hyoh g Rt Ky s
the & concentrabtions, respectively, i3S pj = ri/nj. The ohbserved
proportions, o, and their respective concentrations, s, esti-
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mat responsse curve for a toxin.,  The ftrue response
curus Piwr is the ‘unknown? proporticn of the population of sub-
jects that would respond to 2 given dose level x. Plxdy i3 a

cumulative relative frequency curve. tHamilten, 1979) The
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trimmed Spearman-Karber method deviates from the other me thods
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tionz i+ the proporticons do not satisfx the condi tion Py < opp <

s Fe, m=ince the true response Curye will be non—-decreasing.
The adjustment consists of averaging the adjacent proportions,

Fiooamd o, in order to creaxte a monotone non—decreasing func-—

Tion F7Tx 3 1§ +the proportion af morftality iz less for the
higher concentration of the two adiacent concentrations, then

zponze proportions are adjusted fto be esqual by calculating
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adiuzted oroportions will be denoted by T
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sble 1 shows an sxampls of the trimmed Spearman—Karber

calcuilations, The proporticons Poand pgy are adjusted, since
Bo b pn. Mate that By = Bg = (rpt rgi/ing tomgh
& oplot of points ixi, [ i the zecond step. These
3 B
poinis are connected with ztraight lines forming & polygonal
ficure which estimates the true response CUPVE. The polygonal
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the adiuzted data. #@An example plot



giwvern by Figure I locazted in the appendix.
frimming iz the third step. @n appropriate percent of trim- -
ming is carried out in both the upper and lower tails of the dis-

ent trimmed is decided upon by
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extrems walues on the The well—-Known Spear-

ter method corresponds to no trimming, that is OX-trim-
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ming. &% the ¥-trimmed is increased, the standard error is in-
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creased and the sensitivity of the ez to extreme walues is

rot possible to optimize 21l factors at once.

decreased, [
Keeping inm mind the relatianship betwzen the ¥-trimmed, the sen-
citiuwity, znd the standard error of the sztimate, the experi-

menter must decide on the appropriate percentage for trimming,
{0 being the most common choice.

Let o= Me-brimmed

i = the adjusted proporticons;
+% = the adjusted proportion after trimming;
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The rezuliing proporticons (Uﬁ} which

greater than one are disregarded. The plot of qp versus con-

eptrsticn iz & reszcaling of the middle 100 - 2e) percent of

the doze-rezponse curve (Hamilton, et. al., 1577y, Table I1

B

shems the O- zand S¥-trimmed Spearman—tarber eztimates of the

B

meﬁian U corresponding to the data in Table 1. Figure II in



the zappendix shows the new polygonal figure after trimming 57

from sach tail for the data in Table I1.

g of Trimmed Spearman-Karber Calculations.
gt 1B ‘Hamilton, =t. al.,1%77:
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Concentration mosL  15.54 20.47 27 .72 35.78 55.52
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Calrulating the mean iz the fina! step of the process. The
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the es=timzted proportion of the popu-

tation tolerance found in the interwsl (ﬁj, xJ+1), where J = 1,

iz the proportion corresponding to thg
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The mean is calculated by summing the product of each

Bipq 7 P, Fimes the interwval midpoint fﬁj + xi+1)f2. The
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Mote, howewer, that zome of the first or last terms may not be
present dus 'to their deleticn in setep three. The trimmed meaﬁ
iz the median giwen the zssumption of Symmetg} for the téue re;]
sponse curwve., The trimmed mean is then the eztimate of the trué‘
LS, | |

& corresponding confidence interval for the LCIO0 is afso

the program SFESRMaN.  The coanfidence interval is
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calculate

calculated in the usual manner: the estimate plus or minus the

w

product of a standard normal percentile and the ecstimated =tan—

dard deviation of the estim

w

te, Due to the coneervative sstima-

it

tiomp =f the variance of the sstimate, the confidence intervals

calcuisaied are generally wider than neceszary to assure the
degres of confidence desired. For fthe procedure on variance
eztimation zes (Hamilton, et. 2l., 1977,

The =ame procedure appli=s for zztimating the EDS0, except

the rnumber of mortalities i replaced by the number of rezponses.

]

The ronticdence interwal for the EDSD can alsc be found using the

i

prooram SPEARMAN.

EVALUATION OF SPEARMAN

Key Foints for Critiquing the Frogram
T zualusting the usefulness of the program SPEARMAM
the follmaing issues will be addressed:

i1 Heaw te exit the program without completing the analysis;

7y Help facilities;




3 @are there any defaults?

P33 ldhat happenz if erronecus information ie entered;
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The trimmed Spearman—Karber method of estimation for the
ad o the LCSO is easily programmable. The owerall presenta-

gazy toounderstand. My discussicon will

W

tion of the program |

not inciude the plotting subszection -4 the program. The program

maw be uzed interactively or by bateh run=s. The program 13 writ-
tern ip Fortran 77 and iz intended for usze on the 1B PC Ffamily of
microocomputers or AN [BM PC compatible srstem.

wery desirable.
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The rcapability to abort the
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The uszer = guide for the program sheould specify the necessary

command for exiting the program before analrysis is completi;
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i A Loon b ; does
SPE&RMAN does have the option to ehxtgnuuntrul Cyyi but
L
not hauve any documentation to inform fthe wser of =such an Opt!Oﬁ:

s e h e scilities within the
The program doss not haus ans nf‘? facilities wit

i

interactive maode, which is not surprising dus to the small size. .
and the specific purpose of the program. grocompanying the pro—

gram on the distribution Hdizkette iz 2 wery useful document file,
RESDME.1=t., This file 12 eszentially & manual for ingstalling

sncd sxecuting the program SRESREMAM .
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README .12t consists of the following sections:  introduc—

tion, documentation, distribution dizskette, file name and con-—

tents, development system, install

ation, execution, modifica-

tion, technical contact, and 2 disclaimsr. For =ach section the

the informaticon is presented in an understandabkle fashion and
each zection can stand zlone by iteelf. The areas of importancé
for me discuszicn are the introduction, documentation, filename
and contsnts, and execution. |
The introduction zlong with the paper iHamilton, et. al.,
1577 provide the necessary background material for understand-—

implemented by the program SPEARMAN. 1 found

hid

ing the procedur
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o lack of information in thi

The filename and contentis section was o
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zlf-explanatory.

the forerdunner to actual
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v, This section |

averutiaon of the analrzes. & quick glance at thie listing pro-
vides tne user with z precheck to inzure 211 the necessary COom—

able for running the program SPEARMAN.

zsection could use =ome reviziconse. The user

of a werw important point —-— the caps lock

zhould be on when using either mode of execution.i Thiz would
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gzer much frustraticn.  The firzt step to the analrvsis
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cannot De carrizd out unless ¥es-no prompte are an

a % or b, theg program wWill nmot accept » o N,
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r moint should be ztreszed in =ither the execution
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listing or within the actual questions asked of the user, namely
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whe ther the user i® interested in uszing the log of the concen

trations entered or the actual conceniraticns. 1 feel that |
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mould be best if the user was prompted to conzider this épt ion

DY
within the interactive gquesticn—answer mode.| It would be bene-—

ari thms af the con-
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centrations if thew are to be used in the analvsis. This would

zaue the znalwst time and possibly some errors. '
The presence of defaults helps the user become acquainted
with the program and get a feel for typical results. SFPEARMAN

specification of the
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impiement the ideza of 2 default in
dezired “—trimmed. Some other areas of intersst for implementing

default response are the promphs where the user
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specifiss the species, the chzmical, the units for conce ntratian,

i3

the unitz for duration, and the durztion period.

Whern tes=ting the inztallation of the program with hypotheti-

cal dats sets, I found it dezirable to have the option of no

rezpnonse for inapproprixte prompts. The option for no response

doez exizt for the Ffollowing promphs: species name, chemical

name, concentration units, znd durstion units. It might be use-

the option of no

ful to note 2t each of thess promphts there i

vs defazult for F-trimmed is to et the program choose the

appraopr i ate percentage sccording to an algorithm.  This algorithm

iz bmzed an the relationship between the w—trimmed, the sensi-
bivit» of the estimator to anomalous data and the standard error
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of the estimate. The relationship iz dizcussed in the descrip-
tion of the trimming procedure.

{40 & program should be aware if obvicusly érronecus ar con-
flicting information iz entered at the prompts. SPEARMAN d595 

ke some in impor-—

have some srror checks of this nature, but lac

tant areas. The program will not proceed until the number of
concentrations entered iz at least as large az the number apecij
fied., Howmever, there iz a problem of tkeing able to enter morejq
concentrations than specifisd at the preuioua prompt. The pro-

. dmss checlk to inzurs the cancentraticnz are entered in in—.
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number entered 22 the number of individ-

in the program where the user can

whsther the information entered at the prompts is cor-

(?; would be useful to trpe oul the information entered

the znalwveiz takes place. There is merit though in see—

ing the raw datzs with the summary of the LCS0O or the EDSO as a

information entered as SPEARMa does.
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(52 Tdezlly the uszer would like to re—enter the information
se =mon 2z he has recognized that an error has bheen committed;
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tyre lacking in most interactive programs.

The prompts should be easily understood to enable the user
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to mpswer with the appropriate responze. A1l the prompts are

.t for the entering of the concentrations

self-explanatory, 2HCE]
which I sarlier cited az a problem area. “411 required responses
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The description of the
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the swecutbtion, Dut fzils to specl ify thne order of the batchfile

and the mecessary format. A zimple zdditicnal section showing
the tvoe of necesSary responses and the format should be found
the mamusl or in this case the README.1st file under the

heading "Execuiion” and subheading

cution®.




COMCLUSION

The program SFESRMEM iz compatible with "the requirehents

studiesz and provides an alternative means for calculating the
LCS0 and the EDSO. The program has no operating errors, but

mersls zp user zpecification praoblem for the form of cancen-—

There are two main areas where =ome adjustments should be -
made in the program.  The most important is the implementation

ing the concentrations
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. Some flag procedure should be incor—
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for the zaries of promptl

poratsd within the program to svoid these needless errors in the
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grecution of tThe orogram.

Gfter theze adjustments have been incorporated into the
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mator, it promizes to provid

tharn zuzl methods incorporating the logit or probit model
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in the oresence of anomalous responsss. The procedure impli-

mented by SRESEMal has applicability to o a wider range of ob-
zeruzble cases and would provide a single method for use in
repeated studies.
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