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Many studies involving quantal response include
more than one explanatory variable. The variables
in an insecticide bioassay, for example, might be the dose
of the chemical as well as the body weight of the test
subjects. POLO2 is a computer program developed to
analyze binary quantal response models with one to nine
explanatory variables. Such models are of interest in
insecticide research as well as in other subject areas. For
examples of other applications, texts such as those by
Domencich and McFadden (1975) and Maddala (1977)
should be consulted.

For models in which only one explanatory variable (in
addition to the constant) is present, another program,
POLO (Russell and others 1977, Savin and others 1977,
Robertson and others 1980) is available. However, the
statistical inferences drawn from this simple model may be
misleading if relevant explanatory variables have been
omitted. A more satisfactory approach is to begin the
analysis with a general model which includes all the
explanatory variables suspected as important in explaining
the response of the individual. One may then test whether
certain variables can be omitted from the model. The
necessary calculations for carrying out these tests are
performed by POLO2. If the extra variables are not
significant in the multiple regression, a simple regression
model may be appropriate.

The statistical documentation of POLO2, descriptions
of its statistical features, and examples of its application
are described in articles by Robertson and others
(1981 a, b), and Savin and others (1981).

The POLO2 program is available upon request to:

Director

Pacific Southwest Forest and Range Experiment Station
P.O. Box 245

Berkeley, California 94701

Attention: Computer Services Librarian

A magnetic tape with format specifications should be sent
with the request. The program is currently operational on

the Univac 1100 Series, but can be modified for use with
other large scientific computers. The program is not
suitable for adaptation to programmable desk calculators.

This guide was prepared to assist users of the POLO2
program. Selected statistical features of the program are
described by means of a series of examples chosen from our
work and that of others. A comprehensive description of
all possible situations or experiments amenable to
multivariate analyses is beyond the scope of this guide. For
experiments more complex than those described here, a
statistician or programmer, or both, should be consulted
regarding the appropriate use of POLO2.

1. GENERAL STATISTICAL
FEATURES

Consider a sample of I individuals indexed by i = 1,...,I.
For individual i there is an observed J x 1 vector s;” =
(Sti,...- ,8ji) of individual characteristics. In a binary
quantal response model the individual has two responses
or choices. These can be denoted by defining the binomial
variable

f; = 1 if the first response occurs
(if alternative 1 is chosen),
f; = 0 if the second response occurs
(if alternative 2 is chosen).

For example, in a bioassay of toxicants the individuals are
insects and the possible responses are dead or alive. The
measured characteristics may include the dose of the
toxicant, the insect's weight and its age.

The probability (P) that f;=1 is

Pi = F(ﬂ ’Zi)



where F is a cumulative distribution function (CDF)
mapping points on the real line into the unit interval,
B = (P, .., Px)is a K x 1 vector of unknown parameters,
7, = zx(s;) is a numerical function of s;, and z;"= (zy;,...,2k;)
is K x 1 vector of these numerical functions. If, for instance,
weight is one of the measured characteristics, then the
function z,; may be the weight itself, the logarithm of the
weight or the square of the weight.
For the probit model

Pi=Fp'z) = (fz)
where @ is the standard normal CDF. For the logit model
P,=F(f'z)=1/1+e "7

POLO?2 estimates both models by the maximum likelihood
(ML) method with grouped as well as ungrouped data.

The ML procedure can be applied to the probability
function P; = F(f'z) where F is any CDF. Since f; is a
binomial variable, the log of the probability of observing a
given sample is

L= ZI:[fi logP; +(1—1;)log(1-P;)]

where L is referred to as the log likelihood function. The
ML method selects as an estimate of £ that vector which
maximizes L. In other words, the ML estimator for S
maximizes the calculated probability of observing the
given sample.

When the data are grouped there are repeated
observations for each vector of values of the explanatory
variables. With grouped data, we change the notation as
follows. Now let I denote the number of groups and
i=1,...,I denote the levels (z, s;) of the explanatory
variables. Let n; denote the number of observations at level
i and r; denote the number of times that the first response
occurs. The log likelihood function for grouped data is
then

I
L=} [r;logP; — (n; —1;)log(l - P})]

i=1

Again, the ML method selects the vector that maximizes
the log likelihood function L as an estimate of 5. For
further discussion of the estimation of probit and logit
models with several explanatory variables, see Finney
(1971) and Domencich and McFadden (1975).

The maximum of the log likelihood is reported to
facilitate hypothesis testing. Two indicators of goodness-

of-fit are routinely calculated. One is the prediction success
table (Domencich and McFadden 1975), which compares
the results predicted by the multiple regression model with
the results actually observed. The other goodness-of-fit
indicator is the calculation of the likelihood ratio statistic
for testing the hypothesis that all coefficients in the
regression are equal to zero. Finally, a general method for
transformation of variables is included.

2. DATA INPUT FORMAT

2.1 Starter Cards

Every POLO2 run starts with five cards that call the
program from a tape (fig. 1).These cards reflect the current
Univac 1100 implementation and would be completely
different if POLO2 were modified to run on a different
computer. All of the remaining input described in sections
2.2-2.9 would be the same on any computer.
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J@A[SIG,[T] | X.,h‘,MMq BEEREEREE
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JarFREE | || .|| ﬁjl RN uli
SO RNAC G ON I AR SRARRRSRRRENRN
Figure 1.

Cards 2-5 must be punched as shown. In card 1, the
user's identification and account number should be placed
in columns 10-21. Column 24 is the time limit in minutes;
the page limit is listed in columns 26-28. Both time and
page limits may be changed to meet particular needs.

2.2 Title Card

Each data set begins with a title card that has an equal
sign (=) punched in column 1. Anything desired may be
placed in columns 2-80 (fig. 2). This card is useful in
documenting the data, the model, the procedures used for
the analysis, or equivalent information. The information is
reprinted at the top of every page of the output. Only one
title card per data set may be used.

Figure 2.
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2.3 Control Card

The information on this card controls the operation of the
program. All items are integers, separated by commas
(fig. 3). These numbers need not occur in fixed fields
(specific columns on a card). Extra spaces may be inserted
before or after the commas as desired (fig. 4). Twelve
integers must be present. These are, from left to right:

Internal
program
Position  designation
1 NVAR
2 NV
3 LOGIT
4 KONTROL
5 ITRAN
6 ISTARV
7 IECHO
8 NPARN
9 IGROUP
10 NPLL

11 KERNEL

Explanation

Number of regression coefficients in the model,
including the constant term, but not including
natural response.

Number of variables to be read from a data card.
This number corresponds to the number of F's
and I's on the Format Card (sec. 2.7). Normally,
NV=NVAR-1 because the data do not include a
constant 1 for the constant term. NV may differ
from NVAR-1 when transformations are used
in the analysis.

LOGIT=0 if the probit model is to be used;
LOGIT=1 if the logit model is desired.

One of the explanatory variables (for example,
dose) will be zero, for the group when a control
group is used. KONTROL is the index of that
parameter within the sequence of parameters
used, with 2 < KONTROL < NVAR. This limit
indicates that any parameter except the constant
term may have a control group.

ITRAN=1 if variables are transformed and a
transformation card will be read. ITRAN=0 if
the variables are to be analyzed as is and there
will be no transformation card.

ISTAR V=1 if starting values of the parameters
are to be input; ISTARV=0 if they will be
calculated automatically. The ISTARV=1
option should be used only if the automatic
method fails.

IECHO=1 if all data are to be printed back for
error checking. If the data have been
scrupulously checked, the IECHO=0 option may
be used and the data will not be printed back in
their entirety. A sample of the data set will be
printed instead.

NPARN=0 if natural response, such as that
which occurs without the presence of an insectil’]
cide, is present and is to be calculated as a
parameter. If natural response is not a para-
meter, NPARN=1.

IGROUP=0 if there is only one test subject per
data card; IGROUP=1 if there is more than one
(that is, if the data are grouped).

Number of parallel groups in the data (see sec.
4.1 for an example). NPLL=0 is read as if it were
NPLL=1; in other words, a single data set would
compose a group parallel to itself.

When a restricted model is to be computed, some
variables will be omitted from the model and the

12 NITER

regression will be rerun. The KERNEL control
instructs the program how may variables to
retain. Variables 1 through KERNEL are
retained, where 2 < KERNEL < NVAR; varil]
ables KERNEL+1 through NVAR are dropped.
Note that variables can be rearranged as desired
through the use of transformation or the "T"
editing control on the format card (sec. 2.7).
When a restricted model is not desired,
KERNEL=0.

This integer specifies the number of iterations to
be done in search of the maximum log
likelihood. When NITER=0, the program
chooses a suitable value. If starting values are
input (ISTARV=1), NITER=0 will be interl!
preted as no iterations and starting values
become the final values. Unless the final values
are known and can be used as the starting values,
NITER=50 should achieve maximization.

Figure 3

1[2]3]4a]sTe 7 [8loTro]nTio]13Na]is[is17Tis [19 oo[21]22]2a]:
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Control card specifying three regression coefficients,
two variables to be read from a data card, probit model to
be used, no controls, a transformation card to be read, and
starting values of the parameters to be calculated
automatically. Data will be printed back, natural response
is not a parameter, there is one subject per data card, no
parallel groups, no restricted model will be calculated, and
the program will select the number of iterations to be done
to find the maximum values of the likelihood function.

Figure 4

1]2]3Ts s 6 71679 [io[n]iz[13[ia[is]16117]18 19 20]21 [e2]23 2425 26 2 7]28]:
3,2 2!, T i, e W, ’ :
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Control card specifying three regression coefficients,
two variables to be read from each data card, and the logit
model to be used. The second variable defines a control
group, a transformation card to be read, starting values of
the parameters will be calculated automatically, data will
not be printed back, natural response is not a parameter,
data are grouped with more than one individual per card,
and there are no parallel groups. A restricted model with
the first and second variables will be calculated, and the
program will select the number of iterations to be done to
find the maximum value of the likelihood function. All
integers will be read as intended because each is separated
from the next by a comma, despite the presence or absence
of a blank space.

-




2.4 Transformation Card

This card contains a series of symbols written in Reverse
"Polish" Notation (RPN) (see sec. 2.4.1) which defines one
or more transformations of the variables. This option is
indicated by ITRAN=1 on the control card (sec. 2.3). If
ITRAN=0 on the control card, the program will not read a
transformation card.

2.4.1 Reverse Polish Notation

Reverse Polish Notation is widely used in computer
science and in Hewlett-Packard calculators. It is an
efficient and concise method for presenting a series of
arithmetic calculations without using parentheses. The
calculations are listed in a form that can be acted on
directed by a computer and can be readily understood by
the user.

The central concept of RPN is a "stack" of operands
(numbers). The "stack" is likened to a stack of cafeteria
trays. We specify that a tray can only be removed from the
top of the stack; likewise, a tray can only be put back in the
stack at the top. Reverse Polish Notation prescribes all
calculations in a stack of operands. An addition operation,
for example, calls the top two operands from the stack
(reducing the height by two), adds them together, and
places the sum back on the stack. Subtraction,
multiplication, and division also take two operands from
the stack and return one. Simple functions like logarithms
and square roots take one operand and return one.

How do numbers get into the stack? Reverse Polish
Notation consists of a string of symbols (the operators) and
the operands. The string is read from left to right. When an
operand is encountered, it is placed on the stack. When an
operator is encountered, the necessary operands are
removed, and the result is returned to the stack. At the end
of the scan, only one number, the final result, remains.

To write an RPN string, any algebraic formula should
first be rewritten in linear form.

a+b. .
For example, is rewritten (a + b)/c.

The operands are written in the order in which they appear
in the linear equation. The operators are interspersed in the
string in the order in which the stack operates, that is,
ab+c/. No parentheses are used. When this string is
scanned, the following operations occur: (1) a is put on the
stack, (2) b is put on the stack, (3) + takes the top two stack
items (a,b) and places their sum back on the stack, (4) c is
put on the stack, (5) / takes the top stack item (c), divides it
into the next item (a+b), and places this result back on the
stack. In cases where the subtraction operator in an
algebraic formula only uses one operand (for example,
-a+b), a single-operand negative operator such as N can be
used. The string is then written aNb+.

Once a string has been scanned, a means must exist to
begin another stack for another transformation. This is
achieved by an operator =, which disposes of the final

4

result. For example (at+b) / c=d becomes the string ab+c / d=.
The operator = takes two items from the stack and returns
none; the result is stored and the stack is empty.

2.4.2 Operators
The operators used in POLO?2 are:
Number of Number of
Operator operands results Operation
+ 2 1 addition
- 2 1 subtraction
* 2 1 multiplication
/ 2 1 division
N 1 1 negation
E 1 1 exponentiation (10%)
L 1 1 logarithm (base 10)
S 1 1 square root
= 2 0 store result
2.4.3 Operands

The operands are taken from an array of values of the
variables, that is, X;, X, X3, ... ,X,. These variables are
simply expressed with the subscripts (1,2,3,...,n); the
subscripts are the operands in the RPN string. The symbols
in the string are punched one per column, with no
intervening blanks. If several new variables are formed by
transformations, their RPN strings follow one after
another on the card. The first blank terminates the
transformations.

The transformations use X;, X, X3,...,Xp, to form new
variables that must replace them in the same array. To
avoid confusion, the x array is copied into another array, y.
A transformation then uses operands from x and stores the
result in y. Finally, the y is copied back into x and the
transformations are done.

The first NPLL numbers in the x array are dummies, or
the constant term (1.0) if NPLL=1. Transformations,
therefore, are done on X,, Xj,...,X,, and not on the
constant term or the dummy variables.

2.4.4 Examples
Several examples of transformations from algebraic
notation to RPN are the following:

Algebraic Notation RPN
log(x2/ x3) = ya 23/L2=
(X2+X3)(XaH+X5) = ¥s 23+45+%5=

22%23*+23*+33*+2 =
22%2 =22%22%*3 =
3N33%24*-S+2 =
23E4E+*2 =

(x2)2x:x5H(x3)" = ¥
() =y (x2)' =y
X3H(X3)'XoX4 = 2
x2(10x°+ 10x*) =y,

For another example, let the variables in a data set be x;,
X5, X3, and X4 X; is the constant term. We require the
transformations y, = log(x,/X3), y3 = log(x3), ys = (xz)z, and
Y6 = XpX3; X4 18 left unchanged. The RPN strings are 23/L.2=,
3L3=, 22*5=, and 23*6=. The appropriate transformation
card for this series is shown in figure 5.
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2.5 Parameter Label Card

This card contains the descriptive labels for all NVAR
parameters. These labels are used on the printout. The
parameters include the constant term or dummy variables,
other explanatory variables, and natural response, if it is
present. Labels apply to the explanatory variables after any
transformations. Each label is 8 characters long. Use
columns 1-8 for the first label, columns 9-16 for the second,
and so on (fig. 6). If a label does not fill the 8 spaces, begin
the label in the leftmost space available (columns 1, 9, 17,
15, 33, and so on).

T T T T Tt Tt -
1 374 ]s]e 7 T8 TeTropizhaTiafisfre 1o Tis 19202122123 242526 2 728 29 30 |3

2
i~y Dols'E.
CONST AlN TDOSE WEIGHT N ”lulné

bt

=

Figure 6.

2.6 Starting Values of the Parameters
Card

This card is used only under special circumstances, such
as quickly confirming calculations in previously published
experiments. If this card is to be used, ISTARV=1 on the
control card (sec. 2.3). The parameters are punched in
10F8.6 format (up to 10 fields of 8 columns each); in each
field there is a number with six digits to the right of the
decimal point and two to the left. The decimal point need
not be punched. The parameters on this card are the same
in number and order as on the label card (fig. 6, 7).

VJ2JaJa]s]e[7]a s to[u]r2]13]iafise]1718]1920]21 [22]:

3lal6|7]a 66[2/9]2] | | ‘s‘aaﬁz*

Figure 7.

In this example, the constant is 3.4674, f; is 6.6292, and
> is 5.8842. All POLO2 calculations will be done on the
basis of these parameter values if ISTARV=1 and NITER=0
on the control card (sec. 2.3).

2.7 Format Card

This card contains a standard FORTRAN format
statement with parentheses but without "FORMAT"
punched on the card (fig. 8). This statement instructs the
program how to read the data from each card. A variable
occupies specific columns—a field—on each data card; this

area is specified by "F" followed by a number giving the
field width. After that number is a decimal point and
another number telling where the decimal point is located,
if it is not punched on the data cards. For example, "F7.2"
means that the data item requires a 7-column field; a
decimal point occurs between columns 5 and 6. "F7.0"
means whole numbers. When a decimal point is actually
punched on a data card, the computer ignores what the
format card might say about its location. (For more
information, see any FORTRAN textbook.)

Besides the variables, the other items on a data card,
such as the group number (K), number of subjects (N), and
number of subjects responding (M) must be specified on
the format card in "I" (integer) format. Formal editing
controls "X" and "T" may be used to skip extrancous
columns on a data card or to go to a particular column. For
example, "3X" skips 3 columns and "16T resets the format
scan to column 16 regardless of where the scan was
previously. All steps in the format statement are separated
by commas, and the statement is enclosed in parentheses.

@

67789 Tio[nnzli3fialisfie 17hs 9 202122

Fa_.2l,[F5s . 1,[T2a, 1[1])

T

112(31]4

(1o)X

Figure 8.

Format card instructing program to skip the first 10
columns of each data card, read the first variable within the
next 4 columns assuming 2 decimal places, read the second
variable within the next 5 columns assuming 1 decimal
place, then go to column 24 and read a single integer, M
(M=1 for response; M=0 for no response).

2.8 Data Cards

Punch one card per subject or per group of subjects
grouped at identical values of one of the independent
variables. All individuals treated with the same dose of an
insecticide, for example, might be grouped on a single card,
or each might have its own data card. Values of the NV
variables are punched, followed by N (the number of
subjects) and M (the number responding). If there is only
one subject per card (IGROUP=0) (see sec. 2.3), N should
be omitted.

If parallel groups are being compared (NPLL > 1), the
data card must also contain the group number K
(K =1,2,3,. . ,NPLL) punched before the variables. In
summary, a data card contains K,x;,X5,X3,...,Xnyv,N,M
with K omitted when NPLL = 0 or 1, and N omitted if
IGROUP=0.

Figures illustrating these alternatives will be provided in
the examples to follow. If data have already been punched,
but are to be used in a different order, the order may be
altered in the format card by use of the "T" format editing
control. This control will permit the scan to jump
backwards, as necessary.



2.9 END Card

To indicate the end of a problem if more problems are to
follow in the same job, "END" should be punched in
columns 1-3 (fig. 9). If only one problem is analyzed, this
card is not necessary.

3. LIMITATIONS

No more than 3000 test subjects may be included in a
single analysis. This counts all subjects in grouped data.
Including the constant term(s), no more than nine
explanatory variables may be used.

4. DATA OUTPUT EXAMPLES

Examples illustrating POLO2 data output and uses of
the program's special features for hypotheses testing
follow. Each problem is presented in its entirety, from data
input through hypotheses testing, with statistics from the
output.

4.1 Toxicity of Pyrethrum Spray and
Film

Data from experiments of Tattersfield and Potter (1943)
are used by Finney (1971, p. 162-169) to illustrate the
calculations for fitting parallel probit planes. Insects
(Tribolium castaneum) were exposed to pyrethrum, a
botanical insecticide, either as a direct spray or as a film
deposited on a glass disc. We use these data to illustrate
multivariate analysis of grouped data, use of dummy
variables, use of transformations, the likelihood ratio test
for parallelism of probit planes, and the likelihood ratio
test for equality of the planes.

4.1.1 Models
The probit model expressing the lethal effect of
pyrethrum spray is

YS =0 + ﬂslxl + ﬂ2sx2 [1]

where y; is the probit of percent mortality, x; is the
concentration of pyrethrum in mg/ ml, and x, is the weight
(deposit) in mg/ cm®. The regression coefficients are a for
the constant, f;; for spray concentration, and p,; for
weight. Similarly, the model for the lethal effect of
pyrethrum film is

ye= 0+ BigX1 T faXa [2]

where y; is the probit of percent mortality, x; is
concentration, and x, is weight. The regression coefficients
are oy for the constant, By for concentration, and f,; for
weight (deposit) of pyrethrum in the film.

4.1.2 Hypotheses

The likelihood ratio (LR) procedure will be used to test
three hypotheses. These hypotheses are that the spray and
film planes are parallel, that the planes are equal given the
assumption that the planes are parallel, and that the planes
are equal with no assumption of parallelism.

The LR test compares two values of the logarithm of the
likelihood function. The first is the maximum value of the
log likelihood when it is maximized unrestrictedly. The
second is the maximum value when it is maximized subject
to the restrictions imposed by the hypothesis being tested.
The unrestricted maximum of the log likelihood is denoted
by L(€) and the restricted maximum by L(w).

The hypothesis of parallelism is H:(P): S5 = S, fas = Por-
Let Ly and L; denote the maximum value of the log
likelihood for models [1] and [2], respectively. The value
L(Q) is the sum of L and L.

(i) Ls: =ML estimation of [1].
Ly = ML estimation of [2].
LQ)=L,+L;

The model with the restrictions imposed is
Y = 0Xs T agXe + X1 + Boxs (3]

In this restricted model, dummy variables are used. The
dummy variables x, and x are defined as follows:

xs = 1 for spray; x¢ =1 for film;
xs = 0 for film; x¢= 0 for spray;

The value L(w) is obtained by estimating [3] by ML.
(ii)) L(w): ML estimation of [3].
When H is true, asymptotically,
LR =2[L(Q) - L(@)] ~* (2).

In other words, for large samples the LR test statistic has
approximately a chi-square distribution with 2 degrees of
freedom (df). The df is the number of restrictions imposed
by the hypothesis, which in this situation equals the
number of parameters constrained to be the same. The LR
test accepts H(P) at significance level a if

LR <y, (n)

where y*(n) denotes the upper significance point of a chi-
square distribution with n df.

The hypothesis of equality given parallelism is H(E|P):
o5 = of. Now the unrestricted model is [3] and the restricted
model is

y=o+fiX; thx; (4]
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Figure 9—Continued

probit model will be used, none of the variables defines a
control group, transformations will be used, starting values
will be calculated automatically, data will be printed back,
natural response is not a parameter, there is more than one
subject per data card, no parallel groups, a restricted model
will not be computed, and the program will select a suitable
number of iterations in search of ML estimates. Each
transformation card (card 8, 26) defines y, as the logarithm
of x5, and y; as the logarithm x;. Parameter labels (cards 9
and 27) are x,=constant, X,=logarithm of concentration,
and x;=logarithm of deposit weight. Both format cards
(cards 10 and 28) instruct the program to skip the first two
columns of a data card, read two fields of five digits with a
decimal point in each field, then read two 4-column fields
of integers. The data cards for the two experiments are in
identical format (fig. 9-C-1,2). Column 1 contains a "1" in
the spray experiments and a "2" in the film experiments.
Columns 3-5 list the concentration of pyrethrum in mg/ 0.1
ml; columns 7-10 contain the deposit weight in mg/ 0.1 cm?®.

The next analysis computes coefficients and test
statistics for model [3]. The program cards (fig. 9-B-3)
reflect the complexity of this model compared to the first
two simpler models. After the title card (card 42), the
control card (card 43) specifies four regression coefficients,
two explanatory variables to be read from each data card
(note that the two dummy variables are not included in
NV), the probit model, no control group included for any
parameter, transformations will be used, starting values
will be calculated automatically, data will be printed back,
natural response is not a parameter, data are grouped,
there are two parallel groups, a restricted model will not be
computed, and the program will choose the number of
iterations necessary for ML estimates. The transformation
card (card 44) specifies that log (x3)=y; and log (x4)=Ys.
Parameter labels (card 45) are: x;=spray (the first dummy
variable), x,=film (the second dummy variable),
xs=logarithm of concentration, and x,=logarithm of
(deposit) weight. The format card (card 46) tells the
program to read the integer in column 1, skip the next
column, read two fields of five digits with a decimal point in
each, then read two 4-column fields of integers. The data,
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shown in abbreviated form in fig. 9-C-3, follow; the data
from models [1] (fig. 9-C-1) and [2] (fig. 9-C-2) have been
combined into a single set followed by an END card (card
71).

In the next analysis, coefficients and statistics for model
[4] are computed. The program cards (fig. 9-B-4) specify
the computations. After the title card (card 72), the control
card (card 73) states that there will be three regression
coefficients, two variables to be read from each data card,
the probit model will be used, no control group is present
for either explanatory variable, transformations will be
used, starting values will be calculated automatically, data
will be printed back, natural response is not a parameter,
data are grouped, there is no comparison of parallel
groups, a restricted model will not be computed, and the
program will choose the number of iterations to be done
for ML estimation. The transformation card (card 74)
specifies that log x,=y, and log x;=y;. The three parameter
labels (card 75) are x;=constant, X,=logarithm of
concentration, and x;=logarithm of (deposit) weight. The
format card (card 76) instructs the program to skip the first
2 columns, read each of two fields of five digits with
decimal points punched, then read two 4-column fields of
integers. The data are combined data for models [1] and [2]
(fig. 9-C-4). These cards are followed by an END card
(card 101).

The final analysis, for model [5], begins with program
cards (fig. 9-B-5). The title (card 102) describes the
analysis. The control card (card 103) is the same as that for
analysis of model [3], with the following exceptions: the
fourth integer (KONTROL) specifies that the log
(concentration) parameter includes a control group; the
eighth integer (NPARN), is equal to zero because natural
response will be calculated as a parameter. The
transformation (card 104) is the same as that for model [3]:
log x;=y; and log x4=ys. The parameters (card 105) are
labeled as: x;=spray (first dummy variable), x,=film
(second dummy variable), x;=logarithm of pyrethrum
concentration, x4=logarithm of (deposit) weight and
xs=natural response. The format statement (card 106)
instructs the program to read the first column of integers,



skip the next column, read two 5-digit fields each of which
includes a decimal point, then read two 4-column fields of
integers. The data cards (fig. 9-C-5) are followed by the
natural response data card (fig. 9-C-5a), then the END card
(fig. 9-C-5b).

4.1.5 Output

The output for the five analyses is shown in figure 10.
Except where noted, each analysis is shown in its entirety.
The title of the analysis is printed as the first line on each
page (fig. 10-1, lines 1 and 56; fig. 10-2, lines 94 and 149; fig.
10-3, lines 184, 239, 297; fig. 10-4, lines 324, 378, and 435;
fig. 10-5, lines 459, 514, and 573). Next, each control card is
listed (fig. 10-1, line 2; fig. 10-2, line 95; fig. 10-3, line 185;
fig. 10-4, line 325; fig. 10-5, line 460). The subsequent
section of the printout describes the specifications of the
analysis and reflects the information on the control card
(fig. 10-1, lines 3-11; fig. 10-2, lines 96-104; fig. 10-3, lines
186-195; fig. 10-4, lines 326-334; fig. 10-5, lines 461-471).

Transformations are reproduced in RPN, just as they
were punched on the transformation card (fig. 10-1, line 12;
fig. 10-2, line 105; fig. 10-3, line 196; fig. 10-4, line 335; fig.
10-5, line 472). Parameter labels are reproduced next (fig.
10-1, lines 13-16; fig. 10-2, lines 106-109; fig. 10-3, lines 197-
201; fig. 10-4, lines 336-339; fig. 10-5, lines 473-478),
followed by the format statement (fig. /0-1, line 17; fig. 10-
2, line 110; fig. 10-3, line 202; fig. 10-4, line 340; fig. 10-5,
line 479).

In the next section, input data are listed as punched on the
data cards (fig. 10-1, lines 18-30; fig. 10-2, lines 111-123;
fig. 10-3, lines 203-227; fig. 10-4, lines 341-363; fig. 10-5,
lines 480-505). The transformed data are listed after the
data input. For the purposes of computation of the
prediction success table and other statistics, grouped data
are now listed as individual cases. This section of the
output has been abbreviated in the figure (fig. /0-1, lines
31-65; fig. 10-2, lines 124-155; fig. 10-3, lines 228-292; fig.
10-4, lines 364-429; fig. 10-5, lines 506-570). At the end of
the transformed data, the total number of cases
(observations plus controls) is summarized (fig. 10-1, line
66; fig. 10-2, line 156; fig. 10-3, line 293; fig. 10-4, line 430;
fig. 10-5, line 571). Proportional control mortality is also
printed (fig. 10-5, line 572).

Initial estimates of the parameters that were computed
by the program are printed (fig. 10-1, lines 67-68; fig. 10-2,
lines 157-158; fig. 10-3, lines 294-295; fig. 10-4, lines 431-
432; fig. 10-5, lines 574-577), followed by the initial value of
the log likelihood (fig. 10-1, line 69; fig. 10-2, line 159; fig.
10-3, line 296; fig. 10-4, line 433; fig. 10-5, line 578). The
program begins with logit iterations that are
computationally simpler, then switches to probit
calculations. The number of iterations of each type are
listed (fig. 10-1, lines 70-71; fig. 10-2, lines 160-161; fig. 10-
3, lines 298-299; fig. 10-4, lines 434, 436; fig. 10-5, lines 579-
580) preceding the final value of the log likelihood (fig. 0-
1, line 72; fig. 10-2, line 162; fig. 10-3, line 300; fig. 10-4, line
437, fig. 10-5, line 581).

Parameter values, their standard errors, and their t-
ratios (parameter values divided by its standard error) are
then presented (fig. 10-1, lines 73-76; fig. 10-2, lines 163-
166; fig. 10-3, lines 301-305; fig. 10-4, lines 438-441; fig. 10-
5, lines 582-587). The t-ratios are used to test the
significance of each parameter in the regression. The
hypothesis that a regression coefficient is zero is rejected at
the o = 0.05 significance level when the absolute values of
the t-ratio is greater than ¢ = 1.96, that is, the upper a =0.05
significance point of a ¢ distribution with oo df. All
parameters in each of the five analyses were significant in
this example. These statistics are followed by the
covariance matrix for the analysis (fig. 10-1, lines 77-81;
fig. 10-2, lines 167-171; fig. 10-3, lines 306-311; fig. 10-4,
lines 442-446; fig. 10-5, lines 588-594).

A prediction success table (fig. 10-1, lines 82-91; fig. 10-
2, lines 172-181; fig. 10-3, lines 312-321; fig. 10-4, lines 447-
456; fig. 10-5, lines 595-604) lists the number of individual
test subjects that were predicted to be alive and were
actually alive, predicted to be alive but were actually dead,
predicted to be dead and were actually dead, and predicted
to be dead but were actually alive. The numbers are
calculated by using maximum probability as a criterion
(Domencich and McFadden 1975). The percent correct
prediction, rounded to the nearest percent, is calculated as
the number predicted correctly (that is, alive when
predicted alive, or dead when predicted dead) divided by
the total number predicted in that category, times 100. In
the pyrethrum spray experiment (fig. /0-1), for example,
89 individuals were correctly forecast as alive, but 26 others
were dead when they had been predicted to be alive. The
correct percent alive is

89
89 +26

x100,

which is 77 percent (fig. 10-1, line 90). The overall percent
correct (OPC) equals the total number correctly predicted
divided by the total number of observations, times 100,
rounded to the nearest percent. In the pyrethrum spray
example, OPC equals

89 +195

x100,

333
or 85 percent (fig. 10-1, line 91). On the basis of random
choice, the correct choice should be selected for about 50
percent of the observations. In the five analyses, OPC
values indicate reliable prediction by the models used, since
all were greater than 80 percent.

The last portion of the output tests the significance of the
regression coefficients in each regression (fig. 10-1, lines
92-93; fig. 10-2, lines 182-183; fig. 10-3, lines 322-323; fig.
10-4, lines 457-458; fig. 10-5, lines 605-606). The hypothesis
tested is that all the regression coefficients equal zero. This
hypothesis implies that the probability of death is 0.5 at all
spray concentrations and film deposits. The log likelihood



L(w) is calculated for this restricted model and compared
to the maximized log likelihood L(Q) for the unrestricted
model. When the hypothesis is true, asymtotically,

LR =2[L(Q) - L(w)] ~ ¢ (df)

where df equals the number of parameters in the

unrestricted model. The hypothesis is accepted at the a
level of significance if

LR <y, (df).
In each of the five, analyses in this example, the hypothesis

was rejected at the a = 0.05 significance level. All
regressions were highly significant.

Figure 10-1
1 PYR 8 NUNAT POLOR 26 AUG 80 14:06340 4 1
2 CONTROL CARINE 3,2,0,0,1,u,1,1,1,1,0,0
3 NUMBFR OF VARTABLES: 3
4 NUMBER (IF VARIABLES On IRPUT CARDS: 2
5 NUMBER UF PARAMFTERS: ¢
6 TYPE OF MODEL: PROSITT
7 THERE ARE TRANSFOKMATLINS
8 INITIAL ESTIMATES OF THE PARANFTERS ARE TO BE CALCULATED AUTOMATICALLY
9 ALL RAW DATA WlLL RE PRIMIFD
10 NATURAL RESPONSE 1S NOT A PARAMETER
1 MULTIPLE SUBJECTS PER DATA CARD
12 TRANSFORMATINNS: 2L 2=3L3=
13 PARAMETER LARELS
14 1 CONSTANT
15 2 Los(C)
16 3 LOG (W)
17 FORMAT: (1¥,1X,2F5,0,214)
18 INPUT DATA
19 1 5. 2.9 °7 1
20 1 10, 2.9 29 15
21 1 20, 2.9 29 27
22 1 40, 2.9 28 °on
23 1 5, 5.7 29 4
24 1 10. S.7 2?9 19
25 1t 20, 9.7 21 26
26 1 40, 5.7 29 S0
27 1 5, 10,8 4Q [
28 1 10, 10.n 24 15
29 1 20, 10.m 31 5
30 1 A0, 10,R8 19 19
3N TRANSFORSED DATA
32 1, 1 1,00000 .h98970 LH6239R
33 2. U 1L ui0ng LhaARaTy NHh239R
34 3, u 1.00000 .hO8e70 462398
35 u, 0 1,000y .003G70 162398
36 5. 0 1.00090 LHURGTD +4h2398
37 6o N 1,UNn000 NTCIE] RLYALT
38 7. O 1,09060 .h98970 LY T
39 Be 0 1,00000 LhURYTO 462398
40 3. 0 t.untng .hA8A70 462598
41 10. ¢ 1, 00009 LHIBRATN b2 398
42 11 W 1.00000 L.B98970 4623948
43 12. © 1.0u00n L9897 J4b2398
44 15, 0 t.o0nuy .H9B970 462393
45 ta, 0 1,049900 +H38QTO 462398
46 15, 0 100000 RETLEYA + 462398
A7 1the U tatpnynn 698970 462398
48 17. 0 1. 09000 LbGRIT( JU4h2398
49 1he 0 1.0000y . H3897 0 +462398
50 19, © 1.00000 2h33670 462398
51 A. 0 1.,06000 .698a7¢ 462398
52 Pl. 9 106000 .5938970 462398
53 2. 0 1.00000 «HIRITO 462398
54 23, 0 1.00000 .698970 462398
55 24, U 1,00000 .6989790 .462398
O memmemm——m————- —vm———- e e emaeeamemsammemesmmeeeemseeereme-mesemeemmesevemeeerememsem-=me=n- I
56 PYR S NONATY PoLog 26 AUG 80 14:06:43 S 7
57 32%, 1 1.00000 1.6020h 1,03342
58 326, 1 1.00000 1.60206 1.03342
59 327. 1 1.00000 1.60206 1.03342
60 328, 1 1.,00000 1.h0206 1.033%42
61 329, 1 1.00000 1.60206 1.,033542
62 330, 1 1.00000 1.,60206 1.03342
63 331, 1t 1.00000 1.60206 1,03%a2
W‘W-WM—W e e g, ——
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Figure 10-1—Continued

.

65
66

67
68

69

70
Il

82
83

85
86

87
88
89

91

L—-_,fN_~—._‘s~____——~./-\___—__————~\—_,————~.__,_——--,_—N‘_,,——————f‘~—-—~——\________________,—-——’—‘-—_——————’—““’

332, 1t 1.00000 1.,h0206 1.03342
333, 1 1.00000 1.h0206 1.03342

333 NBSERVATIOMS + ¢ CONTROLS = 333 TOTAL

INITIAL ESTIMATES UF THE PARAMFTFRS
~4,%27488 CONSTANT 5.934193 LUG(C) JTB71704 LUG(W)

STARTING LIKELIWNOD = =103,9408

7 LOGIT EVALUATINNS
S PROBIT EVALUATIONS

MAXIMUM LOG LIKELEHOOD = =10t,38S5]

PARAMFTER ST FRROR T RATIU
CONSTANT =5.46446 .644240 -8,48203
LOG(C) 4,92555% LU484850 10.15R9
LOG(W) 1.09323 L445A11 P.U5334
COVARTANME MATRIX
CONSTANT LOG (1} LOG (W)
CONSTANT .4150454 -.2669031 -, 200R408
LOG(C) =. 2669031 .2350799 «55764819=-01
LOG (W) -.200R408 «5976R19=01 «1985690

PREDICTION SUICCESS TABLE
PREDICTED OUTCUME

ACTUAL ONTCOME Al TVF DEAD
ALTVE A9 es
DEAD 26 195
PERCENT CURKECT 17 39

OVERALL PERCENT TORKECTS KBS

TESTTIMG HYPOTHeSTS THAT THE 3=BETA=PAKAMETER MODEL AND THE O0-BETA=-PARAMETER MUDEL ARF THE SAME
LIKELTIHOOND RATLO TEST: CHI-SNUARED = 25H.8652 OF=3 TALL PROBABILITY = ,000

Figure 10-2

95

97

9
100
101
102

104
105

106
107

109
110

1
12
13
114
15
116
117
118
19
120
121
122
123

T —————

PYR F  nNUNAT PoLO2 26 AUG BO 14:06347 8 8

CONTROL CARDI 3,2,0,0,1,6,1,1,1,1,0,0

NUMBFR OF VARIAR|ES: 3

NUMBFR OF VARIARBLES O TMPHE CARDS: P

NUMBER 0OF PANAMETERS: 3

TYPE OF MODEL3 PROALT

THERE ARFE TRANSFORMATIONS

INITIAL ESTIMATES OF THE PARAMETFRS ARF TU BE CALCULATED AUTOMATICALLY
AlLL RAW DATA wWTtl 8E PRINTEL

NATURAL RESPONSE IS MOT A PARAMETEW

MULTIPLE SURJECTS PER DATA CARD

TRANSFORMATIONS? 2L2=3L3=
PARAMETER LARFLS

1 CONSTANT

2 L0G(C)

T LNG(wW)
FORMATS: (IX,1X,2F5,0,214)

INPUT DATA

2 9. 2.9 Y 3
e 10, 2.9 010
2 20. 2.9 29 24
2 40. 2.9 29 °Y
2 S. S.7 el 4
2 10. 5.7 28 14
2 20. 5.7 en 27
2 40, 5.7 249 29
7 S. 1N.8 es H
21U, 10,R8 /e 17
2 20, 10,8 L -1
2 40. 10.8 17 17

11



Figure 10-2—Continued

12

M—AMAMW

P ™
R
124 TRANSFORMED DATA
125 1. ¢t 1.00000 +hIBGTO 462394
126 2. 1 1.06000 648970 J46P398
127 .01 1.,00000 +hABATY J462394
128 4, 0 1,u0000 L04397¢ JU6P 394
129 S, 0 1,00000 JhYHKATO J462394
130 6. O 1.00000 .A98970 . N62398
131 re 0 1.000u00 6935970 462398
132 &, 0 1.0n000 LN LAh2398
133 9. 0 1.u000u .baAKe IO «Ib239R
134 10, . 0 1,00000 2b9naA70 JUb2398
135 11, o 1.00u0y +BSRATN LUH239R
136 12. 4 1.000G0y LOHBAT70 «4h2398
137 13, 0 1.90000 698970 J46239R
138 ta, © 1,000 LhBa0T0 462398
139 15, 0 1.00000 LHYBIT O 462398
140 16, 0 1.un0dn «hARUTO .462398
141 17. ¢ 1.00000 .HURG8T0 L462398
142 18, 0 1,00000 .HYH970 162398
143 19, v 1,00000 698070 462398
144 2u., O 1.00900 «HARIATO +462398
145 2i. O 1.00000 .698870 462398
146 22. 0 1.00000 «H9BYTO JU62398
147 2%, 0 1.00000 .098970 L4h2398
148 24, 0 1,000L00 +608070 462398
Y o e 8 e e e e e s s M S Es e .- -
- ram s — .-
149 PYR F  NONAT POLOR2 26 AUG 80 14:06249 9 14
150 325. 1 1.0009%0 1.6020¢k 1.03%42
151 326, | 1.,00000 1.h02UAK 1,03342
152 327. 1 1.00000 1eh0206 1.03342
153 328. 1 1.00000 1.60206 1.03342
154 329, 1 100000 1.60206 1.03342
158 330, 1 1,00000 1.,A020h 1,03342
156 330 O3SERVATIONS + 0 CONTROLS = 330 TOTAL
157 INITIAL ESTIMATES (OF THE PARAMETERS
158 =8.009471 CONSTANT 3.357726 L.OG(C) .9834336 LOG(W)
159 STARTING LIKFLTHNOD = =124,0896
160 7 LOGIT EVALUATIONS
161 6 PROBIT EVALUATIONS
162 MAXIMUM LOG LIKELIMOND = =122,4908
163 PARAMETER STHh FRROR T RATIOC
164 CONSTANT -4,77369 2535735 ~8.91055
165 LOG(C) 3,99017 .381101% 10,4701
166 LOG (W) 1.18636 « 395729 2.9979¢2
167 COVARIANCE MATRIX
168 COMNSTANT LOG(C) LOG (W)
169 COMSTANT 2870119 -.1h89200 -.1474890
170 LOG(C) -.1689206 L1452383 313654901
171 LOG (W) ~, 1474899 . 3136549=01 . 1566018
172 PREDTCTINN SUCCESS TABLE
173 PREDICTFD OUTCOME
174 L R
175 ACTUAL OUTLOME Al Tve DEAD
176 iubrhutshuinih sttt TeTTsesssmsssesenes
177 ALIVE L] 3z
178 NEAD 2% 183
179 ===es=s--o=ee iaiahdnbebdade b somsses- o
180 PERCFNT CNRRFCT 78 as
181 OVFRALL PERCENT MORRECT: #2
182 TESTING HYPOTHESTS THAT 1rf 4=t TA-PARAMETFR MOUBEL AND THE O0-BFTA-PARAMETER MOUDEL ARE THE SAME
183 LTIKFLTHODD RATIO TFST:  CHI=SOUARFD = 212,49%0 NF=3 TAIL PROBABILITY = ,000




Figure 10-3

184 PYR SF  NONAT  PANALLFL pPOLOR 26 AUG 80 14:06:52 11 15
185 CONTROL CARDT 4,2,0,0,1,0,1,1,1,2,0,0
186 NUMHBER OF VAWIABLFS: 4
187 NUMBER OF VARTABLES ON TnpPUT CARDS: @
188 NUMBFR (OF PARAMETERS? 4
189 TYPE OF MODEL: PROALT
190 THERE ARF TRANSFARMATIONS
191 INITIAL FSTIMATES OF THE PARAMEVFRS ARE 1O BE CALCULATED AUTOMATTCALLY
192 ALL RAW NATA WIL) AF PRINTEL
193 NATURAL RESPONSE IS NOT & PARAMETER
194 MULTIRPLE SUBJECTS PER uATA CaARrN
195 NUMRER OF PARALLFL GRUUPS: 2
196 TRANSFORMAYIONS: 3i.3=dL4=
197 PARAMETER | ARELS
198 1 SPRaAY
199 e FILMm
200 3 LNG(C)
201 4 LOGIR)
202 FORMAT: (Il,1X,2F5.0,214)
203 INPUT DIATA
204 1S, 2.9 21 1
205 110, 2.9 29 15
206 1 20, 2.9 30 27
207 1 40, 2.9 28 2%
208 1 5. S.7 °9 4
209 t 10. 5.7 29 (9
210 L 20. 5.7 2T Pk
211 1 40, 9.7 30 %o
212 1 5. 1C R 30 [
213 1 tue 10.R 20015
214 1 Pues 11,8 11 4t
215 1 40, 10,8 14 (a9
216 2 9. E °9 s
217 2 10, 2.9 LY )
218 2 Pu, 2.9 EE Y
219 2 40, 2,4 29 2
220 2 5, S.7 57 A
221 2 e S.7 LS ]
222 LA XV 5.7 Bl 2T
¢ 223 e v, 5.7 29 24
224 2 5. 19,8 2B W
225 2 10, 10,8 2 1
226 A Pu, 10 ,R 28 Pn
227 2 40, 10, A t7 1
228 TRAMSFORMED DATA
229 e 1 1.,00000 L0 en <hIRITH J462398
230 2. 0 1o0nunn L0060 LHAAQT D J462394
231 .00 1,0n000 PRI 696970 JU462398
232 4, w 100000 LUBOOU0 LhIRYTH 462398
233 Q. 0 1.00000 LO0DNYD LHIRATH 462398
234 5. U 1,ungty JUOUtue AYRGT G 462394
235 I. 0 1,un0nG RV +HIBIT U 4623948
236 A, U 1,00000 L0000 +69RG70 462398
237 a, o 1,00000 LO00000 +HIHATO L462398
238 1o, o 1,00000 LO00060 «h9RYTY L462398
o o e e e e e T A e T e e i e ]
239 PYR SF NONAT PARALLEL POLODR 26 AUG BD 14:06:55 13 26
240 611, 0 L000000 1.00000 1,00000 1.03342
241 h12., O L000G00 1.00000 1,00000 1.03342
292 613, 0 000000 1.00000 1,60000 1.03342
243 &t4, 0 000000 1.00000 1.00000 1.03342
244 615, 0 L0000a00 1.006000 1,00000 1.03342
245 616, O <000000 1,00000 1.,00600 1,03342
246 617, 0 L000000 1.00000 1.00000 1.03342
247 618, O 0000030 1.00000 1.00000 1.03342
248 619, 1 L000000 1.00000 1,30303 1,03342
249 620, 1 2000000 1.00000 1.30103 1,03342
250 62t, 1 «00N000 1.00000 1.30103 1.03342
251 622. 1 «H0G000 1,00000 1.%50103 1.033%42
252 623, 1 000000 1.,00000 1.30103 1,03342
253 624, 1 .000000 1.00000 1.30103 1.03342
254 625, 1 .000000 1.,00000 1.30103 1,03342
255 &P6, 1} «000000 1.00000 1.30103 1,03342
256 627. 1 00000 1.006000 1.30103 1.,03342
257 628, 1 J000U0aG 1.00000 1.50103 1.03342
258 629, t 000000 1.00000 1.,30103 1.03342
259 630, 1 «000000 1,000060 1.30103 1.03342
260 631. 1 L000C00 1,00000 1,30103 1,03342
261 632. 1 L00000 1.00000 1.30103 1.,03342
262 633, 1 LN00000 1.00000 1.30103 1.03342
PNM\/——' e —— ]

13



Figure 10-3—Continued

14

B ]
263 634, 1 «000090 1.00000 1.30103 1.03342
264 635, 1 000000 1,00000 1.30103 1.03342
265 636. 1 000000 1.00000 1.30103 1.03342
266 637, 1 000000 1,00000 1.30103 1.03342
267 638, 1 L000000 1,00000 1.30103 1.03342
268 633, 1 000000 1.00000 1.30103 1.03342
269 640, 1 000000 1.00000 1,30103 1.03342
270 641, 1 L000000 1,00000 1.30103 1.03342
271 642, 1 000000 1.00000 1.30103 1,03342
272 hu3, L000000 1.00000 1.30103 1.03342
273 644, 1 «900000 1,00000 1.30103 1.03342
274 645, 0 000000 1.00000 1.30103 1.03342
275 646, 0 L000000 1.,00000 1.30103 1.03342
276 647, 1 L0000 1.,00000 1.60208 1.03342
277 648, 1 LHONON0 1.00000 1.60206 1.03342
278 649, L000000 1,060000 1.60206 1.03342
279 650, 1 LOG000y 1.00600 1.60206 1.033%42
280 651, 1 LO00000 1.400000 1.60206 1.0334p
281 652, 1 «O0GV00 1.00000 1.60206 1.03342
282 653, 1 L000000 1.06600 1.6020h 1.03342
283 654, «NO0GOY 1,00000 1.602086 1.03342
284 655, 1 SO00GUY 1.00000 1.60206 1.03342
285 656, 1 L0000 1.,00000 1.60206 1.03342
286 657, 1 «M00000 1.00000 1.00206 1,03342
287 658, 1 LN00000 1.90000 1.602086 1.03342
288 659, 1 JHUOYNY 1.00000 1.60206 1,03342
289 6h0, ) .N00000 1.00000 1.60206 1.03342
290 661, 1 LO00000 1.00000 1.60206 1.03342
291 b6, 1 L000000 1.000600 1.60206 1.03342
292 663, 1 JUO0000 1.00000 1.602086 1.03342
293 h63 NBSERVATIONS ¢ 0 CONTROLS = 663 TOTVAL
294 INITTAL ESTIMATES OF THE PARAMEYERS
205 -4,101413 SPRAY -4,209135 FILM 3.631875 LOG(C) «BBUTI98 LOG(W)
296 STARTING LIKELIHNOD = =228,9565
297 PYR SF  NONAT PARALLEL POLO2 26 AUG 80 14307300 15 27
298 7 LOGIT EVALUATIONS
299 S PROBIT EVALUATIONS
300 MAXIMUM L NG LIKELIHNMD = «225,1918
301 PARAMETER STD ERRQR T RATIO
302 SPRAY ~4,9743%4 .411879 -12.0772
303 FILM ~5.12994 .41782% -12,2777
304 LOG(C) 4,38963 +299519 14,6556
305 LOG (W) 1.12907 294399 3.83517
306 COVARTANCE MATRIX
307 SPRAY FILM LOG(C) LOG (W)
308 SPRAY «1696447 «1630720 ~.1016954 «,8344496=01
309 FILM «1630720 .174578) -.1039320 ~,A417556-01
310 LoG(C) =.1016954 -.1039320 «B8971165=01 «19R8976=-01
311 LOG (W) ~.3344456=01 =,R417556=01 «198R976=~01 »8667098=01
312 PREDICTIDN SUCCESS TABLE
313 PREUICTED OUTCUME
314 B LT T Tar—

315 ACTUAL DHTCOME ALIVE DEAD

316 crcemtetmmecesscemmcecvcrcacamccer e ————— .-

317 ALIVE 178 56

318 DEAD 51 378

319 tihaeen b DL L L L e L E L L L

320 PERCENT CORRECT 74 87

321 OVERALL PERCENT COURKECT: 84

322 TESTING HYPOTHESTS 1HAT THF 4=wETA~PARAMETER MODEL AND THE 0-HETA=PAKAMETER MODEL ARE THE SAME
323 LIKELTHOOR RATLIO TEST: CrI=-SQUARED = 468,7280 NF=4 TaAlL PROBABILITY = _000

www




Figure 10-4

r‘%

324

339

341
341a
342a

345
346
347

349
351
352
353
354
355
356
357
359
361

363

365

369

1. 1 1.00000 JHYURYT O f 462398
2. 0 1.00000 698970 <46°398
L, 0 1.00¢00 98970 462398
a4, u 1.00000 698970 «462398
9. 0 1.u0uiy 698970 2462398
6. W 1. 00000 .698Q70 462398
7. 0 1,0n000 +698970 «462398
B, 0 1.00000 LhARATN JH462398
9, 0 1.00000 J698970 ~462398
10, 0 1.00000 +698970 +462398
11. 0 1,00000 698970 462398
12. v 1.00000 698970 JU462398
R L R R i L L T e T Ty RN
PYR SF NONAT FGQUALITY POLOR 26 AUG 80 14207305 19 39
613, 0 1.00000 1.00000 1.03342
614, 0 1.00000 1.00000 1.03342
615, 0 1.,00000 1,00000 1.,03342
616, 0 1,00000 1,00000 1,03342
617, 0 1.00000 1.00000 1.03342
618, 0 1.00000 1.00000 1.03342
619, 1 1,00000 1.30103 1.033a2
620, 1 1,00000 1.30103 1,03342
62t., 1 1,00000 1.30103 1.03342
622. 1 1.000060 1.30103 1.03342
623, 1 1.00090 1,30103 1,03342
624, 1.00000 1,30103 1.03342
625, 1 1.00000 1,30103 1.033482
626, 1 1.00000 1.30103 1,03342
627, 1 1.00000 1.30103 1.,033q42
628. 1 1.00000 1.30103 1,03342
629, 1 1,00000 1.30103 1.03342
630, 1 1.00000 1.30103 1.03342
631, 1 1,00000 1.30103 1,03342
632, | 1.00000 1.30102 1.03342
633, 1 1.00000 1.30103 1,03342
634, 1,00000 1.30103 1.93342
635, 1 1.00000 1.30103 1.03342

e T e T ann ecat SUREee U S S SRS e e

PYR SF NONAT  FQUALITY PoLO2 26 AUG 80 14307302 17 28

CONTROL CARD: 3,2,0,0,1,0,1,3,1,1,0,0

NUMBER OF VARTABLES: 3

NUMBtER (F VARIABLFS OM INPUT CARDS: 2

NUMBER (OF PARAMETERS: 3

TYPE OF MODEL: PROAIT

THERE ARE TRANSFONMATINNS

INITIAL ESTIMATES OF THF PAWAMETENS ARF TO BE CALCULATED AUTOMATICALLY
ALL RAW DATA WILL HE PRINTFD

NATURAL RESPONSE IS NOT A PAPAMETER

MULTIPLE SUBJECTS PER'DATA CAKRD

TRANSFORMATIONS: 2l 2=3L 3=
PARAMETER LABRELS

t  CNNSTANT

2 L06(C)

3 LOG(a)

FORMAT: (1X,1X,2F5,0,214)

INPUT DATA

1 5. 2.4 °7 1
1 10, 2.9 29 15
1 20. 2.9 30 P17
1 40, 2.9 28 28
1 5, S.7 29 4
1 10. 5.7 29 19
1 20, 5.7 el 26
1 40, S.7 30 s
1 5. 10,8 sv [
1 10, 10,8 T
1 20. 10,8 31 51
1 40, 10,8 19 19
? 5. 2.9 Y 3
2 10, 2.9 10
2 Pl. 2.9 ¢9 P4
2 40, 2.9 29 29
2 S. 5.7 EX] 4
2 1h. N7 26 14
e 26, S.7 en 27
2 4. 5,7 29 29
2 5. 10,1 ou 8
2 10, 16,8 24 17
e PO, In.A 28 ¢b
f 10, 10,k 17 17

TRANSF{IRMED DATA

15



Figure 10-4—Continued

M—M\/M«;_%

402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

427
428
429
430

431
432

Figure 10-5

459

460

461
462
463
464
465

636,
637,
638,
639,
640,
641,
642,
643,
644,
645,
646,
647,
648,
649,
650,
651.
652,
653,
654.
655,
656.
657.
658,
659,
660.
661.
6ol
LLE N

663 OBSERVATIONS +

INTTLAL

1
1
1
1
1
1
1
1
1
U
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

FSTIMATES ne

1.00000 1.30103
1.0n0000 1.30103
1.00000 1.30103
1,00000 1.,30103
1.00000 1.30103
1.00000 1.3010%
1.00000 1.30103
1,00000 1.30103
1.00000 1,30103%
1.00000 1.30103
1.000n0 1.30103
t.00000 1.60206
1.00000 1.h0206
1.00000 1.,~020h
1.,00000 tehlicldh
1,00000 1.60206
1.00000 1.60206
1.00000 1.R020k
1.,00000 1.60206
1.00000 1.40206
1. 00000 1.60208
1,00000 1.60P0A
1.00000 1.,A020A
1.00000 1.60206
1.00000 1.602086
1.00000 1.60206
1.00000 1.60206
1.000u00 1,h0°P06

¢ COMTROLS = k63

1.03342
1.03342
1.,033a2
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.,03342
1.03342
1.03342
1.03342
1.0%342
1.03342
1.03342
1.03342
1.03342
1,03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342

TOTAL

THE PARAMFTERS
-l 544105 CONSTANT

3.947060 LOG(C)

STARTING LIKELTHOUD = =226,9796
6 LOGIT EVALUATIONS
PYR SF  NONAT EQUALTTY
6 PRNBIT EVALUATIONS
MAXIMUM LOG LIKELIHODD = =225,A631
PARAME TER STH ERRUOR T RATIO
CONSTANT ~5,03989 408145 “12.34R%3
LOG(C) 4,37818 .298517 14,6664
LOG (W) 1.12486 .293838 3.82817
COVARIANCE MATRIX
CUNSTANT LOG(C) LOG (W)
CONSTANT .1665827 -.1021096 =.8328212=-01
LOG(C) -.102109¢6 «R811216=01 «1960563=01)
LOG (%) -.B8328212=-01 1960563-01 «AK34052=01

PREDICTION SHECESS TABLE
PREDICTFD OQUTCUME

ACTUAL 0ITCOME AL IVE DEAD
ALIVE 178 Sk
DEAD 51 378
PERCENT CORRECT 14 a7

OVERALL PERCFNT CORRECT: Hu

TESTING
LIKELTHOOD RATIO

HYPOTHES TS THAT THF 3«8t TA«PARAMFTEK
TEST: CHE=S5NUARFL =

PYRETHRUM SPRAY

CONTROL CARDS 4,2,0,3,1,0,1,0,1,2,0,0

NUMBER OF VARTABLES: 4
NUMBRFR OF VARIABLFES N
NUMBFR (OF PARAMETERS: &
TYPE OF MODEL: PROKIT
THERF ARE TRANSFOKAATTIONS

INPIIT CAKNS: 2

46T,

MUDEL AND
3855 HF=3

WWW\’/'N

R FTLY aTTH NATURAL RFSPUONSF POLOC

I I e e N i

TAE O0=BF TA=PARAMETER MODEL ARF THE SAME
TAIL PROBABILITY =

~—— ]

1.018223 LOG(W)

POLDR 26 AUG BU 14307213 22 40

L000

28 AUG 80 09:33:01 10 4




Figure 10-5—Continued

466
467
468
469
470
471

472

473
474
475
476
477
478

479

515
516
517
518
519
520
521

524
525
527
529

A CONTROL GROUP 1S INDICATED 8BY VARIABLE $§ BEING ZFR0
INITTAL ESTIMATES OF THE PARAMFTIERS AKE
ALL RAW DATA WILIL BE PRINTED

NATURAL RESPONSE IS A PARAMETER
MULTIPLE SUBJECTS PER DHATA CARD

NUMBER OF PARALLEL GRUNPS: ¢

TRANSFNORMATTONS: 3L3=4aL4=

PARAMETER LARELS

1 SPRAY

2 FlIuM

3 LhG(C)

4  LOG (W)

S NATURAL

FORMAT: ([1,1X,2F5,0,214)

NPUT DATA

S. 2.9 et 1
o, 2.9 29 15
20, 2.9 0 27
40, 2.9 28 78
S. S.7 /9 4
10.. S.7 °9 19
20, S,7 21l 26
40, S,.7 30 50
S, 10.8 ‘v h

10,
20,

I
1
1
1
1
t
1
1
1
1
1
1
1
2
2 10,
2
2
2
F)
2
2
2
2
2
2
0

40, 10,8 19 19
S, 2.9 ED] 3
2.9 CEVEES UV
Pu. 2.9 249 24
49, 2.9 29 o0
fe S.7 el 4
19. 5,7 K8
20, 8.7 oH 27
40, 5.7 2a Py
5. 10,4 L) s
1uv. 10.R 8 V7
20, 10,4 28 2k
an, 16,5 17 17
n 0 11 te
TRANSFORMED [ATA
1. 1 t.00Uy LOD0N00 .698970
2. D} 1.00090 LUnenon «698970
3. 0 1.00000 LO00000 «hIRIAT ()
4, 0 1.006000 2000000 «69A3TQ
5, 0 1.00000 LU0u000 +698970
6. 0 1.0000C 000000 «H9K970
Te 0 1.00000 000000 « 698970

PYRETHRUM SPRAY OK FILM WITH NATIIRAL RESPONSE

608. O » 0000490 1,00000 1.,00000
609, 0 «000000 1,00000 1.00000
610, 0 000000 1,00000 1.00000
611, Q « 000000 1.00000 1,00000
612. 0 2000000 1.00000 1.00000
613. 0 L 000000 1.00000 1.00000
614, 0 « 000000 1.00000 1.00000
615, 0 2000000 1.00800 1,00000
616, 0 «Nv00n0 1,00000 1.00000
617, 0 «U00000 1.00000 1,00000
618, 0 200N000 1.00000 1.00000
619, 1 <0000V 1.00000 1.30103
620. 1t £000000 1,00000 1.30103
621, 1 «000000 1.00000 1.30103
622. 1 L000000 1.00000 1.30103
623, 1 L000000 1.,00000 1.30103
624, 1 JOUN000 1,00000 1.30103
625. 1 «NH00000 1.00000 1.30103
626. 1 000000 1.00000 1.30103
627. 1 000000 1,00000 1.30103
6°8. 1 .N00000 1,00000 1.30103
629, 1 LHU0ON0 1.,00u00 1,30103
630. 1 000000 1.,00000 1.30103
631. 1 +00000 1,00000 1.30103
632, 1 000000 1,00000 1.30103
633, 1 L00N000 1.00000 1,30103
634, 1 LN00000 1.,00000 1,30103
635, 1 LN0DY0O 1.00000 1.30103
636, 1 LOUNVLO 1,00000 1.30103%
637, 1 L000000 1.00600 1.301038
638, 1 LH00000 1.00000 1.30103
639, 1 SNUNO0Y 1.00000 1.,30103
640, 1 LO000000 1.00000 1.30103

L462398
462398
462394
L46239R
462398
462398
.462392a

1.03342
1,03342
1.03342
1.03342
1.03342
1.03342
1.03342
1,03342
1.03342
1.03347
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.,03342
1.03342
1,03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1.03342
1,03342
1.03342
1.03342
1.03342
1.,03342

TO BE CALCULATED AUTOMATICALLY

-

POLD2 28 AUG 80 09:33:02 12 15

V~Vf~\,‘,———\~_/"\\,~,r-v——~\_,_\,_,—\\_‘/—\_\v’\__,/—~__4—-s—\_~/,—/”‘~—h_~._f—\\__\,_,—\u—/‘\\__a——J\—-__r—q
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Figure 10-5—Continued

PREDICTION SUCCESS TASLE
PREDICTED OuTCcOME

ACTUAL ONTCOME AL IVE NEAD
ALIVF 178 S6
NEAD 51 37K
PERCENT (OPRECT 78 87

§35888%85% gagepse &s8

OVERALL PERCFUT COWRECT: M4

TESTING HYPOTHESTS THAT THE
LIKFLTIHOOD RATTY TEST:

CHI=SOUARED =

455.2h36

548 hat, 1 LH00000 100000 1.%50103
549 642, 1 00000 1,00000 1.30103
550 643, 1 SN00DBY 1.00000 1.30103
551 6ua, t SNON000 1,00000 1.,30103
552 was, o O] 1,.00000 1.30103
553 646, U LN0UN0Y 1.00000 1.,30103
554 647, 1 SOOUDY 1.00000 1.60206
555 bug., 1 TR 1,00000 1.h020A
556 649, 1 008000 1,00000 1.60206
557 650, 1t SHUNGOG 1,00000 1.60206
558 651, 1 RLrnt 1,00000 1.60206
559 652. 1 L0000 1.00000 1.602086
560 hS3. 1 L0000 1.,00000 1.60206
561 nS4, 1 L0000 1,00000 1,60206
562 6S5h, 1 L000000 1.00000 1.60206
563 656, 1 L00N000 1.00000 1.60206
564 657, 1 RET T 1.,00000 1.60206
565 A58, 1 LOV0UNU 1.00000 1.60206
586 659, 1 J000000 1.00000 1.60206
567 bh, 1 «N0N0N0Y 1.00000 1.60208
568 (1.3 IS | S DUOND0 1.00000 1,602006
589 662, | JOO0NY 1.00000 1.60206
§70 663, 1 L00040Y 1,00000 1.60206
571 663 DHSERVATIONS + 311 CONTROLS = 974 TOTAL

572 MORTALITY [N CONTROLS: 039

NF=4

F"‘\gﬂ\./”\_,~*~v’—“’\————\—d*""—-\/———~—«—*\_—’—“\—’*———"—\—\vef—‘”‘*\_/——/———""\~—————-~——/“\f_/——_"—‘—‘

1.03347
1.,03342
1.03342
1,03342
1.03342
1.03342
1.03342
1,03342
1,03342
1,03342
1.03342
1.03342
t.,03342
1,03342
1.,03342
1.03342
1.03342
1.03342
1.03342
t.03342
1.03342
1.,03342
1,03342

o o T 10 6 0 5 0 o o 5 0 L 7% 0 0 0 . 0 0 0 o 0 O 0 0 e o 7 0 0 1 0 0 R P e D R B N e 8 e T e e e e e e e g

573 PYRETHRUM SPRAY NN FILM WITH NATURAL RFSPONSE
574 INITIAL ESTIMATES OF THE PARAMFTERS
575 “4,101413 SPRAY LBBATI9R LG (W)
578 -4, 209135 FILM «3ASH521=01 NATURAL
577 3.631875 LOG(C)
578 STARTING LIKELIHOIUL = =2R1,255R
579 10 LOGTT EVALUATTONS
580 S PROBIT EVALUATIONS
581 MAXIMUM LOG LIKELIHNND = «275,5481
582 PARAMFTER STD ERROR T RATIO
583 SPRAY ~5.41846 +S5045092 -10,7323
584 FILM ~5,61879 «925942 ~10,6823
LoG(c) 4,70390 365933 12,8546
LOG (W) 1.,22311 327875 3,73041
NATURAL 39590801 «110382=01 3.58671
COVARTANCE MATRIX
SPRAY FILM LOG(C) LOG (W)
SPRAY 25485221 .2543949 -.1591772 ~.1135423
FILM 2543949 2766148 ~.1676289 ~.1163738
LOG(r) -.1591772 *.16762R9 1339048 +3393508=n1
LOG(X) -, 1135423 -, 1163738 +3393508-01 .1075022
NATURAL “.13A43305=02 «,1537166=02 «1019743=02 .2416572-03

AeWETA<PARAMETER MOUEL AND THE -BETA=PARAMETYER MUDEL AKE THE SAME
PROBABILITY =

TAIL

PaOLOC 28 AUG RO 09:33:304 14 16

NATURAL
-.1383305-02
~e1537166=02

21019743=02
«2416572=-03
«1218416-03

.000




4.1.6 Hypotheses Testing
The maximized log likelihood values needed to test the
hypotheses outlined in section 4.1.2 are:

Model L Source
(1] -101.3851 fig. 10-1, line 72
[2] -122.4908 fig. 10-2, line 162
[3] -225.1918 fig. 10-3, line 300
[4] -225.8631 fig. 10-4, line 437

The LR tests of the three hypotheses are the following:
(1) Hypothesis H(P) of parallelism.

L(Q) = -101.3851 + -122.4908
= -223.8759,
L(Q) = -225.1918,
LR = 2[L(Q) - L(w)] = 2[-223.8959 + 225.1918]
=2[1.3159] = 2.6318.

The hypothesis H(P) is accepted, at significance level a =
0.05 if

LR <7 05(2) = 5.99.

Since 2.6318 < 5.99, we accept H(P).
(2) Hypothesis H(E|P) of equality given parallelism.

L(Q) = -225.1918,
L(w) = -225.8631,
LR = 2[L(Q) - L(w)] = 2[-225.1918 + 225.8631]
=2[0.6713] = 1.3426.

The hypothesis H(E|P) is accepted at level a = 0.05 if
LR<y 05(1)=3.84.

Since 1.3426 < 3.84, we accept H(E| P).
(3) Hypothesis H(E) of equality.

L(Q) = -223.8759,
L(w) = -225.8631,
LR = 2[L(Q) - L(w)] = 2[-223.8759 + 225.8631]
=12[1.9872] = 3.9744.

The hypothesis H(E) is accepted at level a = 0.05 if
LR <y 0s(3) =7.81.
We also accept this hypothesis since 3.9744 < 7.81.

4.1.7 Comparison with Published Calculations

The analyses of models [1]-[4] cannot be compared
directly with those described by Finney. The parameter
values for model [5] confirm those of Finney's equations
(8.27) and (8.28) (Finney 1971, p. 169).

4.2 Vaso-Constriction

Finney (1971, p. 183-190) describes a series of
measurements of the volume of air inspired by human
subjects, their rate of inspiration, and whether or not a
vaso-constriction reflex occurred in the skin of their
fingers. These experiments were reported originally by

Gilliatt (1947). A feature of this example is that the data are
ungrouped. We use the example to illustrate the analysis of
ungrouped data, the likelihood ratio test for equal
regression coefficients, and the use of transformations.

4.2.1 Models, Hypothesis, and Analyses Required
The model expressing the probability of the vaso-
constriction reflex is

Y=a+ﬁ1x1 +,B2X2 [1]

where y is the probit or logit of the probability, a is the
constant term, X, is the logarithm volume of air inspired in
liters, x, is the logarithm of rate of inspiration in liters per
second, S is the regression coefficient for volume, and S, is
the regression coefficient for rate.

The hypothesis is H: f=f, which states that the
regression coefficients for rate and volume of air inspired
are the same. The unrestricted model is [1] and the
restricted model is

Y = o+ B(xitxy) = o+ Sy (2]
The required maximum log likelihoods are L(Q2) and L(w).

(i) L(Q): ML estimation of [1].
(i1) L(w): ML estimation of [2].

When the hypothesis H is true, asymptotically,
LR =2[L(Q) - L(®)] ~ x2 (1)

so that the hypothesis H is accepted at the a level of
significance if

LR <y, ().

4.2.2 Input

The input for analyses of the two required models
consists of 97 cards (fig. /7). After the starter cards (fig. 11-
A), program cards specify the analysis of model [1] (fig. 11-
B-1). The title card (card 6) cites the source of the data; the
control card (card 7) specifies three regression coefficients,
two variables to be read from each data card, the probit
model to be used, none of the explanatory variables
contains a control group, transformations will be used,
starting values of the parameters will be calculated
automatically, data will be printed back, natural response
is not a parameter, there is one subject per data card, there
are no parallel groups, a restricted model will not be
computed, and the program will select a suitable number of
iterations in serach of an ML estimate. The transformation
card (card 8) defines y, as the logarithm of x,, and y; as the
logarithm of x3. The three parameters (card 9) are labeled
constant (x;), volume (x;), and rate (x;). The format
statement (card 10) instructs the program to read a 5-
column field including a decimal point (volume), and a 6-
column field including a decimal point (rate), and finally, a
single column of integers (I=constricted, O=not
constricted). The data, consisting of 39 individual records,
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;‘;'_ :1 ] ‘J - follows (fig. 11-C-1). After the END card (card 51), the
el ol 1 input for analysis of model [2] follows.

W11. )35 ‘ The program cards for model [2] (fig. 11-B-2) begin with
1. [s a descriptive title (card 52); the control card (card 53)
w11, 6] differs from that for model [1] only in the NVAR position
8] 16| | (integer 1). In this analysis, there are only two regression
33‘1 i%‘r coefficients in addition to the constant term. The
wgi. 95! transformations are also different (card 54). The variable
=ORCH y,=x is defined as the sum of the logarithm of x, and the
fehlel logarithm of x;. The two parameter labels are "constant"
2.7 | and "combine" (card 55). The format statement (card 56)
“El[- P‘? and the data (fig. //-C-2) are identical to that in the
LIS analysis of model [1].

»4_5“ 1] 2L

1], (2] | N

SCADERER 4.2.3 Output

wlgl.[ols] .o | &7 ‘ The analyses, in their entirety, are shown in figure 12.
wjo).[7/s] [1l.iol | | @ | 1 Ll ' Titles for the analyses are reprinted at the top of each page

T12]3]a5]617 8]0 [10]ni[1z[13[14a shie,17[18]19[20]21]22]23]24]: .

1.8 | .el2ls| v | (fig. 12, lines 1, 57, 110, 128, 184, and 235). Integers from
S[END]| | Il R REEE the control cards (fig. 12, lines 2 and 129) begin each
{=|v[A'siojclo|N| E[QU]AIL! IsLiOPE]S| i printout, followed by specification statements for each
<l2], 2], 0], 18], [, 18,1, 1], 18,8, 10,80 analysis (fig. 12, lines 3-11 and 130-138). Each
spllalilelel= (1] DT | L B2+ transformation card is reproduced (fig. 12, lines 12 and
“CIONSTIANTCOMBINE| | ‘ﬁp.—T‘—H 139), after which the parameter labels are stated (fig. 12,
:(SF: : ﬂ;F Z 2? ’W‘ﬂ‘})‘ { J) 1 RN \*ﬁ lines 13-16; lines 140-142). Format statements (fig. 12, lines
TLW\L, e : 17 and 143) precede listings of data in both raw and
] _ - Cc-2 transformed versions (fig. 12, lines 18-56 and 58-98, lines
b1 |- 13] | el bl 1] oy 144-183 and 185-224). From left to right, the columns in the
e [ ] 1] ] i L transformed data listing are chronological number of the
Figure 11 individual, its response, sample size (=1 is all cases),

logarithm (base 10) of volume, and logarithm (base 10) of



rate. The summary of total observations concludes the
descriptive portion of each printout (fig. 12, lines 99 and
225.

Initial parameter estimates, starting ML values, and
iteration statements (fig. /2, lines 100-104; lines 226-230)
begin the statistical portion of each printout. The final ML
estimate follows (fig. /2, lines 105 and 231); parameter
values, their standard errors, and t-ratios (fig. 12, lines 106-
109; lines 232-234) are printed next. The covariance matrix
and prediction success table follow (fig. 12, lines 111-125;
lines 236-249). Note that the program's automatic dead-
alive category labels are not appropriate for this
experiment; labels such as constricted and not constricted
would be more appropriate. The LR test for significance of
the model coefficients ends each analysis (fig. /2, lines 126-
127, lines 250-251).

The t-ratios of the parameters for both models indicate
that each parameter is significant in the regression. The

OPC values indicate that each model is a good predictor of
observed results, and the LR tests indicate that both
regressions are highly significant (a = 0.05).

4.2.4 Hypothesis Testing
The maximum log likelihoods needed to test the
hypothesis H: =5, are:
Model L Source

[1] -14.6608
[2] -14.7746

fig. 12, line 105
fig. 12, line 231

In this example
L(Q) =-14.6608,
L(w) =-14.7746,
LR =2[L(Q) - L(w)] = 2[0.1138] = 0.2276.

For a test at the 0.05 significance levels, the y* critical value
is 3.84. Hence we accept the hypothesis H.

Figure 12
1 VASO=CONSTRICTTION, EXAMPLE FROM FINNEY,PROBIT ANALYSIS,PP,183-190 poLO2 28 AUG 80 09:33:07 17 17
2 CONTROL CARDE 3,2,0,0,1,0,1,1,0,0,0,0

3 NUMBFR UF VAPTABLES: 3

4 NUMBER OF VARIAHLES On INPUT CARDS: 2
5 NUMBER UF PARAMETERS: 3

6 TYPE UF MODELS PROWITY

7 THFRE ARF TRANSFORMATIONS

8
9

ALL RAW DATA wILL sE PRINTFD

10 NATURAL RESPONSE IS NOT A PARAMETER
11 ONE SUHJIFCT PER NDATA CARD
12 TRANSFORMATINNS: 21.2=3L3=
13 PARAMETER L ABELS

14 1 CONSTANT

15 2 VOLUME

16 3 RATE

17 FORMAT: (FS.0,F6,0,11)
18 INPUT DATA

19 3,7 0.829 1

20 3.5 1.09 1

21 1.25 2.5 1

22 0,75 1.5 1

23 0.8 3.2 1

24 0,7 3.5 1

25 0.6 0.75 0

26 1.1 1.7 0

27 0.9 0,75 0

28 0,9 0,45 0

29 0.8 0.57 0

30 0,55 2.75 ¢

31 0.6 3.0 0

32 1.4 2.%% 1

33 0,75 5.75% 1

34 2.3 1.60

35 3.2 1.t 1

36 0,85 1,415 1

37 1.7 1.0 0

38 1o8 14 1

39 D4 2,0 0

40 0,95 1.36 0

41 1.35 1.55 0

42 1.% 1.3~ @

43 Sleb 1R

INTTIAL ESTIMATES OF THE PARAMFTFRS ARF TO BE CALCULATED AUTOMATICALLY
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Figure 12—Continued

.

22

44
45
46
47
48
49
50
51
52
53
54
55
56

57

58

59
60

99

100
101

102

103
104

105

106
107
108
109

110

11
112
113
114
15

0.6 1.5 0
1.3 1.5 1
0,9% 1.9 0
1.9 0.95 1
Teh V.4 i}
-2 ST A T |
2.35 0,3 0
1.1 1,83 ¢
1.1 2.2 1
1.2 2.0 1
0.8 3,33
0695 1.9 0

VASO=CONSTRICTION, FXAMPLE FROM FINNEY,PROBIT ANALYSIS,PP,1R3=190

1.3 1,625 1
TRANSFORMED DATA
1. 1 1.00000
2. 1 1.00000
3. 1 1.00000
4, 1 1.00000
S 1 1.0000¢0
he 1 1.00000
7. 0 1,00000
8., 0 1,00000
9. v 1.00000
10, 0 1.00000
11, ¢ 1.00000
12. 0 1.00900
13. o 1.00000
14, 1 1.00000
15, 1 1.0000¢
16, 1 1.00000
17. 1 1.,00000
18, 1 190000
19, 0 1.00000
20, 1 1.00000
21, 0 1.00000
22. 0O 1.00000
°3., 0 1.00000
24, 0 100000
h, 1 1.00000
6. 0 1000060
27. t 1.00000
28, ) 1. 00000
29, 1 100 ag
s, 0 1.,00000
31. 1 1. 00000
32, 0 1,00000
33, ) 1,90004
X4, 1 1. 000N
3%5. 1 tovaune
6. 1 t.00000
47, n 1,00004
R T 1.0000(
49, 1 1.00000
T3 ORSERVATIUNS + 0
THTTTAL FSTIMATES uf
- PhPdn
STARTING L IKFLIHOON
14 LOGTT EVALUATTUNS
B PROBIT EVALUATTONS
MAXTHIIM 1 OG LIKELTHD
P
€ONSTANT -1
VOLUME &
RATE 5

VASO-CONSTRICTIOM,EXAMPLE FROM FINNEY,PROBIT ANALYSIS,PP.1R3-19¢

COVARIANCE MATRIX

.5h820°
.544068
«969100-01
-.124939
~.969100-01
«.154902
-.221849
.413927-01%
-, 487575«-01
-,4571575=-01
~e9h09100-01
=.259637
-.221R49
.146128
-.124939
.361728
505150
=, 705811=01
.230449
.255213
-.397940
-.222764-01
.130334
176091
204120
-, 2P 1849
.255273
-.2P2764=01
L27T8754
Lona120
2431364
L871064
241392701
LU813927=-01
L791R12=01
=, 901 00=01
=.222764-01
-.104d493a
L11394%

COaTROLS =

[HE PARAMFTFRS
S CNNSTANT

= =20.,5856

) = =14,6p0R
ARAMETFR
«53306

63059

88569

39 TOTAL

~e835460=01
«374265-01
397940
«176091
«505150
544068
-.124939
.230449
-.124939
-.346787
~.244125
.439333
J477121
« 367356
«S574031
214804
204120
+150756
«253059-01
.255273
«301030
.133539
.13033%4
«133539
«250420
176091
217609}
.278754
-, 222764~01
-.3979490
~.124939
~.522879
262451
.342423
301030
.522444
278754
«2TRTSH
+P10853

1.637h66

S1N FRRUR
.611100
2,08127
2.06139

POLO2 28 AUG 80 09:33:08
VOLUME t.240651 RATE
T RATIU
-2,50869
3.18584
2.85521
POLO2 28 AUG 80 09:33:08

CONSTANT VOLUME RATE
CONSTANT .3734435 “.903920% -1.128364
VOLUME =.9039205 4,331670 3.066827
RATE «1.124364 3.,066827 4,249311

bt L L R el e R R T T e S —
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Figure 12—Continued

116 PREDICTION SHCCESS TABLE

17 PREDICTED QUTCOME
118 | =essvccecccmerecss
119 ACTUAL QUTCOME ALIVE DEAD
120 L LA P L D PR
121 ALIVE 14 S
122 DEAD 2 18
123 sttt I L LS LT L L L e e L 2
124 PERCENT CORRECY Al 78
125 OVERALL PERCENT CURRECT: 82

143 FORMAT: (FS5,0,F6,0,11)

r—\—ﬂ”~"’4‘ﬂ\——'“-a-’\“"\\\—4'—”""‘/~\\——"’ﬂ_‘\*‘“_‘—\J”“‘“_—“\———"‘——————'_\~———“\——“‘—”—‘——~/"\\~_————-’~\——‘—

126 TESTING HYPOTHESIS THAT THE 3-8FTA-PARAMETEN MODEL AND THE O0<BETA-PARAMETER MODEL ARE THE SAME

127 LIKELTHOOD RATID TEST: (HI-SQUARED = 24,7440 DF=3 TAIL PRORABILITY = ,000
gy LSRRI
128 VASOCON EQUHAL SLOPFES POLO2 28 AUG 80 09333308 18 20
129 CONTROL CARDI 2,2,0,0,1,0,1,1,0,0,0,0

130 NUMBER OF VARIAHLES: 2

131 NUMBER OF VARIAHILFS 0N [NPUT CArDS: 2
132 NUMBER OF PAKAMETERS: 2

133 TYPE OF MUNEL: PROMIT

134 THFRE ARF TRANSFORMATINNSG

135 INITIAL FSTIMATES OF THE PARAMETERS ARE TO HE CALCULATED AUTOMATICALLY
136 ALL RAwW DATA wlLL RE PRINTFD

137 NATURAL RESPONSE IS5 NUT A PARAMETER
138 ONE SURJECT PER NATA CARD

139 TRANSFORMATIONS: 2L 3L+y2=

140 PARAMETER LABELS

11 1 CONSTANTY

142 2 COMBINE

144 INPUT DATA
145 3.7 0.829 1
146 3.5 1,09 1
147 1.25 2.5 1
148 0,75 1.5 1
149 0.8 3,2 1
150 0.7 3.5 1
151 D.6 0.75 0
152 1.1 1.7 0
153 D,9 0.75% 0
154 0,9 0,45 0
158 0,8 0,97 0
156 N,59 2.75 0
157 D,6 3.0 7]
158 1.4 2.%% 1
159 0,75 3.75 1
160 2.3 l.ea 1
161 3.2 1.5 1
162 0,85 1,419 1
163 1.7 t.u6 0
164 1R 1,8 1
165 B.4 2,0 1
166 0.99 1,56 »
167 1.35 1,35 @
168 1.5 1.36 0
169 1.6 1,74 1
170 0.6 1.5 0
171 1.0 1.5 1
172 0,95 1,9 v
173 1.9 0,99 1
174 16 U4 0
175 2T 4J7S 1
176 2.35 0,3 0
177 tel 1,83 0
178 1.1 2.2 1
179 1.2 2.0 1
180 0.8 5.33 %
181 0,95 1.9 0
182 0,75 1.9 0
183 1,3 1,675 1
o o v e T o M O e
184 VASOCHN FUUAL SLORES POLO2
185 TRANSFINMED DATA
186 1. 1 100000 LY TS
187 e 1 1.00000 .581495
188 3. 1 1.40000 +U94R50

u-/’*-~ﬁ—~—*\——;~__\J,,—~«f”‘~—«/——~—\\./~4*\f~\,,f/’/h\“\«-———-—\\__,»f""\\\__/~——~r———-‘—‘“‘\.’f~*~

28 AUG 80 09:33308 18 21
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Figure 12—Continued

207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

225

226
227

228

229
230

231

236
237
238
239

240
241
242
243
244
245
246
247
248
249

250
251

d4, 1 1,00000 +511525-01

S. 1 1.00000 408240

ho 1 1,00000 FELTENAN

7. v 1.04000 -. 3545787

B Q 1,.00000 211847

9., 0 100000 . 170696
1o, 0 1.000ny ~,.392545
1. o 1.00000 -.341035
te. 0 1.00000 «179695
13. 0 1.00000 .295273
14, 1 1,00000 515484
15. 4 1.00000) L404093
16. 1 1.,00000 876572 -
t7. 1 1.00000 L709270
18 1 1.00000 .801754=01
19, 0 t.00000 .255755
°o. 1 1.00000 .510545
21, W 1,00000 -.969100=01
22. v 1.00000 111263
23. 0 1.00000 LChUbHA
24, U 1.00060 . 309630
25, 1 1.00000 454540
2hae U 1.00000 -, 457575~01
27. 1 1.00000 +A31364
o 1,00000 L2ShUTT
29, 1 1,00000 296477
., 0 1,0000y -,1935820
31, 1 1.00000 306025
2. W 1.00000 . 191811
3, 0 1.,00009 L3n3R44
24, 1 1.00000 LR
9. 1 1.00000 L 580211
In, 1 1.0n000 425534
37. [} 1.un000 2N6UT7
IR, v 100900 L1938
39, 1 L. 00n00g 524797

39 NHSERVATIONS + 0 COLTROLS = 39 TOTAL

INTVIAL FSTLAATES NF THE PARAMFIFRS
= 7302020 COMSTANT 3.077000 COMBINE

STARTING LEIKFLTHODD = <16 ,7704

G OLNGET T vALITATIONS
S PHOMTIT FVvALUATTONS

MAX MM | TKED IR0 = =14 ,7746
FARAME TEK ST0 ERROR T RATIO
COLSTANT =l.61hu8 602371 ~2.68353
Cur TN [T L 1Y 1.93851 3,25279
VASOCON EQUAL SLOPES POLO2 28 AuUG 80 09:33:09 19 22

COVARTANCE MATRIX

CUMSTANT COMBINKE
CONSTANT .3628504 -1,049734
COMBINE =1,04972) 3.7574826

PREDTICTION SUCCESS TAHLE
PRENDICTED OUTCOME

ACTUAL OUTCOME ALIVE DEAD
ALIVE 13 6
NEAD 2 18
PERCENT CORRECT ar 75

OVERALL PERCENT CORRECT: 79

TESTING HYPOTHESIS THAT THF 2=RETA=-PARAMETER MODKL AND THE O«BETA=PARAMETER MODEL ARE THE SAME
LIKELIHOOD RATIO TEST: CHI=-SOUARED = 24,5162 DF =2 TATL PROBARILITY = ,000
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4.3 Body Weight as a Variable: Higher
Order Terms

Robertson and others (1981) described a series of
experiments designed to test the hypothesis that the
response of an insect (Choristoneura occidentalis
Freeman) is proportional to its body weight. Three
chemicals, including mexacarbate, were used. We use data
for tests with mexacarbate to illustrate the use of individual
data to test the significance of a higher order term in a
polynomial model. This example demonstrates the use of
the restricted model option of POLO2 (see section 2.3).

Briefly, each insect in this experiment was selected at
random from a laboratory colony, weighed, and treated
with 1 ul of mexacarbate dissolved in acetone. Mortality
was tallied after 7 days. Individual records for 253 insects
were kept. Because a printback of all the data is too
voluminous for this report, we use the program option of
IECHO=0 (see section 2.3).

4.3.1 Models and Hypothesis

The polynomial model is
y =00+ 01X; + 0pXy + 032

where y is the probit or logit of response, x, is the logarithm
of dose (in ug), x, is the logarithm of body weight (in mg),
and z is the square of the logarithm of body weight (z=x,%).
The regression coefficients are J, for the constant, d; for log
dose, d, for log weight, and J; for the square of log weight.

The hypothesis is H: d;=0, that is, the coefficient of the
higher order term in weight equals zero. The unrestricted
model is [1] and the restricted model is

Y =60+ 01X + 0% (2]
The required maximum log likelihoods are L(Q) and L(w).

(1) L(Q): ML estimation of [1].
(i) L(w): ML estimation of [2].

When H is true, asymptotically,
LR =2[L(Q) - L(@)] ~ 7 (1),
so that H is accepted at level a if
LR <o (1).

The program will automatically conduct an LR test of
H: 5320.

4.3.2 Input

The input for this analysis consists of 263 cards (fig. 13).
The program cards (fig. 13-B) follow the usual starter cards
(fig. 13-A). Following the title (card 6), the control card
specifies four regression coefficients, two variables to be
read from each data card, the probit model is to be used,
the second parameter (log (D)) contains a control group,
transformations will be used, starting values will be
calculated automatically, data printback will be
suppressed, natural response is a parameter, there is one
subject per data card, there are no parallel groups, a
restricted model retaining three variables will be
computed, and the program will choose the number of
iterations for M L estimates. The transformations defined
(card 8) are: y, equals the logarithm of x,, y; equals the
logarithm of x;, and y4 equals the square of the logarithm
of x;. Parameters are x;="constant," x,="logarithm of
dose," x;="logarithm of weight," x,="(logarithm of
weight)2," and xs="natural response." Suggestive labels
appear on card 9.

The germane information on each data card (card 11-
263, fig. 13-C) is listed in columns 12-14 (dose), 17-19
(weight), and 24 (dead or alive). The format statement
(card 10), therefore, instructs the program to skip the first
10 columns, read a 4-column field with two digits to the
right of the decimal point, read a 5-column field with one
digit to the right of the decimal point, then go to column 24
to read an integer. No END card is needed after the data
assuming that no other analysis follows.

T T2[3]2 s]6 7 18 s o[ni[1z]13]1a[vs]16 17]18]19 o021 ]22[23[24 252627 28 20 a0 Ja1T52{33 34]35] 363738, as]a6[47 5175263764 ]55[56 [57[58 [50 [60[6 162 6364 65 [66 67 e8] ea[ 70} 7 1T72] 73 7a]7=] 78] 77] 78] 731 80)
@RUN[,[8] T ] [1|R)v,1ja[3-l8 8ig[1],},[3:,[1gg] | [PlolLioj2] BN ! H
T t ; i : T : i '
JalAlsiel, [T | Ixl. 2 T V20809 ‘ ‘ | il e
s@clopy],lel | x].. . B l ' AT
q@rreel | [ X[ ] i
dexar ||| poroz ||| || RENREEE L
sl=WE|I'GJHT_|s|T|[u/D]Y. RIOBERT|SON E[T AL.|RANDOM D E|XAICIARBATIE . H1GHER TIERM Z| IN MODEL..
CROREAOROACACSCACACAERC N L Lo
sl2]L|2|=3[L[3l=[3]L[3L *[a]= i | I _y
s|clolN[s|TalN[T]L]ol ('D])| [ [L/oje[(W); . IL|ojcwLiojawNAT|uRIA s
r ¢ i bt
W (1]ox], [Fla].[2].[Fs]. 1], [T2]a], T[1]) N
SRR 7 [ @8N [selel | lepo [ 2 19 | ! EERYREE
NN ] 0 S S S i S B —— N R P e o P S s = Ttk b
= R S e S = e o S e i
1 (2]3,4 567 8 9toln1213)1a]is[16 17118119 [20]21[22[23]24]25 261272812930 3|l37.33\34235 36' 37]38]39] 45]a6]a7]a849]50 157152153754 15556 157158 [59]60]61]52 63164165 66/67]68[69]70] 71{72] 73] 74] 751 76| 77 737}’3}*
RS EE RSN DRNN EDONE PN RIS ERE BN i ] REESRSEREPEEE
; T T i I g ; *
PiR2 1 le. @98 950 | 766 (24 1 | || | I | | SRR MR
Figure 13
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4.3.3 Output

The title is repeated at the top of each page of the
printout (fig. /4, lines 1, 56, and 101). The initial portions
of the analysis demonstrate the same features noted in
previous examples: the control card listing (fig. /4, line 2) is
followed by specification statements (fig. /4, lines 3-12),
the transformation statement (fig. /4, line 13), parameter
labels (fig. 14, lines 14-19), and the format statement (fig.
14, line 20). Because the data printback option was not
used (IECHO=0), the program prints only the first 20 data
cards in raw and transformed versions (fig. /4, lines 21-55
and 57-65). This permits the user to check a sample to
assure that the data are being transformed correctly. The
observations summary (fig. /4, line 66) is followed by the
proportional mortality observed in the controls (fig. 14,
line 67).

The statistical portion of the printout begins with initial
parameter estimates (fig. /4, line 68-71), the initial log
likelihood values (fig. /4, line 72), iterations totals (fig. /4,
lines 73-74) and the final log likelihood value (fig. /4, line
75). These precede the table of parameter values, their
standard errors, and t-ratios (fig. /4, lines 76-81). In this
example, the only parameter with a significant t-ratio is
log(D); the values of the ratios for all other parameters fall
below the critical ¢ = 1.96 tabular value. The covariance
matrix (fig. 14, lines 82-88) and prediction success table
(fig. 14, lines 89-98) follow. The OPC indicates good

prediction success. Finally, the significance of the full
model is tested (fig. 14, lines 99-100).

The restricted model [2] is computed next, with the (log
W)? parameter omitted (fig. /4, line 102). The initial
estimates of the parameters that are retained are listed (fig.
14, lines 103-104), followed by the initial log likelihood
value (fig. 14, line 105) and the iteration summary (fig. /4,
lines 106-107). The final log likelihood value (fig. /4, line
108) and parameter estimates with their standard errors
and t-ratios (fig. /4, lines 109-113) follow. In the restricted
model, the t-ratios of all the parameters except natural
response are now significant; this contasts with the lack of
significance of all parameters expect dose in model [1]. The
next portion of the printout is the usual presentation of the
covariance matrix (fig. /4, lines 114-119), followed by the
prediction success table (fig. /4, lines 120-129) and LR test
of the hypothesis that the regression coefficients of the
restricted model equal zero (fig. 14, lines 130-131). The
hypothesis is rejected. Finally, the LR test of the hypothesis
H: 0;=0, which was outlined in section 4.3.1, is presented
(fig. 14, lines 132-133).The maximum log likelihood for the
unrestricted model, the model including (log weight)?, is
L(Q) = -93.6792 and for the restricted model, the one
excluding (log weight)?, is L(w) = -94.9086. Since LR =
2[L(Q) - L(w)] = 2(1.2294) = 2.4589 < 3.84, the hypothesis
H is accepted at the 0.05 significance level. Consequently,
we conclude that (log weight)’> is not a relevant
explanatory variable in the regression.

Figure 14
1 WEIGHT STUNY ROKFRISON ET AL kANDOM DESIGN?,MEXACARBATE. HIGHER TERM Z [N MODEL POLO2 28 AUG 80 09:32:55 4 1
2 CONTROL CARDS 4,0,0,2,1,0,0,0,0,0,3,0
3 NUMRER OF VARIAHILES: 4
4 NUMBER OF VARTAKLES ON INPUT CARDS: 4
5 NUMBER OF PARAMETERS: &
6 TYPE OF MODEL: PRUBLT
7 THERE ARF TRANSFARMATINNS
8 A CONTROL GROUP 1S INDICAIED BY VARIASBLE 2 BEING ZERD
9 A RESTRICTED MODFL UF THF FIRST 3 VARIABLES IS TO RE COMPUTED ALSO
10 INITIAL ESTIMATES OF THE PARAME (ERS ARF TO KE CALCULATED AUTOMATICALLY
" NATURAL RESPONSE 1S A PARAMETEW
12 ONE SUBJFCT PER DATA CARD
13 TRANSFORMATINNSE 21 2=8L 3=3L 31 24=
14 PARAMETER L ARELS
15 1 CONSTANT
16 2 LNG(M)
17 3 L0G(W)
18 4  LOGHLOGW
19 S NATURAL
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Figure 14—Continued

N_ff-—v""“\\_//’N\~\\__,——~f—\_//"“\\,———"—’_\\_\N___/__/"~——\__\~_,__~,___§_//——*\“__\\___’____/\\‘_____~.\_____h\~_/4

20 FORMAT: (10X,F4,2,FS5,1,TR24,11)

21 INPUT DATA

22 R2 1 1 001 000 79 2 0

23 R2 1 1 002 vd0 A1 20

24 R2 1 1 003 000 762 20

25 R2 1 1 004 000 K35 2 9

26 R2 1 1 005 9nn 8713 2 ¢

27 Re 1 1 0N6 000 hKUa 2 ¢

28 R2 1 1 007 00w 9k% 2 0

29 R2 1 1 008 000 74% 2 0

30 R2 1 L 069 005 Ten 2 0

31 R2 1 1 010 005 791 20

32 R 1 1 01t 005 Thes 2 0

33 R2 1 1 u1e 005 930 2 ¢

34 R 1 1 013 0us 727 2 0

35 R2 1 1 014 005 w14 2y

36 Re 1 1 015 008  &%n 2 ¢

37 R 1 1 01e 010 &1 2 0

38 R2 1 1 017 010 128 ¢ o

39 Re 1 1 0tA 010 7649 2 0

40 R2 1 1 019 01y w949 2 |

41 R 1 1 020 010 &5 ¢}

42 ETC.

43 TRANSFAKMED DATA

44 1. 0 t.00090 =1.,30103 1.88081 3,53746

45 f. O t.00000 ~t.%0103 1,89418 3.60307

46 S, 0 1,000y =1.3010% 1.8R42% 3.5503¢2

47 4. 0 1T 00000 =1.3010% 1.96844 3.87493

48 S. 0 1.00900 =1.30103% 1.R6153% 3.46531

49 he 0 Lataung ~1.4010% 1.7R86817 3.19755

50 7. o 1.00000 =1,30103% 1.92324 3,69887

s R. 0 L.uhoon =1.,00000 1.91116 3,65252

52 9. u 160000 =-1,00000 1.,86213 3.46753

53 10, 0 1,00000 =1.00000 1,889693 3.5567°2

54 1. 1 100000 =1,00000 1.77743 3.,15925

55 1. 1 1.00000 “1.00000 1.81425 3.29149
R meeamm————— e mmmm——— v ... ——————— P — [

56 WEIGHY STUDY . RUBERTSON ET AL, RANDOM NESIGNZ,MFXACARBATE, HIGHER TERM Z IN MUDEL POLO2 28 AUG 80 09:32:57 6 2

57 13, 1 1.00000 =1.,00000 1.84572 3.,40668

58 14, 0 1.00000 =1.00000 t.80414 3.25492

59 15, © 1.00000 -1.00000 1.83696 3,3744)

60 16, 1 1.00000 =1,00000 1.77305 5.14372

61 17. 0 1.00000 -1,00000 1.81954 3,31074

62 18, ¢ 1.60000 “1.,00000 1.82478 3.32981

63 19, 1 1.00000 -,698970 1.89763 3.60099

64 20, @ 1.00000 -.698970 1.91009 3.64845

65 ETC,

66 207 OBSERVATIONS + 46 CONTKROLS = 293 TNTAL

67 MORTALITY IN CONTROLS: 022

68 INITTAL ESTIMATES OF THE PARAMETERS

69 61,92830 CONSTANT 13.,86360 LOGWLOGW

70 2.314442 LOGID) «2173913-01 NATURAL

7 ~58,12285 LOG(w)

72 STARTING LIKELIHNOUD = =97,5068

73 13 LNOGIT EVALUAYTIONS

74 7 PROBIT FVALUATIONS

75 MAXIMUM LOG LIKELLHOOD = =-93,6792

76 PARAMFTFR STD FRROR T RATIO

77 CONSTANT 99,4907 55.5623 1.79062

78 LOG(N) 3.41625 456533 7.48303

79 LOG (W) =94 ,6854 58,0475 -1.63117

80 LOGWLUGwW 22,8966 15,1593 1.591040

81 NATURAL L1uG0a5=01 .142699-01 1.01223

82 COVARIANCE MATRIX

83 CONSTANT LOGI(D) LOG (W) LOGALOGH NATURAL

84 CONSTANT 3087 166 6.,196166 -3224,037 841,1348 +1926991~01

85 LAaG(N) ~,1961Ab 2084226 =h, 060385 1.509324 «5030425-03

86 LOG (W) =-4224,037 “6,0603485 3369,508 =879,6802 «,1834847=01

87 LOGWLORW 41,1348 1.5093%°24 ~R79,6802 229,8032 .4319225-02

88 NATHRAL «192R991=01 .9030425=03 -~ 1834R4T<01) .4319225=02 +2036306=03

89 PREDICTION SUCCESS TABLE

90 PREDICTED DDTCOME

91 mresesesoese-—- --

92 ACTUAL OHUTCOME Al IVE DEAD

93 2 eececmecrecemccccmcccmccemr————— cmmm—ee——-
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Figure 14—Continued

94 ALIVE 72 24

95 DEAD 23 BR

96 P LT L. cercm-- B LT PR P, P

97 PERCENT CORRECT 76 79

98 OVERALL PEWCENT CORRECT: 77

99 TESTING HYPOTHESTS THAT THE 4=RETA-PARAMETER MODEL AND THE O-BETA=PARAMETER MOUDEL ARE THE SAME
100 LIKFLTIHOOD RATIO TESI: CHI-SAUAKED = 108,998k  DFz4 TAIL PROBAATLITY = ,000

b e memmam—m————————— e mmmmm———— e m N Ami us s smeAE s sME A e —ae—————— o o 1 o 8 g

101 WEIGHT STUDY ,ROBERTSON ET AL RANDUM DESIGN2,MEXACARHATE, HIGHER TERM Z IN MODEL POLO2 28 AUG 80 09:32:59 9 3
102 RESTRICTEN MODFL WITH 3 VARIABLES AND 4 PARAMETERS

103 INTTTAL ESTIMATES OF THE PARAMF TERS
104 11.99335 CONSTANT 2.303R10 LOG(D) =5,455093 LDG (W) .2173913-01 NATURAL
105 STARTING LIKELTHOOD = =98,2843

106 9 LOGIT FVALUATINNS

107 7 PROBIT EVALUATIONS

108 MAXIMUM LOG LIKRELIHOGDL = ~-94,9086

109 PARAME TER STD ERROR T RATIO

110 CONSTANT 15,9899 2.84374 S.62283

m LOG (D) 3.30682 430669 7.67834

12 LOG (W) -7.18592 1.43618 -5,00348

113 NATURAL L148626=01 L147205-01 1.00965

114 COVARTANCE MATRIX

115 CONSTAMT Lo6 (D) LGB (W) NATURAL

116 CONSTANT B,0BHBR0 .5906353 -4,061704 L4638708-02

17 LOG (D) .5906353 .1854755 -,2444996  ,4560381-03

118 LOG (W) -4,061704 ~.24448996 2.062625 =,2457787=02

119 NATURAL J4634708=02 L45603R1-03 =,2457787-02 «216h941=03

120 PREOICTION SUCCESS TARLE

121 PREDICTFD OUTCOME

122 ——————— croomemman

123 ACTUAL DOTCOME ALILVE DEAD

124 cecececmcreccsccaranceeeaan~ —emecmmaee ————

125 ALIVE 72 24

126 DEAD 23 A8

127 cemam———— emtmmcmmecmeme—e—n—————— [

128 PERCENT CORKECT 76 79

129 OVERALL PERCENT COWRFCT: 77

130 TESTING HYPOTHESTS IHAT THF 3-dFTA=PAKAMETER MOODFL AND THE O-BETA~PAWAMETER MOUDEL ARE THE SAME
131 LIKFLIHOOD KATLO TEST:  CHI=SOUARFD = 106.5107  DF=z3 TAIL PROBABILITY = ,000

132 TESTING HYPUTHFESTS THAYD THE 4=RETA-PARAMETER MODEL AND THE 3-BETA=PARAMETER MODEL ARE THE SAME
133 LIKFLIHNOD NATIND TEST:  CHI-SUHUAREL = 2,4589 BF=1 TAIL PROBABILITY = (117
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4.4 Body Weight as a Variable:
PROPORTIONAL Option

Dosage estimates are the primary objective of many
toxicological investigations. The topical application
technique described by Savin and others (1977), for
example, is used to obtain precise estimates of the amounts
of chemicals necessary to affect 50 or 90 percent of test
subjects. The quality of chemical applied is known, as is the
weight of test subjects. In the previous example, we tested
the significance of a higher order term in a polynominal
model. On the basis of an LR test, we conclude that the
higher order term was not relevant. The PROPOR-
TIONAL option permits the user to test the hypothesis that
the response of test subjects is proportional to their body
weight. If the hypothesis of proportionality is correct, LDs,
and LDy, estimates at weights chosen by the investigator
can be calculated.

4.4.1 Models and Hypotheses

We now consider the model
y =0+ d1X; + X,

Where y = the probit or logit of the response, x; = logarithm
of the dose (log D), and x, = logarithm of the weight (log
W). Let 6¢=8, 6,=5,, and B,=J, +J,. Then the model [1] can
be rewritten as

y = Bo+ pilog (D/ W) + f; log W.

The hypothesis of proportionality is H: f,=0 (Robertson
and others 1981). The unrestricted model is [1] and the
restricted model is

y =pBo+ B log (D/W)

The required maximum log likelihoods are L(Q2) and L(w).

(1) L(Q): ML estimation of [2].
(i1) L(w): ML estimation of [3].

When the hypothesis H is true, asymptotically,
LR = 2[L(Q) - L(@)] ~ 7 (1)

so that the hypothesis H is accepted at the a significance
level if

LR < (D).

The necessary calculations are automatically performed
when the PROPORTIONAL option is chosen. Note that
the hypothesis can also be tested using the t-ratio for f,. If
the hypothesis is accepted, the user may obtain LDs, and
LDy, estimates for any body weight desired with the
method described by Savin and others (1981). If the hypo-
thesis is rejected, the BASIC option (sec. 4.5) should be
used.

4.4.2 Input

The input (fig. 15) may begin with the usual starter cards
(fig. 15-A) unless the PROPORTIONAL option is used
after another analysis (except another PROPORTIONAL
option set or the BASIC option—no other analysis may
follow the use of either). In this example, input begins with
the program cards (fig. 15-B).

The program card must have PROPORTIONAL in
some position from columns 2-80 (card 6). The control
card (card 7) must have NVAR=3 and KERNEL=2 so that
the proportionality hypothesis will be tested. If the LR test
of proportionality is not needed, NVAR=2 and
KERNEL=0 may be specified; however, we suggest that the
LR test be performed unless there is ample evidence that
proportional response can be assumed. NPLL must be zero
in either case, but other integers on the control card may
vary as needed.

In this example, the transformations specified (card 8)
are y, = log (Xo/x3) and y; = log x3. If the LR test of

proportionality is not requested and NVAR=2,
KERNEL=0 are present on the control card, the
transformation y, = log(x./x;) alone- should be used.

Parameters are: constant, log dose divided by log weight,

1]2]3]s]s[s]7 8T ro[ni2[ra]1aJrs]re Tt 7]18]19 [20]21{22]23]2a 25 26 [27]28 28 30 51T 32]33 3aT35]36] 37[38] 3[40 4 1[42[a3[aa [e5]e6]a7[48]a8]50] 57] 52]53 52 ]55]56 |57 [
YSRUIN s [8] | | [T[RIV],11a[3-18 8@]1],", (3,160 ' PlojL[0]2

JaAlsiel, [T [ [ x[.|, 7] luj2zeelee] | ]

s@cloply|,le | [x[. RN T A {
QFREE | [ . RN \ ol :

d@xjor| [ [ PloLoy || | | uainiien | ‘
*|=WE/1/G/HT sTluDY/. Rl2 MEXACARBIATE L0G (D/W) ,|Lio[c/(W) [PROP/o[RTTON[AL]
DR RORORCACK- RCACROACEE ARSSE RERS) - T,
o2(3)/|L|2[=[3]L]als] | i ! . T
s|clo[nis|T[aiN'T!L]o]c| ([Dl/ W }|L/0[G[ (W) |  NATURAJL | .

ol ( [vleix],IFlal. (2] {Fs 1 0] Ixf2lal, )T ] T , ) !
TR0 NCOOR CU0N N8 MR SRR E R B RRN R VRN AR RN 1S

e P P 3 ‘rft:*:‘::z:’.’ L ST . r3 f*l"— =

<IR2[ 1 o] 098] w58 | 766 24 1 | L > f T"" :

7so EIN-D' ‘ ‘ - L

Figure 15
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log weight, and natural response. Card 9 has labels
suggestive of these names. The format card (card 10)
instructs the program to read dose (fig. 15-C, columns 11-
14), weight (fig. 15-C, columns 15-19), and response (fig.
15-C, column 24) from the data cards. The data cards are
followed by an END card (card 264).

If the proportionality hypothesis is accepted, weights
specified by the user may be placed behind the END card
to obtain LDsy and LDy, estimates. One weight can be
punched on each card in free field format.

4.4.3 Output

The output follows the usual pattern until the last
portion. Titles appear at the top of each page (fig. /6, lines
I, 56 and 96). The descriptive section lists specification
statements (fig. 16, line 3-12), transformation statement
(fig. 16, line 13), parameter labels (fig. 16, lines 14-18),
format statement (fig. 16, line 19), abbreviated raw and
transformed data listing (fig. 16, lines 20-55 and 57-64), the
observation summary (fig. 16, line 65), and the natural
mortality statement (fig. 16, line 66).

The statistical portion of the printout begins, as usual,
with the initial parameter estimates (fig. 16, lines 67-68),
starting log likelihood value (fig. 16, line 69), and the
iteration summary (fig. /6, lines 70-71) preceding the final
log likelihood value (fig. 16, line 72). Parameter values and
statistics (fig. 16, lines 73-77), covariance matrix (fig. 16,
lines 78-83), prediction success table with OPC (fig. 16,
lines 84-93) and test of significance of coefficients in the full
model [2] follow (fig. 16, lines 94-95). The statistics and LR

test for the restricted model [3] are printed next (fig. 16,
lines 97-124).

4.4.4 Hypothesis Testing
The LR statistic is

LR = 2[L(Q) - L(w)] = 2[-94.9086 + 99.4884]
=2[4.5788] = 9.1596.

The hypothesis of proportionality is rejected at the 0.05
significance level because the y* critical value is 3.84. Note
that the hypothesis is also rejected by the t-test because the
t-ratio for f, is -2.92. The calculations in the last section of
the printout are statistics based on average weight; these
should be disregarded unless the proportionality
hypothesis was accepted (see sec. 4.5.2 for an explanation
of the printout).

4.5 Body Weight as a Variable: BASIC
Option
The BASIC option estimates lethal doses D in the
equation
y = Botpi(log D)y+f(log W)

when f; # f,. This model is appropriate when the
proportionality hypothesis has been rejected, as in the
previous example (sec. 4.4). Calculations are described by
Savin and others (1981).

Figure 16
1 WETGHT STUDY . R2 MEXACARBATE LUG(N/W),LNG(N) PROPORTINNAL PoLOR2 28 AUG B0 12:06:38 4 1
2 CONTROLUARD: 3,2,0,2,1,0,0,0,0,0,2,0
3 NUMBER OF VARIABLES: 3
4 NUMBER OF VARIABLES ON INPUT CARDS: ¢
5 NUMBER OF PARAMETERS: &
8 TYPE OF MUDEL: PRORIT
7 THERE ARF TRANSFORMATIONS
8 A CONTROL GROUP [S INDICATED BY VARIABLE 2 BEIMG ZEROD
9 A RESTRICTED MODEL OF THE FIRST 2 VARIARLES 1S TO BE COMPUTED ALSO

10 INITIAL ESTIMATES OF THE PARAMETFNS ARE TU HE CALCULATED AUTOMATICALLY
1 NATURAL RESPNNSE IS A PARAMETER

12 ONE SUBJECT PER DATA CARD

13 TRANSFORMATIONS: 23/L2=3L3=

14 PARAMETER LABELS

15 1 CONSTANT
16 2 LOG(D/W)
17 3 LOG(wW)

18 4  NATUORAL

19 FORMAT: (10X,F4,2,F5.1,724,11)

20 INPUT DATA

21 R2 1 1 001 000 K79 2 0
22 R2 1 1 002 000 ARl 2 0
23 R2 1 1 003 000 762 2 0
24 R2 1 1 004 000 635 20
25 R2 1 1 00S 000 973 2 0

/—\/\/_/v\/—\/—'\_/—\’__/—v\__w
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Figure 16—Continued

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55

56

57
58
59
60
61
62
63
64

67
68

70
I

72

73
74
75
76
Y

78
79
80
81
82
83

84
85
86
87
88
89
%0
91

92

93

94
95

pear e s

f’\\/”“\~"/\\-”"‘\~——"‘\~—"——N\————v——“"—"-\\\~/,—’—*\__/’—""‘\_————’”-‘“~———_~————"“‘~—""‘\-a’—*“-

R 1 1 006 000 AODE 2 0
R2 1 1 007 000 903 2 0
R2 1 1 00A 9u0 745 2 0
R2 1 1 009 00S 760 2 0
R2 1 1 010 005 79 e v
R2 1 1 0131 609 Tmh 2 0
R 1 1 012 0085 930 2 0
Re 11 €135 uns  7¢7 20
R2 1 1 014 9u% wia 2 o
R2 1 1 01% 008 &#34 2 0
R2 1 1 D1e 010 RIS ¢ O
R2 1 1 017 01 728 2 4
R2 1 1 034 610 7n9 2 6
R 1 1 w19 010 599 2 1
R2 1 1 020 010 k57 2 1
£TC.
TRANSFORMED DATA
1. o 1.00000 ~3.,141484 1,880R)
2. O 1.000060 «“3,19921 1.89818
3, 0 1.00000 -3.13526 1.RB423
4, v 1.00000 -3,26951 1.96848
5. 9 1.00000 =3.16256 1.86153
[ ] 1.00000 =3.08920 1.78817
1. 0 1.00900 -3,P2427 1.92324
f. 0 1,00000 =?.91116 1.91118
4. 0 1.00000 -2.R6213 1.86213
10, 0 1.00000 -P.8859% 1.88593
11, 1 1.00000 -2.7774% 1.77743
12. 1 1.00000 -2.81428 1.81425
13, 1 1.000G00 -2.R4572 1.84572
e e e e A L L e e e e e ]
WEIGHT STUDY (R MEXACARKMATE LOGRIN/W),L06(W) PROFORTIONAL POLOR2 28 AUG 80 12:06:42 6 2
14, o0 1.00000 ~P.R0414 1.h0414
15, ¢ L.00000 =2.43h96 1.83696
16, t 1.,00000 =-2.77350% 1.77%05
t7. 0 1.00000 “2.81954 1.8195%4
18, v 1.00000 =2.82478 1.82478
19. 1t 1.00v00 “?.59660 1.89763
20. v 1,.00000 =2.60806 1.9t009
ETC.

207 DHSERVATIOMS + 4o CONTRULS = 253 TOTAL
MORTALTIY IN CONTROLSS 022

INITIAL ESTIMATES 0OF THE PARAMFIFRS
12,2224% CONSIANT 2.2h9062 LOG(N/W) =3,31777S LOG(W) «2173913=01 NATURAL

STARTING LIKELIHOUD = =98,460%

12 LOGIT EVALUATIOMS
7 PROBIT EVALUATTONS

MAXIMUM LOR LIKELTHOOD = =94,9086

PARAMETER SID ERROR T RATIO

CONSTANT 15,9899 2.Ru4379 S.62273

LOG(D/W) 3.30682 L430670 7.67832

LOG (W) =3,8791v 1.32634 =2.92467

NATURAL J14R6PT=01 .1487207=01 1,009A%
COVARIANCE MATRIX

CONSTANT LUG(D/¥) LOG(W) NATURAL

CONSTAMNT A,087159 5906401 ~3,471210 «4634957=02

LOG(N/ ") 5906401 «1R5476K = ,5902480=-01 +US60508=03

LOG (W) =3.471210  =_,59024R0=01 1.799175  =,2001R6A=02

NATURAL N6 84957 =0 «4960508=03 ~=,2001R6R=02 «?166987=03

PREDICTION SUCTESS TAHLE
PREDICTFD OHTRUWE

ACTUAL ONTRUME AL [VE NEAD
ALTVE 1e 24
NEanN 23 LY.}
PERCENT FokwkCT Th 7o

OVERALEL PERCERT CpRRECTE 77

TESTING HYPUTHESTS TUAT Tk 3=tETA=PARAMETER MODFL AND THE 0«BETA=PARAMETER MONEL ARE THE SaMt
LIKELTHGOD ATTN TESTE:  CHI=-SQUARED = 106,5108 0F=3 TALIL PROBABILITY = ,000
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Figure 16—Continued
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96 WEIGHT STUDY . R2 MEXACARBATE LUG(D/W),LNG(W) PROPORTIONAL

97 RESTRICTED MODEL WITH 2 VARIABLES AND 3 PARAMETERS

98 INITIAL FSTIMATES OF THE PARAMFTERS

99 7.334388 CONSTAWNT 2.791762 LOG(D/w)
100 STARTING LIKELTHOOL = =100,4000

101 10 LOGIT EVALUATIONS

102 11 PRORIT EVALUATINNS

103 MAXIMUM LOG LIKEL1HOOD = =99, 4884

104 PARAMFTER STD ERROR T
105 CONSTANT 8,59942 1.06703 8,
106 LOG(D/W) 3.28190 412611 7.
107 NATURAL «1390A1=01 .137678=01 1.
108 COVARIANCE MATRIX
109 CONSTANT LOG(D/W) MATURAL
110 CONSTANT 1.138559 4380162 ,S864396=03

111 LOG(D/w) 4380162 1702479 «3247294=03
112 NATURAL «5864396=03 «3247290=03 .1895527-03

113 PREDICTION SUCCESS TABLE

114 PREDICTED QUTCOME

115 cemcmceccceman——

116 ACTUAL OUTCOME ALIVE DEAD

17 e cecmrecscsreesarccarenne.

118 ALTVE LY 28

119 DEAD 19 9p

120 Lk L R e ) B L L T LR e m--

121 PERCENT CORRECT 78 77

122 OVERALL PERCENT CORRECTY: 77

123 TESTING HYPOTHFSTS THAT THE P=nETA=PARAMFTER MODEL ANU THE

124 LIKELTHOOD RATIO TEST: CHI-SNUAREU = 97,4199 UF=2

125 PROPORTINONAL MODFL

126 WBARSTT7,367111, LOGIN(ABARIST  AKRSSE

127 AS2.,401864d3, HZ3 _PHAL19001L

128 VI1Z.091336R8, V123,1164934, V2Pe=,1702479

129 SE(A)=,3022199, SCL(BY=,412h111

130 6z,UAUTI9, T=1,95996

131 LNSO=,1854R15, LIMITS=,1576298,,.2191935

132 LDYU=,455817R, LIMITS=2,3707691,.6206283

RATIU
05919
95398
01004

POLO2 28 AUG 80 12:06:44

»2173913=01 NATURAL

O-HETA~PARAMETER MODEL ARE THE SAME
TAIL PRUBABILITY =

.000




4.5.1 Input lines 13-17), format statement listing (fig. /6, line 18), an

The input (fig. 17) begins with the usual starter cards abbreviated raw and transformed data listing (fig. /8, lines
(fig. 17-A) unless the BASIC option follows another 19-55 and 57-63), observations summary (fig. 18, line 64),
analysis (except another BASIC or PROPORTIONAL and natural response statement (fig. /8, line 65) form the
set). In that case, input would begin with the program cards descriptive portion of the output.

(fig. 17-B). The program cards must have: The statistical portion contains the wusual initial

. . . parameter estimates (fig. I8, lines 66-67), initial log

1. BASIC is some position on the title card (card 6). likelihood value (fig. 18, line 68), iteration summary (fig.
2. A control card (card 7) with NVAR=3, NPLL=0, and 18, lines 69-70) final log likelihood value (fig. 18, line 71),
KERNEL=0. The. basic model is limited to three parameter values and statistics (fig. 18, lines 72-76),
regression coefficients (NVAR), no parallel groups, covariance matrix (fig. 18, lines 77-82), prediction success

and no test of a restricted model. The other integers table (fig. 18, lines 83-92), and LR test of the full model (fig.

may vary, as required. 18, lines 93-94).
In this example, the transformation card (card 8) states Statistics for the model using average wei.ght of the test
that y,=log x, and ys;=log x;. The parameters (card 9) are subjects as the valusa of W follows (fig. !8? llqes 95-98 and
labeled: "constant," "log(D)," and "log(W)." Natural 100-102).. The terrnlnolggy of these statistics is as fouows.
response is a parameter is this example, but need not be WBAR is average weight, and LOGIO (WBAR) is the
present in each use of the BASIC option. The format logarithm of WBAR to the base 10 (fig. /8, line 96). The
statement (card 10) instructs the program to read only dose parameters are called "A" and "B"Q A is the Intercept of the
(fig. 17-C, columns 11-14), body weight (fig. 17-C, columns line ca.llculated at WBAR,.and B is the slope pf the line (fig.
15-19), and response (fig. 17-C, column 24). The data are 18, line 97). 'The variances an.d covariances of the
followed by an END card (fig. 17-D, card 264) and weight parameters are listed next (fig. /8, line 98), followed by the
cards (fig. 17-D, cards 265-269). standard errors of intercept and slope (fig. /8, line 100).

Values of g and ¢, used to calculate confidence limits
(Finney 1971) for point estimates on a probit or logit line,

4.5.2 Output appear next (fig. 16, line 101). Finally, values of the lethal
The BASIC output follows the usual pattern until the dose necessary for 50 and 90 percent mortality at WBAR,
last section. Title repetition on each page (fig. /8, lines 1, together with their 95 percent confidence limits, are printed
56, 99, and 125), control card listing (fig. 18, line 2), (fig. 18, lines 101-102). Next, statistics for each weight
specification statements (fig. 18, lines 3-11), transfor- specified on the weight cards (fig. /7-D, cards 265-269) are
mation listing (fig. /8, line 12), parameter labels (fig. 18, printed (fig. 18, lines 104-124 and 126-139).
v]2JaTa]s]e 7 T8 o io[ti[12[1a]1a s freT 17T 19 23]21]2223] 2a]25]26 27]28]20T30]31 32]33 3a]35] 36 37[38]30]a0fa1[az[a3]ea as[e6]a7] a8«
PRIUN], [8 1Rv|,[1:a3-[8 801, ,'3l,[1'eie | [PolLloj2] |
J@Als'al, [T X[ ul2ieeee [ [T
icloply(,le] [ x]. RN RS | A
JAFREE x.| | L i HJA‘ I
sidxlalr ploLio2 |, [ ] | T f N ;
s[=wE/1'cHT Is/T|uplyl. Rj2 MEXACARBATE 'LloG (bf)| Lo (W) BAlsi1c
13}, (2], [0]s]2 .1 . 100, 0], 0], 0], (0], (el (0] || [ |11 ‘
2ltf2/=3lLi3 | | ] ] Lo |
sicloNsT[anT!Llo|g|([D])]| | Ljolei(w) | NaTIURALL | . [ |1
wol( 1elx], [Flal. [2].[Fis]. 1], [1]2}a], [T]) EREEIREREN
wRi2 (v [1] [ele1] [eiele] | Je[7]9] | [2] |g] ] 11
Ss a2 Y P smn = g —t ++ 1t - P R — =
T e s St S i s S5 S MU N O B S o o o D e vt A i S
xiRl2| 1) 6] glols] lajs'e Tle6 28 1 [ _i» ; T I Lel
~END || . : L aAR |
5160 L ‘ ! ‘ !
e T
EP”L ‘I» ‘}L i [ e D
i I IR B L | | i !
S| ST filis 1

Figure 17.
33



Figure 18

1 WEIGHT STUDY,R2 MEXACARBATE LUG(D) LOG(W) BASIC POLOR 17 SEP 80 12:55:39 4 !
2 CONTROL CARD: 3,2,0,2,1,0,0,0,0,0,0,0

3 NUMBER OF VARIABLES: 3

4 NUMBER OF VARIABLES ON INPUT CARDS: 2

5 NUMBER OF PARAMETERS: 4

6 TYPE OF MODEL: PROBIT

7 THERE ARE TRANSFORMATIONS

8 A CONTROL GROUP 1S INDICATED BY VARIABLE 2 BEING ZERO
9 INITIAL ESTIMATES OF THE PARAMETERS ARE TO BE CALCULATED AUTOMATICALLY
10 NATURAL RESPONSE IS A PARAMETER

1 ONE SUBJECT PER DATA CARD

12 TRANSFORMATIONS: 2L2=23L3=
13 PARAMETER LABELS
14 1 CONSTANT
15 2 LOG(D) -
16 3 LOG(W)

17 4 NATURAL
18 FORMAT: (10X,Fa,2,FS5.1,T24,11)

19 INPUT DATA

20 R2 1 1 001 000 679 2 0

21 R2 1 1 002 000 A61 2 0

22 R2 1 1 003 000 762 20

23 R2 1 1 008 000 635 2 0

24 R2 1 1 005 000 973 2 0

25 R2 1 1 006 000 604 2 0

26 R2 1 1 007 000 963 2 0

27 R2 1 1 008 000 745 2 0

28 R2.1 1 009 005 760 2 0

29 R2 1 1 010 005 791 2 0

30 R2 1 1 011 005 766 2 0

31 R2 1 1 012 005 930 2 0

32 R2 1 1 013 005 727 2 0O

33 R2 1 1 014 005 614 2 0

K R2 1 1 015 005 8A38 2 0

35 R2 1 1 01k 010 A1S 2 0

36 R2 1 1 017 010 72R 2 0

37 R2 1 1 018 016 769 2 0

38 R2 1 1 019 010 599 2 1

39 R2 1 1 020 010 652 2 1

40 ETC.

41 TRANSFORMED OATA

42 1. © 1,00000 -1,30103 1.88081
43 2, 0 1,00000 -1,30103 1.89818
44 3.0 1.00000 «1,30103 1.88423
45 4, 0 1.00000 -1,30103 1.96848
46 5. 0 1.00000 -1,30103 1.86153
a7 6. 0 1.00000 -1,30103 1,78817
48 7. 0 1,00000 «1,30103 1.92324
49 8, 0 1.00000 «1,00000 1.91116
50 9. 0 1.00000 «1,00000 1.86213
51 10, 0 1.00000 «1,00000 1.88593
52 11. 1 1.00000 =1,00000 1.77743
53 12, 1 1.00000 =1,00000 1.81425
54 13, 1 1.00000 «1,00000 1.84572
55 14, 0 1.00000 =1,00000 1.80414
56 WEIGHT STUDY.R2 MEXACARBATE LOG(D) LOG(W) RASIC POLO2 17 SEP 80 12:55:41 6 2
57 15, © 1.00000 =1.00000 1.83696
58 16, 1 1.00000 =1,00000 1,7730%
59 17, 0 1,00000 «1.00000 1.81954
60 18, 0 1,00000 «1,00000 1,82478
61 19, 1 1.00000 -.698970 1,89763
62 20, 0 1.00000 ~.698970 1.,91009
63 ETC,

64 207 OBSERVATIONS + 46 CONTROLS = 253 TOTAL

65 MORTALITY IN CONTROLS: ,022

66 INITIAL ESTIMATES OF THE PARAMETERS
67 11.,99335 CONSTANT 2,303810 LOG(D) =5.455093 LOG(W) «2173913«01 NATURAL

68 STARTING LIKELTHODD = =98,2843

69 9 LOGIT EVALUATIONS
70 7 PROBIT EVALUATIONS

,/"’A\\\_,//’-""'\\\\‘~,/’”"_-_‘\\\‘,,»——"—JN\‘"“"*--_\\,/~’”"_’—\\\\\\\v,/—~\,/‘~"""‘\\\____~4,/”"“~—-~_,—-._J
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Figure 18—Continued
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7 MAXIMUM LOG LIKELIHODD = =94,9086

72 PARAMETER STHh ERRUR T RATIO
73 CONSTANT 15,9899 2.84374 5.62283
74 LOG(D) 3.30682 .430669 T.67834
75 LOG (W) -7.18592 1,43618 «5.,00348
76 NATURAL «148626-01 +147205-01 1.00965
77 COVARIANCE MATRIX

78 CONSTANT LOG (D) LOG (W) NATURAL
79 CONSTAMT A, 086880 «5906353 -4,061704 J4634708-02
80 LNG(n) +5906353 . 1854755 -.2444996 +4560381-03
81 LOG (W) -4,061704 =-.2444996 2.0626295 ~,2457787~02
82 NATURAL JA4h38708=02 +4560381-03 =-,2457787=-02 «2166941=03

83 PRENICTION SUCCESS TVABLE

84 PREDICTED OUTCOME
85 meereececcccccecne
86 ACTUAL OHTCUME ALIVE DEAD
87 o L B e L L L L T vmemcsemcene-
88 ALTVE 72 24

89 BEAD 23 as

) ecccmcca=e i
91 PERCFNT CORKFCT 76 79

92 OVERALL PERCENT CORRECTY: 77

TESTING HYPOTHESTS THAT THE 3-HETA-PARAMETER MODEL AND THE 0-BETA=PARAMETER MODEL ARE THE SAME
LIKELIHNOD RATIO TEST: CHI=-SQUARED = 106,5107 DF=3 TAIL PROBABILITY = ,000

28

95 BASIC MODEL
96 WHAR=T77,.367111, LOG10(WBAR)=1,888556
97 AzS2,4188659, B=3,306R204

98 Vi1=.1020167, V12=,1288841, v22=,1854755

99 WEIGHT STUDY,R2 MEXACARBATE LOG(D) LOG(w) BASIC POLO2 17 SEP 80 12:55:44 8 3

100 SE(A)=,3194006, SE(B)=,4306687
101 6=2.065157, T=1,95996
102 LDS0=,185576%, LIMITS=,1573355,,2163299

103 LD90=,4529707, LIMITS=,3654136,,6284598

104 Wz60,000000, LOGI0(W)=1,778151

105 A=3_,2122284, B=3,3068204

106 V11=,1638840, V12=,1558781, V22:,185475S
107 SE(A)=,4048259, SE(B)=,4306687

108 =.065157, T7=1,959%

109 LDS0=,1068083, LIMITS=,0799298,,.1368499

110 LD90=,2607072, LIMITS=,2007445,,3676450

11 Ws70,000000, LOG1O(W)=1,845098

112 A=2,7311541, 8=3,3068204

13 V11=,1203684, V12=,1395096, v2e=,1854755
114 SE(A)=,3469415, SE(H)=,4306687

115 =.0A5157, T=1.95996

116 1050=,1493085, LIMITS=,1230761,,.1768952

17 LD9U=,3644454, LIMITS=.2943531,,4990451

L~ T T T T T — e T ]
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Figure 18—Continued

P — N — T T T T
118 W2H0,000000, LOGIO(W)=1,903090
119 Az2,_.3144286, B=3,3068204
120 v112,0976179, V125.1253306, V227,1854755
121 sE(A)=.3124386, SE(B)=,4306687
122 6=,065157, T21.95996
123 L050=,1995743, LIMITS=,1692023,.2335790
124 L090=,4871386, LIMITS=,3905918,.6827091
125  WEIGHT STUDY,R2 MEXACARBATE LOG(D) LOG(W) RASIC POLO2 17 SEP 80 12:55:44 9 4
126 W=290,000000, LOG1O(W)=1,954243
127 A=1,9468505, B=3.3068204
128 V11=,.0890662, Vvi2=,1128239, V22=,185475S
129  SE(A)=,2984396, SE(B)=.4306687
130 =,065157, T=1,9599%¢
131 LDS0=,2577876, LIMITS=,2112662,,3165341
132 LD90=,6292309, LIMITS=,4R48618,,9305364
133 W=100,000000, LOG10(W)32,000000
134 4=1,6180408, B=3,3068204
135 V11=.0905631, Vi2=z,1016362, V225,1854755
136  SE(A)=,3009370, SE(B)=,4306687
137 6z.065157, T=1,9599%¢
138 LDS0=,3241126, LIMITS=,2507269,,.426942R
138 LD90=,7911227, LIMITS=z,5783192,1,2488830
140 oF IN
ILLEGAL FORMAT
CHARACTERS WERE
5_ ERROR MESSAGES ACCEPTED AS BLANKS
TRANSFORMATIONS: An extra "3" was punched ("33"
L2=3L3=3L33L3*4= should be "3"), so an extra x; was
STACK MUST BE EMPTY AT put into the stack. The stack,

Error messages clearly indicate mistakes in the input.
For example:

CONTROL CARD:
4,4,0,2,1,0,0,0,0,3,0

Message Reason

One of the integers is missing from
the control card.

THERE SHOULD BE 12
NUMBERS, NOT 11

FORMAT:
(10x,F4.2,F5.1(T24,11)

36

The parenthesis preceding T24
should have been a comma.

END OF POLISH STRING

CONTROL CARD:
4,4,0,2,1,0,0,0,0,3,0,0
THERE ARE NOW
16750372454
PARALLEL GROUPS,
EXCEEDING 3

therefore, was not empty at the end
of the scan. See section 2.4.1.

The 3 belonged in the KERNEL
column, not in the NPLL column.

Along with the error message, the user will receive a
message guaranteed to catch the eye.
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The Forest Service of the U.S. Department of Agriculture

. Conducts forest and range research at more than 75 locations from Puerto Rico to
Alaska and Hawaii.

. Participates with all State forestry agencies in cooperative programs to protect and
improve the Nation's 395 million acres of State, local, and private forest lands.

. Manages and protects the 187-million-acre National Forest System for sustained
yield of its many products and services.

The Pacific Southwest Forest and Range Experiment Station
... Represents the research branch of the Forest Service in California, Hawaii, and the
western Pacific.
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Russell, Robert M.; Savin, N.E.; Robertson, Jacqueline L. POLO2: a user's guide to
multiple Probit Or LOgit analysis. Gen. Tech. Rep. PSW-55. Berkeley, CA: Pacific
Southwest Forest and Range Experiment Station, Forest Service, U.S. Department
of Agriculture; 1981. 37 p.

This guide provides instructions for the use of POLO2, a computer program for
multivariate probit or logic analysis of quantal response data. As many as 3000 test
subjects may be included in a single analysis. Including the constant term, up to nine
explanatory variables may be used. Examples illustrating input, output, and uses of
the program's special features for hypothesis testing are included.

Retrieval terms: multiple probit analysis, multiple logit analysis, multivariate analysis



