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A computer program to generate parametric and
nonparametric signal-detection parameters
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A computer program is described that calculates parametric and nonparametric signal-detection
parameters for sensory sensitivity and response bias. Advantages of this program over previ
ously published programs are discussed.

Signal-detection theory (SDT) is a psychophysical
methodology originally proposed by Tanner and Swets
(1954) that serves as an alternative to classical psycho
physical methodologies. One advantage that it offers is
the separate determination of parameters reflecting sen
sory and nonsensory factors. These factors are confounded
with classical psychophysical methods.

In SDT, the sensitivity of the decision-making process
is a function of the variable d', which is equal to the dis
tance between the noise and the signal-plus-noise distri
bution and which is monotonically related to the signal
strength . Nonsensory factors are reflected in the response
criterion. The most commonly used measure of response
criterion is {3, which is defined as the ratio of the ordinate
of the signal-plus-noise distribution at the criterion to the
ordinate of the noise distribution.

Several computer programs have been developed in re
cent years to generate SDT parameters. In an earlier ar
ticle (Gardner & Boice, 1986), we described a computer
program that accurately computes measures of sensory
sensitivity and response bias . We now describe a revised
version of this program that has greater accuracy and that
additionallygenerates nonparametric SDT indexes for sen
sitivity and bias.

The development of signal-detection theory has rested
on specific assumptions about the underlying distribution
of noise and signal plus noise. When information about
the distributions is not known , data are often judged by
how close they lie to operating characteristics derived
from normal distributions. In recent years, there has been
a growing interest in various nonparametric analyses of
detection experiments in which specific underlying dis
tributions are not assumed. Nonparametric estimates also
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are useful under conditions in which a relatively small
number of trials are presented , as is often the case in clin
ical studies (Grossberg & Grant, 1978).

Pollack and Norman (1964) and Hodos (1970) proposed
nonparametric SDT measures based on the geometry of
the unit square that can be interpreted as indexes of sen
sitivity and bias. Neither paper gave functional expres
sions for computing the indexes from the data . Grier
(1971) later provided such computing expressions for the
indexes and for their associated isosensitivity and isobias
contours, and showed the relationship of the nonparamet
ric sensitivity index to the area measure.

We describe a program (see Appendix) that computes
both parametric and nonparametric sensitivity and bias
measures . The program is written in Turbo Pascal and
runs on any computer that runs Turbo Pascal, including
Apple, ffiM, Tandy, Sperry, and any other CPM or MS
DOS compatible computer.

The inverse normal distribution area function is needed
to calculate parametric measures of sensory sensitivity and
response bias . This function (implemented as function!
in the program) is approximated using an algorithm out
lined by Odeh and Evans (1974). Brophy (1985) reviewed
this and other algorithms and reported an accuracy of six
significant digits for the Odeh and Evans algorithm. The
normal distribution function is used in calculating (3 and
is implemented as function g in the program.

After entering the proportion of hits and false alarms ,
the program generates the following SDT parameters:
(1) d' - A parametric measure of sensory sensitivity equal
to the distance between the noise and the signal-plus-noise
distribution. (2) {3-A parametric measure of response
bias, defined as the ratio of the ordinate of the signal-plus
noise distribution at the criterion to the ordinate of the
noise distribution. (3) in {3-A parametric measure of
response bias that can be averaged over subjects, trial
blocks, and so forth . The rationale for this log transfor
mation of {3 was given by Gardner and Boice (1986) .
(4) A'-A commonly used nonparametric index of sen
sory sensitivity developed by Pollack and Norman (1964).
(5) {3'-A nonparametric measure of bias suggested by
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Hodos (1970) . Hodos (1970) gave a detailed explanation
of the above-mentioned nonparametric indexes for sensi
tivity and bias .

One feature of the present program is that it calculates
values of sensory sensitivity and response bias, even if
individual subjects' hit or false-alarm rates contain propor
tions of 0 or 1, which correspond to infinite Z scores for
computing values of d'. In these circumstances, the pro
gram follows the procedure outlined by Macmillan and
Kaplan (1985), in which 0 is replaced by 1/(2N) and I
is replaced by 1-lI(2N), where N is the number of trials
on which the relevant stimulus was presented. When a
oor a 1 is entered as a data point, the program requests N.

This program has two advantages over previously pub
lished programs: accuracy is increased to five significant
digits, and the results are displayed instantly. The simul
taneous generation of parametric and nonparametric sen
sitivity and bias measures should prove helpful to ex
perimenters who wish to compare SDT values with
differing underlying assumptions regarding the noise and
signal-plus-noise distributions.
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APPENDIX

program SD-PARAM ;

canst p1 =4 .53642210148E-5 ;
p2=0.0204231210245 ;
p3=0.342242088547 ;
p4 =0 .322232431088;
p5=0.0038560700634 ;
p6=0 .10353775285 ;
p7=0.531103462366 ;
p8=0 .588581570495 ;
p9=0.099348462606 ;
k=3.9894228040E-01; {sqrt(1 /(2*pi»

var hZ,fz .be,dp . Ibe .ap,bp,hr,fr : r e a l ;
range_error : boolean ;

function z (r :real) :real;
var ztemp ,Y, s:real;
begin

s : =r;
if r >0.5 then s:=1 -s ;
y : =sqrt( -2.0 * In(s»;
ztemp: =y-««p1*y+p2)*y+p3)*y+1 .0)*y+p4)/

««p5*y+p6)*y+p7)*Y+P8)*y+p9) ;
if r >0.5 then z := -ztemp

else z :=zternp ;
end;

f unction g (x :real) : r e a l ;
begin

g :=k * exp( -(x*x)/2 .0) ;
end;

procedure disp_error_ffisg ;
begin

wr i teln( , Ratio must be > or = 0 and < or = 1.
end;

procedure read_w_err_chk (var x:real) ;
var ok:boolean ;
begin

repeat
{$I-} readln(x) {I+} ;
ok: =(ioresult=O);
if not ok then write( ' bad number try again --> ');

until ok;
end;
procedure adjust_rati o (val' x :real);
val' n : real ;
begin

writeln(' A ratio of 1 or 0 requires an adjusted ') ;
writeln( ' proportion for c a lcu l a t ions ' );
writeln ;
write( ' Enter number of trial s -- > ' ) ;
read _w_err_chk(n) ;
writeln ;
if (x=O) then x :=1/( 2*n);

try again');
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APPENDIX (Continued)

if ( x= l ) then x:= 1- ( 1/(2*n»;
end;

b e g in
writeln ( 'Thi s i s f or f ind ing s i gnal d e tection p arameters given ');
writel n( 'hit a nd fa l s e ala rm r a t ios . J );
wri teln ;
repeat

writeln (' P r e ss <Ct r l > C wh en done. ') ;
repeat

write( 'Enter HIT ratio -- ) ');
r ead _w_err_chk(hr ) ;
range_error :=«hr<O.O) or ( h r> l.O»;
if range_error then disp_error_msg ;

until not range_error ;
if «hr=O.O) or (hr=l . O» then ad just_rati o (hr) ;
r epeat ;

wr ite ( 'Enter F .A . rat i o - -) ' ) ;
read _w_err_chk(fr) ;
range_error : =«fr <O.O) o r ( f r> l .O »;
i f r ange_error then di s p_e r ror _IDsg;

unt il n ot range_error;
i f «fr=O.O) o r (fr=l . O» then ad just_ratio (fr );
h z: =z( h r ) ;
f z : =z(fr ) ;
dp : =f z -hz ;
be : =g (hz ) /g ( f z ) ;
I be : =I n( be) ;
ap := O. 5+«hr-fr )* (1+hr-fr » / (4 . 0*hr* (1 .O-fr » ;
if ( f r +h r<= l ) t hen bp := 1 - ( f r * ( l- f r »/( h r *( l. O- h r »

el s e bp : = hr* (l-hr) / (fr*(l -fr» - 1 ;

r atio = ' ,hr : 9 : 5 ) ;
rat i o = ' , f r:9 :5 ) ;
Z ' , h z : 9 : 5) ;
Z = ' , f z : 9 : 5) ;

',dp : 9: 5 );
', be: 9 : 5 ) ;
, , 1be : 9 : 5 ) ;
', a p: 9 : 5 ) ;
' ,bp: 9 : 5);

wri t eln ;
wr i t e l n ('HI T
writeln ( ' F . A.
wr i teln( 'HIT
wr iteln ( ' F. A.
wr i teln ('d '
writeln ( 'Beta
wr itel n( ' l n Be t a =
writeln ( 'A t

wr i te ln( ' B'
writeln ;

unt il f a ls e ;
e nd.

(Manuscript received for publication January 11, 1988.)
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