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PROBLEMS AND METHODS OF PSYCHOPHYSICS!
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Harvard University

The methods and procedures of
psychophysics have been reviewed
{from time to time and marshaled into
more-or-less logical array. If another
such inventory is now in order it is
because recent developments allow
us to put the various methods in new
perspective and to see more clearly
how they articulate with the prob-
lems of psychophysics.

Let us admit first off that a concern
with method is justified only if it
leads to something beyond itself. The
study of method, which I suppose is
the proper meaning of that over-
worked term methodology, is one of
those “necessary evils’” whose justifi-
cation lies in its potential contribution
to the solving of substantive prob-
lems. But the problems are the main
concern. If an empirical problem is
worth solving, a method for it is
worth developing, but it may turn
out that there is little profit in fash-
ioning tools to do what nobody wants
done. Methodology can easily be-
come methodolatry.

Psychophysical methods have at
times been treated as though they
were ends in themselves, and in
many texts the term psychophysics
has seemed to be synonymous with

1 Supported by a grant from the National
Science Foundation and by Contract Nonr-
1866(15) with the Office of Naval Research
(Project Nr142-201, Report PNR-190)., Re-
production for any purpose of the U. S, Gov-
ernment is permitted.

three “classical’” procedures for solv-
ing an issue that few people care
about. Little wonder then that psy-
chophysics has sometimes been ac-
cused of inconsequence. Attitudes of
this sort are not improved by the de-
cision of a distinguished committee
to define psychophysics as the use of
a human observer as a ‘‘null instru-
ment’’ to determine “equality or dif-
ference of sensations’” (20, p. 59).
According to the view of this com-
mittee, psychophysics is a strange
land lying between “‘the physical and
psychical” (20, p. 65). As Evans (9,
p. 5) puts it, “Psychophysics at pres-
ent, therefore, is limited to the rela-
tive evaluation of light beams with re-
spect to normal observers under
standardized conditions. .. .”
Psychophysics is really a much
more nuftritious subject than these
conceptions imply. Sceking the laws
that relate the responses of men and
animals to the ecnergetic configura-
tions of the environment, it probes
matters of deep human interest, and
matters that often make a practical
difference in the market place. For
some of us, at any rate, a certain ex-
citement attaches to the discovery
that on ‘“‘quantitative’” or prothetic
perceptual continua, such as bright-
ness, loudness, heaviness, length,
duration, etc., equal stimulus ratios
produce equal scnsation ratios (31).
This principle means that the psycho-
logical magnitude is a power function
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of the physical magnitude. And an
example of practical utility can be
scen in the application of this power
law {o the problem of predicting the
loudness of a complex noise from
physical measurements made on the
spectrum of the sound (29, 33).

Psychophysics has its problems
and its methods. The purpose of
this paper is to try to classify the
methods in terms of the problems. It
is a follow-up on some carlicr at-
tempts (25, 26), in which a similar
point of view was tried out in part,
but in which the coverage was less
systematic. A related cffort, but
rather different in outcome, was
made by Guilford (14). In attempt-
ing an exercise of this sort we must
realize that an element of arbitrari-
ness attaches to taxonomies, and al-
ternative schemes are always possi-
ble. Furthermore, we must forego
the ambition to be exhaustive and
completely consistent, for the meth-
ods of psychophysics are in a state of
flux, and, as knowledge continues to
expand, our understanding ol pro-
cedures will change and improve.

The names that have become at-
tached to the various methods show
interesting vagaries, [or in labeling
our methods we fasten attention
sometimes on one featurc and some-
times on another. The name refers
sometimes to the manner of present-
ing stimuli, sometimes to the task as-
signed the observer, and sometimes
to the statistical treatment used to
process the data.

Having names for methods pro-
vides a convenient shorthand {or the
description ol experiments—as well
as some handy items to ask about on
examinations. But labeling is not
without its drawbacks. Labeling pro-
duces jargon, and jargon leads to
csoteric discourse.  Many readers
would find clarity improved il special
names for procedures were banned
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and authors were forced to frame
their descriptions in conventional
English.

But names for the methods are
probably here to stay, and our pur-
pose will be to classily rather than to
abolish. Actually, my greater inter-
est is in the devclopment of a schema
by which the methods may be classi-
fied, rather than in any particular in-
ventory of procedures, but the
schema proposed can be illustrated
by tables of methods. And since the
methods exist to solve the problems
of psychophysics, it is appropriate to
comment on what certain methods
may and may not achieve in the way
of solutions.

Tar PsycHOPHYSICAL PARAMETERS

Psychophysics concerns the {unc-
tional relation between stimulus and
responsc: R=1{(8). This function is
affected by numerous paramecters.
I'or the purpose of classilying meth-
ods it is convenient to distinguish
three classes of these paramecters,
namely, the task undertaken by the
observer, the manner in which the
stimuli arc presented, and the statis-
tical measure employed in the de-
scription of the data. These classes
and their principal subdivisions are
listed in Table 1.

In Table 1 the various subdivisions
of the three psychophysical param-
cters—task, stimuli, and statistic-—
are designated by a capital letter.
These letters will be used in Table 2
to characterize the several psycho-
physical methods. But first let us ex-
amine the psychophysical parameters
in a little more detail.

Task

The obscrver's task is normally set
by means of instructions. The ob-
server is “‘tuned’’ to react in one way
rather than another, but {rom our
present point ol view only certain as-
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TABLE 1
PsvCHOPHYSICAL PARAMETERS

Stimulus
arrangement

Task of observer
is to judge

Statistical measure

C  Classification F  Fixed

O Order A Adjustable
I  Intervals

R Ratios

M Magnitudes

L Measure of location (central tendency)
V  Measure of variability or confusion

pects of this tuning are of conse-
quence. [t isimportant, for example,
whether the observer is told to judge
brightness, or hue, or saturation, but
we are not here concerned with this
aspect of the Aufgabe. Rather we
take the attentional focus for granted
and then ask what type of relaiional
judgments the observer is trying to
make. These relational judgments
fall into five groups, as follows.
Classification (C). Here the ob-
server’s task is classification of one
sort or another. IHe judges whether
his perception meets some nominal
criterion, with no reference to order
among his perceptions. In the sim-
plest case the observer, attending to
some attribute or aspect of percep-
tion, judges whether it is present or
absent. Thus he may press a key if
he hears a tone, or if he hears a
change in the tone. Or he may be re-
quired to say in what quadrant of a
circle a light appeared, or in what
interval of time a click was sounded.
The task is that of detection, and the
observer is set to behave as a yes-no
device. In other cases the observer's
task may be to judge equivalence, i.e.,
whether or not some criterion is met.
The criterion may be set by a first
stimulus, and the task may be to
judge whether a second stimulus pro-
duces an equivalent effect, e.g., the
loudness of one tone may be adjusted
to match that of another tone. Or the
criterion may be established by in-

struction, as when the subject is told
to adjust a line to make it appear
vertical, or to adjust wavelength to
make a light appear pure green.
Sometimes the classification problem
is simply sdeniification or recognition:
is the present stimulus the same as
some previous stimulus to which a
name or number may have been as-
signed? Or, for example, was the
sound presented an English word,
and which word was it?

Order (O). The observer is set to
judge greater or less, heavier or
lighter, louder or softer, etc.

Intervals or distances (1). The ob-
server's task is to judge apparent
distance or difference between two or
more perceptions.  Ordinarily this
takes the form of partitioning a con-
tinuum into apparently equal inter-
vals or assigning stimuli to categorics
that seem equally spaced along a con-
tinuum,

Ratios (R). The observer attends
to the relative magnitudes of two or
more perceptions and reports the ap-
parent ratios among them. Alterna-
tively he may be set to produce stim-
uli that appear to stand in a pre-
scribed ratio, which may be stated
numerically or may be set in terms
of some other pair of stimuli.

Magnitudes (M). The obscrver
judges the apparent magnitude of a
perception. He usually attempts to
assign numbers proportional to the
apparent magnitudes of a series ol
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stimuli. Or he may be sct to produce
stimuli that correspond to a series of
prescribed magnitudes.

Stimulus Arrangement

Since there is no end to the variety
of procedures that may be used for
the presentation of stimuli, it might
appear that no uselul criterion for
classifying them is possible. On the
other hand, there is an important
procedural distinction between con-
{ronting the observer with a variable
stimulus and confronting him with a
fixed stimulus. Variable or adjust-
able stimuli are better for some pur-
poses, {ixed stimuli {or others. As a
practical matter, fixed stimuli can
nearly always be usced, but adjustable
stimult, unfortunately, are not always
easy to come by. It is hard, [or ex-
ample, Lo devise continuously adjust-
able weights for a lifted weight ex-
periment, or continuously adjustable
concentrations for experiments on
taste.

We will distinguish then between
two stimulus arrangements:

Fixed stimuli (). Tixed stimuli
are those that are not varied during
the time they are being observed. Us-
ually, of course, they arc varied be-
tween observations.

Adjustable sitmuli (A). Adjustable
stimuli are those that may be altered
during the course of observation. Us-
ually the observer does the adjusting
by operating a control, but the cx-
perimenter may operate the controls,
or the adjustments may be made
automatically, as in the mecthod we
shall call “tracking.”

Statistical Measures

How the data [rom a psychophysi-
cal experiment are processed usually
depends on the experimenter’s pur-
pose. Neglecting the secondary frills
of statistical descriptions we can di-
vide the usual treatments into two

S..5. STEVENS

classcs, depending on whether the
final measure used is one or another
measure of location (or central ten-
dency, so-called) or one or another
nmeasure of variability, confusion, or
dispersion.

Measures of location (1.). For most
purposes the measure we want to use
is cither a mean or a median. We
want to know the typical responsc of
a subject or of a group of subjects.
Given a measure of location, a meas-
urc of dispersion can then be used to
gauge the precision of the judgments.

The choice of a proper measure of
location often presents interesting
problems whose solutions are [ar
from obvious. For one thing, we have
a choice among such conventional
measures as the mode, median, arith-
metic mean, geomeclric mean, and
harmonic mean. But it may turn out
that none of these is appropriate.
The arithmetic mean is inappropri-
ate, for example, when applied to the
readings obtained with a particular
instrument whose indications are a
nonlinear function of the quantity we
want to average. Klsewhere (28) the
writer has tried to suggest how an
iterative procedure might aid in the
solution ol some of these problems.
For a variety of reasons, a defensible
rule concerning measures of location
in psychophysical experiments is
simply: when in doubt use the me-
dian. The median has the advantage
that it is invariant under nonlinear
transformations so long as they are
increasing and monotonic.

Measures of wvariability (V). For
our present purpose the measures of
variability include the conventional
measures of dispersion (standard de-
viation, average decviation, inter-
quartile range, ctc.), as well as mcas-
ures of confusion, such as the propor-
tions of times a given stimulus is
judged in different categories. Meas-
ures of variability are often used in
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the assessment of differential sensi-
tivity or resolving power. They are
also used, under various assumptions,
as ‘‘distance’” mecasures on psycho-
logical continua. This “unitizing” of
dispersion may be legitimate on some
types of continua, but on quantita-
tive and intensitive continua the as-
sumptions commonly made about
discriminal dispersion are frequently
in error (31). We will return to this
problem later.

ProBLEMS AND METHODS

Some of the principal problems of
psychophysics are listed in Table 2
along with some of the typical meth-
ods used in their solution. Asis clear
in Table 2, each of the problems of
psychophysics may be regarded as
one or another problem of scale con-
struction construed in the widest
sense of the term. This is scarcely
surprising, for psychophysics, like
most other parts of science, is mainly
concerned with measurcment. And
since measurement is possible at dif-
ferent levels, ranging {rom nominal
to ratio, the basic problems of psy-
chophysics can be classified in a way
that reflects these different levels.

In listing the problems in this way
we must remind ourselves that they
represent types or classes of issues
that might concern the psychophysi-
cist. Often the solution of one or an-
other of these problems is not an end
in itself, but is only a neccssary step
in the answering of a more far-reach-
ing query. Especially in the more
practical pursuits, such as human en-
gineering, does it often turn out that
the solving of problems like those in
Table 2 is merely a means to an end.
It has alrcady been mentioned, for
example, how the development of the
sone scale of loudness has helped to
answer a persistent problem facing
the acoustical engineers (29, 33).
Even more extensive commercial ap-
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plications are made of the Munsell
color scales which are based on cx-
tensive psychophysical studies, Ex-
amples of this sort could be multi-
plied at length, but our interest here
is more in fundamentals than in ap-
plications.

The methods listed under cach
problem do not exhaust the possi-
bilities, nor do they all qualify neces-
sarily as good procedures. On the
other hand, these methods illustrate
the procedures commonly used. The
names given to the methods are
mostly those in general use, although
an occasional name is new, as is also
an occasional method. In construct-
ing tables of this sort one can scarcely
avoid thinking of new procedures
that ought to be put to test.

Let us now consider each problem
in turn.

I. NoMINAL SCALES

The nominal scale is the most gen-
eral type of scale. [t is the primitive
variety that involves only classifica-
tion, with no ordering or metricizing.
Perhaps under some definitions this
simple process may qualify, not as
measurement, but as a kind of half-
way housc on the road to it. On the
other hand, there is no doubt that the
psychological processes involved in
the {forming of classes, concepts, or
categories present rich and varied
problems. As a matter of fact,
Bruner, Goodnow, and Austin (7)
have written a whole book on the
problem ol ‘‘categorizing and con-
ceptualizing,” which is essentially
a problem in nominal scaling. So too
are the manifold problems in such
areas as pattern recognition and ar-
ticulation testing.

In what follows, we will limit our
interest to the three instances of nom-
inal scaling that have long becencen-
tral problems in psychophysics and
to a fourth problem whose devclop-
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TABLE 2

PsYCHIOPHYSICAL PROBLEMS AND METHODS

I. To delermine nominal scales
a. Absolute thresholds
. Single stimuli
. Counting
. Forced location (forced choice)
. Adjustment
. Limits
Tracking
. Staircase (up-and-down)

. Adjustment (average error)
. Tracking
. Constant stimuli
. Single stimuli
ABX
. Forced location
. Quantal increments
Lquation of magnitudes
. Adjustment
. Constant stimuli
. Tracking
. Staircase (up-and-down)
d. Idcntiﬁcntion
1. Single stimuli
IT. To determine ordinal scales
1. Pair comparison
2. Rank order (order of merit)
3. Rating scale
4., Single stimuli
IT1. To determine interval scales
. Equisection (bisection)
. Interval estimation
. Category rating (cqual intervals)
. Category production
Pair comparison
Rank order
. Successive categories
Successive intervals
IV. To determmc logdmhmm interval scales
1. DPair comparison
2. Ratio matching
V. To determine ratio scales
1. Ratio estimation

2. Ratio production (fractionation, multiplication)

3. Magnitude cstimation
4, Magnitude production

CFL
CFL
CFL
CAL
CAL
CAL
CFL

Resolving power or differential sensitivity

CAV
CAV-OAV-CAL
orv

IFV-OI'V

CFV

CFL

CrL

CAL

CFL-OIFL
CAL-OAL
CFL-OFL

CFV

OFL
OFIL.
OFL-1FL
CFV

TIAL-IFL
IFL

IFL

1AL
OFV
OFV
Irv

IFV

()Y
RAL-RFL

RFL
RAL-RFL
MFL
MAL

Norr.—The capital letiers after each method refer to the psychophysical parameters in Table 1. Alternative
procedures under a given method are indicated by multiple sets of letters.

ment stems from information theory.
Although conventional treatments
do not usually subsume thesc prob-
lems under the heading of nominal
scales, my colleague, Ulric Neisser,
has pointed out to me that that is

where they belong. Each of them re-
duces in one way or another to the
classification of stimuli. Thus, in
measuring absolute thresholds we
f[orm a twofold classification: those
stimuli that can be perceived and
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those that cannot. Similarly, in
measuring resolving power or differ-
ential sensitivity we divide stimulus
increments into two classes, detect-
able and not detectable. In the
equation of magnitudes our task is
obviously to form the class of equi-
valent stimuli (according to a par-
ticular criterion) and to set if off from
the class of stimuli that are not equi-
valent. And in the fourth problem
our interest may be to determine into
how many distinct classes a person
can divide a set of stimuli without
confusing any of them. Or it may
concern the recognizability of stimu-
lus configurations and the parameters
that govern such recognition. In try-
ing to solve these problems, we con-
{front the observer with the task of
putting stimuli into classes. The
psychophysical procedure involved
requires only classification and does
not require that the observer order
his perceptions or judge the intervals
or ratios among them.

It may be true, of course, that
under a particular experimental pro-
cedure the observer may be asked to
judge ‘“‘greater or less,” but if the
problem is really one of nominal scal-
ing (e.g., the mecasurement of resolv-
ing power) the experimenter will pro-
cced to use the experimental results
to determine class boundaries. In
other words, the categories of the
nominal scale will be abstracted from
the observer's judgments of apparent
order.

Absolute Thresholds

The absolute threshold, the point
that divides the continuum of stimuli
into those the subject can detect and
those he cannot, tends to elude our
efforts to define its locus because it
shifts about in time and we are forced
to trap it by sampling and statistics.
Mostly we use one or another version
of the method of single stimuli. Fixed

183

stimuli are presented at various levels
and the yes-no responses of the sub-
ject are recorded. The class boundary
which we call the threshold may be
defined as the stimulus level detected
hall the time.

The method herein called counting
is a procedure sometimes used in the
large-scale testing ol inexperienced
subjects. Several stimulus levels are
presented in a serics and the subject
reports how many he perceived.
Other variations on this method may
call for the presentation of two or
more stimuli at a fixed level.

The method sometimes called
Jorced choice (5, 4G) is not unlike
counting except that, instead of ask-
ing the subject to say how many stim-
uli were presented, we ask him 1o say
where in space or in which of several
intervals of time the stimulus oc-
curred. Since many methods call for
a forced choice (c.g., constant stimuli
used with two-category response), a
better name for this procedure might
be forced location. The subject trics
to locate the stimulus in space or
time. Blackwell has studied many of
the parameters of this process.

The {oregoing methods all make
use of fixed stimuli, An adjustable
stimulus can be used under the
method of adjustment, in which the
observer sets the level to be “barely
detectable.” This procedure is quick
and convenient, but ordinarily it al-
lows only a rough determination of
the threshold.

If the level is varied systematically
{rom points below and above thresh-
old, and the subject signals when the
threshold is crossed, we call the pro-
cedure the method of limits.

The term fracking is suggested to
designate a procedure made popular
by the Békésy audiometer (2, 3).
The observer presses a key whenever
he hears a tone. As long as the key is
pressed the level of ‘the tone de-
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creases, and when the key is released
the level rises. By this means the sub-
ject may track his threshold through-
out the f{requency range, and by
means of a recording pen the track of
the stimulus is traced across an ap-
propriate grid. A smoothed curve
through the zigzag track is usually
drawn to depict the threshold locus.

A method of tracking was appar-
ently developed independently by
Oldficld who used it {or the measure-
ment of visual thresholds (18). The
method of tracking has also been used
with animals. Blough (6) devised an
experiment in which a pigeon was
trained to peck at onc key when a
target was visible and at another key
when the target was too dim to be
secn. The pecks were made to control
the brightness of the target, and the
pigeon was thereby able to track its
own dark-adaptation curve.

The staircase mecthod, sometimes
called the ‘‘up-and-down” method
(8), is much like the method of track-
ing except that the stimulus level is
not varied continucusly. The levels
used are fixed and discrete, and the
level presented on a given trial de-
pends on the response made on the
previous trial. Thus if the previous
stimulus was detected, the level of
the next stimulus is lowered a step;
if the previous stimulus was not de-
tected, the level is raised.

Resolving Power

The measurement of the difference
limen, AS, has been a major concern
of classical psychophysics, and enor-
mous labors have gone into the refine-
ment of methods. Yet there is no
agreed-upon best procedure for de-
termining the least resolvable dif-
ference between two stimuli. Dif-
ferential sensitivity is a difficult,
“noisy’’ thing to measure, and it is
not surprising that different pro-
cedures give different results.

S. S. STEVENS

Measuresrelated to resolving power
are sometimes obtained as a kind of
by-product {rom such methods as ad-
Justment and fracking. Some measure
of dispersion about the mean adjust-
ment or the ‘“center’” of the track
may be used to define the just notice-
able difference. In principle, meas-
ures of resolving power may be de-
rived [rom the scatter of observations
obtained {rom a wide variety of psy-
chophysical procedures.

The method of tracking has also
been adapted to the direct measure-
ment of just noticeable differences
(19, 42). The trick here is to modu-
late the level of a signal alternately
up and down, and to let the observ-
er’s responses control the amount of
the modulation. He presses a key
whenever he detects modulation and
releases it when the level of the stimu-
lus no longer appears to rise and fall.
When the key is pressed the degree of
modulation declines and when the
key is released the degree of modula-
tion increases. Thus the observer is
able to ‘“‘track’ the just noticeable
change in the signal. The average de-
tectable modulation is determined by
a curve drawn through the center of
the zigzag track. This procedure has
been used successfully with auditory
stimuli, and there appears to be no
reason why it should not lend itself
equally well to some other types of
stimuli.

Although it is not listed in Table 2,
the staircase adaptation ol the
method of tracking could also be used
to determine the threshold of a mod-
ulation.

Note that in Table 2 the method of
tracking is scored CAV-OAV-CAL.
This is intended to suggest that the
observer may be instructed to judge
in different ways, or that different
statistical measurcs may be used to
define the differential threshold.
Other double scorings in Table 2
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stand for alternative procedures un-
der a given method.

The three methods, constant stim-
ult, single stimuli and ABX, all have
much in common. Constant stimuli
employs a standard and a series of
comparison stimuli, and the observer
judges ordinarily in terms of greater
or less. Single stimuli (sometimes
called absolute judgment) dispenses
with the standard and the subject
judges in terms of two or more cate-
gories, such as light, medium, or
heavy. In the ABX method the sub-
ject reports (forced choice) whether
the third stimulus is more like the
first or the second of a series. In one
study this method appeared to yield
larger difference limens than the
method of constant stimuli with a
two-category forced-choice judgment
(21).

Under the method of forced location
increments are added to a steady
stimulus and the subject is required
to say when in time, or where in
space, the increment occurred (5).
The measure of sensitivity may be
taken as the increment correctly
identified half the time, after correc-
tion for chance.

The method of quantal increments,
sometimes called the gquantal proce-
dure (38), attempts to measure the
size of the stimulus increment needed
to produce an all-or-none jump in ef-
fective excitation. As developed by
Stevens and Volkmann (39), the pro-
cedure calls for a steady stimulus to
which brief increments are added
periodically. The observer presses a
key whenever he perceives an incre-
ment. Under optimal conditions we
obtain a rectilinear psychometric
function of predictable slope, from
which the size of the “neural quan-
tum’’ can be gauged in terms of stim-
ulus units. Whenever the possibil-
ities for stimulus control are such
that this method can be used, the

185

writer thinks it is the preferred pro-
cedure. Psychometric functions of
the predicted form have been ob-
tained for pitch and loudness, and
the data Muecller (17) obtained for
brightness fit the linear {unctions
predicted by the quantal hypothesis
as well as, il not better than, they fit
the sigmoid curves Mueller drew
through them. And the slopes of
some 45 psychometric {unctions all
cluster about the predicted slope.

On the other hand, some experi-
menters have apparently not suc-
ceeded in reducing the wvariability
and “‘noise,” whether in the experi-
mental procedure or in the observers,
to the point of obtaining clear
“quantal functions.” The task of
proving the stepwise character of dis-
crimination is not easy. It isin sonie
ways like trying to prove that the
charge on the electron is constant.
Prior to Millikan’s oil-drop experi-
ment, several attempts seemed to
show that the charge was not con-
stant but was probably normally dis-
tributed. For the electron the physi-
cist now knows pretty well how to set
up a repeatable experiment that will
demonstrate the all-or-none nature of
the charge, but as yet, unfortunately,
we cannot prescribe all the conditions
that will guarantee a ‘‘quantal’ psy-
chometric function. One reason is
that the observer is too important a
part of the specification, The writer
can name several {riends and col-
leagues who have been able to hold
the steady attention needed for this
task, but he does not know how to
specify the differences between them
and the observers who have not done
so well at it.

Nevertheless, whether or not good
clear quantal functions are obtained
in any given experiment, the pro-
cedure itsell has much to recommend
it for the purpose of mapping resolv-
ing power. The method of quantal
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increments goes directly at the prob-
lem of what increments can be de-
tected, and it provides for internal
checks on the “noisiness” of the re-
sults obtained.

Fquation of Magnitudes

The determination of equivalence
is the problem we iry to solve when
we map such things as equal loudness
contours, luminosity functions, con-
tours of constant hue, etc. We try to
determine the class of stimuli that ap-
pear equal with respect to a particular
attribute. 1t resemblcs what the
cconomist does when he maps indif-
{erence curves for utility (35).

For the typical matching problem
the method ol adjustment is usually
the specediest and most straightfor-
ward. It is not, however, without its
constant errors (29). The method of
constant sttmult is also widely used
for this purpose, and it too has its
constant errors, in particular, the so-
called ““time-error’ (31).

The method of tracking can also be
used to trace out an equivalence con-
tour. Zwicker and IFeldtkeller (41)
presented two tones alternately. One
was o fixed intensity and frequency
(1000 c¢ps), and the other was made
to sweep slowly through the {re-
quency range. The observer pressed
a key whenever the wvariable tone
sounded louder than the standard
and released the key whenever the
variable sounded {ainter. While the
key was pressed, a motor-driven at-
tenuator decreased the level of the
variable tone, and when the key was
released the motor reversed its direc-
tion and the wvariable grew louder.
The data appear as a zigzag line
traced by a pen across an audiometric
chart, and an ‘“‘average’ line drawn
through the zigzag tracing shows
directly the form of the cqual loud-
ness contour,

The staircase or ‘‘up-and-down”

S. STEVENS

method is an adaptation of the
method of tracking for use with fixed
values of the comparison stimulus.
Applied to the problem of equating
magnitudes, the staircase method is a
kind of cross between constant stim-
uli and tracking. It is like constant
stimuli in that a standard and a sct
of fixed comparison stimuli are used,
but it is like tracking in that the re-
sponse of the subject determines the
value of the subsequent comparison
stimulus. For example, if the subject
says ‘‘greater’” the next comparison
stimulus is decreased; il he says
“less” the next comparison stimulus
is increased.

The mapping of invariances by
means of a matching procedure is the
basis of much of what we sometimes
call measurcment in psychophysics.
When no other scales are available
we often “‘measure’’ the effect of one
factor in perception by changing that
factor and then finding what altera-
tion of another parameter will appear
to undo the change. Thus we meas-
ure the effect of intensity on pitch by
changing the intensity a given
amount and then altering the {re-
quency to restore the pitch to its
original state. Or the observer may
adjust the intensity instead of the fre-
quency (24). We then measure the ef-
fect of intensity in terms of the fre-
quency change required to cancel the
elfect of the change in intensity. Ix-
amples of this sort could be multi-
plied at length.

Identification

In the course of its burgeoning de-
velopment, ‘‘communication theory”
has had numerous impacts on psy-
chology. Despite the fact that the
theory deals only with the nominal
properties of ensembles, not with
their ordinal or interval properties,
measures of inlormation have found a
use in many types of inquiry. And
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since the theory provides a mathe-
matical model that concerns associa-
tion at the nominal level of scales, it
is not surprising that it should be put
to work in psychophysics.

A typical problem in this area con-
cerns the ability of observers to
identify or recognize a stimulus in an
absolute sense, without confusing it
with other stimuli. The problem is
related, of course, to differential sen-
sitivity, but the concern is more with
correct naming than it is with resolv-
ing differences. The distinction is
something like that between pitch
discrimination on the one hand and
so-called absolute pitch on the other.
Absolute pitch concerns the ability
of a listener to name or identily the
note played to him.

For many purposes it is important
to know how many different stimuli
(e.g., frequencies, intensities, colors,
pressures, etc.) a person can identify
with minimal error and (o determine
what factors affect information trans-
mission on the different sensory con-
tinua (1). It turns out that, on many
of the common sensory continua, per-
fect transmission of information
(with no confusions) is ordinarily not
possible with more than about five
different stimuli (16). This fact is
basic to many practical problems in
the coding of information.

Also related to such problems is
the question concerning the best way
to distribute stimuli along a contin-
uum in order to maximize informa-
tion transmission. Studies of this
sort have led to what is sometimes
called an ‘‘equal discriminability
scale” (10). Since the subject’s task
in these experiments is to identify
and not to make comparisons, per-
haps a better name would be “‘equal
identifiability scale.”” In any case the
psyvchophysical method employed in
these problems is single stimuli. The
experimenter presents a stimulus and
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the subject tries to give the appro-
priate response.

Problems of this sort are of course
not limited to single stimulus dimen-
sions. The problem of pattern recog-
nition, {for example, nearly always in-
volves multivariate stimuli, usually
visual or auditory although they may
be tactual (12), and our interest is in
how the observer is able to classily
or recognize complex stimulus con-
figurations. As already noted, it is to
these problems that information the-
ory has contributed useful tools.

IT. OrpINAL ScaLEs

For the setting of perceptions in a
rank order with respect to some as-
pect or attribute we have three con-
ventional methods: pair comparison,
rank order, and rating scale. The use
of these methods for the purpose of
ordering is usually straight{orward
and devoid of special problems. In
the sensory area the ordering of psy-
chological magnitudes is seldom a
serious problem, because subjective
magnitude is usually a monotoiic
function of stimulus magnitude, and
we take the ordering for granted.
Occasionally, however, we find that
the simple monotonic relation breaks
down. Tor example, the apparent
saturation of a light of a single wave-
length grows with intensity up to a
certain value, but when the intensity
is increased {urther the color blanches
out and saturation declines.

The problem of ordering is some-
times extended to the relative spac-
ing among stimuli, and the order of
the spacing is sometimes deduced
from confusions among the stimuli.
The reasonable assumption is made
that, if stimulus B is conlused with A
more often than C is confused with A,
then C is {arther {rom A than B is
from A. The method of single stimuli
is one procedure that might be used
in an experiment of this sort.
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Although measurements of confu-
sion may order stimuli relative to a
single point, as in the foregoing ex-
ample, there are situations in which
relative distances cannot be ordered
by measures of confusion. On pro-
thetic continua, where jnd’s do not
constitute subjectively equal dis-
tances (31) it is not always true that
distances can be ordered by this pro-
cedure. Thus, if A and B are con-
fused more often than C and D, it
does not always follow that the dis-
tance from A to B is less than [rom
C to D. In particular, if A and B are
two intense tones, and C and D are
two faint tones (all ol the same {re-
quency), tones A and B may be
farther apart in subjective magni-
tude (sones) and still be conlused
more often. For cxample, tones of
100 and 101 sones would be confused
more olten than tones of 1.0 and 1.5
sones.

ITI. INTERVAL SCALLS

Many interesting problems arise
when we take on the task of erecting
a scale of equal intervals on a psycho-
logical continuum. The determina-
tion of equal sense-distances seems
to have originated with Platcau, who
asked eight artists to paint a gray
whose shade appeared equidistant be-
tween a black and a white (sce 31).
In this manner, Plateau invented the
method of bisection, which became
equiseciton when the intervals were
subdivided further. DBut DPlateau,
like many after him (sce, for example,
13), did not perceive the basic differ-
ence between bisection and such
“ratio methods’ as {ractionation. As
we shall sce, this distinction is very
important for two rcasons: (a) bisec-
tion can lead at best only to an inter-
val scale, and (b) it turns out that
human observers are so constituted
that they are generally unable to bi-
sect an interval on a quantitative or

S. S. STEVENS

intensitive (prothetic) continuum
without making a systematic error.

The fact that biscction leads only
to an interval scale is cbvious enough.
That subjects cannot perform valid
bisections on certain types of con-
tinua is not so obvious, however.
Evidence for this statement is de-
scribed elsewhere (31), but since the
argument is rclevant to our present
concern, let us review it briefly.

Systematic studies of more than a
dozen perceptual continua have
shown that these continua divide
themselves into two varieties. Class
1 comprises the quantitative, intensi-
tive continua, the continua concerned
with how much. Discrimination on
certain of these continua, such as
foudness, brightness, and heaviness,
seems to involve an additive process
at the physiological level. For this
reason Class [ has been called pro-
thetic. Class Il includes the qualita-
tive and positional continua, the con-
tinua concerned with what or where.
Discrimination on these continua
scems to involve a substitutive proc-
css, and they arc thercfore called
metathetic.

Now, on prothetic continua we find
that the psychological magnitude,
as determined by ratio scaling pro-
cedures, approximates a power {unc-
tion of the stimulus magnitude. The
rule is that equal stimulus ratios cor-
respond to cqual sensation ratios.
This rule, the writer has suggested, is
a basic “‘psychophysical law.” The
exponents of the power {functions
range from about 0.3 [or loudness and
brightness to about 3.5 for the ap-
parent intensity of electric current
applied to the fingers (34, 36). Since
differential sensitivity on these con-
tinua tends to approximate Weber’s
law, or rather the modified form of
this law, AS=k(S-¢), it follows that
the psychological magnitude repre-
sented by AS increases as the stimulus
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increases. Discrimination, in other
words, is not constant over the con-
tinuum, when measured in subjective
units. There is a basic asymmetry in
sensitivity.

On the other hand, on metathetic
continua, discrimination, measured in
subjective units, tends to be uniform
over the scale, and there is no system-
atic asymmetry as there is with pro-
thetic continua. This difference be-
tween the two continua makes for
rather different behavior on the part
of the observer. On the ‘“‘symmetri-
cal” metathetic continua, the results
of bisection tend to agree with the
results obtained by direct magnitude
estimation and related procedures.
But on the “asymmetrical’’ prothetic
continua the point of bisection tends
systematically to be lower than the
point predicted by direct magnitude
estimation. (Bisection is also plagued
by a curious and dramatic order ef-
fect, which has been called ‘“hys-
teresis” [31].)

The phenomena that characterize
equisection also show up in the meth-
od of ¢nterval estimation, which is a
kind of inverse of equisection. In
equisection the intervals arc adjusted
to meet some criterion (usually
equality), whereas in interval estima-
tion the experimenter scts a series of
stimuli and the observer estimates
their apparent spacing. A convenient
procedure for reporting these csti-
mates is to have the observer adjust
the positions of a set of markers along
a line. The apparcnt intervals be-
tween successive markers are made to
appear proportional to the apparent
intervals between the stimuli. This
method has been usced with loudness
and with lifted weights (31). The
markers were movable sliders on a
steel bar set before the observer,
This procedure is in some ways anal-
ogous to the usc of a continuous rat-
ing scale on which the judge places a
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pencil mark on a line. Since apparent
position (on a linc) is a metathetic
continuum on which discrimination
is not asymmetrical, adjustments of
visual position provide an unbiased
method of asscssing the apparent
spacing of other stimuli—except for
possible distortions due to eud cffects
(37). Thus the essential features that
characterize equisection on prothetic
continua (hysteresis and the bias duc
to the asymmetry of sensitivity) are
also revealed by the method of in-
terval estimation. (For an interesting
variation on the method of interval
estimation, sec 17a).

The discrepancy between the “‘in-
terval” judgment and the judgment
of magnitude is especially striking
when we use the method of category
rating, under which the observer as-
signs a finite set of numbers or adjec-
tives to a set of stimuli and tries to
space the categories equally. Plotted
against the ratio scale of subjective
magnitude, the category scale has
turned out to be concave downward
on nine prothetic continua recently
examined (36, 37). This nonlincarity
in the category scales shows up even
when the “pure’” form of the category
scale is obtained by a process of ex-
perimental iteration,

On metathetic continua, such as
pitch, position, inclination, and pro-
portion, the category scalc may be
linearly related to the magnitude
scale, provided the distortions due to
stimulus spacing, landmarks, and dif-
ferential familiarity have been necu-
tralized. These factors are some of
the second-order variables that can
alter the form of the category scale.

Another method for obtaining a
category scale is the method of cate-
gory production (37). Thisis a kind of
inverse of category rating. Instead of
asking the obscrver to assign cate-
gories to the stimuli, the experi-
menter names the categories, in irreg-
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ular order, and the observer adjusts
the stimulus to produce his concep-
tion of each category. Lixamples of
the extreme categories (c¢.g., No. 1
and 7) may be presented to the ob-
server al the outset. In our [ew tests
of this method we found that it
secmed to give directly a close ap-
proximation to the “pure’ category
scale that would be obtained by ex-
perimental iteration.

What is essentially the method of
category production has also been
used to study how pecople make linear
interpolations in a spatial interval
(22). Thisis a metathetic continuum.
The experimenter is usually con-
cerned with the “objective’” accuracy
of the obscrver’s scttings, although
he may also be concerned with the
form of the observer’s subjective
scale.

In summary, then, the four meth-
ods, cquisection, interval estimation,
category rating, and catlegory pro-
duction, are all designed to produce
an interval scale of “equal sense-
distances.” If properly used, they
can achicve this end on metathetic
continua, but on prothetic continua
they [ail to produce intervals that are
cqual, as measured by the ratio scales
ol the continua,

We turn now to the class ol meth-
ods that scek to produce equal inter-
vals via the “unitizing’’ of onc or an-
other measure of variability. Padr
comparison is perhaps the best known
example of this procedure, but the
underlying philosophy is similar [or
the other three methods listed in
Table 2 (sce 14). By making certain
simple assumptions regarding the dis-
tribution of the observed variabilitics
or confusions, we try to deduce the
form of the underlying continuunt.
It would appear that on metathetic
continua, where scnsitivity to dif-
[erences is uniform (in subjective
units), the distribution assumptions

S. S. STEVENS

most commonly invoked may lead to
an interval scale. But on prothetic
continua, the assumptions of normal
and uniform variability are demon-
strably in error, and therclore the re-
sulting scales are not scales ol equal
intervals. On prothetic continua the
procedures ordinarily used to derive
equal intervals {rom measures of vari-
ability or confusion miss the mark
for the same rcason that “Fechner’s
law’’ fails: the subjective size of the
jnd is not constant over the contin-
uum. Likewise “discriminal disper-
sion’’ is not uniform over a prothetic
dontinuum. As a matter of lact, the
psychophysical power law, coupled
with the relativity of resolving power,
leads us to predict that discriminal
dispersion is not distributed normally
(or cven symmetrically) on a lincar
subjective measure of a prothetic con-
tinuum, although it may be normal
on a logarithmic measure of the con-
tinuum,

We must conclude, [ think, that
those procedures that make use of an
assumed canounical distribution ol
variability are less useful [or scaling
than methods that utilize directly a
measure of location. Even so, in the
determination of equal intervals ou
prothetic continua, these latter meth-
ods are themselves subject to invali-
dating biases. It appears, therelore,
that the only proper method for de-
termining equal intervals on a pro-
thetic continuum is to construct a
ratio scale (sec Section V). This solu-
tion is possible because the ratio scale
contains the interval scale.

IV. LoGARITHMIC INTERVAL SCALLS

The possibility that discriminal
dispersion may increase proportional
to the psychological magnitude on a
prothetic continuum suggests that an
assumption to this effect might make
it possible to scale the continuum
to intervals that are cqual in terms
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of logarithms. So far as the writer is
aware, no use has been made of such
scales, although he has elsewhere (31,
35) described some of their properties,
including their mathematical group
structure. In procceding in this fash-
ion we would be assuming that the
conventional procedures used to scale
a continuum by the method of pair
comparison give us, {or prothetic con-
tinua, a scale on which the values are
separated not by equal intervals,
but by equal ratios, ie. a/b=b/c
=c/d=....

The equating of ratios, either by
way of a processing of variability or
by a direct judgment of apparent
ratios, would provide the basis for
what the writer has called a loga-
rithmic interval scale. 'This scale is
invariant under a power transforma-
tion, i.e., for any value x we can sub-
stitute x’ where x’ =ax?, and where a
and b are positive numbers. As with
the linear scale of equal intervals, the
zero point on the logarithmic scale
can be chosen arbitrarily and moved
at will,

If such a scale were desired, the
straightforward procedure for achiev-
ing it would presumably be some pro-
cedure of direct ratio maiching.
Mecthods of this type have not been
very thoroughly explored, although
Garner (11) tried equating loudness
ratios. He seemed to find evidence
that observers may not be able to
keep separate the two tasks, that of
equalizing ratios and that of equaliz-
ing intervals, On the other hand,
J. C. Stevens obtained intercsting re-
sults when two brightnesses were
used to define a subjective ratio, and
the observer adjusted the ratio be-
tween two loudnesses to make the
ratio between the loudnesses match
the apparent ratio between the
brightnesses (31).

Ratio matching of this kind may
have utility for psychophysics, be-
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cause it provides an alternative
method for demonstrating that the
“psychophysical law’ governing pro-
thetic continua is a power function,
i.e., the psychological magnitude is
equal to the stimulus magnitude
raised to a power. In principle, the
power function can be tested by this
method without requiring the ob-
server to make numerical estimates
of ratios or of magnitudes (as de-
scribed in the next section). The ob-
server is required only to make the
apparent ratio between one pair of
stimuli equal the apparent ratio be-
tween another pair of stimuli. Then
il it turns out that the ratio of one
pair always equals the ratio of the
other pair raised to a power, it {ol-
lows that the psychological magni-
tudes arc power [unctions ol their
respective stimuli.

For example, suppose the subject
adjusts pairs of luminances (B, and
B;) to make the ratio of the bright-
nesses equal the ratio ol the apparent
lengths of two lines (L; and Lo)., If
for all possible pairs so matched we
find

Li/Ta=(By/By)»

where #» is a constant, then both sub-
jective length and subjective bright-
ness are power functions of their re-
spective stimuli, The limitation on
this approach is that we could not by
this procedure determine the value of
the two exponents involved. That
would require the additional methods
described below. We could, however,
by such ratio matchings determine
the relative values of the exponents
for length and brightness.

Whether observers can make such
ratio matches with sufficient con-
sistency to make it a profitable pro-
cedure has not been explored very
thoroughly. Nevertheless, the ex-
perimetts involving the matching of
ratios of loudness and brightness
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have thus far been encouraging. In
this particular case, the observers ad-
justed the two sounds to approxi-
mately the same physical ratio as the
experimenter set between the two
luminances. This outcome is con-
sistent with other evidence that loud-
ness and brightness are both power
functions of their stimuli, not loga-
rithmic functions as Fechner sup-
posed, and that the exponents for
both loudness and brightness are ap-
proximately the same. By means ol
the ratio scaling procedures dis-
cussed below we have shown that
both exponents are ol the order of 0.3
(31).

V. Rario Scaris

Perhaps the lack of interest in loga-
rithmic interval scales stems {from the
{act that the scientist’s greater in-
terest lies in ratio scales. He is less
interested in ratios whose values are
cqual but indeterminate than he is in
ratios whose values he can specify.
If he has a procedure for equating
ratios, plus a procedure for equating
intervals, he can procced to construct
a ratio scale on which the zero point
is not arbitrary (26).

We have scen, however, that ob-
servers exhibit a systematic bias
when they try to equate intervals on
a prothetic continuum.  Whether,
and under what conditions, obsecrv-
ers can equate a serics of unknown
ratios has not been fully explored.
In view of this state of allairs, how do
we create ratio scales on a perceptual
continuum?

The answer secems to be that we
ask the subject to judge the value of
the ratio, or of the magnitude, di-
rectly. Using one or another, or pref-
erably combinations, of [our different
methods we proceed directly to the
goal of assessing relative psychologi-
cal magnitudes. The potential meth-
ods are as follows:

5. S STEVENS

Ratio estimation calls for the pres-
entation of two or more stimuli and
the observer names the value of the
apparent ratio between them. The
so-called constant sum method (15) is
a spccial instance of this procedure.
As typically used, this method re-
quires that the observer divide 100
points between two stimuli in such a
way that the division between the
points reflects the apparent ratio be-
tween the sensations. In genecral,
however, there is little reason to re-
strict the observer's method of report
in this manncr. Restrictions and
constraints on the observer are often
a source ol trouble and bias in ratio
and magnitude judgments.

It should be mentioned that, in us-
ing any of the methods for dctermin-
ing ratio scales, the experimenter will
generally do well to compute medi-
ans, for therc is no limit to how far
an occasional observer may deviate
from the rest of the group.

Ratio production is probably best
known by the name of one of its sub-
varieties, fractionation. The observer
adjusts a stimulus to produce a pre-
scribed ratio between two apparent
magnitudes. He sets a variable to be
1.3, 1, or some other fraction of a
standard. Alternatively the experi-
menter may set the stimuli and the
observer may report whether they
meet the criterion of a prescribed
ratio. This procedure is analogous to
the method of constant stimuli and is
sometimes called by this name. The
principal drawback of fractionation
with fixed stimuli is that the choice of
the levels at which the comparison
stimuli are set may be critical. This
difficulty can presumably be sur-
mounted if the spacing of the com-
parison stimuli is determined by a
process of experimental iteration
under which the levels are altered in
accordance with the outcome of suc-
cessive experiments in such a way
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that the “‘criterion” stimulus is made
to lie at or near the center of the
range of the comparison stimuli (37).

The method of fractionation has its
inverse in the method of muliiplica-
tion under which the observer sets a
variable to some prescribed multiple
of a standard. In order to balance out
certain sources of bias it is nearly al-
ways wise to complement f{ractiona-
tion with multiplication (32). This
is especially true when wide ranges of
stimulus values are explored in ex-
periments on loudness and bright-
ness.

Magnitude estimation relers to a
procedure by which the observer
makes a direct numerical estimation
of the psychological magnitudes of a
series of perceptions (30). Two main
varietics of this procedure have been
used. Under one of them the experi-
menter presents a stimulus and as-
signs it a number (modulus) such as
10, say. He then presents other stim-
uli, and the observer assigns to them
numbers proportional to their appar-
ent magnitude. Under the other var-
iation in the method, no modulus is
prescribed. The stimuli appear in ir-
regular order and the observer as-
signs numbers proportional to mag-
nitude, using a modulus of his own
choosing.

The method of direct magnitude
estimation has given good results
with loudness, brightness, lifted
weights, duration, lightness of grays,
visual length, pitch, proportion (37),
finger span (unpublished), vibration
(unpublished), and electric shock (34,
36). Incidentally, with this method
it often turns out that the geometric
mean falls close to the median.

Magnitude production is a method
that has been named but not yet
thoroughly explored (31). Itisthein-
verse of magnitude estimation in that
the experimenter states a series of
magnitudes (presumably in irregular
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order) and the observer adjusts a
stimulus to produce them. In some
ways the procedure resembles the
method of category production de-
scribed above, except that no range is
specified and the observer tries to
judge in terms of apparent magni-
tudes and not in terms ol a finite
number of prescribed categories.
Magnitude production is a poten-
tially interesting method, provided
the stimulus control is such that the
subject can adjust the stimulus over
the required range, but many ques-
tions concerning its peculiarities and
difficulties remain to be answered. It
is not unlikely that the biases in mag-
nitude production are such that, in a
balanced program, they might be
used to offsct some of the systematic
errors in magnitude estimation. It
seems, in general, that each of the
ratio-scaling methods may contain
biases peculiar to itself, and that the
elimination of the biases can some-
times be achieved by means of a
counterbalanced design in which the
biases inherent in one method are
evaluated and corrected by means of
a method that contains biases of an
opposite sort. The principle is anal-
ogous to that employed in the use
of a balance in weighing an object:
in order to discover and correct for
possible asymmetries in the balance
we interchange the weights on the
scale pans.

We have already noted that, on
prothetic continua, ratio scales ol
psychological magnitude turn out to
be power functions of the stimulus
magnitude. The power law seems to
hold on at least 16 perceptual con-
tinua. On metathetic continua, the
ratio scaling methods may or may
not give a power functien. When a
power function is found to hold, the
exponent appears to be 1.0. Butona
metathetic continuum like pitch, the
psychological magnitude, measured
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in mels, is definitely not a power func-
tion of frequency in cycles per second
(37).

Another important point to note is
that, when prothetic continua are
scaled by the ratio methods, Fech-
ner’s law obviously {ails. The relation
between perceptual magnitude and
stimulus magnitude is not logarith-
mic. Evenif we take the weaker form
of Fechner's law, which says that the
counting off of jnd’s gives the scale of
perceptual magnitude, we find that
the law {ails almost as badly. Suc-
cessive jnd’s, in other words, are not
subjectively cqual.

On metathetic continua, on the
other hand, the jnd scale apparently
coincides with the scale of psycho-
logical magnitude. Thus, to a fair
approximation, jnd’s in pitch repre-
sent constant increments in melg
(27).

THE IESTIMATION OF OBJECTIVE
VaLurs

The methods of psychophysics are
ordinarily designed to solve problems
related to the nature ol organisms,
The focus of interest is typically the
normal observer, his thresholds, his
resolving powers, and the magnitudes
of his perceptions. The methods
have, of course, their clinical uses,
and the assessment ol individual dif-
ferences is central to many practical
undertakings.

Quite different in aim, but some-
times similar in procedure, is another
human activity involving discrimi-
nation and judgment. This is the use
of the human being as an instrument
to measure the objective values of
things.  Despite the ingenuity of
modern instrumentation, many tasks
of rating, grading and judging can
still best be done by two-legged
meters (cf. 23). Man’s sensing, dil-
ferentiating, and integrating circuits

S. 8. STEVENS

still surpass in flexibility and power
any inanimate substitutes yet de-
vised. Instruments may aid but they
do not displace the wine taster, the
leather grader, the lumber sorter, or
any of a host ol other judges on
whom commerce depends for the
appraisal of its wares. Little ol this
type of activity gets attention in the
academic laboratory, although much
could probably be learned [rom its
systematic study.

In the [ramework of our present
concerns, the assessing and grading
of objective things arc practical prob-
lems—a potential field perhaps [or an
applied psychophysics. The chiefl
difference between problems of this
type and those we have been consid-
ering lies in the point of view. In
addressing any of the five problems
in Table 2 we seek to learn the proper-
ties of the human instrument; in
problems of grading we care nothing
about the propertics of the instru-
ment as such, but only about the
accuracy of its indications. In the
grading of wool, {for example, the
mill owner hopes the assessment of
the “clip” will tell him more about
the wool than it does about the
grader. He hopes in other words,
that the grader will commit the
“stimulus error’’ 1009,. The psycho-
physicist presenting a series of tones
to be judged [or loudness hopes quite
the opposite. He wants the subject
to report apparent loudness and not
to judge how many decibels arc prob-
ably being produced by the earphone.
Some experienced judges can do
either task at will, but the estimation
of decibel levels requires a lot of
training. How the properties of the
judge, as appraised and systematized
by psychophysics, interact with the
applied problems of grading and rat-
ing is a potentially interesting prob-
lem.

The capacity of the human instru-
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ment to make correct assessments of
this or that is also a central issue in
some branches of engineering psy-
chology, and it is in these connections
that the most systematic studies
have been made. This is not the place
to review this lively field, but an
illustrative example may be in order.

It concerns the continuous control
of a complex system, like the problem
faced by the pilot taking a large ship
through the narrow channels of the
Suez Canal. The same kind of prob-
lem comes home to many of us when
we try to back an automobile with a
luggage trailer tied on behind. We
watch the trailer to see where it is
going. It goes to the left, let us say,
when it should go to the right, so we
turn the {ront wheels of the car and
watch to see what happens. The
trailer corrects its course to the de-
sited direction, whereupon we
straighten out the front wheels and
continue to back up. To our dismay
the trailer keeps turning to the right.
We find we have overcorrected, be-
cause we attended only to the “‘out-
put’’ of the system, and did not take
into account the delay between the
input control (turning the {ront
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wheels) and the final movement of
the trailer. With enough practice, a
driver can learn to manage the pro-
cedure and even to back the trailer
into a garage. He must learn not
only to judge the position and direc-
tion of the trailer, but also to act as
an integrator and predict the effects
of his control actions as they will be
summed up over a period ol time.
Problems of this sort have opened
new ficlds of study concerned with
man-machine control systems (4).
One of the primary problems is to
learn what objective aspects of the
situation the operator can judge with
greatest reliability, and then to dis-
play to him only those {eatures that
match his judgmental capacity. It
has been found, {or example, that best
results arc achieved when the human
operator is relicved of the task of
performing integrations and differ-
entiations. The controls and displays
must be engineered in such a way
that the operator can effectively con-
trol the system by acting as a simple
amplifier. The need for a complex
and difficult judgment of objective
values is thereby replaced by a
simpler demand on judgment.
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