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Reduction of rating scale data
by means of signal detection theory
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A d'-index computed from ratings of psychological stimuli does not necessarily represent
the unbiased psychological distance between these stimuli. Such ratings may not be con-
sidered as discrimination tasks in the signal detection sense, because the rater has to dis-
criminate between the psychological impact of the stimuli on some internal continuum rather
than between the stimuli as such. The rater therefore can use stimulus-specific criteria for his
decisions. As a result, the d-index computed from the rating data will be biased.

In the psychophysics of detection and discrimination,
the problem of response bias has been largely re-
solved by means of signal detection theory (SDT).
This theory allows non-sensory influences (response
bias) to be isolated from a subject’s ability to detect
or to discriminate between stimuli. The formal analogy
between the SDT rating experiment (Green & Swets,
1966) and the ratings that are commonly used in
psychology (e.g., self-ratings) allow reduction of the
data from such ratings on the basis of SDT. This
procedure has been used by several researchers in
order to control response bias which is often a cri-
tical problem with rating scale data (Chapman &
Feather, 1971; Clark, Kurlander, Bieber, & Glassman,
1976; Dorfman & Saslow, 1972; Grossberg & Grant,
1978; Neufeld, 1975; Chapman & Gentry, Note I).

In order to illustrate the application of SDT to
rating data, let us simplify the rating procedure such
that there are only two rating categories left, for
example ‘‘high’’ and “‘low’’ if stimuli are rated with
respect to some psychological continuum, or ‘‘true’’
and “‘false’’ in case of questionnaire items.

Figure 1 shows the psychophysical model of the
SDT discrimination experiment. Concerning the
application of this model to common ratings, imagine
two psychological objects or stimuli, S, and S, (e.g.,
pictures of homicide victims), that are to be rated
with respect to some psychological variable (e.g.,
aversiveness). There is a mean value for each of these
stimuli, x4, and y,, on the psychological continuum
(observation axis, x, in the SDT nomenclature) and
two distributions of possible values for each stimulus,
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f(x | S,) and f(x | S;). If the experienced aversive-
ness of a picture exceeds the value x. (criterion)
for some rater, then he or she responds with “‘high,”’
if it is less, he or she gives the rating ‘“low.’’ The
parameter d’ represents the difference between the
two means, u; — M, and thus the sensory distance
between the stimuli. In case of questionnaire ratings
or self-ratings, we may think of two sets of items,
for example, items that describe a tense state (S,) and
items that describe a relaxed state (S;). The internal
continuum (x) would now be ‘‘trueness”’ (with respect
to the state of the rater). If the subjective trueness
of an item exceeds x., then the rater responds with
‘““true,” otherwise with ‘“false.”’ For the example given,
positive d’ values will indicate a rather relaxed state
of the rater, because the distribution for the relaxed -
items is located higher on the trueness continuum.
Negative ones will indicate a rather tense state.

The question arises whether d’, when computed
from psychological ratings, may be interpreted in the
SDT sense, that is to say as reflecting the mean
sensory distance between two stimuli or groups of
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Figure 1. Psychophysical model of SDT discrimination
experiment.
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stimuli free of response bias. In order to answer
this question, it is important to note a critical dif-
ference between the SDT discrimination experiment
and the rating of psychological objects, that is, ob-
jects that cannot be readily calibrated on a physical
scale. In case of the SDT experiment, the subject’s
task is to discriminate between physical stimuli on the
basis of values on the observation axis evoked by
different physical quantities. These values are the
sole sensory basis of the subject’s decisions. How-
ever, in the case of psychological stimuli, it is not a
physical quantity but some psychologically relevant
content or aspect that is the entity to be rated. The
subject’s task is not to discriminate between the stim-
uli as such, but only to discriminate between their
psychological impact as represented on some internal
psychological continuum. Thus, even though the dis-
tributions of values on this continuum, resulting from
the application of the stimuli, may overlap, the sub-
ject can perfectly discriminate between the stimuli
as such. For the experimenter, there is no way to
isolate the relevant psychological aspect of the stimuli
and present it alone to the subjects. As a consequence,
the experimenter cannot be sure that a subject bases
his or her rating decisions solely on the experienced
psychological impact he or she is supposed to rate.
The fact that the rater has, beyond the information
in his psychological experience on x, knowledge about
from which stimulus the sensory experience he is
asked to rate arose enables him to set his or her
criterion X, at different places on x, conditional upon
whether S, or S, was given (see Figure 2). If S,
was presented, he or she may set it at x.|S,, if
S; was presented, at x.|S,. If now, from the pro-
portion of combined events, ‘‘high” | S; (or ‘‘true’’ |
S;) and “‘high’’ | S, (or ‘“‘true’’ | S;), the parameter
d’ is estimated, a bias will occur because the SDT
data reduction implies the assumption of one single
criterion point. Figure 3 shows the assumed psycho-
physical basis with the two criteria x.| S, and
Xc | S2 now falling on a single point, x¢. The resulting
d* is biased by the amount (X | S; — X | S2); that is,
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Figure 2. Psychophysical basis of ratings of psychological
objects.
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Figure 3. Apparent psychophysical basis of ratings of psycho-
logical objects resulting from the assumption of one single cri-
terion as implied by SDT-type reduction of the data.

d* = d' + (x| Si—Xc| Sa).

It may be concluded that due to the psychophysi-
cal difference between the SDT discrimination and the
common rating situation, signal detection type reduc-
tion of such rating data does not allow interpretation
of resulting d' values as unbiased psychological dis-
tances. To avoid misinterpretations, it might be worth-
while not to use the SDT notation for indices de-
rived from psychological rating data.
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