Sequential effects in absolute
judgments of loudness

The effects of preceding stimuli on the judgments of cur-
rent stimuli were examined in a study using absolute judg-
ments of loudness with feedback. It was found that the
response on a given trial was dependent on the stimuli in
the preceding sequence of at least five trials. Both assimila-
tion and contrast effects were observed. The form of the
dependency of a response on a prior stimulus was a function
of the ordinal position of the stimulus in the preceding se-
quence of trials. The stimulus on the immediately preceding
trial had an assimilative effect on the response and pre-
ceding stimuli two to five trials removed all showed a con-
trast effect on a given response. The extent to which these
preceding stimuli contributed to the contrast effect was an
increasing function of their recency. The reversal of the
dependency of the response, from assimilation to the stimu-
lus one trial back, to contrast with the stimuli two and more
trials back, indicates a unique function of the immediately
preceding stimulus in this task. Since there was a reduction
in the variance of responses to those stimuli similar in value
to the immediately preceding stimulus, it is proposed that
the stimulus and feedback on the last trial were remembered
and used as a standard in judging the presented stimulus.
A model is presented in which it is assumed that the memory
of the magnitude of the immediately preceding stimulus is
contaminated in specified ways by prior stimuli in the series.
The empirical findings of assimilation and contrast are
expected consequences of the proposed memorigl processes.

The dependency of the response on the preceding
sequence of stimuli has been examined in several
psychophysical tasks. A consistent inverse relation,
contrast, has been reported between responses and
the average value of all preceding stimuli when
feedback is not provided (Helson, 1959), With no
feedback, contrast also occurs between the response
and the immediately preceding stimulus (Pollack,
1964; Parducci & Sandusky, 1965). When feedback
is given, however, a direct relation, or assimila-
tion, is typically found between the response and
the immediately preceding stimulus. Parducci and
Marshall (1962) and Barry (1964) investigated the
absolute judgments of weights, with information
feedback, and reported assimilation; i.e., responses
varied directly with the value of the preceding
stimulus. Garner (1953), for absolute judgments of
loudness, showed a similar assimilative effect with
Ss who received no feedback but who had previously
been highly trained under feedback conditions,
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Parducci and Marshall (1962) show that these two
effects are consistent with adaptation-level theory
if it is assumed that, when response usage is highly
specified in an absolute judgment task (e.g., with
feedback), Ss treat the stimulus one trial back as
they treat a standard in a comparative judgment
task. If this assumption is correct, both types of
sequential effects may also be explained by a con-
sideration of only memorial processes. For an
absolute judgment task with feedback, the problem
for the Ss may be to retrieve the value of the stim-
ulus one trial back (the standard) from an imperfect
memory. Sequential effects would be observed if
the memory of the standard were affected by traces
from the memories of previous stimuli. It will be
shown that with this type of faulty memory, both
assimilation and contrast are expectable in the
same sequence of trials if feedback is provided;
that is, responses should vary directly with the
values of the stimuli which immediately precede
them (assimilation), and should vary inversely with
preceding stimuli two or more trials removed
(contrast). The data reported below show this dual
effect.

METHOD

The task was one of absolute judgments. Ten
loudness stimuli were identified with the numbers
1 through 10, with the quietest value labeled num-
ber 1 and the loudest labeled number 10. Each S initiated
presentation of the randomly selected stimulus with
a foot switch, recorded his response on a 10-key
typewriter which he could operate by touch, and
then recorded the correct response which appeared,
100 msec after the response was recorded, as an
illuminated numeral in a tachistoscope. Keying the
knowledge of results turned that light off immedi-
ately, A buzzer sounded for 0.75 sec after the
stimulus value was recorded. The Ss could present
the next stimulus any time after the end of the buz-
zer and generally did so immediately.

The stimuli were ten 0.5 sec 1200 cps sinusoids gen-
erated by a Hewlett-Packard 200 CD oscillator and
varied in intensity by attenuators with impedance
matching transformers. The stimuli were presented
through high quality low impedance earphones., The
total range of the 10 loudnesses used was measured
as 25 dB re 0.0002 dyne/cm2. The separate loud-
nesses are not given because available equipment
did not provide precise determination, The loudnesses
used were judged by Ss in earlier pilot work
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to be of 10 subjectively equal steps, and the data
do not suggest any marked departure from this
equality, Discrimination was difficuit and responses
were correct about one-third of the time.

Important for the analyses reported here is the
success obtained in random presentation of the
stimuli. The selection of stimuli was accomplished
by stopping a 75 kc clock which cascaded a pulse,
one position per cycle, through a 10-position diode
matrix. The number selected was determined by
the position of the pulse when the clock was stopped,
one position for each loudness. To eliminate the
chance that Ss' responding could become so rhythmic
as to stop the clock at the same position, the cir-
cuitry was additionally modulated by a Zener-type
noise diode. Separate analyses of the stimulus se-
quence revealed no suggestion of nonrandomness.

The Ss were three male psychology graduate stu-
dents who had had previous experience in absolute
judgment tasks and were paid for participating. Each
of the three Ss made 150 loudness judgments in
each of 18 sessions for a total of 2700 reponses
per S, 8100 responses for all three Ss.

The data reported here were collected from
three conditions of two successive experiments.
Each experimental session lasted about 55 min, but
Ss performed in the conditions reported here only
during one-third of each session. The position of
the reported condition in the sessions was balanced
over Ss and days. Because other conditions in the
studies involved visual discriminations, all Ss looked
into a tachistoscope with a blank field during the
reported conditions. The field was lighted for two
of the conditions and dark for the third. Since
there was no indication that the differences in field
illumination affected performance on the loudness
judgments, the data were collapsed over these con-
ditions to provide a substantial number of obser-
vations. All effects reported here are demonstrable,
although more variable, with each of the separate
sets of data,

RESULTS

Assimilation

The results indicate that assimilation occurred
between the value of the preceding stimulus and
the response to the presented stimulus. Figure 1
shows the average systematic error of response
as a function of the stimulus on the immediately
preceding trial. The average response to each
stimulus was drawn toward the value of the pre-
ceding stimulus and this effect was greatest for
stimuli in the middle of the series. For example,
the average response to stimuli 5 and 6 was 5.5
(zero average error) following the occurrence of
stimulus 5 or 6; however, the average response to
these stimuli was 6.3 (plus .8 average error) fol-
lowing stimulus 9 or 10, and 4.7 (minus .8 average
error) following stimulus 1 or 2. Each point in
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Fig. 1. The average systematic etror of respouses on trial N as
a function of the value of the stimulus on trial N-1. The data are
collapsed over pairs of stimuli.

Fig. 1 represents approximately 300 obhservations
summed over the three Ss. The data were collapsed
over pairs of values to decrease variability in the
figures.

First-order sequential dependencies were exam-
ined in more detail to determine the adequacy of
certain possible explanations of the observed assim-
ilative effect. One possible explanation is that
the S may overcorrect in shifting his response
scale following an error. For example, an error
in response to stimulus 1 must be a high error
since no response of zero was allowed; if the S
overcorrected on the following trial, he would tend
to make a low error. The tendency to make low
errors following a low stimulus can be seen in
Fig. 1 and is the assimilative effect observed. To
test the overcorrection hypothesis, responses fol-
lowing low errors were compared with responses
following high crrors. No significant difference was
observed. For example, when responses were two
steps too high, the average response on the fol-
lowing trial was 5.49; when responses were two
steps too low, the average response on the foliow-
ing trial was 5.46. High and low errors were es-
sentially equal for both cases. Thus the direction
of error of the response on the preceding trial
apparently does not determine the sequential effect.
The average expected response was 5.5, which is not
reliably different than either of these observations.

A second possible explanation of assimilation,
suggested by Garner (1953), is that when Ss are
uncertain of the value of the presented stimulus
they may repeat their last response. In the present
study, repetition both of the last response and of
the last feedback was significantly above chance
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Fig. 2. Variance of responses to each stimulus value on trial
N as influenced by low, medium, or high stimulus values on trial
N-1.

(response repetition was 13.8%, p< 0.001, and feed-
back repetition was 14.5%, p< 0.001), While repe-
tition occurred, more than repetition was involved
in the observed assimilative effect, since there was
an apparent shift of the entire response scale as
a function of the preceding stimulus. The modal
responses to stimuli 1-10 on trials following the
occurrence of stimulus 1 were 1, 1, 2, 2,4, 4,8,
9, 9, 10; following stimulus 10 they were 1, 2, 4, 4,
7, 7, 8, 9, 10, 10. Such an effect could not be due
solely to the relative frequency of responses 1 and
10.

Another possibility suggested (Garner, 1953) is
that the perceived value of the presented stimulus
may be some weighted mean of the physical values
of the presented stimulus and the preceding stim-
ulus. The data of the present experiment yield
evidence that the involvement of the preceding stim-
ulus in the production of the response is more than
a simple averaging model would predict. Subjects
apparently were able to remember something of the
value of the preceding stimulus and to use that in-
formation in responding to the presented stimulus.
Figure 2 shows that response variance was sys-
tematically lower when the presented stimulus was
in the vicinity of the preceding stimulus than when
considerably removed from it. Thus, when the pre-
ceding stimulus (Sy_j) was 1 or 2, Ss were less
variable in responding to stimuli 1-4, and more
variable in responding to stimuli 6-~10. Aside from
the attenuation in variance resulting at the ends of
the scale, Fig. 2 indicates that variance was an
increasing function of the absolute difference, in
category steps, between the preceding stimulus (Sn-1)
and the presented stimulus (Sy). This result sug-
gests that the preceding stimulus provided for a
local increase in information by serving as a stan-
dard for judgment.
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Contrast

The effect of a stimulus on one trial on the re-
sponses on the following trials is shown in Fig. 3.
For this analysis, average responses were exam-
ined for each of eight trials lollowing those trials
on which a particular stimulus occurred. Each point
in Fig. 3 represents 1200-1600 observations col-
lapsed over the three Ss and shows the mean re-
sponse on trial N+K as a function of the stimulus
on trial N. Since the stimulus sequence was random,
the mean stimulus on trial N+K was not dependent
on the stimulus on trial N, and was approximately
5.5 for all sequences examined. Average error of
responses, however, varied systematically with pre-
ceding stimuli. Thus, when stimulus 9 or 10 occurred
on trial N, the average response on trial N+1 was
.40 above the average stimulus on trial N +1 (assimila-
tion) and the average response on trial N+2 was
.20 below the average stimulus on trial N+2 (con-
trast), It can be seen that the stimulus on trial N
had an assimilative effect on the response on trial
N+1 and a contrast effect on the response on trial
N+2. Further, this contrast effect partially con-
tinues through trial N+8, which is as far as the
analysis was conducted. The effect of contrast is
consistent with adaptation-level theory (Helson, 1959).
A recency effect can also be seen in Fig. 3. Con-
trast of responses with stimuli two or three trials
back was stronger than with stimuli four or five
trials back.

Figure 3 shows the average effects of stimuli in
the preceding sequence of trials on current re-
sponses. Figure 4 shows that these average effects
interact. For this figure, each response at trial N
was classified on the basis of the stimulus on trial
N-1 and of a weighted mean of stimuli occurring
on trials N-2, N-3, and N-4. In calculating this
mean, the stimuli were weighted for recency, with
arbitrary weights of four for Sy-2, two for Sy.3,
and one for Sy_jy. The weighted mean of these stim-
uli was regarded for this analysis as defining a
stimulus context for the judgment at trial N. The
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Fig. 3. The elfect of the stimulus on a given trial on the re-

sponses on the next eight trials.
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Fig. 4. Average error of response on trial N as a combined func-
tion of the value of the stimulus on trial N-1 and the preceding
stimulus context as described in the text.

observations were divided into three classes: low
context—average value of preceding stimuli of 1.0
to 4.4; medium context—average of 4.5 to 6.5; and
high context—average of 6.6 to 10,0, Figure 4 shows
the average response at trial N as a function of the
stimulus on trial N-1 and the prior stimulus con-
text (the stimuli on trials N-2, N-3, and N-4).
The extent of the dependency of the response on
prior stimulus context is revealed by the clear
geparation of the three functions in Fig. 4. That
the relation was one of contrast can be seen from
the fact that the highest prior context resulted in
the lowest average response, Assimilation of the
response at trial N and the stimulus on trial N-1
is also apparent in Fig. 4. For each of the three
functions, the average error of response on trial N
varied directly with the value of the stimulus on
trial N-1,

Figures 2, 3, and 4 suggest that prior seguences
of four stimuli could be selected which would result
in a severe underestimation, a severe overestima-
tion, or a marked increase or decrease in accuracy
on the trials which follow them. For the sequence
SN-4» SN-3+ SN-2, Sn-1» SN, a weighted average
of SN-4» Sn-3, and Sy-2 bas been defined as the
f‘context'! for the response to Sy. When context
was high, and Sy.; was 1 or 2, and Sy was 5 or 6,
the average response to Sy was 4.4, an underes-
timation of 1,1 categories. When context was low,
and Sn.3; was 9 or 10, and Sy was 5 or 6, the
average response to Sy was 6.6, an overestimation
of 1.1 categories. These systematic errors, found
on trials selected on the hasis of the stimuli on the
four trials preceding them, can be compared with
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the plus and minus .8 average error to stimulus 5
or 6 following sequences defined only by Sy-1 (see
Fig. 1).

Stimulus sequences can also be selected to yield
different levels of accuracy on trials which follow
them. For example, the overall average variance
of responses to stimulus 10 was .70 and its average
per cent correct was 62%. However, when context
was high, and Sy.1 was 1 or 2, the average vari-
ance of responses to stimulus 10 was increased to
2.61 and its average per cent correct was decreased
to 43%. When context was low, and Sy.1 was 9 or 10,
the average variance of responses to stimulus 10
was decreased to .07 and its average per cent cor-
rect was increased to 91%. These results indicate
that the level of performance in an absolute judg-
ment task is critically dependent on the particular
schedule of stimuli used. One ought to be able, with
the same set of stimuli, to obtain widely different
measures of discriminability performance depend-
ing on the sequences of stimulus presentations.
Since performance in an absolute judgment task is
systematically dependent on the preceding sequence
of stirnuli, the usual! consideration of the overall
level of performance, for example in terms of in-
formation transmission or per cent correct, may
not appropriately reflect discriminative capacity.

DISCUSSION

In an absolute judgment task with feedback pro-
vided, it is proposed that Ss use the remembered
magnitude of the stimulus on the preceding trial,
and the numeric value of the feedback for that stim-
ulus, as a standard for a comparative judgment of
the presented stimulus, If this assumption is cor-
rect, it would be expected -that, as the difference
in category steps between the standard and the
comparison stimulus increased, the variability of
responses would also increase. Variability of re-
sponses in the present data increased with increasing
difference between the stimulus on trial N and the
stimulus on trial N-1 (Fig. 2). This result provides
support for the assumption that a comparative judg-
ment process is involved. .

If Ss perform in an absolute judgment task with
feedback as they perform in a comparative judgment
task, systematic errors in responses can be attrib-
uted to systematic errors in: (1) the memory of
the magnitude of the standard (SN-1); (2) the per-
ception of the magnitude of the comparison stimulus
(SN): (3) the judgment of the difference, in category
steps, between the magnitudes of the presented stim-
ulus and the memory of the standard; or (4) the
memory of the numeric feedback assigned to the
standard. For the model described here, system-
atic response errors are attributed solely to a
faulty memory of ‘the magnitude of the standard.
The perception of the magnitude of the presented
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stimulus and the remembered value of the feed-
back for the standard are assumed to be veridical.
No systematic errors are assumed in the judgment
of the difference between the memory of the stan-
dard and the magnitude of the comparison stimulus.

Two assuraptions are made about the memory of
the magnitude of the standard (Sy-1). First, it is
assumed that the representation of a simple sensory
event in memory is contaminated by the residual
traces of prior stimuli in the series. Subjects can-
not, or do not, remember the magnitude of a recent
stimulus isolated from previous stimuli in the task.
For an absolute judgment task with feedback, the
memory of the magnitude of the stimulus one trial
back (the standard) is affected by prior stimulus
context. The context is represented as a distribution
of residual traces in memory, from stimuli two and
more trials back, into which the magnitude of the
stimulus one trial back becomes embedded. The re-
membered magnitude of the stimulus on the pre-
ceding trial, contaminated by the residual traces
from previous stimuli in the series, is shifted to-
ward the mean of the distribution of residual traces.
The result of this process is the well-known central-
tendency effect in which the remembered value of
a standard is shifted toward the average of the
stimulus series (Needham, 1935).

The second assumption is that memory traces of
prior stimuli decay. This assumption has support
from several studies, e.g., Brown (1958) and Posner
(1964). Anderson (1967) has shown that the contribu-~
tion of stimuli to a judgment of the mean of the
series is an increasing function of recency. If mem-
ory traces decay with time or trials, the mean of
the distribution of contaminating traces from pre-
vious stimuli is a function weighted for recency.
Thus, the remembered value of the stimulus one
trial back is affected more by the stimulus two
trials back than by the stimulus three trials back.

The assumptions for the task reported here, then,
are: (A) For an absolute judgment task with feed~
back, the stimulus one trial back serves as a standard
for comparative judgment; (B) The memory for this
standard is contaminated by, and thus is displaced
toward, traces of prior stimuli; (C) The extent of
the contamination by a prior stimulus is an in-
creasing function of recency; and (D) The memory
of the numeric feedback one trial back is generally
veridical.

The diagram in Fig. 5 illustrates the processes
assumed. The S determines the difference, in cate-
gory steps, between the magnitude of the presented
stimulus (Sy) and his memory of the magnitude of
the preceding stimulus (the standard), R(Sn-1). This
step-difference, minus two in the example, is then
applied to the known correct response (feedback)
for the preceding stimulus (Sy-.1), yielding a re-
sponse to the presented stimulus. If this difference
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Fig. 5. The memory of the value of the stimulus on trial N-1 is
diagrammed as shifted towards the mean of the several stimuli
which occurred before it. Generally, this mean will be towards the
mean of the stimnlus distribution. See text for explanation.

were close to zero, the response to the presented
stimulus would be the feedback (true value) of the
preceding stimulus, In the diagrammed case, this
difference is two steps, and Sy will be called "one"
more often than its true value, ""two.'

Responses will be wrong, on the average, by the
extent to which the remembered magnitude of the
preceding stimulus R(Sy.j) differs from its true
magnitude (Sy-31). Whenever the context, the stimuli
immediately preceding SN-1s is higher than that
stimulus, the memory of Sy_; will be higher than
the true value of Sp.3. When the preceding context
is lower than the value of Sy-1, the memory of that
stimulus will be lowered. As diagrammed in Fig. 5,
whenever the memory R(Sy-1) is higher than Sy.j,
the current stimulus (Sy) is underestimated. On the
average, the remembered value of a low stimulus
will be higher than its true value and the remem-
bered value of a high stimulus will be lower than
its true value. This is the case simply because a
number drawn at random from a set of numbers
varying from 1 to 10 has an expected value of less
than a high number and more than a low number.
Stimuli, therefore, tend to be estimated—on the
average--as low following a low stimulus and high fol~
lowing a high stimulus. This results in assimilation
between the response and the preceding stimulus.

The remembered value of a low stimulus is
shifted toward the mean of the distribution of
residual traces from prior stimuli (stimuli two or
more trials back). The higher the mean of the dis-
tribution, the greater will be the upward shift. The
greater the upward shift of the memory for the
standard, the greater will be the underestimation
of the presented stimulus. Therefore, the higher the
mean of the distribution of prior stimuli, the lower
the average response to the presented stimulus.
Conversely, the lower the mean of the distribution
of prior stimuli, the higher the average response to
the presented stimulus. Thus, contrast should result
between the response and the stimuli two or more
trials back. Further, the magnitude of this effect
should be an increasing function of recency accord-
ing to the assumption of a decay of memory with
time or trials. The results reported in Figs. 3 and
4 confirm these expectations.
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By assuming the processes of contamination and
decay in memory, the model provides an explana-
tion of assimilation between the present response
and the stimulus one trial back and yields the ex-
pectation of a reversal of this effect (contrast) for
stimuli two or more trials back. Observed changes
in the means and variances of response distribu-
tions were consistent with this model. From this
point of view, assimilation and contrast effects are
not independent judgmental processes, but are the
response consequences of specified memorial pro-
cesses.
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