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SEQUENTIAL EFFECTS AND MEMORY IN
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The effects of previous stimuli on responses in an absolute judgment of
loudnesses situation were investigated when feedback was and was not
provided. Whether or not information feedback was provided, responses
were assimilated to the value of the immediately previous stimulus in the
series. The effects of stimuli more than one trial back in the sequence
depend on the presence or absence of feedback. When the entire stimulus
scale was shifted up or down to 5 db. from the level on the previous day,
a substantial shift occurred in the constant error of judgment in the direction
of the scale shift, providing evidence that a relatively long-term (24-hr.)
memory process was being used in the judgment situation. None of the
currently available models is adequate to account for both these results and
those of earlier studies. The form of the sequential dependencies observed
may depend at least partially on the presence or absence of an identification
function from stimuli to responses.

The effects of the previous sequence of
stimuli on judgment in a psychophysical
task have long been of special interest, and
the nature of the effects discovered seems to
be different in different experimental situa-
tions. Some investigators report an inverse
relation (contrast) between the response
and the preceding stimuli (Fernberger, 1920;
Helson, 1948; Long, 1937; Needham, 1935;
Parducci, Marshall, & Degner, 1966), while
others find a direct relation (assimilation)
in addition to, or in place of, contrast
(Barry, 1964; Garner, 1953; Holland &
Lockhead, 1968; Parducci & Marshall,
1962; Sherif, Taub, & Hovland, 1958). At-
tempts have been made to explain some of
these diverse findings with ,the notion of
adaptation level (Helson, 1948, 1959; Par-
ducci & Marshall, 1962). Since several re-
cent studies have cast doubt on the validity
of such an explanation, Parducci et al.
(Parducci, 1965; Parducci & Haugen, 1967;
Parducci, Marshall, & Degner, 1966) have
introduced an alternative model depending
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on response system properties (range and
frequency),

Holland and Lockhead (1968) found both
assimilation and contrast in an absolute judg-
ment of loudness task with information
feedback. The response to the stimulus
(Trial N~) was found, on the average, to
vary directly with the stimulus on the pre-
ceding trial ( A T — 1 ) and inversely with
stimuli two and more trials back in the se-
quence. Holland and Lockhead presented
a model in which only "short-term" memor-
ial processes are considered to account for
both of these effects. The model assumes
that for an absolute judgment task with in-
formation feedback, the problem for 5s is
to retrieve the value of the stimulus on
Trial N — 1 from a memory contaminated
by stimuli two and more trials back. Ac-
cording to this model, the response on Trial
N is generated by the addition of the judged
distance between the stimulus on Trial N
and 5"s memory for the stimulus on Trial
N — 1 to the remembered numerical value of
the feedback on Trial N — 1. Errors are
made because the memory of the previous
stimulus moves toward a weighted mean of
the stimuli previous to it.

There are reasons to expect that this two-
parameter model is too simplistic. First,
since only "short-term" memorial processes
are required in the Holland and Lockhead
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(1968) model to explain assimilation and
contrast errors in an absolute judgment task
with feedback, there is no reason to expect
that relatively long-term memorial processes
are involved in such tasks. This is contrary
to the speculation of Wever and Zener
(1928), who introduced the method of abso-
lute judgment. Wever and Zener, as well
as Tresselt (1947), provided evidence for
the operation of a relatively long-term mem-
ory process when feedback is not provided.
Thus, either different processes operate in
feedback than in no-feedback situations, or
the model is, at best, incomplete.

A second concern is that the presence of
feedback may not be the crucial situational
factor leading to assimilation of the response
to the previous stimulus. Garner (1953)
found a similar assimilative effect in an
absolute judgment of loudness situation with
no feedback, although his 5s previously had
been highly trained with feedback. Sherif
et al. (1958) and Parducci and Marshall
(1962) did not actually give feedback in
their studies of the anchoring of absolute
judgments of lifted weights. A variable,
labeled anchor was presented on every other
trial, and an unlabeled weight was presented
for "absolute judgment," without feedback,
after each anchor. Judgments of the un-
labeled weights presumably were assimilated
to the value of the anchors preceding them.
The results of these studies are evidence of
assimilative effects in no-feedback situations,
and we have to look elsewhere for a situ-
ational variable relevant to the different types
of sequential effects reported.

The studies showing assimilation to the
previous stimulus (Barry, 1964; Garner,
1953 ; Holland & Lockhead, 1968 ; Parducci
& Marshall, 1962; Sherif et al., 1958) have
in common the fact that response usage was
highly specified. Each stimulus had a label,
and the task of 5" was to respond with the
appropriate label for each stimulus presented
for judgment. In more formal language, the
experiments could be characterized as choice
experiments with an identification function
present (Bush, Galanter, & Luce, 1963).
On the other hand, studies reporting con-
trast with the previous stimulus (Fern-

berger, 1920; Long, 1937; Parducci et al.,
1966) have been characterized by the lack
of an identification function (other than
that formed by 5" himself) specifying re-
sponse usage for S. Unfortunately, many
reported studies do not provide the necessary
data to determine the presence of assimila-
tion or contrast. It might be noted that in
Long's (1937) study of context effects in
comparative judgments of loudnesses (no
feedback), assimilative effects were found in
the pilot work in which 5s were told exactly
what the range of the comparison stimuli
would be. In the main experiment, this
knowledge was withheld from 5s and con-
trast effects were found.

In all of the previously cited studies, the
number of stimuli presented for judgment
was between 5 and 10. The results of two
additional studies (Parducci & Sandusky,
1965; Tanner, Haller, & Atkinson, 1967)
indicate that the situation may be different
for the judgment of only 2 stimuli. Both
studies show the presence of an inverse re-
lation (contrast) between the previous stim-
ulus and the present response, and response
usage was highly specified in both studies.
The models presented in both studies em-
phasize the "same-different judgment" na-
ture of the task. It may be that an identifi-
cation function is superfluous in a task of
this type. Certainly, it is not always pos-
sible to identify a stimulus that is a member
of a larger set of stimuli with such a same-
different judgment.

All of the available data together imply
that for stimulus sets of more than two
members, assimilation of the response to the
previous stimulus may be expected when-
ever 5s' use of available responses is highly
specified by an identification function from
a specified set of possible stimuli to a speci-
fied set of responses, whether or not feed-
back is provided. The studies reported in
the present paper were conducted to investi-
gate the effects of relatively long-term mem-
ory and of the availability of feedback on
judgments and sequential effects when an
identification function from the stimuli onto
the responses is present.
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METHOD

Design.—Two studies investigating the judgment
of loudness levels were done with the method of
single stimuli (absolute judgments) in which an
identification function on the stimuli was specified
to 5s.

In the first study, information feedback was
given after each response. Three undergraduates
(two males and one female) judged randomly
selected stimuli for 4 days (500 trials/day) fol-
lowing a practice session. The stimuli were 10
loudness levels centered around approximately 60
db., re .0002 dynes/cm2, with adjacent stimuli
separated by 1 db.; the total range was 9 db.
On the fifth day, 5s judged, without being in-
formed of the change and with the same responses,
10 stimuli centered around 65 db., with adjacent
stimuli again separated by 1 db. That is, the
entire stimulus scale was shifted by 5 db., and
feedback on a given trial was one of the numerals
1-10, as before. On the sixth day, the midpoint
was changed to 60 db.; on the seventh day, to 55
db.; then back to 60 db. on the eighth day. It
was predicted that if long-term memorial processes
were present, where "long-term" means approxi-
mately 24 hr., they would be apparent as a shift
in the constant error in the direction of the loud-
ness level shift.

The second study was essentially the same as
the first, except that no information feedback was

given and that three different paid 5s served
(again two males and one female). The second
study was conducted to investigate sequence effects
in a no-feedback situation uncontaminated by prior
feedback training or by labeled anchors and to
determine the effect of a shifting scale on sequence
effects and constant errors in no-feedback situations.

Apparatus and procedure.—The stimuli were 100-
msec. duration, 1,000-Hz. sinusoids generated by
an oscillator (Hewlett-Packard 200-CD). A ran-
dom sequence generator, described by Holland and
Lockhead (1968), selected 1 of 10 different atten-
uators on each trial, and the resulting amplitudes
were delivered diotically through high-quality ear-
phones. The 5s typed a response on an electric
typewriter and then either typed the correct value
of the stimulus, presented as an illuminated numeral
after 5's response (feedback), or typed a period
without the feedback presented (no feedback).
The midpoint of the stimulus series was changed
by adjusting a decibel attenuator placed in series
with the earphones. The interstimulus interval
in the forced-pace task was 3.5 sec. The 5s
learned the pacing without difficulty early in the
first practice session. Data from the first prac-
tice session are not considered since the interest
was in performance after learning.

RESULTS

Sequential dependencies with unchanging
stimulus scale.—The data from both studies
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N for the feedback and no-feedback studies. (There are approximately 240 observations per point.)
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FIG. 2. Average error of the response at Trial N +K attributable to the stimulus at Trial N for the
feedback and no-feedback studies. (There are approximately 1,200 observations per point.)

were collapsed across Days 1-4 and 5"s, pro-
viding 6,000 responses in each study for the
analysis of sequential effects. Data were
pooled over days since performance, in in-
formation transmission and percentage of
correct responses, was nearly asymptotic.
Overall average information transmission
was 1.27 bits with feedback and .95 bits
without feedback; percentage correct aver-
aged 36.1 with feedback and 27.1 without
feedback. Data were pooled over 5s since
the form of the results was the same for
each of them, and the pooled curves are less
variable. Data were collapsed across pairs
of adjacent stimuli to simplify the analysis
and, again, to reduce variability.

Figure 1 shows the first-order sequential
dependencies, the average effect on the re-
sponse to the stimulus on Trial N of the
value of the stimulus in the previous trial,
for the feedback and no-feedback studies.
The positively increasing trends (Fig. 1)
show that the higher the value of the stimulus

on Trial N — I , the higher the average re-
sponse to the stimulus on Trial N, although
the relation between stimuli on the separate
trials was orthogonal. That is, there is
assimilation between the response to the cur-
rent stimulus and the value of the stimulus
on the previous trial. The only striking
difference between feedback and no feed-
back is that the range of errors is larger,
as expected, when feedback is not presented
than when knowledge of the correct re-
sponse is regularly given.

Figure 2 shows the average effect of a
stimulus at Trial N on the responses to
stimuli occurring from one to six trials
later, which is as far as the analysis was
conducted, again for both feedback and no
feedback. The feedback study shows a really
striking replication, both in form and mag-
nitude, of the dependencies reported by
Holland and Lockhead (1968). In general,
higher order dependencies are such that the
response on a particular trial is contrasted
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with stimuli two and more trials back in the
sequence. The contrast effects, especially
for Stimuli 1, 2 and 9, 10, seem to be of
considerable strength even as far as five
trials back, and the effects do not seem to
decay exponentially, as assumed by Holland
and Lockhead, who also found this per-
sistence of contrast effects, but attributed
the lack of a striking decay to random error.

Figure 2 again shows the similarity be-
tween first-order dependencies of feedback
and no-feedback data with an identification
function operative for 5s. The magnitudes
of the errors for the no-feedback situation
are almost exactly the same as those for the
feedback situation. Assimilation of consider-
able magnitude occurs between the stimulus
on Trial N and the response on Trial N + 1.
However, the higher order dependencies in
the no-feedback situation are different than
those in the feedback situation. Comparing
the studies, it is observed that there is ap-
proximately the same average magnitude of

TABLE 1
SHIFT OF CONSTANT ERROR (CE) WITH SHIFT IN THE

MIDPOINT OF THE STIMULUS SERIES IN STUDIE;S 1
(FEEDBACK) AND 2 (No FEEDBACK)
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+

+

CE on Day N + 1 minus
CE on Day N

Feedback

+.23
-.32
-.17
+.34

No feedback

+.53
-.72
-.16
+.59

Note.—Midpoint shift = 5db.

assimilation between the stimulus on Trial
N and the response on Trial N + 2 in the
no-feedback condition as there is contrast
in the feedback condition. Without feed-
back, the effects of a stimulus on a response
three trials later are essentially zero, and
contrast finally seems to occur four and
more trials following the stimulus.

Constant errors due to scale shift.—Table
1 shows the effect on the constant error

Feedback :Oown-CE=-.20
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FIG. 3. Average error of the response at Trial N + K attributable to the stimulus on Trial N for
the feedback study when the midpoint of the stimulus series was S db. higher or lower than the pre-
vious day. (There are approximately 600 observations per point.)
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FIG. 4. Average error of the response at Trial N + K attributable to the stimulus on Trial N for
the no-feedback study when the midpoint of the stimulus series was S db. higher or lower than the
previous day. (There are approximately 600 observations per point.)

(mean response minus mean stimulus) of
the shift in the stimulus scale for both the
feedback and no-feedback studies. Again,
the data are averaged over Ss for each study
since the form of the results was the same
for each of them. In all cases, the constant
error shifted in the direction predicted by
an argument for a long-term memory. The
average constant error (CE) on the 60-db.
midpoint scale prior to shifting was +.02
for the feedback study and —.51 for the no-
feedback study. On the days when the shift
of the loudness levels was +5 db. from the
preceding day, the average CE was +.12 for
feedback and +.04 for no feedback; when
the shift was —5 db. from the preceding
day, the average CE was —.20 for feedback
and —.61 for no feedback. The effect of
the scale responded to on the previous day
was surprisingly tenacious and generally
still apparent in the last 200 trials of each
shifted day.

These data replicate earlier no-feedback
findings (Tresselt, 1947; Wever & Zener,

1928) and extend them to the feedback situ-
ations, with the addition that the midpoint
shift came on a day subsequent to the day
with which it was compared. In the earlier
experiments, the midpoint was shifted within
a single session. Thus, the evidence for
operation of long-term (24-hr.) memory for
the stimuli or stimulus scale of the preshift
stimulus series appears unequivocal.

Sequential dependencies on shifted days.—
The data from the shifted days were ana-
lyzed for sequential effects for each study.
Figure 3 (feedback) and Fig. 4 (no feed-
back) summarize the results for days when
the scale was shifted up or down 5 db. from
the previous day. There were 3,000 re-
sponses for each of these analyses. It can
easily be seen for both studies that the form
of the results is not different in any im-
portant respect from the normal days. The
differences in location on the ordinate reflect
the effects of the scale shift, and the figures
appear to be approximately symmetrical
about the CE of the appropriate condition.
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It is difficult to make an unequivocal
statement about the magnitude of the se-
quential dependencies on the shifted days.
In the no-feedback study, there appear to
be no differences at all from the normal
days. However, a comparison of Fig. 2
and 3 indicates a trend in the feedback study
for the first-order dependencies to be smaller
in magnitude on the shifted days than on
the normal days. There appear to be no
effects of the shift on the magnitude of the
higher order dependencies in either study.

DISCUSSION

The effects of feedback.—The data reported
in the present paper show that there is assimi-
lation between the response to a stimulus and
the value of the stimulus immediately prior to
it in the sequence, whether or not feedback is
provided, when an identification function is
present. This result allows generalization of
the Holland and Lockhead (1968) argument
for a comparative judgment or short-term
memorial process operative in absolute judg-
ments, from feedback to no-feedback situations,
if we assume that 5" is using his previous re-
sponse, rather than the feedback, as the value
of the comparative standard.

It is hard to imagine that the higher order
effects reported could be due to short-term
memorial processes that decay in time or trials
(interference). It seems more reasonable to
assume that the sequential effects one trial back
and those later on arise from different proc-
esses: the first due to short-term memory or
other such effects in the use of a comparative
standard for judgment and the second from
processes as yet inexplicable. An explanation
for the later effects may lie in the considera-
tion of purely response system variables, such
as those suggested by Parducci (1965). For
instance, 6"s expectation of a low stimulus fol-
lowing a sequence of high stimuli in the series,
and vice versa, might bias his report of the
randomly selected stimulus which actually oc-
curs. Such a "local frequency effect" cannot
explain the first-order sequential dependencies
and would have to discriminate between the
differences in the higher order effects due to
the presence or absence of feedback. It could
do this if it were assumed that the use of the
previous response as the value of the compara-
tive standard, in the no-feedback situation,
leads to a compounding of the assimilative

error over trials which then more than offsets
the contrast effect expected for these trials.
Use of the feedback as the value of the pre-
vious stimulus in the feedback situation would
avoid this compounding of error for stimuli
more than one trial back, since the feedback
was always the correct value of the previous
stimulus and thus had not been assimilated to
the value of a stimulus still further back in the
sequence.

Conclusion.—The present study shows that
the variable determining assimilation or con-
trast between the current response and the pre-
vious stimulus is not feedback. Assimilation
appears to be the rule when there are more
than two stimuli and when 5s are required to
label or name the stimulus, i.e., when there is
an identification function present from the
stimuli to the responses. Contrast seems to be
the rule when 5" is required to report only the
relation between the present stimulus and a
previous standard, without the added task of
assigning a specific name or label to the stimu-
lus. When there are only two stimuli, the
identification is possible with the use of only
relational (same-different) information, and
successive contrast appears to be the result.

Although long-term memory has been shown
to be important in determining 5s' responses
in an absolute judgment situation, it does not
appear to affect the form of the sequential de-
pendencies. These results show that at least
some important aspects of the judgmental proc-
ess are a function of the experimental method
used. Each method appears to introduce spe-
cific situational effects on the data, which may
be superimposed on more fundamental judg-
mental processes.

REFERENCES

BARRY, H., III. Effects of prolonged deliberation
on psychophysical judgments. American Journal
of Psychology, 1964, 77, 270-275.

BUSH, R. R., GALANTER, E., & LUCE, R. D. Char-
acterization and classification of choice experi-
ments. In R. D. Luce, R. R. Bush, & E. Galanter
(Eds.), Handbook of mathematical psychology.
Vol. 1. New York: Wiley, 1963.

FERNBERGER, S. W. Interdependence of judgments
within the series for the method of constant
stimuli. Journal of Experimental Psychology,
1920, 3, 126-150.

GARNER, W. R. An informational analysis of ab-
solute judgments of loudness. Journal of Ex-
perimental Psychology, 1953, 46, 373-380.

HELSON, H. Adaptation-level as a basis for a
quantitative theory of frames of reference. Psy-
chological Review, 1948, 55, 297-313.



34 LAWRENCE M. WARD AND G. R. LOCKHEAD

HELSON, H. Adaptation level theory. In S. Koch
(Ed.). Psychology: A study of a science. Vol.
1. New York: McGraw-Hill, 19S9.

HOLLAND, M. K., & LOCKHEAD, G. R. Sequential
effects in absolute judgments of loudness. Per-
ception and Psychophysics, 1968, 3, 409-414.

LONG, L. A study of the effect of preceding stim-
uli upon the judgment of auditory intensities.
Archives of Psychology, 1937, 30, No. 209.

NEEDHAM, J. G. Contrast effects in judgments of
auditory intensities. Journal of Experimental
Psychology, 193S, 18, 214-226.

PARDUCCI, A. Category judgment: A range-fre-
quency model. Psychological Review, 1965, 72,
407-418.

PARDUCCI, A., & HAUGEN, R. The frequency prin-
ciple for comparative judgments. Perception
and Psychophysics, 1967, 2, 81-82.

PARDUCCI, A., & MARSHALL, L. M. Assimilation
versus contrast in the anchoring of perceptual
judgments of weight. Journal of Experimental
Psychology, 1962, 63, 426-437.

PARDUCCI, A., MARSHALL, L. M., & DEGNER, M.
Interference with memory for lifted weight.
Perception and Psychophysics, 1966, 1, 83-86.

PARDUCCI, A., & SANDUSKY, A. Distribution and
sequence effects in judgment. Journal of Ex-
perimental Psychology, 1965, 69, 450-459.

SHERIF, M., TAUB, D., & HOVLAND, C. I. Assimila-
tion and contrast effects of anchoring stimuli on
judgments. Journal of Experimental Psychol-
ogy, 1958, S3, 150-155.

TANNER, T. A., JR., HALLER, R. W., & ATKINSON,
R. C. Signal recognition as influenced by
presentation schedules. Perception and Psycho-
physics, 1967, 2, 349-358.

TRESSELT, M. E. The influence of amount of prac-
tice upon the formation of a scale of judgment.
Journal of Experimental Psychology, 1947, 37,
251-260.

WEVER, E. G., & ZENER, K. E. The method of
absolute judgment in psychophysics. Psycho-
logical Review, 1928, 35, 466-493.

(Received August 6, 1969)


