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Abstract

In a first experiment, subjects had to rate the size of squares. We found that the depth of
sequential dependencies depended on the judgment task. Whereas for magnitude estimation
only the immediately preceding stimulus-response event was included in the judgment
process, events up to two trials back were incorporated for category judgment. In a second
experiment, squares of two categories differing in color were presented. Under these
conditions, category-specific sequential effects were found. Sequential dependencies were
stronger when the current stimulus and the preceding stimulus belonged to the same category.
More specifically, the depth of sequential effects was affected by the categories of previous
stimuli. For category judgment, when the stimuli one and two trials back did not share the
category with the current stimulus but the stimulus three trials back did, the event three trials
back affected the judgment. However, if the stimuli one and two trials back belonged to the
same category as the current stimulus, the event three trial back exerted no influence.
Theresults are discussed in a framework in which preceding events play the role of referents.

There is some evidence indicating that not only the immediately preceding stimulus-response
pair affects the judgment of the current stimulus, but also events more than one trial back. For
instance, analyzing response errors in absolute judgment, Ward and Lockhead (1971) found
that sequential effects extended to at least five trials back. On the other hand, Jesteadt, Luce
and Green (1977) concluded from regression analyses of magnitude estimations that
sequential dependencies were limited to the immediately preceding event.

What is the reason for the different results concerning the depth of sequentia effects?
Possibly, the depth depends on the judgment task. Whereas Lockhead and Ward referred to an
experiment on absolute judgment, Jestead, Luce and Green focused on experiments on
magnitude estimation. The present study is meant to examine whether the depth of sequential
dependenciesis really affected by the task.

Experiment 1
Method
Subjects had to judge the size of squares that varied from 50 mm to 83 mm in steps of 3 mm.
Subjects performed in one of two judgment tasks: category judgment on a 5-category scale
and magnitude estimation. One session consisted of three blocks lasting about 10 minutes
each. There were 200 trials per block.
Measurement of sequential dependencies
To determine the depth of sequential dependencies, it may be determined up to which lag g
partial correlations between current responses r(t) and preceding responses r(t-g) as well as
between r(t) and preceding stimuli s(t-g) are significant. In the present experiment, partial
correlations between r(t) and r(t-g) and between r(t) and s(t-g) turned up to be significant up
to g = 8. Does this mean that stimulus-response events up to 8 trials back may be included in




the judgmen process? To answe this quesion, we have ¢ talke intb accouh that
pseudosequentiaffects may appea as atifacts Gregen (1976¢ and Haubensak (199have
pointed ou that udgmens averagé ova subpck shav seuentid dependencie even if

individud data do nd when sone individuak tend to judg the simuli generaly high and
othes tend to judg generky low. Sud pseudosequénl effects mg even appeaain

analyzirg individud data averageé ove an expeimert if systemat repon shifs accur in

the mure d the eperiment Therefore, difacts praluced by averaging te data musbe
eliminated in detemining the deph of sequertial depaendencies.

There are tvo ways  disentang seuertial effects and pseudosequéal effects.

1) We can edimate the mgnitude o pseudosequetial effed and compae them with the
values obtainel in an experimentAs long & the empirich values ae greate than those
calculatel for psaidodfects we can assune tha the correponding dimulusrepon® events
are actudly included in the judgmen process We made the ftowing stepsFirst, ndividual
mean judgmens wee calculatd for each gimulus within each 6 the three block d the

experimem separatelySecond to prodice simulusregpong seris withou sequentid effects,
the® mea judgmens wee usel & <ale values in a conputa progran basé on a
Thurstonelike model This was dore for each individud and for ead block d the
experiment Third, the seris from the three block wee combind for ead individud to

calculae patial correlatiors betwea r(t) and r(t-g)_tha are due o drifts d the judgment
scale Then the calculatd pseudoefics wee compard with the empiricafindings.

2) A seond way b diminate atifacks praluced by averaging dat was piopose by
Schifersten and Kuipe (1997). Ore can cored for difference in scale usag by calculding

standardied response which ae broght badk to a mea o 0 anda standad devidion o 1.

Fdlowing this procelure we detemined mean m and standard devieon o of the reponse r
and calculatel standardized resporsse& = (r — m)/lo for ead subgd and each pat of a
sessbn separately Then, thes stadardizel response wee useél to analge segueritial

dependencies.

Restts

Empiricd correlatiors and correléions calculatel from the smulation o pseudosequetial

effects ae representkin Figures 1and 2 Mean values average ove the subjects ae own.
The curves differ for category judgmern and magitude esimation.
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Figure 1 Empiricd partid correlaions betveen the curert respone ard precedilg respnses
of the lag g andcalculatel pseidodfects for categoy judgment
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Figure 2. Empirical partial correlations between the current response and preceding responses
of the lag g and calculated pseudoeffects for magnitude estimation

In the case of category judgment, the empirical correlations for lags 1 and 2 have higher
values than those produced by pseudosequential effects. For higher lags, the values found in
the experiment correspond approximately to the values of the correlations produced by a drift
of scale. From this follows that sequential effects up to lag 2 are caused by the judgment
process and that the correlations for events more than two trials back are produced by
averging the data. In the case of magnitude estimation, the empirical value is higher than the
calculated pseudosequential effect only for lag 1 and the correlations reach the level of
pseudoeffects already at lag 2. These findings sugest that the depth of sequential effects is
different for category judgment and for magnitude estimation. Whereas events up to lag 2
seem to be included in the judgment process for category judgments, only events of lag 1
appear to serve as referents for magnitude estimation.
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Figure 3. Partial correlations between the current standardized response and preceding
standardized responses in dependence on the lag g.



An equivalent result is obtained by using the second method for eliminating pseudosequential
effects. Correlations of standardized responses are represented in Figure 3. The curves
indicate that the correlation between successive standardized responses decrease to near zero
for lags greater than 2 in case of category judgment and for lags greater than 1 in case of
magnitude estimation. The reason for not reaching the zero level entirely is probably that
there is a small shift of the judgment scale also within a block. Therefore, the pseudoeffects
are not completely eliminated by the procedure applied.

Discussion

The results of the present experiment suggest that the depth of sequential dependenciesistwo
for category judgment and one for magnitude estimation The reason for the different depth
may be that there are different decision processes in the two judgment tasks. In the case of
category judgment, the relative distance of the stimulus from the two end-points of a
subjective range seems to determine the response. Consequently, two prior stimuli can be
involved in the formation of the range. This assumption is supported by interactions between
the stimulus-response events one and two trials back (Petzold & Haubensak, 2001).For
magnitude estimation the relation to one prior event as referent seems to be decisive as is
proposed by the response ratio rule (Luce & Green, 1974) or the dynamic judgment model by
DeCarlo & Cross (1990). The exact nature of the difference in the depth of sequentia effects
needs further clarification. Especidly, it should be explored whether the difference found in
the present experiment is typical for categorical judgment and magnitude estimation. Perhaps,
there are other conditions that affect the depth as well. Such an additiona condition could be
the categorization of stimuli. This condition was considered in a further experiment.

Experiment 2
Method
The stimuli were squares of different size. Two sets of stimuli were presented, filled and
empty squares, which differed in range . For half the subjects, 8 filled squares ranged from 50
mm to 71 mm in steps of 3 mm and 8 empty sguares ranged from 62 mm to 83 mm, for the
other half filled squares and empty squares were reversed. The overlapping area of the two
stimulus categories (squares from 62 to 71 mm) ensured that the effect of stimulus category
on judgments could be studied for four squares of equal size which differed only in the
category.
The task was to rate the size of squares on a 5-step scale. Subjects were instructed to compare
each filled square only with the other filled squares and each empty square only with the other
empty squares.
Results

Effect of Stimulus Categories on Sequential Dependencies.

To measure sequential dependencies, partial correlations between rgt) and rgt-1) were
calculated. These correlations were determined separately for each combination of categories
to which the current stimulus s(t) and the preceding stimulus s(t-1) may belong. To make sure
that the mean distance between the current stimuli and the preceding stimuli was equa in al
cases, only those stimuli were included in the analysis whose values fell into the overlapping
area of the two stimulus categories (squares from 62 mm to 71mm). After a z-transformation,
mean values of the correlation between rg(t) and rs(t-1) averaged over subjects and categories
of s(t) were calculated (Figure 4, left side). One can see that the correlations are higher for
identical categories than for different categories. An analysis of variance reveaed that this
differenceis significant.

The influence of the presentation two trials back was analyzed in the same way as the
immediately preceding presentation. After performing a z-transformation the of correlations,
mean values of the partial correlations between rgt) and ry(t-2) were calculated. (Figure 4,
right side). Asin the case of the immediately preceding event, thereisa significant difference




between the correlations of equal and different stimulus categories. This equivalence in the
influence of stimulus categories on sequential dependencies for one and two trials back
supports the finding that both the immediately preceding event and the event two trials back
meet the same function in the judgment process.
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Figure 4. Partia correlation between the current response and preceding responses for equal
and different categories of the current stimulus and the preceding stimulus.

Interaction between s(t-1) and s(t-2).

There was an interaction between the membership to categories of the immediately
preceding stimulus, s(t-1), and of the stimulus two trials back, s(t-2). The correlation between
r«(t) and rg(t-1) was lower if s(t-1) and s(t-2) belonged to the same category as s(t) than if only
s(t-1) had the category in common with s(t). In the first case, the mean value averaged over
subjects and the category of current stimuli was 0.38, in the latter case, 0.60. A corresponding
result has been found for the correlation between rg(t) and rgt-2). The values were lower if
S(t-1) and s(t-2) belonged to the same category as s(t) than if only s(t-2) shared the category
with (t). The values were 0.14 and =.34, respectively. These findings indicate that the events
one and two trials back operate concurrently in the judgment process.

The influence of the event three trials back.

The data showed that in the present task also the event three trials back affected the
judgment of the current stimulus. However, this was only the case if the stimulus s(t-3) had
the same category as the current stimulus s(t) and the category of the stimuli s(t-1) and s(t-2)
differed from that of S(t). Thisis demonstrated in Figure 5. We find for events up to three
trials back that the partial correlation between the standardized current responses and the
standardized responses of the lag g is higher when only the stimulus of the lag g has the same
category as the current stimulus. This result suggests that in the present judgment task also the
event three trials back isincluded in the judgment process equivalent to the events one and
two trials back




o
S o8
- 0.6
(7]
g S —e—Casell
8 £ 04 —m—Casell
c
S 02
©
°
£ 0+ T T :
© 1 2 3
Lag g

Figure 5 Patial correlaions betveen the curernt standardize respons ard precediy standardied
respnse in dependece m the lag | for two cases Cag I: Only the stimulis s(t-Q has the same
category as the curret stimulus s(t) Cae II: Also othe precediy gimuli share the catgory with s(t).

Discusson

The findings d the presehexperimerd show tha the deph of sequentia effects is dependent
on the judgmern task Wheeas in magritude esimation only treimmediatey preceding event
affected the judgmen of the curren stimulus evens up to two trials bacdk were includel in
the judgmen process fa categoy judgment Also the existence fotwo gimulus categories
modified the deph of sequetial effects In cag d category judgment the deph wes & least
three wha s(t-3 had the same cagory as s() and s(t-J or s(t-2) hd not Ore can speculate
that appropriak trace d precedirg evens ae searche & referentslf the evens one a two
trials back hawe not the same cagory as s() and ae mnsidere na appopriate the search
goes furthe up © & leas three triak back The® findings ae consistenwith the preditions
of the mutiple standards modd (Petzot & Haubensak2001).
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