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In two experiments, pairs of Garner’s classical 5-dot patterns were presented with an interstim-
ulus interval of 500 ms in a same–different task in which a physical sameness criterion was used:
Rotated or reflected versions of the same pattern were rated as different. Patterns varied in
“goodness” according to Garner’s equivalence set size measure. Both first and second pattern
goodness affected reaction time and accuracy. This result and fits of models to reaction time
data indicate that equivalence set representations are used in the task, as in a related categorical
matching task in previous studies. Two effects were observed that contrast with the categorical
matching task: One is a conflict between the need to respond different to patterns that are cate-
gorically equivalent under the equivalence set representation; the other is that extra time is
needed for rechecking of the representation if pattern structures are hard to distinguish. In
combination with previous studies, the present results show that even though the processes
differ, the same representational mechanism is used across tasks.

We experience objects differently, depending on what we want to do with them; one and the
same stick can be perceived either as support in walking or, in a different situation, as a tool
to obtain an apple from a tree. We may raise the question of what—if anything—do these
two representations have in common; do perceptual representations depend on the task, or
do they have, as Gestalt psychology assumed (e.g., Gottschaldt, 1926; Wertheimer, 1923), a
context-independent core?
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The fundamental question of context dependence or independence is hard to answer in sit-
uations where neither the representations nor the processes that operate on them are precisely
specified. To approach this problem, we used a set of dot patterns introduced by Garner and
Clement (1963). These patterns consist of five dots placed on an imaginary 3 � 3 grid, leaving
no row or column empty. Those that can be transformed into each other by rotations in 90° steps
and/or by reflections constitute an equivalence set (ES). The total of 90 patterns fall into 17 dis-
junctive equivalence sets. Eight of these have four patterns, seven consist of eight patterns, and
two sets (the cross and the five of dice) consist of only one pattern (see Figure 1).

For Garner’s dot patterns, equivalence sets could be considered as a precise model of
their representation. Garner and Clement (1963) found a strong and reliable effect of their
equivalence set size (ESS) on their goodness rating. Goodness was understood by the
Gestalt psychologists to reflect a context-invariant property of perceptual representations.
Based on this historical principle, we submit the hypothesis that for Garner dot patterns,
their ES constitutes the context-independent core of their perceptual representation.

To test the assumption that ES representations are context independent, we need to further
specify how these representations are processed within the setting of a certain task. In our ear-
lier work, we adopted a sequential, categorical same–different task (Lachmann & Geissler, 2002;
Lachmann & van Leeuwen, 2005). Two patterns were showed in sequence, and participants
responded by indicating whether the patterns were same or different, where rotated or reflected
versions of the patterns qualified as same. A specific model was developed for this task. It was
based on the assumption that the equivalence sets that the patterns belong to are serially
searched. The model was able to explain almost all the variance in the response times as a func-
tion of ESS. By specifying both the representation and the process, the model fulfilled the pre-
requisites to enable a subsequent investigation of context (in)dependency of the representations.

Lachmann and van Leeuwen (2005) investigated context sensitivity of the representa-
tions by varying stimulus presentation frequency. We introduced pattern presentation fre-
quency inequalities. The ESS effect as specified by the model fits of the response times was
used as a yardstick to test whether the representation had changed. Interestingly, there was
little effect when individual patterns occurred with unequal frequencies. By contrast, when
the frequencies of the different equivalence sets to which the stimuli belonged were made
unequal, this dramatically affected the ESS effect. We concluded that frequency effects
operated at the level of collective equivalence set representations. While their collective code
is context sensitive, individual patterns are represented in a context-independent manner.
This result reconciles two opposing notions about perceptual representations: one in which
they are context independent, as in Gestalt psychology, and the other in which they are
based on likelihood and thus are context sensitive (van der Helm, 2000).

1296 LACHMANN AND VAN LEEUWEN

Figure 1. Examples of patterns representing the 17 pattern sets introduced as stimuli in goodness ratings by
Garner and Clement (1963).



Context effects relating to presentation frequency are one step removed from those that
we are currently interested in—that is, whether representations depend on the task. ESS is
a measure of perceptual goodness; it therefore may be expected not to depend on the task.
However, as several authors have shown, goodness measures are not invariant across tasks
(Ashby & Maddox, 1990; Geissler & Buffart, 1985; Pomerantz & Pristach, 1989; Stins & van
Leeuwen, 1993; van Leeuwen & van den Hof, 1991). On the other hand, this fact would not
necessarily indicate that representations change depending on the task. Whether this occurs
is the deeper question we have set out to answer.

The hypothesis that perceptual representations depend on the task can be tested by using
a modified task and by observing whether the model of Lachmann and Geissler (2002;
Lachmann & van Leeuwen, 2003) can still be applied. Those studies used a categorical
criterion for sameness in the same–different task: Besides patterns identical in shape and
orientation (identity matches), patterns that were rotated or reflected versions of one another
(categorical matches), were also rated as same. As a consequence, all the same responses
involved patterns that belong to the same equivalence set. As equivalence set membership is
a crucial response criterion, it could be argued that this task encourages participants to use
categorical representations. The ES representations observed in the previous study might,
therefore, in principle be specific to the task.

In the present study we used a task in which categorical matches are responded to as
different. We call this task a physical sameness task. In this task, the need to give a different
response to pairs that are matching categorically systematically discourages making categor-
ical representations. If ES are task-dependent representations, the ES-based model should
no longer apply to the present task. Alternatively, if perceptual representations are task 
independent, we may still expect the model to fit the ESS effects.

We may not only expect to see ESS effects for the new task, but also some other, task-
specific effects. If the ES representation is still made in the physical task, it is incompatible
with the response in categorical matching conditions. Here, the task requires a different
response to pairs that are members of the same ES. We may expect that these conditions will
become particularly difficult to respond to (Proctor & Healy, 1985, 1987; Proctor, Healy, &
Van Zandt, 1991). Another effect that we might expect in a physical matching task is that of
similarity between individual items. Similarity is less important a response criterion in cat-
egorical than in physical tasks. In physical tasks, the more similar two items are, the more
difficult it will be to respond different to them (Chignell & Krueger, 1984; Clement
& Carpenter, 1970; Eriksen, O’Hara, & Eriksen, 1982; Robbins & Bourne, 1983). Such
additional effects will have to be explained within the confines of the model.

EXPERIMENTS

General method

The 90 Garner patterns from the 17 sets shown in Figure 1 were used in both experiments. These
patterns were combined into pairs. Out of all 8,100 possible pairs, we distinguish those 90 pairs 
where the patterns are identical in shape and orientation (identity matches, IM), those 488 pairs where
the patterns are the same in shape only (category matches, CM), and 7,522 pairs of different patterns
(nonmatches, NM). Different subsets of pairs were used in each experiment in order to achieve equal
proportions of same and different responses.
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Stimuli were presented on a display of invisible red light-emitting diodes (LEDs) of 5 mm in diam-
eter and 13 mm apart. Consequently, the total expanse of a single pattern was 41 � 41 mm. The display
was presented at eye level, at a distance of about 65 cm, yielding about 3.6° of visual angle. No head
fixation was used. Presentation was controlled through the parallel port of a PC. The two patterns were
presented successively. The first one appeared on the left side of the display for 500 ms. After an inter-
stimulus interval (ISI) of 500 ms, the second pattern appeared on the right side of the display, remain-
ing on until the response was given. After an intertrial interval of 2,500 �/� 30 ms the next trial
started automatically. Same and different responses were given with the thumbs of both hands through
separate response units, with response conditions counterbalanced across participants. The display
and the response units guaranteed an accuracy of latency measurement of 0.1 ms.

Instructions were given in written form explaining the physical sameness criterion. Instructions
urged participants to react as fast and as accurately as possible. Participants performed 20 practice
trials with immediate speed and accuracy feedback and 20 without feedback. For each later session, 10
warm-up trials with and 10 warm-up trials without feedback were performed prior to the measure-
ment. Speed and accuracy data were collected online, and feedback was given when more than 
three errors were made over the last 10 trials or if response time exceeded 2,000 ms. This included an
advice to respond, respectively, faster or more accurately, and a button press was needed to continue
the program after that. Participants were encouraged to press a stop button when they felt concentra-
tion slipping or when they wanted to rest. A session was interrupted half-way, and a text encouraged
the participant to rest for a while.

EXPERIMENT 1

Method

Participants

There were 24 student volunteers (18 female) from the University of Leipzig between 20 and 32
years old. Participants either were paid or received course credit for their participation.

Materials, design, and procedure

Patterns were chosen to optimally balance probability of same and different responses and set and indi-
vidual pattern frequency (see Table 1). In a session of 544 trials, all possible IM pairs with ESS � 1 (n � 2)
were repeated 15 times, those with ESS � 4 (n � 32) four times, and those with ESS � 8 pairs (n � 56)
twice, yielding in a total of 270 same trials. The 274 different trials consisted of 60 CM and 214 NM pairs,
which were selected with the aid of a Latin square, balancing the conditional probability of the second
pattern set, given the first pattern set. The conditional probabilities of a same or a different trial, given the
ESS of the first pattern as well as given that of the second pattern of a pair, were exactly equal. One of the
patterns from each set occurred in combination with at least one pattern from each of the other sets.

Results

Response data were analysed for reaction times (RT) and error rates. For removing outliers,
only those responses were entered into computation for which the RT met the following cri-
terion: RT � (�is � 3�is /145 ms � RT � 3000 ms) or RT 	 (� � 1.5�/145 ms � RT �
3000 ms), with �is � mean and �is � standard deviation of RT for the ith participant on the
sth session, and � � mean and � � standard deviation of RT. Using this criterion, 0.5% of
the data were discarded.
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Table 2 presents the RT means, standard deviations, and error rates for the set sizes, sep-
arately displayed for IM, CM, and NM. The overall mean RT was 416 ms (SD � 144), and
the mean error rate was 3%. No speed–accuracy trade-off effects were observed, and there-
fore, detailed results of the analyses of variance (ANOVA) are reported for RT only. Results
for RT and error rates are similar unless reported otherwise.

The mean RT for same responses (IM) was 385 ms, which is significantly lower than the
446 ms of different responses, F(1, 23) � 94.1, p � .01. Within different responses, partici-
pants needed significantly more time for CM (470 ms) than for NM pairs (440 ms), F(1,
23) � 13.4, p , .01.

The mean RT increases with set size for same (IM), F(2, 46) � 63.4, p , .01, and differ-
ent responses, F(1, 23) � 14, p , .01. For different responses the ESS effect could be tested
on pairs that come from sets of equal size only, which excludes ESS � 1 patterns.

An ANOVA restricted to different responses to pairs of equal ESS was performed with
the factors ESS (ESS � 4 vs. ESS � 8) and type of matching (CM vs. NM). It revealed a
significant main effect of type of matching, F(1, 23) � 16.2, p � .01; CM patterns require a
longer RT than do NM patterns. The ESS main effect, F(1, 23) � 6.1, p � .02, and interac-
tion reached significance, F(1, 23) � 6.2, p � .02. Pairwise comparisons showed that the
interaction is caused by the absence of an ESS effect in CM, while it is significant in NM.
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TABLE 1
Pattern combinations included in Experiment 1

Total number of Frequency of Number of
Response Matching ESS Number of sets pairs pair inclusion pairs included

Same IM 1 2 2 15 30
4 8 32 4 128
8 7 56 2 112

Different CM 4 8 96 1/3 32
8 7 392 1/14 28

NM 4 8 � 8 896 1/16 56
8 7 � 7 2,688 1/64 42

1&4 2 � 8 64 1/4 16
4&1 8 � 2 64 1/4 16
1&8 2 � 7 112 1/8 14
8&1 7 � 2 112 1/8 14
4&8 8 � 7 1,792 1/64 28
8&4 7 � 8 1,792 1/64 28

Note: IM � identity matches. CM � category matches. NM � nonmatches.
ESS � equivalent set size.
Same combinations consist of patterns identical in shape and orientation (IM). Different combinations consist

of patterns either from one set (i.e., patterns of the same shape but different orientation) or from two sets of either
the same (first two rows in NM) or different ESS (last six rows). The two NM pairs involving patterns of ESS � 1
are not included in the experiment, and thus the total number of possible combinations of the 90 patterns is 8,098.
The number of pairs included is the product of the total number of pairs and the frequency of pair inclusion.



An ANOVA that in addition included IM trials (except ESS � 1 trials) with factors ESS
(ESS � 4 vs. ESS � 8) and type of matching (IM vs. CM vs. NM) resulted again in signifi-
cant main effects for ESS, F(1, 23) � 16.3, p � .01, Type of matching, F(2, 46) � 43.6,
p � .01, and their interaction, F(2, 46) � 7.1, p � .01. Pairwise analyses showed that all types
of matching differed significantly from each other; same pairs (IM) were fastest, whereas
different patterns from the same set (CM) needed the longest time for comparison.

In NM conditions, the ESS values of the first and the second patterns vary indepen-
dently, allowing for a test of the effect of the first and the second patterns’ ESS when exclud-
ing pairs involving ESS � 1 patterns. Such a 2 (ESS � 4 vs. 8 first pattern) � 2 (ESS � 4 vs.
8 second pattern) ANOVA revealed that both the first patterns’ ESS, F(1, 23) � 32.1,
p � .001, and the second patterns’ ESS, F(1, 22) � 4.1, p � .049, influenced RT. No interac-
tion was found, suggesting that both the first and the second patterns contribute equally to
the variation in RT.

Results obtained for error rates were similar to those of RT, except that there was no
difference in error rates between same and different responses.

Discussion

Effects of ESS were obtained for both same and different responses and for both the first and
second patterns of a pair. Same responses were faster than different responses. All these
results are consistent with those found in previous studies in which the same stimuli were
used in a categorical sameness task (Lachmann & Geissler, 2002; Lachmann & van Leeuwen,
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TABLE 2
Reaction time and error rate resulting from Experiment 1

RT a

Response Matching ESS M SD Error rateb

Same IM 1 351 122 1.6
4 379 136 2.7
8 401 144 3.2

Different CM 4 469 155 6.2
8 473 166 8.8

NM 4 436 138 1.5
8 453 148 2.6

1&4 427 128 1.7
4&1 432 125 2.3
1&8 434 127 2.1
8&1 442 136 2.4
4&8 437 126 1.6
8&4 446 135 1.9

Note: IM � identity matches. CM � category matches. NM � nonmatches.
ESS � equivalent set size.
aReaction time, in ms. bIn percentages.



2005). There, the results were explained by a model that assumed serial search of equiva-
lence set representations. The arguments given against possible alternative explanations,
such as mental rotation and encoding facilitation, apply here too and are not reiterated.

We propose to ascribe the current ESS effects to serial search of the equivalence set
representation, according to the model presented for the categorical sameness task in
Lachmann and Geissler (2002). The model assumes that the relevant process is serial access
of the equivalence set representation that proceeds in discrete steps. According to the model,
in IM conditions a match is obtained after, on average (ESS1 � 1) / 2 � 1 steps, and in CM
conditions after (ESS 1 � 1) steps, and NM requires (ESS 1 � ESS2) / 2 � 1 steps, where
ESS1 is first pattern ESS, and ESS2 is second pattern ESS. In Lachmann and Geissler
(2002) and Lachmann and van Leeuwen (2005) the model fitted to the data of the categori-
cal sameness task with R2 between .95 and .99.

For the data of the present experiment the model yields a very good fit to IM and NM
data, both R2 � .98, p � .01 (see Figure 2). Because there are only three data points for IM,
the model was applied to the data of individual participants. This resulted in an average fit
of R2 � .9 (SD � .14); only 9 individuals showed a fit below R2 � .95.

Although both NM and IM provide good model fits, their slopes differ. This result con-
trasts strongly with the model fits for the categorical sameness task in the previous studies,
where a uniform slope fit for IM and NM cases was obtained. The difference in slopes could
be cast in a framework in which two alternative processes are seeking evidence for, respec-
tively, sameness or difference (Bamber, 1969; Eviatar, 1993; Eviatar, Zaidel, & Wickens,
1994). Whether same–different tasks require one or two processes is an old debate (Farell,
1985; Krueger, 1973, 1978). The difference in slopes provides prima facie evidence for a
two-process model of the same–different task. However, in fact a single-process model can
also explain these data, if we consider pattern similarity. In the classical same–different
research, similarity facilitates different responses in a conceptual task, but complicates them
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Figure 2. Model fit for mean RT of Experiment 1; IM � identity matches (requiring a same response),
NM � nonmatches (requiring a different response). The theoretical search steps result from the model that is
explained in the text.



in a perceptual task (Chignell & Krueger, 1984; Clement & Carpenter, 1970; Eriksen et al.,
1982; Robbins & Bourne, 1983). Our current task is a perceptual task, and, accordingly, a
large difference in intercept between IM and NM conditions indicates that the different
responses are negatively affected by similarity.

Different patterns tend to be more similar to each other perceptually if their ES is smaller
(Checkosky & Whitlock, 1973; Garner & Clement, 1963). Consider, for instance, the NM
pair consisting of the “five of dice” and the “cross” (see Figure 1). One resembles the other
under 45 degrees of rotation. Similarity could, in principle, inflate response times in two
alternative ways. One is that similarity requires extra processing steps: According to
Krueger’s (1978) noisy operator theory, noise is more likely to produce perceived mis-
matches than matches and, therefore, may induce more control processes (rechecking) of
each item in the set on NM trials. The extra processing would involve the small ESS pat-
terns more and so would explain the observed attenuation of the slope.

Another possibility within the one-process model is that ES items are no longer accessed
at a uniform rate. Uniform step size was assumed for the categorical sameness task, where
items that belong to the same set get a same response, and those from different sets get a dif-
ferent response, and hence the ES structure does not give rise to a response conflict. In the
present physical sameness task, the ES structure does, in fact, give rise to a response con-
flict, as becomes evident when the result of the CM patterns is discussed. Similarity
enhances the tendency to respond same. For NM patterns this may enhance the response
conflict. Similarity, therefore, may influence the duration of a step in memory access and
thus affect the slope of NM trials. This hypothesis too would explain the attenuation of the
slope in the NM condition.

We found no ESS effect for CM pairs. These pairs also show dramatically increased RTs
in comparison to other types of matching (IM and NM). These results contrast with the
ESS effect found for CM in previous studies in which a categorical task was used, but cor-
respond with the result of related experiments (Proctor & Healy, 1985, 1987; Proctor, Healy, &
Van Zandt, 1991). In these experiments, letter strings were compared, which could con-
sist of the same letters in the same order (order match), the same letters in different order
(item match), or different letters. The RT was increased when a different response was
required for item matches. The authors argued that judgements in both the item and the
order matching tasks are based on the same representation but have task-specific processing
differences. The item match condition in these experiments is comparable to our CM con-
dition. Using the same line of reasoning, the increase in RT for CM conditions occurs
because they must be responded to as different although they belong to the same set repre-
sentation. Extra time needed to resolve this conflict may eclipse the ESS effect. Because of
the conflict that overrides ESS effects for CM pairs, this model cannot be applied to the CM
data. The conflict could be cast in the framework of the dual-process theory, in which two
alternative processes are seeking evidence for sameness or difference, respectively, but could
equally well be explained in terms of a one-process model, in which extra time is needed to
resolve the contradictory information.

In sum, we observed that, despite some additional task-specific effects, ESS effects are
still predominant in the present experiment. They occur, even though a physical sameness
task was used. The importance of physical sameness as response criterion might, in princi-
ple, have discouraged the formation of an equivalence set representation—as compared to
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the previous studies, in which a categorical sameness task was used. Therefore, the results
suggest that such a representation is formed independent of whether it facilitates the task.
This result is consistent with the notion that equivalence set representations are context in-
dependent (Lachmann & van Leeuwen, 2005).

EXPERIMENT 2

Differences in slope for same and different responses in Experiment 1 were understood
within our one-process model as an effect of similarity. Two alternative modifications of the
model were proposed, in which similarity either induces extra checking operations
(Krueger, 1978) or increases the time needed to access a pattern in the set. The present
experiment was performed to test between these alternative hypotheses. Given the assump-
tion that similarity (in NM conditions) is directly proportional to ESS, we can enhance
the overall similarity between the patterns in the experiment by leaving out the ESS � 1
patterns.

Method

Participants

There were 23 student volunteers (20 female) from the University of Leipzig, who were between
20 and 38 years old. They either were paid or received course credit for their participation, and they
did not participate in any similar experiment.

Material, apparatus, and procedure

The set of stimuli consisted of three sets of ESS � 4 and three sets of ESS � 8 (see Figure 3),
chosen on the basis of the goodness ratings of Garner and Clement (1963) and Lachmann and Geissler
(2002) in order to keep a maximally constant goodness rating within each of the ESS levels. From each
ESS � 8 set, four patterns were chosen so as to include both rotation and reflection versions. Different
choices were made across participants, such that all eight patterns from a set were used approximately
equally often.

The selection reduced the number of patterns to 24 and thus 24 possible IM, 72 CM, and 480 NM
combinations. In order to balance same and different responses, each possible IM pair was shown six
times, resulting in 144 same pairs: half of ESS � 4 and half of ESS � 8 pattern. These were matched
to the same number of different trials, 48 CM and 96 NM trials; half of the NM trials were from dif-
ferent sets of the same ESS (see Table 3). Participants performed three sessions of 288 trials each on
one day, each taking about 25 minutes, including practice trials. A break of about 10 min between the
sessions was required.
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Figure 3. Examples of patterns representing the three pattern sets of ESS � 4 and the three pattern sets of
ESS � 8 used as stimuli in Experiment 2 and Experiment 3.



Results

Following the same criterion as that in Experiment 1, the rejection rate for outliers was 0.7 %.
Table 4 displays the RT means, standard deviations and error rates for the set sizes sepa-
rately for IM, CM, and NM. The overall mean RT was 367 ms (SD � 118), and the mean
error rate was 3.6%. Because no speed–accuracy trade-off effects were observed, the results
of the ANOVAs for error rates are reported only in case their results contrast with those of
RT. Results for error rates are similar to those of RT unless reported otherwise.
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TABLE 3
Pattern combinations included in Experiment 2

Total number of Frequency of Number of
Response Matching ESS Number of sets pairs pair inclusion pairs included

Same IM 4 3 12 6 72
8 3 12 6 72

Different CM 4 3 36 2/3 24
8 3 36 2/3 24

NM 4 3 � 3 96 1/4 24
8 3 � 3 96 1/4 24

4&8 3 � 3 144 1/6 24
8&4 3 � 3 144 1/6 24

Note: IM � identity matches. CM � category matches. NM � nonmatches.
ESS � equivalent set size.

TABLE 4
Reaction time and error rate resulting from Experiment 2

RT a

Response Matching ESS M SD Error rateb

Same IM 4 346 126 3.7
8 365 127 5.6

Different CM 4 383 121 3.4
8 382 117 4.8

NM 4 378 109 1.5
8 365 100 1.9

4&8 373 105 3.1
8&4 372 104 2.1

Note: IM � identity matches. CM � category matches. NM � nonmatches.
ESS � equivalent set size.
aReaction time, in ms. bIn percentages.



The mean RT in same responses (IM) was 355 ms, which was significantly lower than dif-
ferent responses with 376 ms, F(1, 22) � 15.1, p � .01. The error rate was higher for same
responses (4.6%) in comparison to different responses (2.9%), F(1, 22) � 20.2, p � .01.

For same responses, RT was significantly lower with ESS � 4 than with ESS � 8, F(1,
22) � 39.5, p � .01. For different responses, participants needed significantly more time, F(1,
22) � 17.5, p � .01, for CM (383 ms) than for NM patterns (372 ms). For those different
responses where the ESS of the first and the second patterns was equal, a significant effect
of ESS on RT was obtained, F(1, 22) � 22.1, p � .01. A two-way ANOVA revealed signifi-
cant main effects of ESS, F(1, 22) � 18.9, p � .01, and type of matching, F(1, 22) � 22.2,
p � .01, with CM 	 NM, as well as their interaction, F(1, 22) � 11.1, p � .01. Pairwise com-
parisons showed that the interaction rests upon the absence of ESS effect in CM, whereas
the ESS effect was significant in NM. The absence of ESS effects for CM in the response
times does not imply that they have disappeared altogether: The corresponding analysis of
error rates revealed significance of ESS, F(1, 22) � 7, p � .05, and type of matching, F(1,
22) � 49.6, p � .01, with more errors for CM than for NM patterns. Their interaction, F(1,
22) � 4.3, p � .05, was explained by pairwise comparisons, which showed a higher effect of
ESS when patterns come from the same set (CM).

Using the factors type of matching and ESS, as in Experiment 1, a 3 � 2 ANOVA across
same and different responses was performed for those combinations where the first and the
second patterns have equal ESS. Significant main effects for type of matching, F(2,
44) � 17.8, p � .01, and ESS, F(1, 22) � 45.2, p � .01, as well as their interaction were
obtained, F(2, 44) � 14.3, p � .01. All types of matching differ significantly from each other;
same pairs (IM) are fastest (355 ms), whereas different patterns from the same set required
the longest time (CM � 383 ms). Furthermore, it was revealed that the interaction results
from the missing ESS effect when patterns came from the same set but had to be judged as
different. This interaction was not found for error rates.

Discussion

Same responses were found to be faster but less accurate. Both the “fast–same” effect
(Krueger, 1978; Proctor, 1981) and the accuracy advantage for different responses (Krueger,
1978) are typical for physical same–different tasks. Krueger (1978) interpreted the combi-
nation of fast–same effect with a decreased error rate in different responses as evidence for
his noise operator theory. He argued that noise is more likely to produce perceived mis-
matches than matches, and the control processes (rechecking) that therefore are needed on
different trials lead to higher decision times and lower error rates.

As in Experiment 1, ESS effects were obtained for IM, and evidence for a response con-
flict was found for CM. For NM patterns we observed that the slope of the fit in Figure 4
had turned negative. The model fit with the negative slope for NM turned out to be very
good R2

adj. � .99, p � .01. However, it had only two degrees of freedom, and therefore, we cal-
culated the fits for individual participants. The mean fit was M (R2) � .72 (SD � .31; 5 of
the 23 participants showed opposite effects or no ESS effect). This may indicate inconsis-
tent behavior across participants, contrary to what was observed for Experiment 1. The
inconsistency may be due to opposing tendencies, both resulting from ESS: a positive one
of the number of steps, according to the model, and a negative one resulting from similarity.
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The balance of the two, thus, could go either way in the individual but on average, the
negative effect of similarity appeared to be stronger than the positive one of ESS.

The slopes enable us to choose between two alternative one-process explanations for the
effect of similarity. On one account of the similarity effects on slope of the NM fits, step size
would have increased for NM as a result of increasing the overall similarity. The predicted
result should have been a larger (positive) slope than in Experiment 1. The results are oppo-
site to this prediction, and, moreover, a negative average slope cannot possibly be explained in
terms of step size alone, unless extra steps are assumed. Thus, a one-process model will have
to explain the negative slope by assuming extra rechecking steps in NM trials (Krueger, 1978).1

GENERAL DISCUSSION

Garner’s (1962) original concept of perceptual representations, called equivalence sets (ES),
played an essential role in the definition of perceptual goodness. In this concept, goodness
is an intrinsic, context-independent property of ES. We embedded this concept in a process
model and used the model to study whether these representations are context dependent or
independent. In previous studies (Lachmann & Geissler, 2002; Lachmann & van Leeuwen,
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1One reviewer (John Flowers) suggested an alternative explanation of the results of Experiment 2. He argued
that an overt strategy shift may have occurred in some participants. This is because of the reduction in the number
of patterns and the greater similarity among them as compared to Experiment 1. The shift would occur for the
present physical sameness instructions, as opposed to the categorical sameness instructions of our previous studies.
The new strategy would involve feature scanning. When a particular figure shows up as first pattern, they prepare
during the ISI to scan for the presence of a contraindicating feature in the second pattern. Such a process would
be likely to overrule the ESS effect in different responses. In fact, if it were a learned optional strategy, more likely
to be activated by ESS 8 patterns, it could indeed produce a slope reversal.

Figure 4. Model fit for mean RT of Experiment 2; IM � identity matches (requiring a same response),
NM � nonmatches (requiring a different response). The theoretical search steps result from the model that is
explained in the text.



2005) the model was applied to a categorical same–different task. For this task clear effects of
ESS on RT were evident, of which almost all the variance could be explained in a model. The
model assumed that ES constitutes a central processing resource that is accessed serially.

In the present study the process model was applied to fit the data from a physical
same–different task. Unlike the categorical task, the current physical task discouraged par-
ticipants from encoding categorical identities in equivalence sets. Nevertheless, strong and
robust ESS effects were found with the present task. This suggests that encoding in terms
of equivalence sets is mandatory and task independent.

Strong ESS effects of Garner patterns were similarly obtained in an early study
(Checkosky & Whitlock, 1973), in which the same pattern material was used in a memory
search task. This task (Sternberg, 1966) requires physical identity matching between a probe
and one of two or three targets. Thus, the present results confirm the interpretation of this
early study, that equivalence set representations are formed, even if they are not needed for,
nor encouraged by, the task.

We may wonder how many trials it takes, before such an equivalence set representation
has been established. Comparisons of the ESS effects of the first 20 trials generally showed
that these effects are not different from those later in the sessions. This suggests that
equivalence sets either are formed rapidly during training or are somehow part of the per-
ceptual or cognitive apparatus prior to the experiment, shaped by a—perhaps phylogene-
tically determined—bias for symmetry (e.g., Friederici & Lachmann, 2002; Lachmann,
2002; Lachmann & Geyer, 2003).

The memory-guided inference approach (Geissler, 1987, 2001, 2004) provides a rationale
for why a set representation is used when an individual representation should be sufficient.
This approach assumes that the formation of representation and processing strategies is
tuned, not to the context of the local situation, but to a wider context, which may include,
besides the current one, a family of possible related situations, stimuli, and tasks. This means
that it may be redundant in the perspective of the current context to use the entire set appa-
ratus for making a comparison between two individual stimuli; it may, however, generate
uniformity in the procedure, as the task of comparing transformed items is repeated, as is
the case here and generally in the world. As a result of this uniformity, a large set of possi-
ble representations can be encoded economically, and the procedures to access them can
become, to a large extent, automatic. We consider the present study as a confirmation of this
“seeming redundancy” principle (Geissler, 1985, 2004), consistent with earlier efforts in
that direction (Geissler & Puffe, 1983). We may wish to conclude from our present study
that representations have a context-independent core; Geissler’s principle provides a plau-
sible explanation why.

The similarities in ESS effects across tasks may lead us to conclude that equivalence set
representations are context independent; there are also important contrasts between the
present physical and the previous categorical sameness tasks. Under the physical sameness
task, categorically matching pairs no longer showed an effect of ESS. We attributed this result
to conflict between the sameness of these patterns at the level of their ES representation
and the different response that was required. The conflict may indicate either two separate rou-
tines searching for sameness and difference or, alternatively, one process that requires extra
checking for these patterns (Krueger, 1973, 1978). Either model, however, will have to include
the assumption that the patterns are represented at some level by their equivalence sets.
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The model proposed earlier by Lachmann and Geissler (2002) and Lachmann and van
Leeuwen (2005) is a variant of a one-process model. In order to apply the model to the
present physical sameness task, an additional effect had to be accounted for: the two-slope
model fits for the physical task, as opposed to the one-slope fits obtained in the categorical
sameness task. Two-slope fit solutions were argued to arise from incongruence between the
set structure and the responses required. Different responses were complicated by similarity
(in the sense of hard to distinguish) in the physical sameness task, as is generally the case in
perceptual tasks (Chignell & Krueger, 1984; Clement & Carpenter, 1970; Eriksen et al.,
1982; Robbins & Bourne, 1983).

Two alternative versions of this hypothesis were put to a test in Experiment 2. One
version assumed that the rate of access of the set representation is affected by similarity
between the different patterns. The other assumed that these will need extra checking of their
representation (Krueger, 1978). The rate hypothesis predicts an increase of the slope for the
different patterns if similarity is increased. The opposite occurred and was explained as a result
of extra checking of the representation. Interestingly, the negative slopes in Experiment 2 indi-
cate that the extra checking occurred more frequently for those patterns that have smaller ESS,
consistent with the observation that these patterns have greater similarity.

Response conflict and similarity assumptions compromise our model. Our aim, however,
was not to produce the most elegant model for the data, but to show that the same represen-
tational system could be used across tasks. Insofar as the complications involve only part
of the data, we may argue that we have indeed demonstrated this. We do not exclude,
however, that a different model (e.g., a two-process model) could provide a more elegant
account of the data. On the other hand, comparing the results of the present experiments to
those of previous studies using the categorical task, the intrinsic variability in the data
appeared to be greater. Thus, the fact that our model had to be compromised with additional
assumptions might be intrinsic to the task.

The result that the perceptual system builds set representations that are in some cases, as
observed, a disadvantage in the task may baffle us. Moreover, why would our perceptual
system create a set as a representation of a single pattern, when the task could be performed
by representing just single items? To represent a single item by a collective code for its
equivalence set is a clear case of a seemingly redundant representation (Geissler, 1985).
However, these representations and procedures may still be economical as they allow, respec-
tively, uniform coding or task execution in a variety of situations or tasks. This allows us to
understand why the visual system develops enduring preferences for generic regularities in
representation such as repetition and symmetry. These enduring preferences for generic
regularities offer a principled explanation for the phenomena that are commonly referred to
by the notion of goodness.
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