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Goodness and dual-task

 

Goodness is central: Task invariance of perceptual 
organization in a dual-task setting
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Abstract:

 

We adopted the psychological refractoriness paradigm to study whether visual
pattern goodness affects central processing load in a 

 

same-different

 

 task. In a dual-task
experiment, a two-alternative forced choice auditory classification was followed by a 

 

same-
different

 

 task in which Garner’s classical five-dot patterns were presented. Goodness of
these patterns and stimulus-onset asynchrony (SOA) between the first and second task
were varied between trials. Participants used a physical sameness criterion; only patterns
of the same shape and orientation were responded to as 

 

same

 

. Strong effects of pattern
goodness and SOA were found, and both factors had additive effects on response latencies.
This result was taken as evidence that pattern goodness determines central processing load
in the physical sameness task. The result is consistent with Lachmann and van Leeuwen
(2007a), in which a categorical sameness task was used. Comparing both studies it was
concluded that goodness reduces the central processing load of visual stimulus information
independently of task variation.

 

Key words:

 

goodness, symmetry, dual-task, psychological refractory period, same-different

 

task, memory search, central processing.

 

Goodness and contrast in 
dual-task settings

 

If central, cognitive resources are involved
in information processing of visual patterns,
the load on these resources may be expected
to depend on the 

 

goodness

 

 of these patterns.
Goodness, or “Praegnanz” was the key concept
the Gestaltists (Wertheimer, 1923; Gottschaldt,
1926) had in mind to explain why proximity

(Kubovy & Wagemans, 1995), regularity (van Lier
& Wagemans, 1997), or symmetry (Wagemans,
1993) are preferred in perceptual organization.
The concept of goodness has connotations
of both “simple” and “easy to remember,” but
is notoriously hard to pin down, either in
terms of stimulus features or the way these are
processed.

Garner (1962, 1966) proposed a definition of
goodness based on the notion of inferred sets.
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According to Garner, visual patterns are not
judged by themselves, but in a context of pat-
terns considered possible or likely substitutes
of the current one. The appearance of a single
visual pattern automatically gives rise to such
a set of equivalent items, an “equivalence set”
(ES). The contents of this set may depend on
individual prior experience, but a systematic bias
for certain structural features could be found
that survives though all idiosyncrasies. In par-
ticular, symmetry, especially vertical symmetry,
is hard to ignore (Chipman, Mendelson, &
Morton, 1979; Lachmann, 2002; Palmer, 1985).
We may be phylogenetically predisposed to
prefer symmetry (Corballis & Beale, 1970;
Herbert & Humphrey, 1996; Lachmann &
Geyer, 2003). However, it is not completely
mandatory; Hogeboom and van Leeuwen (1997)
showed that with relatively complex patterns,
perceivers have a choice to ignore the global
pattern symmetry, by focusing their attention
on local regularities.

Garner and Clement (1963) specified symmetry
as a property of groups. These supervened on
a collection of five-dot patterns that can be
constructed on an imaginary 3 

 

×

 

 3 grid, leaving
neither a row nor column empty. The patterns,
90 in total, are related to each other by opera-
tions of reflection, rotation by multiples of 90

 

°

 

.
These relationships constitute 17 disjunctive
rotation and reflection ESs (R&R sets; cf.,
Garner & Clement, 1963; see Figures 1 and 2).

The more often these patterns are found to
be invariant under group operations, the smaller
their ES size (ESS; for illustration see Figure 2).
Two sets, the “five of dice” and the “cross” (see
very left in Figure 1) have only one member:

ESS = 1. Eight sets (center of Figure 1) consist
of four patterns: ESS = 4. Seven sets (right-
most Figure 1) consist of eight equivalent
patterns: ESS = 8. Garner and Clement (1963)
used ESS as a predictor variable for goodness
ratings. They obtained a strong and reliable
effect of ESS on goodness ratings. It was con-
cluded that, in ESS, the notion of inferred set
had provided a reliable goodness measure.

 

Localization of goodness in 
information processing

 

In Garner’s concept, perception of structure is
understood as an active cognitive process (the
title of his 1966 paper is, “To perceive is to
know”). Goodness effects appear to be distributed
across both early and late stages of infor-
mation processing (Enns, 1987; Sebrechts &
Garner, 1981). This led us to consider goodness
as defined by Garner as involving generic, central
processing resources.

In a series of experiments we found goodness
effects on RT in 

 

same-different

 

 tasks (Berti,
Geissler, Lachmann, & Mecklinger, 2000;
Lachmann & Geissler, 2002; Lachmann & van
Leeuwen, 2005a, 2007a,b). A sequential pro-
cedure was applied: that is, patterns were
presented with an inter-stimulus interval between
them. Thus, a response was made after the
first pattern had disappeared but while the
second is still on the screen. It has to be
compared with the former from memory.
Goodness of both patterns was varied using
the ESS value. We obtained evidence that
goodness of both patterns, the one in memory
and the present one, contributed about equally

 

Figure 1. Examples of patterns representing the 17 pattern sets introduced as stimuli in goodness ratings by
Garner and Clement (1963). ESS = equivalence set size.
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to the response times (and to the accuracy of
the response). This result supports the notion
that central resources play a crucial role in the
goodness effect. This idea was then developed
into a processing model as follows. A Garner
pattern elicits its inferred set (i.e., its ES) in a
process of encoding that is rapid, mandatory
and independent of resources; however, for
processing specific target items, they have to
be searched within their own ESs. As we know
from the Sternberg paradigm (Sternberg, 1966),
reaction time effects on set size arise in memory
search tasks, when the number of items in the
memory set is varied across conditions; the effect
is a linear dependency of RT on the number of
items in the memory set. The linear increase of
reaction time with the number of items in the
memory set could most easily be understood
as search steps needed to visit each item in a
serial search of the target amongst the items of
the memory set. The more items in the set, the
more search steps needed to identify the target.

Besides 

 

serial

 

 search, alternative search models
are possible to explain the linear effect (e.g., a

parallel race model, see Ashby & Townsend,
1980). As our concern is not with the serial or
parallel character of the search, we adopted
the serial model for heuristic purposes. The set
searched, in our model, is the ES of Garner
patterns. This set therefore functions as such a

 

memory set

 

 for the present task. Lachmann
and Geissler (2002) calculated the theoretical
number of search steps needed to match two
items. Search for each item was assumed to be
self-terminating, and starts from a random
item within one of the two ESs. The first pat-
tern will then be found after an average of
(ESS + 1)/2 steps, where ESS is the number of
items in the first ES. The identification of the
second pattern depends on its relation to the
first. Three cases can be distinguished. First,
the two patterns are identical to each other,
both in shape and orientation. This constitutes
an identity match (IM). In these cases the sec-
ond item is found in the set after just one more
step, yielding a match after (ESS + 1)/2 + 1
steps. Second: the second item is identical
to the first, under a rotation or reflection

Figure 2. Pattern samples for the set of stimuli first used by Garner and Clement (1963). The upper line shows
patterns from one set of equivalence set size (ESS) = 8 in different possible orientations according reflection and
rotation (R&R) operations, that is, clockwise rotation of 90°, 180°, and 270°, and reflection, H = horizontal axis,
V = vertical axis, R = median line from right, L = median line from left. The middle line consists of orientational
alternatives of a pattern from one set of ESS = 4. As seen here, only four different orientations can be implemented,
for example, by rotation, further operations produce redundant information, for example, reflection. Finally, the
pattern in the last line is identical after all of the R&R transformations and thus, according to Garner (1962; Garner
& Clement, 1963), there is a maximum amount of redundancy.
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transformation. These patterns constitute a
categorical match (CM) because they belong
to the same ES. Thus, the second pattern has
to be searched once more in the same set.
Search continues from the position in the set
where it originally terminated, resulting in a
match after another (ESS + 1)/2 steps, yielding
a total of (ESS + 1) steps for CM. The remaining
pairs are nonmatches (NM). For these the
model completes search after (ESS

 

1

 

 + ESS

 

2

 

)/
2 + 1 steps (in which ESS

 

1

 

 and ESS

 

2

 

 are,
respectively, the ES sizes of the first and
second pattern).

The model predicts two characteristic effects
for 

 

same

 

 patterns found in all experiments
using categorical instruction: first, the well-
known 

 

fast-same effect

 

 (Krueger, 1978; Pro-
ctor, 1981), and second, that the ESS effect in
IM is half that for CM. Moreover, the model
predicts exactly the mean reaction times (RT)
for all IM, CM, and NM pairs using the same
pair of parameter values for slope and inter-
cept (Lachmann & Geissler, 2002; Lachmann
& van Leeuwen, 2005a). In its assumption that
search operations determine the RT in this
task, the model expects Garner pattern
goodness to have a central role.

 

The psychological refractory 
period paradigm

 

Lachmann and van Leeuwen (2007a) tested
whether the goodness effects in the 

 

same-
different

 

 task are based on central resources.
To this purpose, in a 

 

dual-task

 

 paradigm,
subsequent speeded responses to two overlapping
distinct choice reaction tasks were required.
Stimuli of the first and second task were onset
at different moments. Stimulus onset asynchrony
(SOA) of first and second task stimuli generally
has a systematic impact on the reaction time
of the second task (McCann & Johnston, 1992;
Pashler, 1984, 1989; Schubert, 1999; Welford,
1952). The additional time needed for the
second task in short SOA conditions, compared
with when performed separately, was called
the refractory phase (Telford, 1931) or the

 

psychological refractory period

 

 (PRP; Vince,
1948; Welford, 1952). The PRP is generally

understood as a “bottleneck” effect, resulting
from central processing limitations: both
tasks require resources that cannot be accessed
independently at the same time (McCann &
Johnston, 1992; Pashler, 1984; Welford, 1952).
The debate is still on about whether resources
are allocated in an all-or-none fashion, as in
the structural model (Pashler, 1984, 1989;
Welford, 1952) or whether capacity sharing
between tasks is allowed (Kahneman, 1973;
Navon & Miller, 2002; Tombu & Jolicoer,
2002) with various degrees of prioritization.
Here, however, we do not wish to address this
issue; we rather used the PRP paradigm as a

 

tool

 

 to examine bottleneck effects of goodness
in human information processing.

According to the PRP paradigm, factors
relating to perceptual encoding should be under-
additive with decreasing SOA. Pashler (1984)
obtained under-additivity for the factor stimulus-
intensity (visual contrast against background)
of the visual stimuli in the second task. These
effects decreased from 58 ms when the task was
performed in isolation to 28 ms when preceded
by a tone discrimination task with a short SOA.
According to PRP logic, processing stages affected
by intensity variation are therefore not of a
central nature.

In contrast, factors such as the degree of
stimulus-response compatibility or stimulus
repetition have an additive effect with SOA
(Pashler & Johnston, 1989). According to PRP
logic, this means that these factors affect a cen-
tral or postcentral stage of processing (note,
however, that, e.g., Jolicoeur & Dell’ Acqua,
1998, found that certain encoding processes
may also require central capacity). Heil, Wahl,
and Herbst (1999) showed that memory search
uses the central capacity in a PRP task. As
memory search was supposed to be responsible
for ESS effects in 

 

same-different

 

 experiments,
these results bear directly on our prediction. If
ESS effects are central in nature, according to
PRP logic, ESS and SOA conditions should
have additive effects.

Lachmann and van Leeuwen (2007a) tested
this prediction, using as the primary task an
acoustic choice reaction task (high vs. low tones)
and as the secondary task the visual 

 

same-different
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task from Lachmann and van Leeuwen (2005a).
For the latter, two patterns were presented
simultaneously and the participant was to
decide whether the patterns were the same or
different independent from their orientation
(categorical instruction). The tone task and
the 

 

same-different

 

 task were presented with an
SOA of either 50 ms, 400 ms, or, in some con-
ditions, 650 ms between them. The classical
PRP effects, RT decreased with increasing
SOA, and strong ESS effects were found in
all experiments. The ESS effect was found to
be additive with SOA. By contrast, stimulus
intensity, a typical pre-bottleneck, encoding
factor, yielded an under-additive effect with
decreasing SOA. It was therefore concluded
that “goodness takes effort”; it engages central
capacity.

The question could be raised, however,
to what extent the effortful character of good-
ness in Lachmann and van Leeuwen’s (2007a)
study depends on the peculiarities of the task.
The task required a categorical 

 

same-difference

 

response: “same” not only to IM but also to
CM pairs. These are items that are identical
under transformation. The task could therefore
have encouraged a strategy to solve the task
by using mental transformations, for example,
mental rotation (Shepard & Metzler, 1971).
Ruthruff, Miller, and Lachmann (1995) used a
PRP paradigm to study mental rotation and
found it to have an additive effect with SOA (this
was also found for mental reflection, Lachmann,
Schumacher, Joebges, Hummelsheim, & van
Leeuwen, 2008; but see also Heil, Rauch, &
Hennighausen, 1998 and Van Selst & Jolicoeur,
1994).

 

3

 

 Therefore, it could be concluded that
mental transformations rather than memory
search was responsible for the effects found.

Mental rotation is discouraged when the task
requires participants only to report IM patterns
as 

 

same

 

, and CM and NM pairs as 

 

different

 

(physical sameness task). Yet, ESS effects
occur also for this task (Lachmann & van

Leeuwen, 2005b). These effects, however, are
markedly different from those in the categorical
task, suggesting a different matching strategy.
We therefore have to consider the possibility
that 

 

these

 

 ESS effects do not involve central
processing capacity. This is the question we
investigated in the present study. We performed
a PRP experiment using pairs of Garner patterns,
in which we used a physical matching task as
the secondary task instead of a categorical task.
If this task results in under-additive effects of
ESS with decreasing SOA, we must conclude
that the additive effects in the categorical task
are more likely to depend on mental transfor-
mations than on search. In contrast, if additive
effects are obtained here as well, we would
be able to conclude that, perhaps, mentally
transforming images is an automatic aspect of
encoding leading to the formation of ESs even
if the task discourages it. However, the bottle-
neck effects are better understood in terms of
search rather than through mental transformations
in this case.

 

EXPERIMENT 

Method

 

Participants

 

There were a total of 26 psychology students
aged between 21 and 34 years (21 female) who
received either course credit or were paid
the equivalent of approximately US$12 for
participation.

 

Stimuli

 

We used the same visual and acoustic stimuli
as in Lachmann and van Leeuwen (2007a).
There and here the first task was a speeded
high-low tone discrimination task consisting of
pure tones with a frequency of 300 Hz or 800 Hz.
Tones were presented through the speakers of
a PC. The second task was a visual 

 

same-different

 

task. Two gray five-dot patterns were presented
simultaneously against a black background of
a 17” cathode ray tube computer monitor screen.
The RGBs for the dots were 30, 30, 30 and the
luminance of the dots was 8 cd/m

 

2

 

, resulting
in a luminance contrast of 60% against the

 

3

 

 Van Selst and Jolicoeur (1994) found under-additive
interaction of mental rotation and SOA and concluded
that at least some of the orientation-sensitive processes can
operate in parallel with central processes of the first task.
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background with a luminance of 2 cd/m

 

2

 

. The
imaginary matrix within which each of the
patterns was shown was 40 mm in height and
length, and the visual angle was approximately
3 deg. The total display in which both patterns
were shown had a visual angle of approximately
8.5 deg.

As in Lachmann and van Leeuwen (2007a),
pattern goodness was varied by using three of
the eight existing sets of ESS = 4 for high goodness
and three of the seven sets of ESS = 8 for low
goodness (see Figures 1–3), chosen based on
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 (see Figure 3). This selection reduced
the number of patterns to 24: twelve of ESS = 4
and twelve of ESS = 8. These were combined
into pairs for the comparison task. In these
pairs, we distinguish three types of matching:
Pairs of patterns that are identical in shape
and orientation (IMs), pairs of patterns
identical in shape but different in orientation
(CMs), and pairs of different patterns (NMs).
There are 24 possible IM, 72 possible CM, and
480 possible NM combinations. The IM pairs
required a 

 

same

 

 response, the CM and NM
pairs required a 

 

different

 

 response. 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, of which half of the latter were from different
sets of the same ESS (see Table 1). The used
NM pairs were chosen from the set of possible
combinations in a way that all eight patterns
from a set were used approximately equally often.

 

Procedure

 

Each participant took part in two sessions,
each consisting of two blocks. Each pair was
randomly allocated to one of two possible
SOA conditions, with an SOA of either 50 or
400 ms between the first and second task. The
first session took approximately 30 min and
the second approximately 20 min, including
instruction, practice and feedback. These
sessions were scheduled with a break of approx-
imately 30 min between them, in which another
participant performed one session. Because of
this schedule, participants spent more than 1 h
performing the experiment. Participants were
seated comfortably in front of the monitor at
eye-height with a distance of approximately
80 cm to the screen and with a keyboard on
the desk in front of them.

Participants were required to respond as
quickly and as accurately as possible, and to

Figure 3. Patterns from three sets of equivalence set size (ESS) = 4 and four of eight pattern from three sets of
ESS = 8 used as stimuli in the experiments.
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always answer first to the tone and then to the
pattern pair. Tone judgments had to be made
within 1000 ms; pattern judgment was required
within 2000 ms. Forty randomly selected
practice trials were given before the first
session and ten warm-up trials on the start of
the second session. During these trials, as well
as during the experiment, feedback was given
whenever the responses failed to meet the
speed criterion for either first or second task
or when responses were made in the wrong
order. The feedback was, “Please respond faster
to the tone,” “Please respond faster to the
patterns,” and “Please respond to the tone first”
(in German), respectively. After each response
to the second task, two numbers were displayed
in small print indicating the first and second
response time. The color in which the number
was printed indicated response accuracy.
The corresponding number appeared in green
when an answer was correct, and in red when
incorrect. The numbers remained on for 2500 ms
and thereby served as fixation target for the
next trial.

Trials started automatically with an Inter-
trial-interval of 3000 ms. The first stimulus was
presented immediately at the beginning of a
trial: a tone was presented for 100 ms and a
decision according to the pitch of the tone had
to be made by pressing corresponding keys on

the keyboard with the left hand. For response,
the middle and index fingers were used. Fingers
were balanced with tones across participants.

After the SOA, two five-dot patterns were
presented simultaneously in the middle of the
screen (left and right) until a response was given.
The patterns had to be judged as 

 

same

 

 or 

 

different

 

by pressing corresponding keys on the key-
board with the index and middle finger of the
right hand (balanced across participants; left
hand always for the tone task). For the responses
to the patterns, a physical sameness criterion
was used (Lachmann & van Leeuwen, 2005b).

 

Results and discussion

 

The RT and error rates of the first and second
task were analyzed. Data were excluded if
responses were given in the wrong order (14
cases), did not meet the speed criterion for
tone (20 cases) or matching task (14 cases).
Outlier rejection

 

4

 

 led to the exclusion of a

Table 1. Pattern combinations included in the experiment

ESS of the first 
and second pattern

Number 
of sets

Total number 
of pairs

Frequency of 
pairs included

Number of 
pairs included

Same

IM ESS = 4 & 4 3 12 6 72
ESS = 8 & 8 3 12 6 72

Different
CM ESS = 4 & 4 3 12 2/3 24

ESS = 8 & 8 3 12 2/3 24
NM ESS = 4 & 4 3 × 3 96 1/4 24

ESS = 8 & 8 3 × 3 96 1/4 24
ESS = 4 & 8 3 × 3 144 1/6 24
ESS = 8 & 4 3 × 3 144 1/6 24

Note. Same combinations consist of patterns identical in shape and orientation (identity matches; IM). Different 
combinations consist either of patterns from one set, that is, patterns of same shape but different orientation 
(categorical matches; CM), or from two sets (nonmatches; NM) of either the same (first two rows in NM) or different 
equivalence set size (ESS; last six rows).

 

4

 

 Only data which met the following criteria entered the
analysis of RT: (

 

RT

 

 < [

 

µ

 

is

 

 + 3

 

σ

 

is

 

 | 145 ms < 

 

RT

 

 < general
speed criterion]) and (

 

RT

 

 > [

 

µ

 

 + 1.5

 

σ

 

 | 145 ms < 

 

RT

 

 < general
speed criterion]), with 

 

µ

 

is

 

 = mean and 

 

σ

 

is

 

 = standard
deviation of RT for the

 

 

 

i

 

-th participant on the 

 

s

 

-th ses-
sion and 

 

µ

 

 = mean and 

 

σ

 

 = standard deviation of RT,
general speed criterion = 1000 ms for the first task,
2000 ms for the second task.
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further 83 responses. The 131 rejected cases
were approximately equally distributed across
conditions. Only trials in which the correct
response was given to both the first and second
task were used for the RT analyses.

For the first task, the mean RT was 

 

M

 

 = 677 ms
(SD = 284 ms). The error rate was 1%. There
was no RT difference between high and low
tones. For the second task, the mean RT was

 

M

 

 = 835 ms (SD = 282 ms). The error rate was
7.1%. 

 

Same

 

 responses (

 

M

 

 = 826 ms, SD = 283 ms)
were given faster than 

 

different

 

 responses
(

 

M

 

 = 844 ms, SD = 281 ms), reflecting the well-
known 

 

fast-same effect

 

 (Krueger, 1978; Proctor,
1981), 

 

F

 

(1,25) = 3.93, 

 

p

 

 = 0.049. The error rate
did not differ significantly between response
types (

 

same

 

 = 6.8%, 

 

different

 

 = 7.3%).
The mean RT and error rates of the second

task are displayed in Table 2 for all conditions
separately. For 7.9% of the trials, there was an
error on at least the first or second task (total
error rate). For RT analyses of both the first
and second task these cases were excluded.
There was no evidence of speed accuracy
trade off. For this reason ANOVAs are reported
for RT only, of correct responses on the first
and the second task. For 

 

F

 

-values of the ANO-
VAs generally, the Greenhouse-Geisser correc-
tion was used, while uncorrected degrees of
freedom were reported.

The first ANOVA used the factors: SOA (50,
400), goodness (ESS = 4, ESS = 8) and type of

matching (IM, CM, NM). To enable this an-
alysis, it was restricted to trials for which the
ESS of the first pattern equaled that of the
second pattern (corresponding to the first six
rows in Table 1). For the RT of the first task
(RT1) neither a main effect, nor any inter-
action was found. For the RT for the second
task (RT2) there was a significant main effect for
type of matching, 

 

F

 

(2,50) = 10.13, 

 

p 

 

< 0.001.
IM, that is 

 

same

 

 responses, and NM, were both
faster than CM (respectively: 

 

M

 

 = 826 ms,
SD = 283 ms; M = 831, SD = 275 ms; 

 

M

 

 = 866 ms,
SD = 293 ms), 

 

F

 

(1,25) = 15–19, 

 

p 

 

< 0.001. This
finding duplicates the result in Lachmann and
van Leeuwen (2005b). The longer RT for CM
reflects a stimulus-response conflict resulting
from the ES representation. Items belonging
to the 

 

same

 

 set require a 

 

different response
(Lachmann & van Leeuwen, 2005b).

Another main effect was found for SOA,
F(1,25) = 117.29, p < 0.001. The mean of 785 ms
(SD = 261 ms) in the long SOA condition
(400 ms) increased to 883 ms (SD = 296 ms)
with decreasing SOA to 50 ms. According to
the PRP logic, this 98 ms PRP effect reflects
the cognitive slack. This result is consistent
with that of the categorical sameness task in
Lachmann and van Leeuwen (2007a).

The mean RT of the second task also showed
a significant effect of goodness, F(1,25) = 94.31,
p < 0.001. Good patterns (ESS = 4: M = 800 ms,
SD = 273 ms) were compared 71 ms faster than

Table 2. Reaction time, standard deviation and error rate for the second task

SOA = 50 ms SOA = 400 ms

RT (SD) (ms) Error rate (%) RT (SD) (ms) Error rate (%)

Same

IM ESS = 4 & 4 827 (280) 4.9 726 (234) 5.1
ESS = 8 & 8 928 (308) 8.3 825 (266) 9.2

Different
CM ESS = 4 & 4 908 (303) 6.5 816 (278) 11.8

ESS = 8 & 8 921 (300) 9.7 816 (276) 10.7
NM ESS = 4 & 4 853 (283) 4.3 763 (246) 4.3

ESS = 8 & 8 904 (278) 6.9 763 (246) 3.7
ESS = 4 & 8 898 (295) 5.5 766 (222) 6.9
ESS = 8 & 4 906 (297) 7.8 770 (244) 5.7

Note. ESS = equivalence set size.
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poor ones (ESS = 8: M = 871 ms, SD = 290 ms).
This finding replicates the ESS effects found
in a number of earlier studies (Lachmann &
van Leeuwen, 2005a,b, 2007a,b).

The only interaction found was that between
type of matching and ESS. This interaction
is due to an ESS effect in IM and NM,
F(1,25) = 27–101, p < 0.001, that is absent in CM
(for values see Table 2). This effect was also
found in Lachmann and van Leeuwen (2007a)
and was interpreted as evidence for a stimulus-
response conflict: patterns belonging to the
same ESS were to be responded to as different.
No interaction between SOA and goodness
was found, (see Figure 4; F < 1, p > 0.5).

The independence of SOA and goodness
(see Figure 4) is even more clear-cut than for
the categorical task in Lachmann and van
Leeuwen (2007a), and supports the notion that
goodness-related processes use central resources.
The present result shows that this feature does
not depend on the task.

The interaction between goodness (ESS)
and type of matching (there was no ESS effect
for CM), combined with design restriction,
that is the unequal number of cases for each
type of matching and the exclusion of pairs

with different ESS from the previous analysis,
led to a further set of ANOVAs in which the
ESS and SOA effects are analyzed for each
type of matching separately.

For IM the analysis revealed main effects
for SOA, F(1,25) = 89.98, p < 0.001, and for
ESS, F(1,25) = 106.71, p < 0.001, no interaction
was found. For CM the only effect found was
for SOA, F(1,25) = 43.84, p < 0.001. This effect
is in accordance with the prediction from the
stimulus-response conflict hypothesis. For
NM the ESS of the first and ESS of the second
pattern were included as independent factors.
This 2 (SOA = 50 ms, SOA = 400 ms) × 2 (ESS
of the first pattern = 4, ESS of the first pattern =
8) × 2 (ESS of the second pattern = 4, ESS of
the second pattern = 8) analysis included all
NM pairs; it revealed main effects of SOA,
F(1,25) = 137.54, p < 0.001, ESS of the first pat-
tern of the NM pairs, F(1, 25) = 13.39, p < 0.01,
and ESS of the second pattern of the NM pairs,
F(1,25) = 18.37, p < 0.001. These main effects
were also found for the categorical task in
Lachmann and van Leeuwen (2007a). A triple
interaction was found between SOA × ESS first ×
ESS second pattern, reflecting an under-additive
SOA effect when the first pattern’s ESS = 8,
F(1,25) = 7.04, p < 0.05. This interaction consti-
tutes a violation of our prediction. However, it
is based on one specific exception, which we
will deal with in the General Discussion section.

GENERAL DISCUSSION

In the present study we set out to determine to
what extent pattern goodness, defined in terms
of Garner’s ESS, taps into central processing
resources. To this purpose we studied the PRP
for ESS effects in a dual-task design. In the
PRP paradigm, an additive effect of ESS in
the second task with SOA between first and
second task would indicate that pattern good-
ness determines central processing load; in con-
trast, an under-additive effect with decreasing
SOA would indicate that goodness does not
determine central resources.

Overall, we obtained additivity in the present
study. This means that patterns are encoded in
terms of their inferred set (Lachmann & van

Figure 4. Mean reaction time as a function of stimulus
onset asynchrony and goodness (equivalence set size;
ESS) for same and different pairs, excluding those 25%
of the pairs of which the ESS of both patterns differ.
The two lines between the data points with df = 1 were
added for illustration of additivity.



© Japanese Psychological Association 2008.

202 T. Lachmann and C. van Leeuwen

Leeuwen, 2005a), even if this is not needed for
the current task. This is therefore a mandatory
process, whereas subsequent processing strate-
gies may differ between the tasks. No matter
the differences in strategy between performing
the categorical (Lachmann & van Leeuwen,
2007a) and the present physical sameness task,
both show additive ESS effects. This means
that the effects are task-independent, and based
on memory search processes operating on the
sets that were formed earlier, during encoding.

There is, however, one notable exception.
An under-additive SOA effect was found for
NM pairs when the first pattern is of ESS = 8.
ESS = 8 is the more complex pattern. It has
been shown that pattern symmetry can
sometimes be ignored if processing is complex
(Hogeboom & van Leeuwen, 1997). We may
therefore conclude that stimulus complexity
in these conditions (in particular when closely
timed with the primary task) has enabled
participants to ignore the symmetry, and pre-
vented them from building the ESS for this
pattern in this condition. In Lachmann and van
Leeuwen (2007a), where a categorical task was
used, an additive effect of SOA and ESS was
found in most, but not all, of the conditions.
These effects suggest that the distinction
mandatory/strategic for perceptual encoding is
not 100% clear-cut, and that some central process-
ing capacity may be involved in encoding.

The consistency of the present experiment
and that of Lachmann and van Leeuwen
(2007a) is evidence that goodness determines
central processing load independently of task
variation, as Garner would have predicted.
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