
SHORT REPORT

The contribution of spatial position and rotated global configuration
to contextual cueing

Lei Zheng1
& Stefan Pollmann1,2,3

# The Psychonomic Society, Inc. 2019

Abstract
Spatial information can incidentally guide attention to the likely location of a target. This contextual cueingwas even observed if
only the relative configuration, but not the individual locations of distractor items were repeated or vice versa (Jiang &Wagner in
Perception & Psychophysics, 66(3), 454-463, 2004). The present study investigated the contribution of global configuration and
individual spatial location to contextual cueing. Participants repeatedly searched 12 visual search displays in a learning session. In
a subsequent transfer session, there were four conditions: fully repeated configurations (same as the displays in the learning
session), recombined configurations from two learned configurations with the same target location (preserving distractor loca-
tions but not configuration), rotated configurations (preserving configuration but not distractor locations), and new configura-
tions. We could show that contextual cueing occurred if only distractor locations or relative configuration, randomly intermixed,
was preserved in a single experiment. Beyond replicating the results of Jiang and Wagner, we made an adjustment to a particular
type of transformation – that may have occurred in separate experiments – unlikely. Moreover, contextual cueing in rotated
configurations showed that repeated configurations can serve as context cues even without preserved azimuth.
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Introduction

What regularities can be used as contextual cues to guide
visual search in repeated displays? Chun and Jiang (1998)
developed a well-defined paradigm to investigate this ques-
tion. Participants were asked to search for the target T among
some L-shaped distractors. There were two types of search
displays: old and new displays. For the old displays, the layout
of distractors presented in the first block was preserved across
repetitions. For the new displays, the positions of distractors
varied randomly across blocks. However, contextual cueing

was observed even if only some aspects of the displays were
repeated. Either repetition of global configuration or individ-
ual distractor locations alone sufficed to facilitate search speed
(Jiang & Wagner, 2004). In their Experiment 1, Jiang and
Wagner (2004) constructed search displays that consisted of
half the distractor locations of one previously searched repeat-
ed display and half of the distractor locations of another
searched repeated display that both shared the same target
location. In this way, all distractor locations were repeated,
but the display configuration was new. In contrast, in their
Experiment 2, they rescaled and displaced previously
searched displays, in this way changing the distractor loca-
tions but keeping the relative configuration intact (Fig. 1).
Contextual cueing was observed in both experiments, indicat-
ing that both location and configuration cues contribute to
contextual cueing.

In the present study, similar to that of Jiang and Wagner
(2004), we also investigated the contribution of global config-
uration and individual spatial location to contextual cueing.
However, the present study differed from Jiang and Wagner’s
work in two important aspects. First, Jiang andWagner (2004)
separately investigated the role of overall configuration and
individual locations in two separate experiments. In contrast,
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we adopted a within-subjects design to investigate the contri-
bution of the two kinds of cues to the contextual cueing effect.
Second, we used a rotated configuration instead of the
rescaling and displacing of configurations used in Jiang and
Wagner (2004, Experiment 2). Jiang andWagner had rescaled
the search displays by a factor of 1.25 and additionally shifted
the displays in one of the cardinal directions by 4.5°. These
operations changed the item locations with reference to the
computer screen but preserved the relative spatial relations
within the configuration. For example, the upper half of Fig.
1 is a sketch from Jiang andWagner (2004). The distractor ‘A’
appeared at the lower right of the target in the learning phase
(figure on the upper left) and also in the transfer phase (figure
on the upper right). However, participants might be flexible in
choosing their spatial reference. For instance, if item locations
are defined relative to the stimulus-filled area rather than the
computer screen, item locations may essentially be unchanged
by rescaling and displacement. For the related effect of target
location probability cueing, a persistent bias towards the
target-rich quadrant of the display has been shown (Jiang,
Swallow, Rosenbaum, & Herzig, 2013), supporting the view
that participants may flexibly adapt their reference frame to
the actual stimulus-filled display borders rather than the screen
borders. Therefore, we wanted to dissociate configuration and
item locations in a more fundamental way by rotating the
display by 45°. In the example in Fig. 1, the relative position

between distractor ‘B’ and the target changed from the learn-
ing phase to the transfer phase from the lower left to the lower
right of the target. In this way, a contextual cueing effect
observed for the rotated displays would support the concept
of contextual cueing by global configuration independent of
item position more strongly than the original experiment by
Jiang and Wagner (2004). Moreover, the random succession
of four conditions – fully repeated, recombined, rotated, and
new configurations – should make it much more difficult to
adjust, perhaps implicitly, to one type of manipulation than in
the experiments of Jiang and Wagner (2004).

To obtain contextual cueing from a rotated configuration is
not trivial. In fact, Chua and Chun (2003) did not observe
significant contextual cueing after rotation of a pseudo-3-D
configuration for 30° or 45° in depth. Similarly, Tsuchiai,
Matsumiya, Kuriki, and Shioiri (2012) observed contextual
cueing for 3D configurations rotated in depth only when this
rotation was caused by the motion of the observer to a new
viewpoint. Similar restrictions were observed for target prob-
ability cueing (Jiang & Swallow, 2013).

In contrast, intact contextual cueing was observed after 90°
rotation of a 2D configuration – actually smartphone icons –
in the image plane, although successful contextual cueing was
influenced by the exact way of transformation. Contextual
cueing was preserved when local arrangements of neighbor-
ing icon clusters in the display center or at its edges were

Fig. 1 A schematic sample of the displays tested in Jiang and Wagner (2004, Experiment 2, redrawn after their original figure) and the present study
(rotated configuration). All dotted parts and the letters A and B (see text for explanation) were not visible in the actual experiments
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preserved after rotation (Shi, Zang, Jia, Geyer, & Müller,
2013). However, smartphone icons had different shapes and
colors and the grid of the smartphone display was fully occu-
pied, different from a classic contextual cueing display. Thus,
participants rather learned the spatial arrangement of specific
features than a spatial configuration of similar distractors.

Since we were not interested in the question of viewpoint
dependence that led to the 3D-rotation studies and because
cueing appeared to survive 2D rotation better than 3D rota-
tion, we chose 2D rotation to keep the configuration of search
items intact while maximally altering the individual items'
locations. Specifically, we manipulated global configuration
and individual spatial location by using three repeated config-
urations: fully repeated, recombined, and rotated configura-
tions. Fully repeated configurations were the same as the con-
figurations shown in the learning session. Distractor locations
in recombined configurations were randomly drawn from two
fully repeated displays from the learning phase that shared the
same target location (see Fig. 2). In this way, all distractor
locations were repeated, but the configuration was destroyed.
The displays of the rotated condition were formed by rotating
fully repeated displays of the learning phase clockwise or
counterclockwise by 45°. In this way, the configuration was
preserved but the individual distractor locations were

changed. In order to avoid a confound with the target proba-
bility effect, all four types of configurations (three repeated
and one new) in the transfer session shared the same set of
target locations.

Following the report by Jiang and Wagner (2004), we hy-
pothesized that all three repeated conditions would lead to
contextual cueing, even though the presence of several types
of repeated displays and the new display in one experiment
might increase the difficulty of the memory-guided search.

Methods

Participants

In order to determine the appropriate sample size, we first
calculated the effect size for the contextual cueing effect of
the recombined condition in the study by Jiang and Wagner
(2004). Their t-test resulted in t (14) = 2.32 from which we
calculated the effect size dz ¼ t=

ffiffiffi

n
p

= 0.599. In turn, this
effect size led to a required sample size of n = 26 for dependent
means withα = 0.05 and 1-β = 0.90 (calculated with G-power,
Faul et al., 2009).

Fig. 2 A schematic illustration of the displays in four configurations during the transfer phase. In the actual experiment, the circle marking the target, the
four concentric circles, and the straight line were all invisible. Configurations in the dotted line or in the solid line have the same target location
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Twenty-seven healthy young adults (11 females, 15 males)
with a mean age of 25.3 years participated in this study. One
participant’s data were excluded because of an unexpected
program crash. Participants were all right-handed and had
normal or corrected-to-normal visual acuity. All subjects were
naïve to the purpose of the present research. After the exper-
iment, the participants received a fixed payment of €8 or a 1-h
study credit.

Equipment and stimuli

Participants were tested individually in a sound-attenuated
chamber. They viewed a computer screen from a fixed dis-
tance of 57 cm by using a chin rest, at which 1 cm of distance
corresponds to 1° of visual angle. The program was run by
PsychoPy software and the experiment was conducted on a
screen (resolution: 1,920 × 1,080 pixels; refresh rate: 60 Hz).

The displays consisted of an array of eleven white items
(one T-shaped target and ten L-shaped distractors) that were
presented on a black background (Fig. 2). The target T was
rotated by 90o to the left or right and the distractors were
rotated by 0o, 90o, 180o, or 270o, each individual letter’s ori-
entation was randomly chosen for each trial. In order to in-
crease the search difficulty, there was an offset of the line
junction of the distractor Ls, making the distractors more sim-
ilar to the target T (Jiang & Chun, 2001). To control item
eccentricity, their positions were chosen on four imaginary
concentric circles. Every circle comprised eight equidistant
possible item locations. In order to ensure that the target was
not immediately detected at display onset, target locations
were chosen only on the three outer circles to obtain a mini-
mum distance from central fixation.

Procedure

Participants were instructed to search the target T as fast as
possible. They were asked to place the left index finger and
the right index finger on the J and F keys of the keyboard,
respectively, and indicate the target’s rotation (left or right) by
pressing one of two buttons. Each trial started with a white
fixation cross for 1s. Then a search display came on and
remained visible until either a button was pressed to signal a
judgment, or 10 s had elapsed. The search display was follow-
ed by 0.5 s of feedback with the word “correct” or “incorrect”
shown on the screen.

The experiment consisted of a learning phase and a transfer
phase. The learning phase consisted of 20 blocks of 12 trials
and the transfer phase consisted of three blocks of 48 trials.
Every 48 trials (four blocks in the learning phase, one block in
the transfer phase) were followed by 10 s of rest. The transfer
phase was followed by an explicit recognition test. The whole
experiment lasted about 50 min.

Learning phase: Six target locations were drawn from the
three outer imaginary concentric circles so that the polar
angle between the two target positions on each circle was
45°. In this way, the two target positions could be ex-
changed with each other in the rotated condition of the
transfer phase, keeping target location probability
constant.

For each target location, 20 distractor locations were random-
ly selected from the 32 possible locations and randomly divided
into two sets of ten locations. In this way, each target locationwas
paired with two different sets of ten distractor locations. Twelve
displays (six target locations × two sets of distractor locations) in
total were presented in random order in each block.

Transfer phase: The transfer phase consisted of three
blocks, each block contained 12 displays of four config-
uration types (fully repeated, recombined, rotated, and
new; Fig. 2). The displays of the four configurations were
randomly interleaved in the transfer session. The 12 fully
repeated displays were the same as those presented dur-
ing the learning phase. The 12 recombined displays also
contained the same six target locations as the fully repeat-
ed displays. However, half of the distractors were select-
ed randomly from each of the two distractor sets that were
initially paired with the same target location in the learn-
ing phase. Because of the random selection, the configu-
rations of the learning phase were completely destroyed.
New displays also contained the same six target locations
from the learning phase, but each target location was
paired with two sets of randomly selected distractor loca-
tions. To keep learning of repeated and new displays
comparable during the transfer phase, new displays were
also repeated across transfer blocks. The rotated displays
were generated by 45° clockwise or counterclockwise
respectively rotation of one half each of the displays from
the learning phase so that the target location probabilities
of the six target locations were kept constant by this
manipulation.
Recognition test: The recognition test consisted of a ques-
tion section and an assessment section. In the question
section, participants answered the question: “Do you
think that some items’ configurations were repeated?”.
If the answer was “yes,” the participant was asked the
second question: “Did you deliberately try to memorize
these configurations?”.

Subsequently, the 12 fully repeated, 12 recombined, and 12
rotated displays of the transfer session and 12 new configurations
were presented. The newly created configurations shared the
same set of target locations with the three types of repeated
configurations. Participants’ task was to indicate whether they
had seen the display before or not by pressing one of two buttons.
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Results

Learning phase

Error trials and search times longer than 3 standard deviations
from the mean reaction times (outliers) were excluded from
the analysis. Overall error rates and outliers were quite low,
namely 1.3% for target localization errors and 0.27% for out-
liers. Error rates and outliers did not differ between blocks, as
assessed by one-way analyses of variance (F (19, 500) = 1.40,
p > .1, ηp

2 = 0.05 for target localization errors and F (19, 500)
= 0.80, p > .1, ηp

2 = 0.03 for outliers).
For the mean reaction times (RTs) without error trials, data

were aggregated into epochs consisting of four blocks each,
forming five epochs in total. We observed a significant main
effect of epoch, analyzed by one-way analysis of variance (F
(4, 125) = 6.23, p < .001, ηp

2 = 0.13) due to the decreasing
reaction times over epochs.

Transfer phase

Error rates (%) and outlier rates (%) based on means and SDs
from each configuration and participant as a function of con-
figuration are shown in Table 1. We calculated a Bayesian
repeated-measures ANOVA of the error rates of the four con-
figurations (fully repeated, recombined, rotated, and new con-
figuration) that yielded a BF01 = 9.197 for the main effect of
configuration. The same calculation method for the outlier
rates yielded a BF01 = 7.523. The results thus provided sub-
stantial evidence for the equality of the four configurations in
both error and outlier rates.

Trials with errors or outliers were excluded from the anal-
ysis of RTs. A one-way analysis of variance showed that the
main effect of configuration was significant (F (3, 100) = 3.46,
p < .05, ηp

2 = 0.07).
We hypothesized that all three kinds of repeated displays

(fully repeated, recombined, and rotated displays) would lead
to a search time advantage compared with new displays. To
test this hypothesis, we tested the linear contrast 3 * RT new –
RT fully repeated – RT recombined – RT rotated versus zero that
yielded t (25) = 7.367, p < 0.001, d = 2.04, confirming the
hypothesis.

To further analyze if each repeated condition led to shorter
reaction times compared with new displays, we used one-
tailed paired-samples t-tests. After Bonferroni correction
(Armstrong, 2014) for three comparisons (α = 0.05 / 3 =
0.017), as shown in Table 2, RTs in the new configuration
were significantly longer than all of the three repeated config-
urations (fully repeated, recombined, rotated). Another family
of three tests was calculated between the repetition conditions,
to investigate potential differences in the amount of contextual
cueing due to full or partial display repetition. These two-
tailed paired-samples t-tests were not significant.

In order to test for equality of reaction times between the
repeated conditions, we calculated Bayes factors for the fully
repeated, recombined and rotated configuration. BF01 = 3.908
between recombined and rotated yielded substantial evidence
for equality. BF01 = 1.830 between fully repeated and
recombined and BF01 = 2.384 between fully repeated and
rotated yielded anecdotal evidence for equality (Wetzels,
Matzke, Lee, Rouder, Iverson, & Wagenmakers, 2011).

The mean RTs, separately for the last three blocks of the
learning phase and the three blocks and four configurations
(fully repeated, recombined, rotated and new) of the transfer
phase, are presented in Fig. 3.

Recognition test

Overall accuracy was 48.5%. Mean accuracy for fully repeat-
ed configurations was 51.6%, for recombined configurations
48.4%, for rotated configurations 49.4%, and for new config-
urations 55.6%. Two-tailed paired-samples t-tests indicated no
significant deviations from chance level (50%), either for fully
repeated (t (25) = 0.467, p = 0.644, d = 0.13), or for
recombined (t (25) = -0.385, p = 0.703, d = 0.11) or rotated
(t (25) = -0.167, p = 0.869, d = 0.05) or new configurations (t
(25) = 1.668, p = 0.108, d = 0.47).

For fully repeated configurations, the hit rates were 26%
for fully repeated configurations, 25% for recombined config-
urations, and 25% for rotated configurations. The false-alarm

Table 2 Reaction time comparisons between configurations in the
transfer phase. Note that comparisons between new and repeated
conditions (upper half of table) were one-tailed t-tests, while
comparisons between repeated configurations (lower half of table) were
two-tailed t-tests (see text for explanation)

df t p d

New Fully repeated 25 8.339 <.001 0.80

Recombined 25 4.521 <.001 0.58

Rotated 25 6.286 <.001 0.65

Fully repeated Recombined 25 -1.482 .151 0.21

Rotated 25 -1.256 .221 0.14

Recombined Rotated 25 0.680 .503 0.07

Table 1 Mean error rates and outliers as a function of configuration in
the transfer phase

Configuration

Fully repeated Recombined Rotated New

Mean error rates (%) 1.4 2.2 2.4 1.6

Outliers (%) 1.0 1.0 0.6 0.6
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rate for new configurations was 22%. To rule out that the lack
of significant differences was due to a lack of power, we also
conducted Bayesian t-tests assessing whether the alarm rate
was comparable to the hit rate in the three repeated configu-
rations. BF01 = 2.376 in the recombined configuration and
BF01 = 2.759 in the rotated configuration yielded anecdotal
evidence for equality. In the fully repeated configuration, BF01
= 3.752 yielded substantial evidence for equality.

Discussion

The present study confirmed that the presence of global con-
figuration or individual distractor locations alone can produce
contextual cueing. Participants learned and flexibly used both
global configuration or individual distractor location cues
within the same experiment. Disrupting either the global con-
figuration (recombined condition) or the individual distractor
locations (rotated condition) did not remove contextual cue-
ing, as long as the other cue was presented.

Beyond previous work (Jiang & Wagner, 2004), we ob-
served configuration and location cueing in the same experi-
ment instead of two separate experiments, reducing the chance
that participants could adjust to one particular type of display
change (recombined or rotated) in the transfer phase.
Moreover, the present study investigated configurational cue-
ing in rotated configurations instead of the rescaled and
displaced displays of Jiang and Wagner (2004). Rotation
prevented the use of a strategy to adapt the personal spatial
reference frame to the stimulus-filled part of the monitor that
could have been used in Experiment 2 of Jiang and Wagner

(2004). Taken together, the results of both studies showed the
high flexibility of configurational cueing.

While recombined and rotated displays led to significantly
shorter reaction times than new displays, recombined and ro-
tated reaction times were still numerically higher than for fully
repeated displays. Bayes factors yielded only anecdotal evi-
dence for equality of reaction times between fully repeated
and either recombined or rotated displays. Thus, we cannot
say that contextual cueing by recombined or rotated displays
is as efficient as contextual cueing by fully repeated displays.
It should be noted that the efficiency of contextual cueing may
depend on parameters like the rotation angle for rotated dis-
plays or the number of items in recombined displays; there-
fore, we cannot make a generalizable statement of the relative
impact of location and configuration information in the pres-
ent study. In future studies, it might be worth investigating the
impact of rotation or recombination by varying the rotation
angle and the proportion of item number.

Could it be that the use of two manipulations in a single
experiment led to carry-over effects in learning between
conditions? We find it difficult to imagine that this created
systematic dependencies between conditions. The similar-
ity of our results with the results from separate experimen-
tal tests of contextual cueing by individual locations and
global configuration reported by Jiang and Wagner (2004)
rather suggested that contextual cueing by individual loca-
tions or global configuration occurred rather independently
from each other.

Beesley, Vadillo, Pearson, and Shanks (2015) have noted
that the recombination condition of Jiang and Wagner (2004),
used again in our study, may still have contained partial

Fig. 3 Mean response time in the last three blocks of the learning phase and four configurations (fully repeated, recombined, rotated, and new) of the
transfer phase. Error bars represent standard errors of the mean. The statistical results can be seen in Table 2
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configurational information in addition to the repeated
distractor locations. However, we are confident that in the
present study the random recombination of distractor loca-
tions destroyed the original configurations of the two original
displays quite severely, as illustrated in Fig. 2.

The preserved contextual cueing effect for rotated config-
urations is in agreement with a previous study by Shi et al.
(2013) that also found preserved contextual cueing after rota-
tion - although in quite dissimilar displays (smartphone dis-
play icons) and with a more complex rearrangement of rotated
display parts. Rotations in the depth plane of three-
dimensional displays, however, appeared to be more detri-
mental to contextual cueing.

A post-experimental recognition test yielded no evidence
for the explicit recognition of the fully repeated displays.
There has been a debate about the validity of recognition tests
for the contextual cueing paradigm (Colagiuri & Livesey,
2016; Vadillo, Konstantinidis, & Shanks, 2016). The main
point of critique is the necessarily limited number of repeated
displays and the associated limited power of recognition tests.
In the present experiment, we tried to evaluate the likelihood
of a "true" similarity of hit and false-alarm rates, supporting
implicit learning, by calculating Bayes factor analyses be-
tween hits and false alarms for the repeated conditions.
These analyses yielded moderate support for equality of hits
and false alarms for the fully repeated displays and somewhat
weaker support for the recombined and rotated displays. In
any case, the analysis yielded more support for implicit than
for explicit learning.

Conclusion

Our findings showed that both global configuration and indi-
vidual locations can be used as contextual cues. This is true
even when displays contain only configuration or location
cues in random succession, making the adjustment to one
category of cues difficult. Moreover, configurational cues
were effective after 45° rotation, demonstrating a high flexi-
bility of cueing by configurations.
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