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Abstract
Flexibility of cognitive control is illustrated by the context-specific proportion compatibility (CSPC) effect, the now well-
documented pattern showing that compatibility effects are reduced in mostly incompatible relative to mostly compatible
locations. The episodic-retrieval account attributes the CSPC effect to location-specific representations that include the
attentional settings formed via experience within a given location (e.g., a Bfocused^ attentional setting becomes bound to a
location with frequent conflict, whereas a Brelaxed^ setting becomes bound to one with infrequent conflict). However,
Diede and Bugg (Attention, Perception, & Psychophysics, 78, 1255–1266, 2016) demonstrated that the attentional setting
associated with a given location can be based on experiences that accumulate across multiple Bgrouped^ locations—
namely, those that are proximal to each other, relative to other (distal) locations. This spatial grouping effect supported
the relative-proximity hypothesis, which we further tested in the present study. Experiment 1 replicated the spatial
grouping effect and showed that it could be disrupted by a horizontal line dividing the otherwise grouped locations.
Experiments 2 through 4 suggested that grouping might be a form of Bchunking^—that is, the spatial grouping effect
did not occur when the proximal locations were few enough in number (two) to represent independently, but it did occur
when there were six locations. When there were eight proximal locations (and ten locations overall), the CSPC effect
disappeared entirely. These findings suggest important boundary conditions for the relative-proximity hypothesis and
inform our understanding of how past experiences with conflict are organized in the form of episodic representations that
enable on-the-fly adjustments in cognitive control.
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In the past decade or so, it has been demonstrated that attention
is controlled not just strategically or willfully, as had long been
assumed, but also by one’s environment, motivating the oxy-
moronic notion of Bautomatic^ control (Jacoby, Lindsay, &
Hessels, 2003), as well as Breactive^ (Braver, Gray, &
Burgess, 2007) and Bon-the-fly^ control (Lehle & Hübner,
2008). These notions challenge the traditional controlled/

automatic processing dichotomy (Bugg & Crump, 2012; cf.
Awh, Belopolsky, & Theeuwes, 2012) and raise the question:
How could attention be controlled in this fashion? The general
idea is that our past experiences with stimuli shape our future
interactions with those stimuli, and in some cases with related
stimuli. More specifically, the attentional settings we use when
interacting with stimuli time and time again become bound to
those stimuli, along with other characteristics of the episode,
such as the context in which the stimuli occurred. Encountering
those stimuli or contexts in the future can trigger retrieval of the
associated settings, thereby reactively controlling attention.

The general question we sought to explore in the present
study is how the internal representations of our prior experi-
ences with stimuli are stored and organized in order to enable
reactive control (cf. Abrahamse, Braem, Notebaert, &
Verguts, 2016, for current theorizing about the role of
learning and memory processes in cognitive control) and, in
particular, context-driven modulations of control. We
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investigated this question using the flanker task in the context
of a modified context-specific proportion compatibility1

(CSPC) paradigm, which we will describe momentarily. In
the standard CSPC paradigm, participants encounter flanker
stimuli that are randomly presented across two locations (i.e.,
contexts; Crump, Gong, & Milliken, 2006). One location
(e.g., lower on the screen) is mostly incompatible, such that
most trials comprise stimuli for which the central target arrow
points in a different direction from its flanking arrows. The
other location (e.g., higher on the screen) is mostly compati-
ble, such that most trials comprise stimuli for which the central
arrow matches the flanking arrows. The compatibility effect
(i.e., the detriment to performance on incompatible as com-
pared to compatible trials) is smaller in the mostly incompat-
ible location than in the mostly compatible location, and this
pattern is termed the CSPC effect (cf. Eriksen & Eriksen,
1974). This effect has been interpreted as demonstrating a
reactive, context-driven modulation of attention based on the
history of conflict in a location (Crump & Milliken, 2009).

Several findings have converged to suggest that the CSPC
effect represents a genuine modulation of attention and that the
control mechanism operates reactively. That it is genuine is
supported by findings demonstrating that it cannot be attributed
to the priming of responses following an incompatible stimulus
(Crump et al., 2006; cf. Mayr, Awh, & Laurey, 2003) or to a
pure stimulus–response learning mechanism (Diede & Bugg,
2017). That it is reactive is based on various features of the
paradigm: The overall proportion of compatible to incompati-
ble stimuli is 50%, and there is a 50% likelihood that a given
stimulus will appear in either context (lower vs. upper), such
that participants cannot anticipate prior to stimulus onset which
attentional setting should be engaged (see Bugg & Crump,
2012). Instead, it is assumed that the presentation of a stimulus
rapidly triggers retrieval of the appropriate setting (cf. Shedden,
Milliken, Watter, & Monteiro, 2013). Indeed, if a uniform at-
tentional setting were applied throughout the task (e.g., proac-
tively), a CSPC effect would not be observed—the compatibil-
ity effect would be equivalent across locations. Although there
is some evidence that the attentional setting adopted in the
mostly incompatible location is associated with more effort
than the setting adopted in the mostly compatible location
(Diede & Bugg, 2017), context-specific modulations of control
appear to occur implicitly. Participants have been unable to
retrospectively report differences in the proportions of compat-
ible trials between contexts in CSPC paradigms (Crump,
Vaquero, & Milliken, 2008; Diede & Bugg, 2016, 2017; but
see Schouppe, Ridderinkhof, Verguts, & Notebaert, 2014).

The unique feature of themodified CSPC paradigm used in
the present study is that multiple locations appear in the lower
and upper halves of the screen, instead of just one location per

half. All locations within a given half share the same history of
conflict (e.g., all three locations in the lower half are mostly
incompatible; see Diede & Bugg, 2016). The advantage of the
modified paradigm is that it enables one to examine how ex-
periences across multiple locations, including those in the op-
posite half of the screen (i.e., those with the opposite propor-
tion compatibility), may contribute to learning of the atten-
tional setting for an individual location. The significance of
this question is evident when considering the episodic-
retrieval account and extant models of cognitive control.

According to the episodic-retrieval account, the CSPC ef-
fect occurs because contextual cues (e.g., locations) become
bound with the attentional settings repeatedly used in each
context, in the form of episodic representations (Crump &
Milliken, 2009; see also Bugg & Crump, 2012; Crump,
2016). When a contextual cue is later encountered, these rep-
resentations are automatically retrieved, and the associated at-
tentional setting is applied. The mostly incompatible location
cues a control setting that filters the flanking arrows to a greater
degree than the control setting cued by the mostly compatible
location. The episodic-retrieval account can explain the speed
and flexibility of the CSPC effect, as well as transfer of atten-
tional settings to novel stimuli that appear within a Btrained^
location (Crump, Brosowsky, & Milliken, 2017; Crump &
Milliken, 2009; though see Hutcheon & Spieler, 2017).

A key assumption of the episodic-retrieval account and
extant models of cognitive control that accommodate CSPC
effects (Verguts & Notebaert, 2008; cf. Blais, Robidoux,
Risko, & Besner, 2007) is that the history of conflict (i.e.,
proportion compatibility) is a key determinant of attentional
control settings. That is, if asked to predict what setting should
be retrieved when a stimulus is presented in location X, the
models would consult the history of conflict within that loca-
tion (i.e., the accumulation of conflict signals for a given con-
text). The models do not currently consider the possibility that
conflict signals from nearby locations might also contribute to
the learning of attentional settings (i.e., to episodic represen-
tations). However, this is important, because the attentional
setting that is retrieved for an individual location may or
may not coincide with the proportion compatibility of that
location, depending on how representations of experiences
with conflict across locations are stored and organized.
Consider the following case—a mostly incompatible location
on the bottom half of the screen is adjacent to a mostly com-
patible location on the top half of the screen. The locations are
just below and above the (invisible) midline (i.e., fixation),
respectively. The models predict a CSPC effect, such that
the compatibility effect is smaller for the mostly incompatible
location. However, it has recently been demonstrated that this
prediction may not always be accurate.

The primary evidence countering this prediction stems
from a Bspatial grouping effect^ that was found within the
modified CSPC paradigm (Diede & Bugg, 2016, Exp. 1).

1 Also known as the context-specific proportion congruence paradigm
(Crump, Gong, & Milliken, 2006).
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When two mostly compatible and two mostly incompatible
locations were placed in opposite halves of the screen but were
more proximal to one another relative to distal locations that
shared their respective proportion compatibilities, the proxi-
mal (middle) locations were spatially grouped (see the left side
of Fig. 1a for an illustration; cf. Corballis & Gratton, 2003,
where relative proximity was held constant). In other words,
although the distal, outer locations elicited a CSPC effect, the
proximal, middle locations did not. (Note that the term spatial
grouping effect is used hereafter to refer specifically to the
Bgrouping^ of the middle locations and the corresponding
absence of a CSPC effect for these locations.)

The relative-proximity hypothesis was proposed to explain
the spatial grouping effect (Diede & Bugg, 2016). The hy-
pothesis extended the episodic-retrieval account by suggesting
that locations of greater relative proximity, despite their differ-
ing proportion compatibilities (conflict histories), are bound
into a single episodic representation separate from the distal
locations. Because the middle locations contributing to the
episodic representation in Diede and Bugg (2016) had oppo-
site conflict histories (e.g., 25% compatible vs. 75% compat-
ible locations), the summed experience of all trials within the
group (i.e., across the four locations) resulted in a 50% pro-
portion compatibility. The resulting attentional setting associ-
ated with and retrieved by any of the locations falling within
the group was therefore an Bunbiased^ setting (i.e., interme-
diate to the settings one would find in a mostly incongruent
and a mostly incongruent location), thereby precluding the
CSPC effect. In support of the relative-proximity hypothesis,
when the middle locations were separated so that they were
most proximal to locations with the same conflict history (i.e.,
the distal [outer] locations in each half), the spatial grouping
effect disappeared (Diede & Bugg, 2016, Exp. 2; see Fig. 1b).
These findings highlight the need for a greater understanding
of how conflict experiences within and across locations are
stored and organized, thereby influencing the content of epi-
sodic representations, and consequently attentional control.

Present study

In the present study, we sought to identify the conditions under
which a given location is bound with an attentional setting that
maps directly onto the history of conflict for that singular
location, versus a setting that incorporates experiences with
conflict across multiple locations (i.e., a group). This aim was
achieved by conducting five experiments further testing the
relative-proximity hypothesis. Across the experiments, we ex-
amined how the presence of different types of cues in terms of
relative proximity affect the organization and representation of
conflict experiences, and therefore the tendency to (or not to)
spatially group the middle locations. To preview our findings,
we replicated and extended the spatial grouping effect to novel
conditions not previously tested, in addition to identifying
boundary conditions for the relative-proximity hypothesis.

A secondary aim of the present experiments was to mea-
sure explicit awareness of the differences in proportion com-
patibility between the lower and upper halves of the screen,
since prior studies had demonstrated that CSPC effects may
occur in the absence of explicit awareness of proportion com-
patibility. In all experiments, the participants were asked to
estimate the proportion of compatible trials in the lower and
upper halves of the screen separately, as well as to provide a
confidence rating for each estimate (Crump et al., 2008; Diede
& Bugg, 2016, 2017). Analyses of these data are reported in
the main text of the Results sections. Participants were also
asked to choose which half of the screen Bfelt more difficult.^
The results of these Bchoice^ analyses were consistent with
the other data, and for brevity, they are available in the sup-
plementary material.

Experiment 1

In Experiment 1 we adopted the modified CSPC design of
Diede and Bugg (2016), shown on the left side of Fig. 2a, in

Fig. 1 Two arrangements from Diede and Bugg (2016): (a) one in which
the spatial grouping effect was found for the middle locations, and (b) one
in which the spatial grouping effect was not found. Only one stimuluswas

presented per trial, and all locations appearing below fixation had one
proportion compatibility (PC; e.g., mostly incompatible) and all
appearing above fixation had the opposite PC (e.g., mostly compatible)
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which the spatial grouping effect was observed, supporting the
relative-proximity hypothesis. The primary manipulation in
Experiment 1 was the presence or absence of a horizontal line
on the computer screen.We predicted that presence of this line
would cue participants to create distinct episodic representa-
tions for themiddle locations appearing below fixation and the
middle locations appearing above fixation. If this prediction
were confirmed, the lower and upper middle locations should
trigger the retrieval of unique attentional settings—a mostly
incompatible (focused) attentional setting for the locations
below fixation, and a mostly compatible (relaxed) control set-
ting for the locations above fixation. Consequently, the spatial
grouping effect should not be observed (i.e., there should be a
CSPC effect for the middle locations). If this pattern were
observed, it would suggest that the effect of relative proximity
can be Boverridden^ by other, perhaps more salient features of
the environment (e.g., a perceptual border that may function
as a cue for organizing space and the corresponding episodic
representations of conflict), therefore highlighting an impor-
tant boundary condition within which the relative-proximity
hypothesis may hold influence. In the line-absent condition,
we expected that we would observe the spatial grouping effect
(as evidenced by the absence of a CSPC effect for middle
locations), replicating Diede and Bugg (2016).

Method

Participants A sample of 62 participants was recruited. The
participants were required to be right-handed, have normal or
corrected-to-normal vision, and be between 18 and 25 years of
age. The data from two participants were excluded: One par-
ticipant did not follow instructions and responded incorrectly

on every incompatible trial, whereas the other had an average
reaction time greater than three SDs above the mean. Partial
course credit was given as compensation for our participants’
time.

Stimuli Flanker stimuli were composed of seven arrows that
could point either up, down, left, or right. The flanker stimuli
were 5.6 deg wide by 0.7 deg tall. A central fixation cross was
0.5 deg wide by 0.5 deg tall. The two distal outer locations
were located 9.1 deg above and below the central fixation
cross. The middle locations were located 4.5 deg from the
central fixation cross, 8.6 deg from all other stimuli in a given
half of the screen, and 2.9 deg from the nearest location in the
opposite half (see Fig. 2a; Diede & Bugg, 2016). In the line-
present condition, a horizontal line 0.08 deg in width bisected
the screen through the fixation cross.

Design A 2 × 2 × 2 mixed design was used, with trial type
(compatible vs. incompatible) and proportion compatible
(mostly compatible vs. mostly incompatible) as within-
subjects variables and line presence (present vs. absent) as a
between-subjects variable. There were four possible compat-
ible stimulus arrangements and 12 possible incompatible ar-
rangements (e.g., an up-facing central arrow surrounded by
down-, right-, or left-facing arrows). All 16 stimulus arrange-
ments were presented in all locations. Only one stimulus was
presented per trial. The proportion of compatible trials was
manipulated by half of the screen (counterbalanced across
participants). In the mostly compatible half, all locations had
a 75% probability of presenting a compatible stimulus across
trials, whereas the other 25% of trials would be incompatible.
The probabilities were reversed in the mostly incompatible

Fig. 2 Arrangements of locations in (a) Experiment 1, (b) Experiment 2,
(c) the two counterbalance conditions of Experiment 3, and (d)
Experiments 4a (left) and 4b (right). Only one stimulus was presented

per trial. All locations appearing below fixation had one proportion com-
patibility (PC; e.g., mostly incompatible), and all appearing above fixa-
tion had the opposite PC (e.g., mostly compatible)
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half. Half of the participants had a horizontal line on the screen
during the experimental trials, and the other half did not.

Procedure Participants were tested in a small room, seated
approximately 70 cm from a 1,280 × 1,024 LCD monitor. A
research assistant was seated to the right of participants, ini-
tially gaining consent and administering a demographics ques-
tionnaire. Participants were then instructed by the computer to
respond as quickly and accurately as possible to the central
arrow of the flanker stimulus. Their responses were made on
the keyboard number pad, where the B8,^ B4,^ B6,^ and B2^
keys corresponded to Bup,^ Bleft,^ Bright,^ and Bdown^ re-
sponses. The keys were covered with white labels. The re-
search assistant demonstrated how to respond using the keys,
emphasizing that participants should use only their right index
finger and return that finger to the central B5^ key between
responses. Twelve randomly presented practice trials were
presented centrally, followed by five experimental blocks. A
break was allowed between blocks.

Following Diede and Bugg (2016), the experimental
blocks consisted of 96 randomly presented trials. Within each
block, each half of the screen presented a total of 48 trials,
with each location presenting 16 trials. A stimulus was pre-
sented until response, after which a fixation cross was present-
ed for 1,000 ms. For those in the line-present condition, the
horizontal line was always on screen—during stimulus pre-
sentation and during fixation. Reaction times and error rates
were recorded. Following the task, the research assistant ad-
ministered a debriefing questionnaire. The questionnaire
asked participants to estimate the proportions of compatible
to incompatible trials in the Btop portion^ and the Bbottom
portion^ of the screen separately, and to make sure that each
estimate totaled to 100%. After each estimate, participants
rated their confidence in the estimate on a 9-point Likert scale,
on which 1 equaled not at all confident and 9 equaled
completely confident. Next they were asked whether they felt
that Bone portion of the screen was more difficult than the
other,^ given the options Bboth portions were equally
difficult,^ Bthe top portion was more difficult,^ and Bthe bot-
tom portion was more difficult.^ Finally, participants were
asked the same question again, but now they were not given
the option to choose Bboth portions were equally difficult,^
forcing them to choose either the top or the bottom portion.
The research assistant then debriefed the participants, with the
whole procedure lasting approximately 30 min.

Results

For this and all subsequent experiments, trials on which errors
were committed and trials with reaction times (RTs) less than
200 ms or greater than 2,000 ms were excluded from the
analysis (Diede & Bugg, 2016). Trimming of the RTs elimi-
nated 0.5% of all trials in Experiment 1. The overall rate of

committing an error was low (M = 1.7%, SD = 1.4%).The
analysis of error rates did not contradict the RT patterns and
is reported in the supplementary material. An alpha level of
.05 was used for all inferences. Partial eta-squared (ηp

2) and
generalized eta squared (ηG

2) were used as the effect sizes
(Lakens, 2013; Olejnik & Algina, 2003). In addition, Bayes
factors were calculated for theoretically important null effects
(using JASP version 0.8.3.1), to assess the amount of evidence
in favor of including a factor against the prior probability of
including that factor (see Wagenmakers et al., 2018, for more
information about this analysis). The r scale for fixed effects
was set to 0.5 in JASP. The Bayes factor used to interpret the
results (BFinclusion) represents the degree of evidence for in-
cluding that factor in an explanatory model, as compared to
the summed prior probability of including the factor across all
possible models. A Bayes factor greater than 1 indicates stron-
ger evidence in favor of including a factor in an explanatory
model, whereas a Bayes factor less than one indicates greater
evidence in favor of excluding the factor. For example, a
BFinclusion of 2 would indicate that the given factor predicted
the data two times better than did the prior. Inversely, a
BFinclusion of 0.5 would indicate that the prior model predicted
the data two times better than the given model did. A
BFinclusion of 1 would indicate equivocal evidence for both
models. Table 1 reports the mean RTs for all analyses, whereas
Table 2 reports the respective error rates. Besides the effects
reported below, no other effects were significant. The data
from Experiment 1 and all other experiments are available
on the Open Science Framework: https://osf.io/8f4em/

All locations A 2 (trial type) × 2 (proportion compatible) × 2
(line presence) mixed-design analysis of variance (ANOVA)
was conducted across all locations in a given half of the
screen. We found an overall CSPC effect, as indicated by a
significant Trial Type × Proportion Compatible interaction,
F(1, 58) = 20.11, MSE = 196, p < .001, ηp

2 = .257, ηG
2 =

.004, due to a larger compatibility effect in the mostly com-
patible half (M= 184 ms) than in the mostly incompatible half
(M = 168 ms). As is illustrated in the left panel of Fig. 3, this
effect was not modulated by the presence of the horizontal
line, as indicated by a nonsignificant three-way interaction
and a Bayes factor favoring the null hypothesis, F < 1, ηp

2 =
.014, ηG

2 < .001, BFinclusion = .025. An overall compatibility
effect was found, indicated by a significant main effect of trial
type, F(1, 58) = 1,238.54,MSE = 1,503, p < .001, ηp

2 = .955,
ηG

2 = .625.

Outer locationsMoving to the middle panel of Fig. 3, using a
2 × 2 × 2 mixed-design ANOVA, the same pattern was ob-
served when analyzing only the outer locations. A significant
CSPC effect was found, F(1, 58) = 10.72, MSE = 756, p =
.002, ηp

2 = .156, ηG
2 = .007, due to a larger compatibility

effect in the outer mostly compatible location (M = 157 ms)
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than in the outer mostly incompatible location (M = 134 ms).
The horizontal line again did not significantly affect the CSPC
effect, F(1, 58) = 1.21,MSE = 756, p = .276, ηp

2 = .020, ηG
2 =

.001, BFinclusion = .053. The overall compatibility effect was
significant, F(1, 58) = 827.67, MSE = 1,534, p < .001, ηp

2 =
.935, ηG

2 = .514.

Middle locations The critical pattern was found when analyz-
ing the middle locations using a 2 × 2 × 2 mixed-design
ANOVA, shown in the right-hand panel of Fig. 3.
Participants who were presented with a horizontal line had a
21-ms CSPC effect for the middle locations, whereas those
who were not had only a 4-ms effect. This resulted in a sig-
nificant three-way interaction, F(1, 58) = 4.54, MSE = 258, p
= .037, ηp

2 = .073, ηG
2 = .001. The overall CSPC effect was

also significant, F(1, 58) = 9.63, MSE = 258, p = .003, ηp
2 =

.142, ηG
2 = .002, as was the compatibility effect, F(1, 58) =

1,140.20, MSE = 1,927, p < .001, ηp
2 = .952, ηG

2 = .653.

Estimates of proportions Participants on average estimated
that there were more compatible trials in the mostly compati-
ble half of the screen (M = 54.89%) than in the mostly incom-
patible half (M = 49.55%), F(1, 57) = 5.64, MSE = 149, p =

.021, ηp
2 = .090, ηG

2 = .039. However, the estimates for both
halves were still significantly different from the correct pro-
portions in the mostly compatible half (correct: 75% compat-
ible), t(59) = – 10.16, p < .001, d = – 1.31, 95% CI [– 23.34, –
15.66], and the mostly incompatible half (correct: 25% com-
patible), t(58) = 15.02, p < .001, d = 1.96, 95% CI [21.30,
27.85].2 The presence of a horizontal line did not have a sig-
nificant effect on the overall estimates, F(1, 57) = 1.77,MSE =
213, p = .189, ηp

2 = .030, ηG
2 = .018, nor were the differences

in estimates between halves significantly different, F < 1, ηp
2

= .030, ηG
2 = .018, for those who saw a horizontal line (mostly

compatible: M = 56.57%; mostly incompatible:M = 51.33%)
versus those who did not (mostly compatible: M = 53.10%;
mostly incompatible: M = 47.76%). Participants’ confidence
in their estimates was equivalent across all analyses, all Fs < 1.
The mean confidences for mostly compatible (M = 4.07) and
mostly incompatible (M = 4.10) estimates when the horizontal
line was present centered around the same value as the mostly
compatible (M = 4.00) and mostly incompatible (M = 4.10)
estimates when the line was absent.

2 The degrees of freedom for the mostly incompatible test differ because one
participant did not provide proportion estimates on this question.

Table 1 Mean reaction times within each proportion compatibility and trial type

Experiment Line presence Locations Mostly compatible Mostly incompatible

Compatible Incompatible Compatible Incompatible

1 Absent All locations 617 (60) 797 (79) 662 (64) 789 (78)

Outer locations 644 (63) 803 (79) 664 (74) 792 (79)

Middle locations 603 (61) 793 (80) 601 (62) 787 (79)

Present All locations 637 (80) 824 (88) 646 (76) 816 (86)

Outer locations 670 (84) 825 (87) 679 (87) 819 (92)

Middle locations 620 (80) 825 (93) 629 (76) 814 (84)

2 Absent All locations 558 (62) 687 (82) 568 (65) 678 (83)

Outer locations 614 (67) 776 (84) 626 (68) 763 (83)

Middle locations 531 (61) 647 (85) 538 (67) 636 (85)

Present All locations 596 (103) 718 (107) 602 (99) 706 (100)

Outer locations 650 (109) 801 (104) 656 (96) 788 (91)

Middle locations 569 (101) 679 (112) 575 (105) 667 (104)

3 Absent All locations 586 (62) 754 (84) 596 (67) 740 (74)

Outer locations 634 (64) 814 (93) 645 (67) 797 (74)

Middle locations 562 (63) 724 (83) 572 (68) 711 (76)

4a Absent All locations 608 (69) 777 (78) 609 (67) 768 (73)

Outer locations 640 (72) 801 (88) 646 (67) 784 (75)

Middle locations 597 (69) 770 (78) 597 (69) 763 (74)

4b Absent All locations 666 (108) 846 (116) 672 (110) 847 (113)

Outer locations 685 (113) 847 (122) 697 (106) 843 (113)

Middle locations 661 (107) 845 (118) 666 (112) 848 (114)

Values outside of parentheses are means, those within are standard deviations
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Discussion

There were two primary findings in Experiment 1. First, the
results of Diede and Bugg (2016) were replicated: When no
horizontal line was present, the spatial grouping effect was

observed for the middle locations, as evidenced by the ab-
sence of a CSPC effect within those locations. This finding
supports the relative-proximity hypothesis and reinforces the
idea that episodic representations can incorporate experiences
with conflict across multiple locations. The second major

Table 2 Mean error rates within each proportion compatibility and trial type

Experiment Line presence Locations Mostly compatible Mostly incompatible

Compatible Incompatible Compatible Incompatible

1 Absent All locations 0.2 (0.4) 3.1 (3.0) 0.0 (0.0) 2.3 (2.1)

Outer locations 0.2 (0.6) 1.5 (2.3) 0.0 (0.0) 1.7 (2.9)

Middle locations 0.1 (0.3) 4.0 (4.1) 0.0 (0.0) 2.7 (2.2)

Present All locations 0.4 (0.8) 6.8 (17.2) 0.2 (0.6) 6.4 (17.4)

Outer locations 0.4 (1.1) 5.4 (1.8) 0.3 (1.2) 5.7 (1.8)

Middle locations 0.4 (0.8) 7.5 (17.3) 0.1 (0.5) 6.8 (17.5)

2 Absent All locations 0.1 (0.3) 3.2 (4.0) 0.3 (0.7) 2.4 (2.7)

Outer locations 0.1 (0.5) 5.0 (5.4) 0.0 (0.0) 4.1 (4.5)

Middle locations 0.1 (0.3) 2.4 (3.8) 0.4 (1.0) 1.7 (2.6)

Present All locations 0.2 (0.5) 2.7 (4.6) 0.1 (0.4) 2.5 (3.7)

Outer locations 0.1 (0.5) 4.9 (9.4) 0.0 (0.0) 4.6 (8.3)

Middle locations 0.2 (0.5) 1.7 (2.8) 0.1 (0.5) 1.5 (1.9)

3 Absent All locations 0.3 (0.5) 3.8 (5.4) 0.2 (0.7) 3.5 (3.6)

Outer locations 0.2 (0.7) 5.0 (9.0) 0.2 (0.9) 3.4 (3.6)

Middle locations 0.2 (0.7) 3.2 (4.1) 0.3 (1.0) 3.5 (4.0)

4a Absent All locations 0.2 (0.5) 9.6 (6.9) 0.4 (0.8) 3.7 (4.0)

Outer locations 0.0 (0.0) 4.1 (6.6) 0.0 (0.0) 2.7 (4.6)

Middle locations 0.2 (0.5) 4.0 (4.1) 0.4 (0.8) 3.8 (4.2)

4b Absent All locations 0.2 (0.4) 6.9 (17.9) 0.3 (0.8) 7.2 (18.0)

Outer locations 0.0 (0.0) 5.0 (18.6) 0.3 (1.5) 6.2 (18.3)

Middle locations 0.2 (0.4) 7.3 (17.9) 0.3 (0.9) 7.4 (18.1)

Values outside of parentheses are means, those within are standard deviations

Fig. 3 Context-specific proportion compatibility (CSPC) effects in the line-absent and line-present conditions of Experiment 1. The CSPC effect was
derived by subtracting the compatibility effect in the mostly incompatible context from the effect in the mostly compatible context
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finding was that the presence of a horizontal line separating
the screen into lower and upper halves eliminated the spatial
grouping effect, as evidenced by the presence of a CSPC effect
in the middle locations. This finding extends Diede and Bugg
(2016) by revealing a second method for disrupting the spatial
grouping effect, in addition to spatially separating the middle
locations. The horizontal line (like spatial separation in Diede
& Bugg, 2016) may have encouraged participants to organize
conflict experiences according to Blower^ and Bupper^ halves,
such that the episodic representations for the middle lower and
middle upper locations were bound to unique attentional set-
tings. As in prior research (Crump et al., 2008; Diede & Bugg,
2016, 2017), participants’ estimates of the proportion of con-
gruent trials in each half of the screen were highly inaccurate.
Though the estimates for each half were in the correct direc-
tion relative to 50%, low confidence ratings suggest that if
awareness of CSPC existed, it was weak.

Experiment 2

Experiment 1 demonstrated one boundary condition for the
relative-proximity hypothesis, by showing that an
experimenter-imposed cue (e.g., a horizontal line that separat-
ed the lower and upper halves of a screen) can override the
tendency for participants to spatially group proximal middle
locations. Interpreted within the episodic-retrieval account,
the horizontal line may have cued participants to form two
episodic representations, one for the lower (bound with a
mostly incompatible attentional setting) and one for the upper
(bound with a mostly compatible attentional setting) half of
the screen, resulting in a CSPC effect. Without the explicit
cue, experiences appear to have been organized in light of
the relative proximity of the middle locations, leading to three
distinct episodic representations: one corresponding to the up-
permost location, which was bound with a mostly compatible
attentional setting; one corresponding to the middle four loca-
tions, which was bound with an unbiased (50% compatible/
intermediate) attentional setting; and one corresponding to the
lowermost location, which was bound with a mostly incom-
patible attentional setting. This organization explains the pres-
ence of a CSPC effect for the outermost locations but not for
the middle locations in the line-absent condition.

An interesting question raised by the findings from the line-
absent condition (see also Diede & Bugg, 2016) is why the
spatial grouping effect occurs. One possible explanation is that
having many locations, which have different proportions of
compatibility, makes it challenging to maintain each location
as a separate episodic representation. Indeed, doing so would
have yielded six distinct episodic representations in
Experiment 1 (see also Diede & Bugg, 2016). In response to
this challenge, the cognitive system may rely on a shortcut,
namely grouping the middle locations into a single episodic

representation, similar to Bchunking^ (Miller, 1956). An ob-
vious means of testing this explanation would be to reduce the
number of middle locations. In Experiment 2 we did just this,
by collapsing the middle locations in each half such that only
one middle location and one outer location was presented per
half of the screen (see Fig. 2b). If the number of middle loca-
tions were reduced, then each location might be maintained
distinctly, obviating the need for chunking, and thereby
resulting in no spatial grouping effect (i.e., the presence of a
CSPC effect). However, if relative proximity is the primary
determinant of spatial grouping, then spatial grouping would
persist even in the presence of fewer middle locations. As in
Experiment 1, when a horizontal line separated the lower and
upper halves of the screen (and consequently, the lower and
upper middle locations), the spatial grouping effect should not
occur (i.e., there should be a CSPC effect in the middle
locations).

Method

Participants A new sample of 60 participants was recruited
from the same pool as in Experiment 1, with the same exclu-
sion criteria. Participants were compensated with course credit
for their time.

Stimuli The stimuli were the same as in Experiment 1. The
outer locations remained in the same locations relative to the
fixation cross. The middle locations remained 2.9 deg from
each other. Unlike in Experiment 1, though, the middle loca-
tions were located 1.6 deg above and below the fixation cross
(see Fig. 2b).

DesignA 2 × 2 × 2 mixed design was used, with trial type and
proportion compatible as within-subjects variables and line
presence (present or absent) as a between-subjects variable.

Procedure The procedure was the same as in Experiment 1,
with one change. Only two locations were presented per half
of the screen: one outer and one middle. Each outer location
presented 16 trials per block, whereas the middle location
presented 32 trials per block. This was done in order to hold
the numbers of trials per block and region constant across
Experiments 1 and 2, while changing only the number of
locations in the middle region.

Results

Trimming RTs eliminated 0.3% of trials. The overall error rate
was low (M = 1.5%, SD = 1.8%) and did not contradict the
patterns seen in the RTs (see the supplementary material). See
Tables 1 and 2 for the RTs and error rates in each condition. As
in Experiment 1, a 2 × 2 × 2 mixed-design ANOVAwas used
for all analyses.
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All locations The overall CSPC effect was significant, F(1, 58)
= 30.52, MSE = 167, p < .001, ηp

2 = .345, ηG
2 = .003. As is

shown in the left-hand panel of Fig. 4, the horizontal line again
did not affect the CSPC effect when averaged across all loca-
tions, F < 1, ηp

2 < .001, ηG
2 < .001, BFinclusion = .070. The

overall compatibility effect was significant, F(1, 58) =
1,010.39, MSE = 806, p < .001, ηp

2 = .946, ηG
2 = .307.

Outer locations The overall CSPC effect was significant for
the outer locations, as well, F(1, 58) = 9.04, MSE = 799, p =
.004, ηp

2 = .135, ηG
2 = .004, and the CSPC effect was again

not affected by the horizontal line, F < 1, ηp
2 = .002, ηG

2 <
.001, BFinclusion = .040, as is shown in the middle panel of Fig.
4. The overall compatibility effect for the outer locations was
significant, F(1, 58) = 976.43, MSE = 1,300, p < .001, ηp

2 =
.944, ηG

2 = .409.

Middle locationsAs is shown in the right-hand panel of Fig. 4,
the same pattern was also found for the middle locations.
There was a significant CSPC effect, F(1, 58) = 20.97, MSE
= 220, p < .001, ηp

2 = .265, ηG
2 = .002, and this effect did not

differ across line conditions, F < 1, ηp
2 < .001, ηG

2 < .001,
BFinclusion = .051. That is, there was no spatial grouping effect
in either condition (line present or absent). The overall com-
patibility effect was significant, F(1, 58) = 668.62, MSE =
965.82, p < .001, ηp

2 = .920, ηG
2 = .249.

Estimates of proportions Participants again estimated on av-
erage that there were more compatible trials in the mostly
compatible half of the screen (M = 52.97%) than in the mostly
incompatible half (M= 46.30%), F(1, 57) = 5.63,MSE = 233,
p = .021, ηp

2 = .090, ηG
2 = .037.3 The estimates for both halves

were again significantly different from the correct proportions
in the mostly compatible half, t(58) = – 9.44, p < .001, d = –
1.23, 95% CI [– 26.68, – 17.35], and the mostly incompatible
half, t(59) = 9.95, p < .001, d = 1.28, 95% CI [17.23, 25.91].
The horizontal line did not significantly affect the overall es-
timates, F < 1, ηp

2 = .006, ηG
2 = .003, nor was there a differ-

ence between halves, F < 1, ηp
2 = .014, ηG

2 = .009 (line
present: mostly compatible, M = 56.57%; mostly incompati-
ble, M = 51.33%; line absent: mostly compatible, M =
53.10%; mostly incompatible, M = 47.76%). Participants’
confidence in their estimates was again equivalent across all
analyses, all Fs < 1 (line present: mostly compatible, M =
3.97; mostly incompatible,M = 4.10; line absent: mostly com-
patible, M = 4.03; mostly incompatible, M = 4.00).

Discussion

The results of Experiment 2 identified a novel boundary con-
dition for the spatial grouping effect: When only two (rather

than four) middle locations were placed proximal to one an-
other (i.e., when the number of middle and outer locations was
the same), no spatial grouping effect occurred (i.e., a CSPC
effect was found for the middle locations) in the line-absent
condition. Given that there was not a spatial grouping effect
without a line, it is unsurprising that adding a line intended to
break up grouping had no effect on the CSPC.

A strict version of the relative-proximity hypothesis cannot
account for the absence of a spatial grouping effect in
Experiment 2 because, as in Experiment 1 and Diede and
Bugg (2016), the middle locations were indeedmore proximal
to one another than to the distal location in each half. The
findings thus suggest that an important determinant of spatial
grouping is the number of locations in the middle region. In
the experiments in which the spatial grouping effect had pre-
viously been observed, there were four rather than two middle
locations. The number of locations might affect the ease of
maintaining each location as an independent episodic repre-
sentation, and thereby the likelihood of using grouping as a
chunking strategy to organize conflict experiences across mul-
tiple locations. This idea was explored further in Experiments
4a and 4b.4

However, first we examined an alternative explanation
for why spatial grouping did not occur in Experiment 2:
namely, that all locations were presented along a vertical
midline. This may have inadvertently encouraged partici-
pants to organize conflict experiences across locations, in-
cluding those in the middle, into Blower^ and Bupper^ ep-
isodic representations. When four middle locations had
been used in prior experiments (as in Exp. 1 and Diede &
Bugg, 2016), a Bleft–right^ dimension was also present,
possibly muddling the development of pure lower and up-
per representations, and consequently of the CSPC effect
in the middle locations. This possibility was tested in
Experiment 3.

Experiment 3

Experiment 3 was designed to examine whether the verti-
cal midline arrangement of locations was responsible for
the creation of lower and upper episodic representations,
resulting in CSPC effects in all locations (including no
spatial grouping effect in the middle locations) in
Experiment 2. As in Experiment 2, only two middle

3 One participant did not give estimates for the mostly congruent half.

4 The results also rule out the possibility that a relatively greater number of
trials in middle than in outer locations could have been a determinant of spatial
grouping. Because the original four middle locations were collapsed to make
the twomiddle locations in Experiment 2, there was a 75% probability of a trial
appearing in the middle locations. It could be argued that the middle region
was treated as a unique representation because the outer locations were rare
Bexceptions,^ encouraging the middle locations to be grouped. Given that a
spatial grouping effect was not found, this explanation is not supported.
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locations were presented. However, the two middle loca-
tions were shifted off the vertical midline to either the left
or the right (see Fig. 2c). Doing so added a lateral dimen-
sion to the locations (i.e., created a region that was offset
from the vertical arrangement of the outer locations). If
the vertical midline arrangement inadvertently led to dis-
tinct upper and lower representations, then disrupting that
arrangement by offsetting the middle locations should
lead to the reemergence of the spatial grouping effect
(i.e., no CSPC effect in the middle locations). In contrast,
if the number of locations is the primary factor dictating
spatial grouping, the findings should replicate those of
Experiment 2. Because the goal was to (re)produce the
spatial grouping effect in the middle locations, the line-
present condition was dropped.

Method

Participants A new sample of 31 participants was recruited
from the same pool, with the same exclusion criteria as previ-
ously. Participants were compensated with course credit for
their time.

Stimuli Shown in Fig. 2c, the middle locations were offset
from the fixation cross by 4.5 deg to either the left or the right.
Whether participants saw the locations to the left or right was
counterbalanced. The location of these new middle locations
corresponded with the left- or rightmost middle locations used
in Experiment 1.

Design A 2 × 2 within-subjects design was used, with trial
type and proportion compatible as within-subjects variables.

Procedure The procedure was the same as in Experiment 2.

Results

Tables 1 and 2 display the RTs and error rates in each condi-
tion. Trimming RTs eliminated 0.1% of trials. The overall
error rate was low (M = 1.9%, SD = 2.4%) and did not con-
tradict the patterns seen in the RTs (see the supplementary
material). A 2 × 2 within-subjects ANOVA was used for all
analyses.

All locations A significant Trial Type × Proportion
Compatibility interaction, indicating a CSPC effect, was
found when averaging across all locations, F(1, 30) = 21.76,
MSE = 210, p < .001, ηp

2 = .420, ηG
2 = .007. The main effect

of trial type—that is, the compatibility effect—was signifi-
cant, F(1, 30) = 668.31, MSE = 1,124, p < .001, ηp

2 = .957,
ηG

2 = .547. See the left panel of Fig. 5.

Outer locations Shown in the middle panel of Fig. 5, the outer
locations also had a significant CSPC effect, F(1, 30) = 7.72,
MSE = 761, p = .009, ηp

2 = .205, ηG
2 = .009. The overall

compatibility effect was also significant, F(1, 30) = 676.51,
MSE = 1,261, p < .001, ηp

2 = .958, ηG
2 = .555.

Middle locations As can be seen in the right panel of Fig. 5,
there was a significant CSPC effect for the middle locations,
F(1, 30) = 18.67,MSE = 211, p < .001, ηp

2 = .384, ηG
2 = .006,

indicating that the spatial grouping effect did not occur. The
overall compatibility effect was significant, F(1, 30) = 546.03,
MSE = 1,288, p < .001, ηp

2 = .948, ηG
2 = .526.

Estimates of proportions Although participants nominally es-
timated more compatible trials in the mostly compatible half
of the screen (M = 53.97%) than in the mostly incompatible
half (M = 49.35%), the difference was not significant, t(30) =
0.99, p = .331, d = 0.18, 95%CI [– 4.91, 14.14]. The estimates

Fig. 4 Context-specific proportion compatibility (CSPC) effects in the line-absent and line-present conditions in Experiment 2
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for both halves were again significantly different from the
correct proportions in the mostly compatible half, t(30) = –
6.35, p < .001, d = – 1.14, 95% CI [– 27.80, – 14.27], and the
mostly incompatible half, t(30) = 9.02, p < .001, d = 1.62, 95%
CI [18.84, 29.87]. Participants’ confidence in their estimates
did not differ between the mostly compatible (M = 4.74) and
mostly incompatible (M = 4.48) halves, t(30) = 1.31, p = .199,
d = 0.24, 95% CI [– 0.143, 0.660].

Discussion

Despite offsetting themiddle locations from the vertical midline
and having the middle locations occupy a distinct region of the
screen, we still did not find the spatial grouping effect. The lack
of spatial grouping is consistent with Experiment 2, and there-
fore replicates the finding that spatial grouping of middle loca-
tions is not found when only two middle locations are used.5 It
is worth noting that the estimates of proportions continued to be
inaccurate, even as confidence increased slightly (though it was
still low overall) relative to the previous experiments.

Collectively, the data from Experiments 2 and 3 suggest that
spatial grouping does not occur when only two locations are
more proximal to one another than to two distal locations, a
finding that cannot be accounted for by the relative-proximity
hypothesis proposed by Diede and Bugg (2016). The number
of proximal locations, thus, represents a major boundary condi-
tion for the effects of relative proximity on the organization of
conflict experiences, and thereby on the resulting episodic repre-
sentations. At present, it appears that the spatial grouping effect is

dependent on the presence of more than two proximal locations
and on the absence of a salient, experimenter-imposed cue (e.g., a
horizontal line, as in Exp. 1, or increased distance between the
lower middle and upper middle locations, as in Diede & Bugg,
2016) that otherwise encourages an alternative organization of
conflict experiences (i.e., separately for the lower middle and
upper middle locations).

Experiments 4a and 4b

Experiments 2 and 3 established a boundary condition for the
relative-proximity hypothesis by demonstrating that the spa-
tial grouping effect, the hallmark of the hypothesis, is not
observed when the modified CSPC paradigm comprises only
two middle locations. Experiments 4a and 4b were conducted
to examine whether spatial grouping occurs when the number
of middle locations is increased. The only known way thus far
to elicit spatial grouping has been by having a larger number
of proximal (four) than of distal (two) locations. One possibil-
ity is that this precise arrangement (four to two) somehow
facilitates spatial grouping, and that grouping does not occur
in other arrangements. However, if spatial grouping is a
byproduct of chunking, with chunking being used in situa-
tions in which it is difficult to maintain each of a large set of
locations as unique locations (i.e., distinct episodic
representations; cf. Luck & Vogel, 1997, 2013, for evidence
of chunking when the capacity of visual working memory is
exceeded), then spatial grouping should occur regardless of
the exact arrangement. In other words, there may not be an
upper limit on the number of middle locations that can be
accommodated (grouped) via a single (middle) episodic rep-
resentation. If so, the spatial grouping effect should also occur
when there are six (Exp. 4a) and when there are eight (Exp.
4b) middle locations (see Fig. 2d). This would again be evi-
denced by the lack of a CSPC effect in the middle locations.

5 This pattern persisted in another experiment, when we attempted to see
whether reducing the number of trials in the middle locations would lead to
their grouping. The procedure was the same as in Experiment 3, except that the
middle locations presented only eight trials per block, whereas the outer loca-
tions continued to present 16 trials per block. The results replicated those of
Experiment 3, including the lack of grouping in the middle locations (i.e., a
significant CSPC effect).

Fig. 5 Context-specific proportion compatibility (CSPC) effects across locations in Experiment 3
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Method

Participants Two new samples, of 30 participants each, were
recruited from the same pool, with the same exclusion criteria
as in the preceding experiments. One participant was excluded
from Experiment 4b for failing to follow instructions by
responding incorrectly on every incompatible trial.
Participants were compensated with course credit for their
time.

Stimuli In both experiments the outer locations remained un-
changed. In Experiment 4a, three middle locations per half of
the screen were used, as is shown on the left side of Fig. 2d.
Each middle location was 7.5 deg from the next closest loca-
tion within the same half of the screen, and 2.9 deg from the
nearest location in the opposite half. The inner middle loca-
tions were 1.6 deg above and below fixation, whereas the
outer middle locations were 7.5 deg from fixation. In
Experiment 4b, four middle locations per half were used, as
is shown on the right side of Fig. 2d. Eachmiddle location was
7.5 deg from the next closest location within the same half,
and 2.9 deg from the nearest location in the opposite half. The
innermost middle locations were 4.3 deg from fixation, where-
as the outermost middle locations were 11 deg from fixation.

Design A 2 × 2 within-subjects design was used, with trial
type and proportion compatible as within-subjects variables.

Procedure Two notable changes were made to the procedure.
First, each location presented 16 trials per block. Second, due
to the increased number of trials per block, the number of
blocks was reduced to four in Experiment 4a and to three in
Experiment 4b. Although the procedures remained at 30 min
to complete, the total trial count in Experiment 4a was slightly
higher (512 trials) than in the preceding experiments (480
trials) and in Experiment 4b (480 trials). A break was allowed
between blocks.

Results

Tables 1 and 2 display the RTs and error rates in each condi-
tion. Trimming RTs eliminated 0.2% of trials in Experiment 4a
and 0.8% of trials in Experiment 4b. The overall error rates
were low in both Experiment 4a (M = 3.5%, SD = 2.5%) and
4b (M = 2.1%, SD = 1.8%), and in neither case did they con-
tradict the patterns seen in the RTs (see the supplementary
material).

All locations In Experiment 4a (see Fig. 6), a significant CSPC
effect was found when averaging across all locations, F(1, 29)
= 5.05, MSE = 156, p = .032, ηp

2 = .148, ηG
2 = .001. The

overall compatibility effect was significant, F(1, 29) = 897.93,
MSE = 903, p < .001, ηp

2 = .969, ηG
2 = .575. In Experiment 4b

(see Fig. 7), the CSPC effect was not significant, F < 1, ηp
2 =

.028, ηG
2 < .001, BFinclusion = .223, but the overall compati-

bility effect was still significant, F(1, 28) = 758.38, MSE =
1,211, p < .001, ηp

2 = .964, ηG
2 = .397.

Outer locations In Experiment 4a, the CSPC effect for the
outer locations was marginally significant, F(1, 29) = 3.49,
MSE = 1,161, p = .072, ηp

2 = .107, ηG
2 = .006, BFinclusion =

.907, though the 23-ms effect was comparable with those in
the preceding experiments. The overall compatibility effect,
F(1, 29) = 396.53, MSE = 1,684, p < .001, ηp

2 = .932, ηG
2 =

.499, was significant. In Experiment 4b, the CSPC effect for
the outer locations did not reach significance, F(1, 28) = 2.13,
MSE = 875, p = .155, ηp

2 = .071, ηG
2 = .001, BFinclusion = .323,

but the overall compatibility effect, F(1, 28) = 260.25,MSE =
2,641, p < .001, ηp

2 = .903, ηG
2 = .322, was significant.

Middle locations Most critically, spatial grouping was found
for the middle locations in Experiment 4a, as indicated by a
nonsignificant CSPC effect of 7 ms, F(1, 39) = 1.74, MSE =
161, p = .198, ηp

2 = .057, ηG
2 < .001, BFinclusion = .259. The

overall compatibility effect was significant, F(1, 29) = 773.85,

Fig. 6 Context-specific proportion compatibility (CSPC) effects across locations in Experiment 4a
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MSE = 1,115, p < .001, ηp
2 = .964, ηG

2 = .586. The same was
true in Experiment 4b: The CSPC effect was not significant
(M = 2 ms), F < 1, ηp

2 = .002, ηG
2 < .001, BFinclusion = .220,

whereas the overall compatibility effect was significant, F(1,
28) = 797.53,MSE = 1,226, p < .001, ηp

2 = .966, ηG
2 = .408.

Estimates of proportions In Experiment 4a, the difference in
estimates between the mostly compatible half of the screen (M
= 51.17%) and the mostly incompatible half (M = 48.17%)
was not significant, t(29) = 0.82, p = .420, d = 0.15, 95% CI [–
4.49, 10.49]. Estimates for both halves significantly differed
from the correct proportions in the mostly compatible half,
t(29) = – 7.94, p < .001, d = – 1.45, 95% CI [– 29.97, –
17.70], and the mostly incompatible half, t(29) = 8.01, p <
.001, d = 1.46, 95% CI [17.25, 29.08]. Participants’ confi-
dence in their estimates did not differ between the mostly
compatible (M = 3.30) and mostly incompatible (M = 2.97)
halves, t(30) = 0.33, p = .169, d = 0.25, 95% CI [– 0.150,
0.817]. In Experiment 4b, the difference in estimates between
the mostly compatible half of the screen (M = 54.72%) and the
mostly incompatible half (M = 51.03%) was not significant,
t(28) = 1.03, p = .312, d = 0.19, 95% CI [– 3.65, 11.03].
Estimates for both halves significantly differed from the cor-
rect proportions in the mostly compatible half, t(28) = – 6.73,
p < .001, d = – 1.25, 95% CI [– 26.44, – 14.11], and the
mostly incompatible half, t(28) = 7.41, p < .001, d = 1.38,
95% CI [18.84, 33.23]. Participants’ confidence in their esti-
mates did not differ between the mostly compatible (M = 3.66)
and mostly incompatible (M = 3.79) halves, t(28) = – 0.55, p =
.588, d = 0.10, 95% CI [– 0.654, 0.378].

Discussion

The spatial grouping effect (i.e., the absence of a CSPC effect)
was found for the middle locations when the number of those
locations was six (Exp. 4a) and eight (Exp. 4b). Although at
first blush this appears to suggest that (a) participants tend to
group conflict experiences across all middle locations when

there are at least four middle locations and (b) there may be no
upper limit on the number of middle locations that can be
grouped, several observations point to a potentially more com-
plex interpretation. In Experiment 4a, there was a CSPC effect
when collapsing across all locations, but the CSPC effect for
the outer locations, though nominally comparable to those in
the preceding experiments, was only marginally significant.
More striking was the fact that in Experiment 4b, there was
not a significant CSPC effect, either for the outer locations or
overall. These findings raise the possibility that there was
simply a general weakening of the CSPC effect in these ex-
periments rather than a spatial grouping effect in the middle
locations (i.e., an absence of the CSPC effect selectively in the
middle locations), especially in Experiment 4b. We will con-
sider this possibility further in the General Discussion.

Cross-experimental exploratory analysis6

Hutcheon, Spieler, and Eldar (2017, Exp. 1) reported an anal-
ysis of sequential congruency effects (SCE) within the CSPC
paradigm. The SCE refers to a reduction in the compatibility
effect following a previous trial that is incompatible as com-
pared to compatible. Using the standard CSPC paradigm, in
which there is a single location in each half of the screen,
Hutcheon et al. found an SCE for Blocation repeat^ trials
(e.g., the previous and current trials appear in the same [upper]
location) but not for Blocation switch^ trials (e.g., the previous
trial appears in the lower location and the current trial in the
upper one), suggesting that unique, context-specific attention-
al settings were operating in each half. Generalizing the logic
behind their analysis to the present study using the modified
CSPC paradigm, we examined whether a single, unique con-
trol setting was operating for upper and middle locations
within the same half. If there were a single control setting,
then an SCE should be found not only for location repeat

6 We thank Thomas Hutcheon for suggesting this analysis.

Fig. 7 Context-specific proportion compatibility (CSPC) effects across locations in Experiment 4b
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trials, which are necessarily in one half of the screen, but also
for location switch trials, which are defined here as those
appearing in different locations within the same half of the
screen. On the basis of the standard analyses reported through-
out this article, one might expect this prediction to be con-
firmed in all experiments except Experiment 1, in which the
presence of the horizontal line may have modulated the effect.
Specifically, when the line was absent (i.e., when the spatial
grouping effect was evidenced), an SCE might not be found
for the location switch trials, because moving from the upper
to the middle locations in the same half might constitute a
change from one location-specific attentional setting (e.g., up-
per mostly congruent) to another (e.g., middle unbiased/inter-
mediate). Another potential exception is Experiment 4a, in
which the spatial grouping effect was also observed, although
the marginal CSPC in the outer locations muddied interpreta-
tion of that pattern.

To provide the most powerful test of the initial, broader
prediction, we collapsed the data from all experiments except
Experiment 4b (because noCSPCwas found there).We coded
each trial as a repeat or switch between locations within a
given half (we considered outer to outer or middle to middle
to be location repeats, andmiddle to outer or outer tomiddle to
be location switches). Then we performed a 2 (location
switch: repeat or switch) × 2 (proportion compatibility) × 2
(previous compatibility) × 2 (current compatibility) × 4
(experiment) ANOVA on current-trial RTs. Here we selective-
ly report the effects that correspond to the empirically derived
predictions above, based on Hutcheon et al. (2017; see Table 3
for the means). We observed a significant SCE (i.e., Previous
Compatibility × Current Compatibility interaction), F(1, 173)
= 30.83,MSE = 1,150, p < .001, ηp

2 = .151, ηG
2 = .151, such

that the compatibility effect was smaller following an incom-
patible than following a compatible trial. Consistent with the
prediction motivated by Hutcheon et al., the SCE did not
interact with location switch, F(1, 173) = 0.55, MSE =
1,011, p = .461, ηp

2 = .003, ηG
2 = .003, BFinclusion = .022.7

In other words, the SCEs were similar for location repeat and
location switch trials within a given half. These effects
(Previous Compatibility × Current Compatibility interaction
and Previous Compatibility × Current Compatibility ×
Location Switch interaction) did not interact with the experi-
ment factor (Fs < 1, BFsinclusion ≤ .001).8

Next, to test the more nuanced prediction regarding
Experiment 1, we analyzed the data from Experiment 1, using
the same ANOVAwithout the factor experiment, but includ-
ing the additional factor line presence (absent or present).
Again, we found a significant SCE, F(1, 58) = 7.13, MSE =
1,231, p = .010, ηp

2 = .109, ηG
2 = .105, such that the compat-

ibility effect was smaller following an incongruent than fol-
lowing a congruent trial, and the SCE did not interact with
location switch, F(1, 58) = 0.66,MSE = 1,380, p = .419, ηp

2 =
.011, ηG

2 = .011, BFinclusion = .008. The SCE was not modu-
lated by line presence, F(1, 58) = 2.53,MSE = 1,231, p = .117,
ηp

2 = .042, ηG
2 = .037, BFinclusion = .014, nor did the SCE

interact with location switch and line presence, F(1, 58) =
0.12, MSE = 1,380, p = .729, ηp

2 = .002, ηG
2 = .002,

BFinclusion = .000.
To summarize, the results of the cross-experiment analysis

indicated that there was an SCE, that it was equivalent for lo-
cation repeat and location switch trials in the same half of the
screen, and that this pattern was similar across Experiments 1
through 4a. These findings suggest that a single, unique atten-
tional setting was operating within each half of the screen. That
is, the attentional setting that was used when responding to
stimuli in the outer location was the same one used when
responding to stimuli occurring in the middle locations within
the same half. This interpretation converges with our interpre-
tation of the findings from Experiments 1 through 4a, with two
exceptions. First, for Experiment 1, we suggested that there
might be a different attentional setting for the outer and middle
locations within each half. In particular, we suggested that this
might have been the case in the line-absent condition, in which
the spatial grouping effect was found. However, the SCE anal-
ysis did not reveal differences among the experiments, and the
more targeted analysis of Experiment 1 that included the factor
line presence did not show that the presence of the line modu-
lated the SCE effect across location repeat and location switch
conditions. On the one hand, this is inconsistent with the idea
that distinct attentional settings (i.e., one for the upper and one
for the middle) operate within a given half in the line-absent
condition. However, we interpret the absence of this effect with
caution, because the test might have been underpowered (only
Exp. 1 showed that the spatial grouping effect varied depending
on the presence of the line, and thus we had a relatively small
sample size for testing what might have been an interaction with
a small effect size), and the means were consistent with the
patterns one would expect if three settings were operating in
the line-absent condition. In particular, whereas the SCE (the
average decrease in the compatibility effect for trials in which
the previous trial was incompatible as opposed to compatible)
averaged at least 10 ms in all conditions in all experiments, the
one exception was the location switch condition in the line-
absent condition in Experiment 1 (SCE = – 1 ms).

Regarding Experiment 4a, in which the spatial grouping
effect was again observed, the mean SCEs are less suggestive

7 At first glance, a reader might interpret these findings as inconsistent with
Hutcheon et al. (2017), who found that there was not an SCE in the location
switch condition but there was an SCE in the location repeat condition.
However, in Hutcheon et al.’s study, a location switch was always necessarily
a context switch (because there was only one location within each half of the
screen). In the present analysis, a location switch and a location repeat both
were trials in which the context was the same—that is, a change from a
location within one half to a location within the same half of the screen.
8 Following Hutcheon et al. (2017), we did not analyze error rates because
errors were rare (only 2.5% of trials).
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of an alternative explanation. That is, the SCEs were compa-
rably large in the location switch and location repeat condi-
tions. Applying the logic of Hutcheon et al. (2017), this chal-
lenges our interpretation that there might have been three at-
tentional settings operating in Experiment 4a. We will discuss
these findings further in the General Discussion.

General discussion

We set out to test the relative-proximity hypothesis and the
conditions under which the spatial grouping effect is observed
in the modified CSPC paradigm. In addition to replicating the
original spatial grouping effect in Experiment 1, the present
findings highlighted two clear and one tentative boundary
condition for the hypothesis. First, the spatial grouping of
the middle locations based on their relative proximity did
not occur when an experimenter-imposed cue (a horizontal
line) was present and physically separated the proximal (lower
middle and upper middle) locations. This is consistent with
the findings of Diede and Bugg (2016), who showed that
proximity could be disrupted by increasing the distance
(space) between the middle locations (i.e., moving the lower
and upper middle locations closer to the outer locations in
each half). What is compelling about the present finding is
that the middle locations were more proximal to one another,
but the horizontal line still disrupted the effect of relative
proximity. Interpreted within the episodic-retrieval account,
the horizontal line may have encouraged participants to orga-
nize conflict experiences according to Blower^ and Bupper^
halves, such that the episodic representations for the middle
lower and middle upper locations were bound to unique atten-
tional settings, therefore resulting in a CSPC effect.

The second boundary condition for the relative-proximity
hypothesis is suggested by the findings of Experiments 2 and
3: namely, that the spatial grouping effect did not occur when
there were only two proximal (one lower middle and one
upper middle) locations. This was true whether the middle
locations were vertically oriented (in line with the outer loca-
tions) or offset (i.e., the two locations appeared to the left of
fixation or to the right of fixation). The simplest explanation is
that the two middle locations were not grouped because there
were only two such locations. In other words, to the extent that
spatial grouping is analogous to chunking, the benefit of
grouping may be that it enables the system to bypass an oth-
erwise apparent limitation (i.e., number of locations for which
one can maintain distinct episodic representations). When on-
ly two locations exist, there may be no need for spatial group-
ing. In contrast, when four locations exist (as in Diede &
Bugg, 2016, and the replication in Exp. 1), maintaining four
episodic representations that bind proportion compatibility to
the associated attentional setting may exceed memory’s
capacity.Ta
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The idea of Blocation management,^ or grouping as a type
of chunking, was further put to the test in Experiments 4a and
4b. According to this idea, when the number of middle loca-
tions is increased relative to Experiment 1, location manage-
ment should again be challenged, and the spatial grouping
effect should be observed. The data were partially consistent
with this idea.When the number of middle locations increased
to six, we found a CSPC effect overall, a marginally signifi-
cant CSPC effect in the outer locations, and a spatial grouping
effect in the middle locations (Exp. 4a). However, when the
number increased to eight, the CSPC effect was no longer
detectable in any comparison (Exp. 4b). This can be
interpreted in one of two ways. It may mean that the tendency
is to form one large group accommodating all locations when
there are Btoo many^ locations. In this case, because the pro-
portion compatibility was 50% averaged across all locations
(i.e., all ten locations that appeared throughout the experi-
ment), an unbiased attentional setting was presumably re-
trieved for each location in this large group, resulting in no
CSPC effect overall, in the outer locations, or in the middle
locations. Indeed, the ten locations in Experiment 4b repre-
sented the maximal number of locations per experiment in the
present study and elsewhere in the CSPC literature, with one
exception to our knowledge. Weidler and Bugg (2016) used
12 locations (they also included an additional eight transfer
locations in the final block, which were not part of the present
study). However, the locations were organized for participants
according to an experimenter-imposed bulls-eye ring that was
always present on screen (i.e., four locations appeared inside
each of three rings with each ring representing a different
proportion compatibility). Thus, it is unsurprising that a
CSPC effect was found in their study but not in Experiment
4b, which lacked external, environmental support for organiz-
ing conflict experiences across the ten locations.

Another possible interpretation of Experiment 4b is that
one large group was formed not because there were too many
locations, but because participants did not gain enough expe-
rience to organize the ten locations according to their propor-
tion compatibility or the proportion compatibility of nearby
locations. According to this interpretation, with enough expe-
rience, participants would eventually form and maintain dis-
tinct episodic representations for the outer locations (resulting
in a CSPC effect) and ultimately group the eight middle loca-
tions (resulting in the spatial grouping effect). This remains to
be tested in future research.

The results of Experiments 4a and 4b tentatively suggest
that there might be a third boundary condition for the relative-
proximity hypothesis. When the number of middle locations
increases (> 8), such that there are ten (or more) total locations,
a CSPC effect occurs neither overall nor in the outer locations;
accordingly, one cannot claim that there is a spatial grouping
effect when a CSPC effect does not occur in the middle loca-
tions. Only once a CSPC effect is found for the outer locations

in a display that includes at least eight middle locations can
there be a stronger test of the prediction that there should not
be an upper limit on the number of middle locations that can
be grouped. However, as we noted earlier, there does appear to
be a lower limit (as implied by Exps. 2 and 3) that influences
whether participants group the middle locations.

Implications for theory and models

The relative-proximity hypothesis, as originally put forth by
Diede and Bugg (2016), supported an expansion of the
episodic-retrieval account to accommodate cases in which an
attentional control setting does not map directly onto the his-
tory of conflict for a singular location but instead incorporates
experiences with conflict acrossmultiple locations (i.e., within
a group). The spatial grouping effect (i.e., the lack of a CSPC
effect for middle locations) that is observed under select con-
ditions, as further elucidated in the present study, serves as the
primary support for the relative-proximity hypothesis. The
importance of identifying conditions under which this effect
occurs, as well as boundary conditions, relates more broadly
to the theoretical aim of understanding how the internal rep-
resentations of our prior experiences with conflict (i.e., engag-
ing attention) are organized and stored in order to enable
context-specific control. This has implications for models of
control (e.g., Verguts & Notebaert, 2008; cf. Blais et al.,
2007), which currently do not consider the possibility that
conflict signals from nearby locations might contribute to
the learning of attentional settings (i.e., formation of episodic
representations for a given location), and therefore might not
always accurately predict which attentional setting will be
retrieved when a stimulus is encountered within a given con-
text (location). To improve prediction accuracy, extant models
could be modified so that model dynamics/parameters are
constrained by the present findings (and those of Diede &
Bugg, 2016), which indicate when an individual location’s
history of conflict is or is not predictive of the attentional
setting for that location. For the outer locations, the individual
location’s history of conflict was consistently predictive, ex-
cept in Experiment 4b, in which we found no CSPC effect.
This consistent result is unsurprising, given that there was not
another location nearby to the outer locations. However, the
importance of the present findings with respect to extant the-
ory and models is especially apparent when considering the
middle locations, for which nearby locations included those
with the opposite proportion compatibility. For the middle
locations, the individual location’s history of conflict was
not consistently predictive of the attentional setting associated
with that location. Instead, in some cases (i.e., generally, when
there were at least four middle locations and no perceptual cue
to delineate the lower middle and upper middle locations), the
best predictor of the attentional setting associated with a
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middle location was the average proportion compatibility of
all middle locations.

What do these findings suggest about how conflict experi-
ences are organized and stored in the form of episodic repre-
sentations? At the simplest level, participants do appear to
pick up on cues and use them to guide the organization of
prior experiences with conflict. In addition to relative proxim-
ity, such cues include the horizontal line in one condition of
Experiment 1. When the horizontal line appeared on screen
and divided the lower middle and upper middle locations, it
appears that participants organized conflict experiences occur-
ring below the line into one episodic representation (e.g.,
mostly incongruent/focused setting) and those above the line
(e.g., mostly congruent/relaxed setting) into a second episodic
representation. This was true even though the locations were
just as close to each other and as far from the outer locations as
in the line-absent condition, in which relative proximity
Bdirected^ the organization of conflict experiences (resulting
in the spatial grouping effect).

The findings are also consistent with the possibility that
participants organize conflict experiences according to differ-
ent categories of space (see also Weidler & Bugg, 2016; cf.
Bugg, Jacoby, &Chanani, 2011; Bugg&Dey, 2018; Cañadas,
Rodríguez-Bailón, Milliken, & Lupiáñez, 2013, for other cat-
egorical cues that guide attentional control). For example, in
the line-present condition, participants may have organized
experiences into a lower category and an upper category of
space. In contrast, in the line-absent condition, experiences
may have been organized into three categories: lower, middle,
and upper, with each corresponding to an episodic represen-
tation (mostly incongruent/focused setting; 50% congruent/
unbiased setting; and mostly congruent/relaxed setting, re-
spectively). This same category-based organization might ac-
count for why a spatial grouping effect occurred when there
were at least four middle locations, except in Experiment 4b.
In Experiment 4b, according to a categorically oriented way of
thinking about how conflict experiences are organized, there
appeared to be only one category of space (the entire computer
screen). Thinking about the results of Experiments 2 and 3
from this perspective, it may not be that participants are dis-
inclined to Bchunk^ two locations for purposes of a
workaround on capacity limitations. Rather, the input from
just two nearby locations might not be sufficient to give the
impression that those locations represent a unique category of
space.

One challenge to the above interpretations stems from our
exploratory analyses examining the SCE between locations
within the same half of the screen (e.g., between the upper
and middle locations; cf. Hutcheon et al., 2017). These anal-
yses indicated that a single, unique attentional setting was
operating within one half of the screen (i.e., for both the upper
and middle locations) for all experiments included in the anal-
ysis (Exps. 1–4a). This contrasts with our interpretation that

two distinct attentional settings were present within one half of
the screen in the experiments (Exp. 1 line-absent condition,
and Exp. 4a) in which the spatial grouping effect was found
(e.g., a mostly congruent/relaxed setting in the upper location
and an unbiased/intermediate in the middle location).
Although we believe that this analysis approach has value in
informing this issue, additional research will be needed to
confirm the present findings. As we already noted in the ex-
ploratory analysis, the mean SCEs in Experiment 1 were nom-
inally consistent with our interpretation. This was not true for
Experiment 4a, though. Especially important will be future
studies that are designed to examine SCEs using variants of
the modified CSPC design presented herein and that include
larger sample sizes and/or larger numbers of trials than the
present study, so there will be sufficient power to detect po-
tentially subtle interactions. One such interaction was already
mentioned above (the interaction with line presence), but
equally important are potential interactions with block. As
we detailed throughout the discussion, it is assumed that par-
ticipants learn attentional settings via experiences with con-
flict in each location. Therefore, it is possible that the differ-
entiation of attentional settings within one half of the screen
(i.e., unique settings formed for upper vs. middle locations)
happens only after many trials of experience in each location.
Future studies with additional blocks (more trials) can test this
possibility directly, by examining interactions with block or
halves of the experiment.

Relevance to gestalt theory

Our references to space, perception, and groups might im-
ply that the present findings have implications for gestalt
theory (see, e.g., Pomerantz & Portillo, 2011). Although the
relative-proximity hypothesis is reminiscent of the gestalt
principle of proximity, and the effect of the horizontal line
in Experiment 1 might evoke the principle of common re-
gion, we are reluctant to draw conclusions about gestalt
principles per se, for two reasons. First, gestalt phenomena
typically apply to statically presented stimuli in which all
characteristics can be perceived continuously—for exam-
ple, an image of dots arranged with various degrees of prox-
imity. In the present study, only one stimulus was presented
at a time. If participants were aware of the proximity differ-
ences between locations, this must have been based on an
internal representation of space that was formed via accu-
mulating input trial by trial, given that participants never
saw the full array of locations at once. Second, gestalt phe-
nomena typically refer to conscious perception. Even if
participants were consciously aware of the spatial relations
between locations, they did not seem to be aware of the
proportion differences between the locations that were
modulating attention and influencing their performance.
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Awareness

Regarding awareness, across experiments the participants
were poor at estimating the true proportion of congruent trials
in each half of the screen. If participants were able to make
accurate estimates, it could be argued that some form of con-
scious processing might be contributing to the CSPC effect.
The present data suggest that this is unlikely, and thus concur
with many previous studies (Crump et al., 2008; Diede &
Bugg, 2016, 2017). Confidence ratings were also generally
low for the estimates, with the means being in the lower half
of the scale. Even if some signal of awareness was present, it
was not strong enough to engender much confidence in par-
ticipants’ estimates. It might be argued that these low esti-
mates of confidence could be an artifact of the measurement
method (estimating proportions); however, participants’ sub-
jective feelings of difficulty also led to conclusions similar to
their proportion estimates (see the supplementary material).

Conclusion

To conclude, two clear and a third tentative boundary condi-
tion for the relative-proximity hypothesis were identified
across five experiments. Although there were clearly cases
in which multiple middle locations (with conflicting PCs)
were represented as a single group rather than independently
(as indicated by the spatial grouping effect), consistent with
the hypothesis, we also observed cases in which this did not
occur. The identification of conditions under which the spatial
grouping effect does and does not occur offers new insights
into how conflict experiences are organized and stored, in the
form of episodic representations that enable flexible, context-
specific control. This information can be used to inform future
modeling efforts whose goal will be to predict the attentional
setting that is retrieved for a given location. Future research
also has the exciting potential to assess how people eke out
meaningful organizations of conflict experiences in the pres-
ence and absence of experimenter-imposed cues, and how the
ways in which individuals organize these experiences shape
their subsequent attentional control.
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