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How do we distribute attention to interactive biological motion (BM)? There are 2 main hypotheses: (a)
distribution-by-individual hypothesis, suggesting that interactive BM will not be taken as one unit in
attention distribution, and an individual BM is independently selected; and (b) distribution-by-group
hypothesis, indicating that interactions between BM can integrate them as one attention unit. We
examined these hypotheses using a modified cueing paradigm. Participants observed 4 upright BM
interacting in pairs (paired condition) or not interacting (unpaired condition), and after a cue for 1 agent,
they determined whether the probe was the letters T or L (Experiment 1, sample size = 20). The results
demonstrated better performance for probes presented on BM in the same interaction compared to BM
equidistant but in different interactions. These differences were not present in the unpaired condition or
for inverted BM (Experiment 2, sample size = 20), excluding a possible influence of low-level features.
The findings indicate that interactive BM can serve as the elementary unit of attention in accordance with

the distribution-by-group hypothesis.

Public Significance Statement

Interactive biological motion can serve as the elementary unit of attention in accordance with the
distribution-by-group hypothesis, but attention is not selectively distributed to agents in interactions
depicted by unpaired or inverted biological motion.

Keywords: selective attention, social interaction, biological motion, distribution-by-individual,

distribution-by-group

Humans operate in a social world crowded with single and
interactive biological motion (BM). The manner in which people
selectively attend to this information is critical for survival and
social adaptation (Blakemore & Decety, 2001; Blake & Shiffrar,
2007; Hirai & Senju, 2020; Yovel & O’Toole, 2016). For example,
perception of BM facilitates remote identification (Yovel &
O’Toole, 2016), as well as action imitation and learning (Giese &

Poggio, 2003). Most previous studies on BM focused on selective
attention allocated to a single BM (for reviews, see Blake &
Shiffrar, 2007; Giese & Poggio, 2003); however, these studies
have neglected to investigate BM in social situations. The study of
interactive BM is important, because the social interactions in-
volved with multiple animate entities are important to people’s
survival (Hafri, Papafragou, & Trueswell, 2013). Then faced with
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numerous instances of interactive BM in daily life (e.g., two
people quarreling), the question emerges as to how selective at-
tention operates on interactive BM. Two possible hypotheses exist
in answering this question: the distribution-by-individual hypoth-
esis and the distribution-by-group hypothesis.

The Distribution-by-Individual Hypothesis: From
Single Object to Single BM

Object-based theory suggests a distribution-by-individual hy-
pothesis. That is, although involved in social interactions, interac-
tive BM will not be taken as one unit in attention distribution,
showing that individuals are independently selected. Object theory
takes single object as a unit in attention system (for a review, see
Scholl, 2001), as supported by both behavioral (e.g., Vickery &
Chun, 2010) and neurophysiological evidence (e.g., Miiller &
Kleinschmidt, 2003). Researchers have developed various para-
digms to study attention distribution, such as the Eriksen flanker
task (Eriksen & Eriksen, 1974), choice reaction time (RT) task to
examine the Simon effect (Simon & Rudell, 1967), Posner cueing
task (Posner, 1980), and visual search task (Yantis & Jonides,
1984). One of the most widely used methods to study object-based
attention is the spatial cueing paradigm proposed by Egly, Driver,
and Rafal (1994). In their experiment, participants were asked to
detect a target after a cue appeared at any of the four ends of two
distinct rectangles. They found that participants responded faster to
the targets appearing on the same rectangle as the cue but at a
different end, compared with targets appearing on another rectan-
gle. They thus concluded that attention can be distributed auto-
matically to objects. The same theory has been presented for
subjective contours (e.g., Moore, Yantis, & Vaughan, 1998), grid-
like patterns (i.e., tiles on a floor; Ongchoco & Scholl, 2019), and
even human faces (Baldauf & Desimone, 2014). Recently, object-
based theory was further examined in real-world settings (Mal-
colm & Shomstein, 2015). The results indicated that this theory is
still supported in the real world, full of both lower-level (such as
edges) and higher-level (semantic) stimuli.

Previous studies have provided evidence consistent with the
distribution-by-individual hypothesis. For example, researchers
found that participants first and mainly attended to people in
real-world settings compared to other, nonliving stimuli (Birming-
ham, Bischof, & Kingstone, 2008). Furthermore, eye movement
results have suggested that participants distribute attention almost
equally to individuals, whether they are involved in social inter-
actions or not. Subsequent studies then only used a single person
to study attention distribution, acquiescently taking a single person
as an attention unit (e.g., Bindemann, Scheepers, Ferguson, &
Burton, 2010; Fletcher-Watson, Findlay, Leekam, & Benson,
2008). Meanwhile, studies on working memory used a single actor
to study the capacity of working memory for retaining action
information, taking individual BM as the elementary unit (Gao,
Ye, Shen, & Perry, 2016; Wood, 2007). Based on the similarities
between working memory and attention (deBettencourt, Keene,
Awh, & Vogel, 2019), it is reasonable to assume that a similar
selection mechanism exists in attention allocation. Taken together,
these findings suggest that even when involved in social interac-
tions, only a single BM may be given priority during processing.
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The Distribution-by-Group Hypothesis: Interactions
Between BM Integrate Them as a Unit

The distribution-by-group hypothesis represents an alternative
to the distribution-by-individual hypothesis and claims that the
interactions between BM integrate them as an attention unit. In
daily life, we often need to perceive and process human interac-
tions from a third-party perspective (for a review, see Quadflieg &
Penton-Voak, 2017). In this context, beyond a physical entity, it is
necessary to detect social information between different agents,
make social judgments, and modify our behavior in accordance
with social interactions at any given moment (Quadflieg & Penton-
Voak, 2017; Schwarzkopf, Biichner, Holscher, & Konieczny,
2017), such as avoiding walking between two interacting individ-
uals (Knowles, 2015). Researchers found that infants already can
perceive collaborative relationships between two actors acting
sequentially (Fawcett & Gredebick, 2013) and can detect the
nonmatching relation in a dyadic interaction (Gredebick & Me-
linder, 2010). An fMRI study indicated that, compared to teasing
situations, the right amygdala, fusiform gyrus, extrastriate body
area-human motion complex, and superior temporal sulcus exhib-
ited stronger activation when participants were presented with a
threatening interaction, even when the interacting dyad was task-
irrelevant (Sinke, Sorger, Goebel, & de Gelder, 2010), indicating
that people have an excellent ability to detect social interaction
information. These studies of social perception thus make it rea-
sonable to assume that in these complex social situations, selective
attention will be more effective when socially interactive BM is
taken as an attention unit.

In accordance with the distribution-by-group hypothesis, previ-
ous studies have found that attention is automatically distributed to
cooperative objects in a dynamic chase (Yin et al., 2013) and two
static hands performing a handshake (Shen, Yin, Ding, Shui, &
Zhou, 2016; Yin, Xu, Duan, & Shen, 2018). Using a visual search
paradigm, researchers found that a static-facing dyad sketch was
more likely to capture attention and was more easily recognized
than a nonfacing dyad (Papeo & Abassi, 2019; Papeo, Goupil, &
Soto-Faraco, 2019; Papeo, Stein, & Soto-Faraco, 2017). A similar
processing priority was found in short-term and longer-term visual
memory (for a review, see Kaiser, Quek, Cichy, & Peelen, 2019).
That is, compared to noninteracting individuals, automatically
binding people into interacting groups induced faster processing
and enhanced working memory and longer-term memory (Vestner,
Tipper, Hartley, Over, & Rueschemeyer, 2019). However, hardly
any of the published research has examined the distribution of
attention on dynamically interactive BM, in which irrelevant phys-
ical features, such as hair and body shape, are controlled. The
absence of such research has resulted in a lack of direct evidence
concerning how selective attention operates on interactive BM. In
this study, we conducted two experiments to examine the two
possible hypotheses on this question: the distribution-by-
individual hypothesis and the distribution-by-group hypothesis.

Current Study

We used point-light displays (PLDs) attached to the major joints
of human agents (Johansson, 1973) to depict interactive BM,
which is effective for studying the perception of human action
(e.g., Abernethy, Gill, Parks, & Packer, 2001). To study responses
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to interactive BM, this research adopted a modified two-rectangle
cueing paradigm (Egly et al., 1994). In the classical cueing para-
digm, participants were presented with a cue for one location and
then asked to complete a letter discrimination task. The cue could
be valid (V; the same location as the target) or one of two types of
invalid (different locations from the target) cues. The invalid cues
could appear on the same object (IS; invalid, same object) or on a
different object (ID; invalid, different object; Figure 1a). Compar-
ing performance in the three cue conditions allows for a compar-
ison of spatial and object-based allocation of attention.

In the present research, the classical cueing paradigm was mod-
ified by two objects being replaced by two interactive BM pairs
(Figure 1b, Experiment 1), and participants were told that there
were four PLDs. Thus, if the distribution-by-individual hypothesis
is correct, the four BM would be selected individually, whether
they are involved in the same interactions or not. Then, only the
cueing effect would be observed, as response times (RTs) to
targets appearing in cued locations would be faster than to those in
uncued locations (RT,, < RTg; RTy, < RT,;). However, if the
distribution-by-group hypothesis is correct, then both the cueing
effect (RTy, < RTg; RTy, < RT}p) and an automatic allocation of
attention to BM involved in the same interaction (RT;g3 < RT;)
would be observed. Additionally, this would only occur in the
paired condition (meaningful interaction). To exclude the possible
influence of low-level features, we conducted Experiment 2, in
which the BM stimuli were inverted.

Experiment 1

In Experiment 1, we compared interactive BM pairs against
noninteractive ones under different cue settings. According to the
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Figure 1. The comparison between the classical paradigm (a) in attention
studies (Egly et al., 1994) and our research (b). In our research (b), the four
PLDs were presented on the four corners of a square, with the geometric
center of each being equidistant from the others. The upper two PLDs are
presented as interacting with each other, as are the lower two PLDs.
Participants were presented with a cue to one location and then asked to
complete a letter (T or L) discrimination task. The cues are represented
here by V for valid trials, IS for invalid, same-object trials in a and,
correspondingly, invalid, same-event trials in b, and ID for invalid
different-object trials in a and, correspondingly, invalid different-event
trials in b. See the online article for the color version of this figure.

distribution-by-group hypothesis, if the task target appeared in an
uncued BM, and this BM formed an interactive pair with the cued
BM, task performance would be better. If no such a difference
were found, then the distribution-by-individual hypothesis would
be correct.

Method

Participants. Experiment 1’s participants comprised 20 stu-
dents (5 men and 15 women) from Sun Yat-Sen University, aged
between 18 and 23 years (M = 21 years). All the participants were
right-handed and had normal or corrected-to-normal vision. The
sample size was decided based on previous studies that provided
the background knowledge for the current research (Yin et al.,
2018). We used BUCSS (Anderson, Kelley, & Maxwell, 2017) to
perform the power analysis for the within-subject analysis of
variance (ANOVA) in our study (https://designingexperiments
.shinyapps.io/BUCSS_ss_power_wa/). Specifically, the observed
F value was 15.65. The total sample size of the previous study was
20. The main effect we focused on was the 2 X 3 interaction
between display type (paired/unpaired) and validity (valid/invalid
same-event/invalid different-event). The target alpha level for the
previous study was 0.05, as well as the planned study. The desired
statistical power was set to 0.8, with a level of assurance of 0.8,
which means we had an 80% chance to obtain the desired statis-
tical power or higher with the estimated sample size. With the
above settings, the calculated value was 12. The sample size of 20
in the present study should be sufficient for obtaining a moderate
statistical power. Written informed consent was obtained before
participation. Participants received financial rewards after com-
pleting the experiment. The experimental protocol was approved
by the institutional review board of the Department of Psychology,
Sun Yat-Sen University.

Stimuli and apparatus. The PLDs of the agents’ motion used
in Experiment 1 were selected and adapted from the Motion
Capture Database built by Carnegie Mellon University Graphics
Laboratory (http://mocap.cs.cmu.edu). The following selection
rules were applied: (a) clear interactive behaviors and (b) little
direct physical touch between the two agents. Five types of inter-
actions were selected, including quarreling, fighting, conversing,
dashing, and drinking. Each agent in the PLD consisted of 41
points, and the display size of a single agent’s PLD was approx-
imately 0.5° (width) X 1.8° (height), with variations depending on
body gestures. Paired PLDs were drawn from the matching motion
data displaying two agents’ motion showing one interaction type
(e.g., two agents quarreling with each other). In unpaired PLDs,
scrambled combinations were drawn from different motion data
from the five interactions (e.g., one agent is in conversation while
the other is fighting), while each agent was not changed or flipped.
That is, the two agents in the unpaired condition were selected
from different sides (left or right) of different interactive pairs.
Since there were only five types of motion interactions available,
we conducted a preliminary Likert evaluation of all possible ran-
domized combinations and then selected the five combinations that
were reported to be the most improbable matching pairs. This
selection process was conducted to ensure that the number of
stimuli in each set was equal in the paired and unpaired conditions.
All PLDs were clipped from raw data with the key portions of the
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interaction preserved (e.g., an outburst of body movements in a
threatening interaction; Figure 2).

The target to be reported was a white letter T or L, and the
distractors were combinations of T and L at 0°, 90°, 180°, and 270°
orientations (Figure 3a). Both the target and the distractors subtended
a 0.6° visual angle. The program was prepared in MATLAB 2016
with PsychToolbox extensions and implemented on a Windows 7
(64-bit) desktop computer with a 27-in. LCD (100Hz refresh rate)
screen and a standard QWERTY keyboard, in a dark laboratory room
with acoustic shielding.

Procedure. At the beginning of each trial, a black cross was
presented at the screen’s center as a fixation point. Participants
were asked to focus on the cross and told that four agents’ PLDs
would appear 500ms later in four positions around the fixation
cross (top-left, top-right, bottom-left, and bottom-right). The PLDs
were constantly pinned to their positions for all motion types
(similar to walking on a treadmill). Pinning the PLDs ensured that
the distances from the body centers of each of the four agents to the
screen center remained equal (3.9° approximate visual angle). The
PLD array was presented for 3000ms, and each motion was con-
tinuously played as repetitions during the presentation. After this
period, one of the PLDs was highlighted (color change) as a visual
cue, lasting for 400ms before the cue disappeared (color was
restored to the original). The target and distractors appeared 500ms
after the cue disappeared. The participants were asked to detect the
target and report whether it was a T or an L. The selection was
indicated by pressing corresponding keys as quickly as possible
without losing accuracy. Participants were not reminded of the
interactions, apart from the presence of the four PLDs. RTs and
accuracy levels were recorded (RTs longer than 1500ms were
recorded as misses).

A total of 320 trials were conducted, with four blocks each for
the paired and unpaired conditions. This total was the accumula-
tion of each participant in each experiment. Each block contained
40 trials. In each block, 60% of the trials were valid (V), 20% of
the trials were invalid same-event (IS), and 20% of trials were
invalid different-event (ID). As a result, we set a within-subject 2
(display type: paired/unpaired) X 3 (validity: valid/invalid same-
event/invalid different-event) design (Figure 3b). In the paired
blocks, both the top and bottom halves of the PLD array were
paired PLDs, randomly drawn from the five motion types. Thus,
the top half of the display contained one interaction, while the
bottom half contained a different interaction. In the unpaired
blocks, the two halves comprised PLD combinations randomly

Paired

Quarrel (Upright) Quarrel (Inverted)

drawn from the five unpaired combinations, and the diagonal
PLDs were never drawn from matching interactions.

The validity of a trial was defined by the relationship between
the location of the cue and the location of the target. Specifically,
in valid trials, the target (a discrete T or L) was positioned in the
center of the highlighted PLD (cued position). In invalid same-
event trials, the target was positioned horizontally opposite (left vs.
right, within the same interaction) the highlighted PLD (cued
position), and in invalid different-event trials, the target was pre-
sented vertically opposite (top vs. bottom, within a different inter-
action) to the cued position.

Data analysis. Only trials with correct performances on the
discrimination task were considered for further analysis. We ex-
amined participants’ RTs using repeated measures ANOVA with
display type and validity as the within-subject factors. Then, a
linear mixed model (LMM) analysis was conducted to verify the
effects’ uniformity across the five interaction types. Finally, we
compared participants’ accuracy rates in the same way to detect
any trade-off between response speed and response accuracy.

Results

The mean RTs for the correct responses are shown in Figure 4.
The RT data were analyzed in a 2 (display type: paired/un-
paired) X 3 (validity: valid/invalid same-event/invalid different-
event) repeated measures ANOVA. The main effect of display
type was not statistically significant, F(1, 19) = 0.78, p = .389,
M3 = 0.04. There was a significant main effect for validity, F(1.31,
24.81) = 49.73, p < .001, m3 = 0.72, and a significant interaction
between the two factors, F(2, 38) = 6.51, p = .004, n; = 0.26.
Post hoc analyses with Bonferroni correction confirmed that
RTs in valid trials were faster than those in invalid same-event
trials, p < .001, 95% CI [—123.95, —62.88], and invalid
different-event trials, p < .001, 95% CI [—143.17, —66.13].
These findings reflected facilitation of RTs induced by the
attention cue.

To examine whether there were any differences among the five
interaction types, we took interaction type as the fixed factor in an
additional LMM analysis on the RTs, while adding a random
intercept for each participant. The results suggested that in the
paired condition for invalid same-event trials, interaction type
made no significant contribution to the model depicting partici-
pants’ RTs, AIC = 7723.13, F(4, 599) = 0.69, p = .602. Further
pairwise comparisons showed that there was no significant differ-

Unpaired
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Drink+Dash
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Figure 2. Examples of the PLD motion stimuli used in Experiments 1 (upright) and 2 (inverted).
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Figure 3. The design of Experiment 1. Participants were told there would be four PLDs after the fixation point,
then they would be presented with a cue and asked to complete a letter (T or L) discrimination task (a). Three
types of trials (b) were used: the cue might be valid (V, in the same location as the target), invalid same-event
(IS, in a different location from the target, but within the same event), or invalid different-event (ID, in a different
location from the target and in a different event). See the online article for the color version of this figure.

ence between any two of the five types, ps > .05. Similar results
were found in the unpaired condition. The interaction type made
no significant contribution to the model depicting participants’
RTs, AIC = 7721.76, F(4,599) = 1.04, p = .388. Further pairwise
comparisons showed that there was no significant difference be-
tween any two of the five types, ps > .05.

To further analyze the interaction effect, we calculated the cue
effect by subtracting the mean RT in the valid trials from the mean
RTs in the invalid same-event trials and invalid different-event
trials. This was done for both display types (Figure 4b). For the
paired condition, the cue effect of the invalid same-event trials
(M = 75.76ms) was significantly smaller than that for the invalid
different-event trials (M = 111.07ms), #(19) = —2.28, p = .034,
Cohen’s d = 0.51, 95% CI [—67.71, —2.91]. No significant
differences were observed in the unpaired condition (invalid same-
event: M = 108.48ms; invalid different-event: M = 100.83ms),
1(19) = 0.63, p = .537, Cohen’s d = 0.14, 95% CI [—17.82,
33.12]. These findings indicated that when one of the two inter-
active BM was selected for attentional allocation, the other could
also benefit. This supports the distribution-by-group hypothesis’
statement that interactive BM is the elementary unit of selective
attention, even when observers were not aware of the interactions
between the four BM.

In addition to the RT analysis, the accuracy data were also
analyzed. The main effect of display type was not statistically
significant (paired: M = 95.10%; unpaired: M = 95.00%), F(1,

19) = 0.00, p = .951, 3 = 0. The interaction effect was not
statistically significant, F(2, 38) = 0.64, p = .533, n3 = 0.03,
although the main effect of validity was statistically significant
(valid: M = 96.41%; invalid same-event: M = 94.22%; invalid
different-event: M = 94.45%), F(2, 38) = 3.74, p = .033, n,z, =
0.17. Post hoc analyses with Bonferroni correction did not reveal
any accuracy differences among different trials (p > .05 in all
cases). Thus, the results demonstrated that the RTs could not be
attributed to a trade-off between response speed and response
accuracy.

Experiment 2

Previous studies indicated that BM perception was significantly
vulnerable to vertical inversion. That is, inversion could disrupt the
semantic processing of single (Pavlova & Sokolov, 2000) as well
as interactive BM (Ding, Gao, & Shen, 2017). Therefore, we
conducted Experiment 2 in which all BM stimuli were inverted, to
prevent the perception of social interaction. If the effect found in
Experiment 1 disappeared in Experiment 2, we could confirm that
the effect was caused by the social interaction information rather
than the stimuli’s low-level features.

Method

Participants. The sample for Experiment 2 comprised 20
students (8 men and 12 women) from Sun Yat-Sen University,
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Figure 4. Results of Experiment 1. Mean response times (RTs; a) varied as a function of display condition and
validity. The mean RT differences between valid trials to invalid same-event and invalid different-event trials
(b). Error bars indicate 95% CI with between-subjects variance removed (Cousineau & O’Brien, 2014). See the
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aged between 18 and 25 years (M = 20 years). In accordance with
the discussion in Experiment 1’s Method section, this sample size
should be sufficient for our target statistical power. All participants
were right-handed and had normal or corrected-to-normal vision.
The participants received financial rewards after completing the
experiment. Participants gave written informed consent before
their participation.

Stimuli and apparatus. The PLDs used in Experiment 2 were
the inverted versions of those used in Experiment 1. The targets
and distractors were directly adopted from Experiment 1 with no
changes.

Procedure. The procedure and design of Experiment 2 were
identical to those of Experiment 1.

Results

Figure 5 shows the mean RTs for trials with correct responses in
all conditions. To examine the cue effects for the inverted BM, we
conducted a 2 (display type: paired/unpaired) X 3 (validity: valid/
invalid same-event/invalid different-event) repeated measures
ANOVA with the RT data. A significant main effect of validity
was found, F(1.15,21.91) = 28.75, p < .001, m3 = 0.60. Post hoc
analyses with Bonferroni correction showed that the RTs in the
valid trials were faster than those in the invalid same-event trials,
p < .001, 95% CI [—103.85, —36.32], and the invalid different-
event trials, p < .001, 95% CI [—106.38, —37.96]. These findings
confirmed the existence of the cue effect. No significant differ-
ences were found between the invalid same-event and invalid
different-event trials, p = 1.000, 95% CI [—12.85, 8.68]. The
effect was not modulated by display type, as the interaction effect
between the two factors was not statistically significant, F(2,
38) = 0.63, p = .539, 3 = 0.03. The main effect of display type
was not statistically significant, F(1, 19) = 0.12, p = 738, m; =
0.01. Unlike in Experiment 1, invalid same-event and invalid
different-event presentations showed no statistically significant

differences in Experiment 2. This finding suggested that the in-
valid same-event advantage observed in Experiment 1 was not due
to the influence of low-level stimuli.

We again examined the fixed effect of pair type on mean RTs
using LMM analysis, taking subjects as a random factor. Separate
analyses were conducted for the paired and unpaired conditions.
The results suggested that in the paired condition, interaction type
made no significant contribution to the model depicting partici-
pants’ RTs in invalid same-event trials, AIC = 7855.92, F(4,
600) = 0.43, p = .788. Further pairwise comparisons showed that
there was no significant difference between any two of the five
types, ps > .05. Similar results were found in the unpaired con-
dition. Interaction type made no significant contribution to the

W Valid Trials
M Invalid Same-Event Trials
O Invalid Different-Event Trials

700 1

650 4
@
£ 600
'_
o

550 1

0 L-:l_-j
Paired Unpaired
Display Type

Figure 5. Results of Experiment 2. Mean response time (RT) varied as a
function of display condition and validity. Error bars indicate 95% CI with
between-subjects variance removed (Cousineau & O’Brien, 2014). See the
online article for the color version of this figure.
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model depicting participants’ RTs, AIC = 8067.09, F(4, 610) =
0.40, p = .813. Further pairwise comparisons showed that there
was no significant difference between any two of the five types,
ps > .05.

The analyses regarding the accuracy data exhibited the same pat-
tern of results. Specifically, only the main effect of validity was
statistically significant (valid: M = 98.02%; invalid same-event:
M = 95.31%; invalid different-event: M = 95.47%), F(2, 38) =
7.40, p = .002, 3 = 0.28. Neither the main effect of display type
(paired: M = 96.50%; unpaired: M = 97.44%), F(1, 19) = 1.37,
p = 256, m3 = 0.07, nor the interaction effect, F(2, 38) = 0.65,
p = .526,m} = 0.03, was statistically significant. Post hoc analyses
with Bonferroni correction revealed that the responses in the
valid trials were more accurate than those in the invalid same-
event trials, p = .003, 95% CI [0.01, 0.05], and invalid different-
event trials, p = .023, 95% CI [0, 0.05]. The difference between
the two invalid conditions was not statistically significant, p =
1.000, 95% CI [—0.02, 0.02]. Thus, the RT results could not be
attributed to a trade-off between response speed and response
accuracy.

To further compare the performance of participants in Experi-
ment 1 and Experiment 2, we conducted a 2 (orientation:
Expl_upright/Exp2_inverted) X 2 (display type: paired/un-
paired) X 3 (validity: valid/invalid same-event/invalid different-
event) mixed-design ANOVA with the RT data. The main effect
of orientation was significant, M(Expl_upright) = 760.15,
M(Exp2_inverted) = 658.54, F(1, 38) = 14.19, p = .001, v} =
0.27. The main effect of validity was also significant, M(valid) =
652.621, M(invalid same-event) = 734.37, M(invalid different-
event) = 741.03, F(1.26, 47.84) = 77.53, p < .001, n} = 0.67.
Post hoc analyses with Bonferroni correction revealed that the RTs
in the valid trials were faster than those in the invalid same-event
trials, p < .001, 95% CI [—103.47, —60.03], and invalid different-
event trials, p < .001, 95% CI [—112.99, —63.83]. There was no
significant difference in invalid same-event and invalid different-
event trials, p = .316, 95% CI [—3.397, 16.719]. The main effect
of display type was not significant, M(paired) = 713.59, M(un-
paired) = 705.09, F(1, 38) = 0.715, p = 403, 3 = 0.02. The
interaction between validity and display type was significant,
F(1.74, 65.96) = 6.66, p = .002, m3 = 0.15. However, neither the
interaction between orientation and validity nor that between ori-
entation and display type was significant, ps > .05. The three-way
interaction was significant, F(1.74, 65.96) = 3.39, p = .046, T]% =
0.08, indicating that there were different patterns among different
conditions in Experiment 1 and Experiment 2, consistent with the
aforementioned results.

Thus, the integrated analysis of Experiment 1 and Experiment 2
showed that inverted BM destroyed the perception of social inter-
action, and the effect in Experiment 1 was caused by social
interaction information, rather than the stimuli’s low-level fea-
tures.

Discussion

To answer the question concerning how selective attention
operates on interactive BM, the current study modified the two-
rectangle cueing paradigm presented by Egly et al. (1994) to test
two possible hypotheses: the distribution-by-individual hypothesis
and the distribution-by-group hypothesis. PLDs were used as stim-
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ulus materials, and the interactive relationship (paired or unpaired)
was manipulated between the two agents to examine the effect on
a letter discrimination task. The findings indicated that when one
of the two paired PLDs was cued, the partner interacting with it
would also benefit from the attention guided by the cue. This
suggests that the two interacting BM can be selected as a unit
during attention allocation, even when we only told the partici-
pants that there were four PLDs in the display. These findings are
congruent with the distribution-by-group hypothesis. Specifically,
compared to the cue-invalid different-event trials, the cue-invalid
same-event trials resulted in faster responses (Experiment 1).
When the interaction was broken (unpaired condition in Experi-
ment 1) or the motion stimuli were inverted (Experiment 2), the
advantage attributed to the interaction vanished. These results
suggest that the observed advantage may have stemmed from the
presence of social interaction information when the PLDs could be
perceived as meaningful human action (Ding et al., 2017; Neri,
Luu, & Levi, 2006), rather than being due to the low-level features
of the stimuli, such as the specific motion pattern of one dot.
Additionally, the disappearance of the interaction-specific advan-
tage in the unpaired condition excluded the possible influence of a
horizontal advantage (Chen & Cave, 2019) or coupling.

This study elaborates and expands on previous object-based
research. Contemporary behavioral and neuroimaging studies have
yielded many meaningful findings concerning selective attention
with objects as elementary units (e.g., Egly et al., 1994; Vickery &
Chun, 2010), even when competing factors were present (Malcolm
& Shomstein, 2015). For example, Erlikhman, Lytchenko, Heller,
Maechler, and Caplovitz (2020) found object-based attention can
be generalized to multisurface objects. In terms of social informa-
tion processing, discrete entities and events defined under social
context may also play similar roles to discrete objects in object-
based attention. Previous studies on visual perception of social
interactions laid a good foundation for this hypothesis. For exam-
ple, researchers found people could detect dangerous social be-
havior between two interacting agents from third-party encounters
(Hamlin, 2013; Mast & Hall, 2004), even with a short glance
(Quadflieg & Penton-Voak, 2017). Furthermore, previous studies
have found that events are key components of perception, atten-
tion, and memory (Zacks, Speer, Swallow, Braver, & Reynolds,
2007). This study, involving BM, depicted various social events.
Thus, we can propose a new concept labeled event-based attention,
reiterating the significance of events and expanding on the concept
of object-based attention in cognition.

Our results echoed those studies on working memory. Previous
researchers claimed that objects are the basic units for working
memory storage (e.g., Luck & Vogel, 1997), and single BM has
been used to study the capacity of working memory (Gao et al.,
2016; Wood, 2007). However, recent studies suggested that two
interactive BM can be stored in working memory as a unified
chunk (Ding et al., 2017). Since attention shares common points
with working memory (deBettencourt et al., 2019), and there is a
mutual influence between them (for a review, see Soto, Hodsoll,
Rotshtein, & Humphreys, 2008), the present study’s findings pro-
vided new evidence on the similarity between working memory
and attention. As taking interactive BM as a whole is common in
working memory and selective attention, it may represent a uni-
versal mechanism that interactive BM can act as a unit in other
cognitive processes, such as perception and long-term memory.
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The present study also provides evidence and expansion regard-
ing research on perceptual organization. The classical view pro-
poses that sensory organization obeys principles such as proximity,
closure, and common fate (e.g., Kohler, 1967); however, increas-
ing numbers of studies have found that mutual gaze (e.g., Nawroj,
Toneva, Admoni, & Scassellati, 2014), joint attention (e.g., Leach,
Baxter, Robertson, & Sparks, 2014), interpersonal distance, and
angles (Zhou, Han, Liang, Hu, & Kuai, 2019) can also affect the
judgment of social interactions. In the present experiments, there
were no such clues (e.g., gaze) or spatial Gestalt principles, but a
similar effect was observed. Therefore, we inferred that the social
interactive information carried by BM can serve as a basis for
social grouping and attentional selection, such as motor direction.

However, there are several follow-up questions. First, the pres-
ent study did not address the time course of the mechanisms
related to social interaction processing, an important question for
low-level processing. Second, we used only two-agent motion in
the present study; thus, whether social interactions involving more
agents would play the same role in selective attention is currently
unclear. These questions require exploration in future work.

Conclusion

The present study found a “same-event advantage” demonstrat-
ing that, in meaningful interactions, attention tended to be as-
signed, or allocated, to BM in the same interaction. This led to
faster RTs in comparison to BM which was equidistant but in
different interactions. These findings support the distribution-by-
group hypothesis, which states that interactive BM can serve as the
elementary unit of attention.
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