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A B S T R A C T   

Regarding the effects of joint action on visual memory, previous research has focused on the memory of a single 
object that a participant and their co-actor attended together (i.e., a shared situation), while the literature on 
memory has demonstrated that spatial regularity composed of multiple objects can also be learned. We aimed to 
examine whether the visuospatial regularity of the co-actor’s attended objects could be strongly encoded. We 
repeatedly presented the same configuration of two targets and two sets of distractors in different colors (i.e., 
blue and red) to participants. In Experiment 1, pairs of participants simultaneously searched for the same target 
in the joint group while individual participants searched for the target alone in the single group. As a result, 
greater facilitation in reaction time was observed in earlier epochs in the joint group, reinforced by the learning 
of visuospatial regularity, compared to the single group. Experiment 2 examined whether the co-actor’s attended 
context could be strongly encoded although two persons simultaneously searched for different targets (i.e., 
parallel situation) such that one searched for the blue target and the other for the red target. The results showed 
no evidence regarding participants’ learning visuospatial regularity of the co-actor’s attended objects, indicating 
that co-actor’s learning information cannot be shared in this situation. This study revealed that facilitation of 
visuospatial learning in joint action would require two individuals to attend to the same objects when they 
perform the task.   

1. Introduction 

Events experienced with attention are accumulated, thus facilitating 
subsequent similar behaviors (i.e., learning). For instance, when we look 
for and find a bottle of milk in a grocery store, we acquire a visuospatial 
image of the store shelves which enables us to find the bottle of milk 
faster on the following day. Although experimental psychology has 
focused on human cognition in individual settings, in reality, people 
experience a large number of events in the company of others, and our 
attention is often captured, not only by our own action or action targets 
but also by others’ action or action targets. The current study aimed to 
examine whether joint actions were beneficial for visuospatial learning 
with a co-actor’s targets, contributing to a more efficient accumulation 
of visuospatial images during a visuospatial task (i.e., visual search). 
Through such an examination, this study will address what is required to 
facilitate learning in two-person interaction situations. 

A situation in which two or more than two persons implement action 
coordination in time and space, is called joint action (Sebanz et al., 

2006). Joint action research widely investigated the possibility of rep-
resenting the co-actor’s action just like one’s own. In a frequently 
examined situation, two actors focused on the same items appearing one 
by one, and were required to respond to the different items (e.g., joint 
Simon task, Sebanz et al., 2003). When participants attend to the same 
object (hereafter, referred to as a shared situation) and coordinate their 
actions together with the co-actor, joint action enhances memory for the 
co-actor’s targets. Previous studies have shown that when two in-
dividuals simultaneously focused on a field and responded to different 
words alternatively, the identities of the co-actor’s targets as well as the 
participant’s own targets were successfully recalled in a subsequent 
surprise recall test (Elekes et al., 2016; Eskenazi et al., 2013; Wagner 
et al., 2017). This effect was observed when the co-actor’s task did not 
involve motor responses but mental engagement (Elekes et al., 2016). 
These results suggest that joint action improves the learning of objects 
present in a shared field, and particularly, that the knowledge that the 
co-actor prioritizes his/her targets is important. Although, what en-
hances memory of the target objects that the co-actor attends to and 
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mentally prioritizes is still unclear, it may be focused attention that 
emphasizes represented objects and/or longer processing time for those 
objects (Elekes et al., 2016). Additionally, joint attention research con-
veys a notion that jointly attended objects gain properties such as 
likability that are not acquired for individually attended objects, and 
those appraised objects are prioritized in memory (Gregory & Jackson, 
2017). The objects considered attended or prioritized by the co-actor 
may draw strong attention and be strongly encoded. As mentioned 
here, most of the previous studies investigating memory in joint action 
focused on the identity of the individually presented objects. 

Contrarily, the literature on memory research shows that even when 
multiple rather than single objects are presented, their identities and 
configuration can be learned. Chun and Jiang (1998) established what is 
known as the contextual cueing effect where search time gradually 
decreased when the configurations of distractors and targets were 
maintained across repetitions. The distractor configurations served as a 
contextual cue and rapidly guided attention to the targets. This means 
that when multiple objects are presented, their configuration (i.e., 
spatial layout) can be learned. The contextual cueing effect was 
observed only when learners selectively attended to the context, 
whereas the effect was not shown when they ignored the context (Jiang 
& Chun, 2001; Jiang & Leung, 2005). 

The possible reason for enhanced memory of objects prioritized by 
the co-actor in joint action is that attention for the co-actor’s attended 
objects is amplified, and this results in strong encoding. Joint visual 
search may amplify attention toward the stimuli, which in turn con-
tributes to stronger memory encoding for their layout, as attention is 
involved with spatial learning (Jiang & Chun, 2001). Our primary goal 
was to expand from previous studies that focused on the effect of joint 
action on memory for a single target to the effects on visuospatial 
memory for a configuration composed of multiple objects. Specifically, 
we examined the possibility that when two individuals simultaneously 
search in a shared search field, spatial layouts of the contexts that the co- 
actor attends to, may be accumulated more strongly than the context 
that is attended to individually. 

When we spatially extend our interest from memory of a single object 
to memory of a configuration of multiple objects, and consider a case 
where two individuals look for more than one object one at a time, we 
could discern that the two individuals may not always focus their 
attention on the same objects. Our secondary purpose was to examine 
whether the learning effect was observed in a situation where two in-
dividuals attended to different objects. This is analogous to the case 
where two persons share time and space (experiencing an event) and 
sometimes take on different roles to efficiently achieve the goal. 
Although actions are executed parallelly (hereafter referred to as a 
parallel situation), individuals still expect the co-actors’ action for the 
goal. According to Vesper et al. (2010), such expectation is the minimal 
architecture of joint action. Under such circumstances, their actions are 
moderately coordinated (e.g., while two persons go shopping, one 
searches for a bottle of milk, and the other who is physically adjacent to 
the first searches for juice on the same shelf; however, both will move to 
another shelf together after finding each item because their purpose is to 
gather items efficiently). Evidence shows that people tend to shift their 
attention toward others’ objects of focus without any instruction to do so 
(Gobel et al., 2018), although there may be some individual differences 
(Edwards et al., 2015). These results enable us to realize the possibility, 
that one’s attention may gravitate toward the co-actor’s attended ob-
jects in a parallel situation. Consequently, this assumption leads to one 
hypothesis that the co-actor’s attended context as well as one’s own 
attended contexts can be learned. 

To investigate these two situations (i.e., learning spatial configura-
tion in a shared situation and in a parallel situation) with the same task, 
we adapted a visual search with a contextual cueing paradigm showing 
that contextual learning depends on selective attention (Jiang & Chun, 
2001). Jiang and Chun (2001) presented participants with the target and 
half of the distractors in one color and the other half in another color (e. 

g., red-T for the target and red- and green-L for the distractors). There 
were four conditions regarding stimulus configuration: the attended-old 
condition, the ignored-old condition, the both-old condition, and the 
control condition. In the attended-old condition, the distractors in the 
target color (the attended context) and the target were repeatedly shown 
in the same configurations while the distractors in the non-target color 
(the ignored context) were presented in random locations. In the 
ignored-old condition, the configurations of the ignored context and the 
target were repeated while the attended context was randomly pre-
sented. In the both-old condition, both the attended and ignored con-
texts were repeated, which means that configurations of all items were 
repeated. In the control condition, all the stimuli except for the target 
were shown in random configurations in every trial. The participants’ 
task was to search for the target and report its orientation (left or right). 
Results showed that search time in the attended-old and both-old con-
ditions decreased compared to the control condition, but the ignored-old 
condition did not significantly differ from the control condition across 
the trials, suggesting that participants learned visuospatial configuration 
mainly for the attended context which guided their attention to the 
target efficiently. 

Adapting this paradigm to two-person situations, this study modified 
the paradigm of Jiang and Chun (2001) such that two Ts and two sets of 
Ls in two colors, were presented under the three configuration condi-
tions. The task was to search for one of two-colored Ts. In the attended- 
old condition, the Ts (i.e., T in the target color and T in the ignored 
color) and the Ls in the target color were repeatedly shown in the same 
configurations while the Ls in the ignored color were presented in 
random locations. In the ignored-old condition, the Ts and Ls in the 
ignored color were repeatedly shown while the Ls in the target color 
were randomly presented. In the control condition, the configurations of 
all the Ls were random while the locations of two Ts remained fixed. 
Two individuals were asked to simultaneously search for the same 
colored target for the first test (shared situation), and to simultaneously 
search for the different colored target for the second test (parallel 
situation). 

We hypothesize that the participants’ attention gravitates toward the 
co-actor’s search context (regardless of whether or not the search 
context is shared) and this leads to stronger encoding and thus produces 
a greater effect of learning. Since the contextual cueing effect depends 
on participants’ attention, the first prediction was that search time dif-
ference between the attended-old and control conditions (i.e., the 
contextual cueing effect) in the shared situation is greater than in the 
isolated situation. Moreover, if the context is strongly encoded each 
time, information accumulation is accelerated. Hence, the second pre-
diction was that search time would decrease in the attended-old con-
dition more quickly in the shared situation than in the isolated situation. 
In the parallel situation, we expected that search time would decrease 
not only in the attended-old condition but also in the ignored-old con-
dition because the participant’s ignored context is the co-actor’s atten-
ded context. This effect would not be observed in the isolated situation 
because the ignored context should simply be ignored (i.e., Jiang & 
Chun, 2001). 

Furthermore, considering the possibility that attention shifts toward 
others’ focused objects depends on individuals, we also investigated the 
relationship between participants’ personality traits such as autistic trait 
and collectivism, and the performance benefit of the joint action with 
respect to each test. Individuals with higher autistic traits are less sen-
sitive to others’ gaze following (Edwards et al., 2015) and individuals 
with higher collectivism show better working memory for the identity of 
others’ prioritized objects (He et al., 2014). These may have a specific 
effect on the performance of the attended-old condition in the shared 
situation and the ignored-old condition in the parallel situation. We also 
employed a questionnaire for social self-regulation that assessed the 
ability to express or inhibit oneself in interaction with others (Harada 
et al., 2008), and traits for empathy (Himichi et al., 2017) to test 
whether individuals who are highly empathetic are likely to embrace the 

C. Sakata et al.                                                                                                                                                                                                                                  

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



Acta Psychologica 215 (2021) 103274

3

benefit of joint action. Furthermore, since we sampled the joint group as 
pairs of close friends, among the pairs, the self-other overlap (Aron et al., 
1992) between participants and the co-actor may also confound with the 
performance in the joint group. The self-other overlap assesses the 
overlap in cognitive representations of the self and other (Davis et al., 
1996). Participants paired with a co-actor who possessed less self- 
distinction may perform better in the attended-old condition in a 
shared situation and the ignored-old condition in a parallel situation. 

2. Experiment 1 

The joint engagement with the co-actor in the same field may 
amplify participants’ attention to the co-actor’s attended context. 
Therefore, when two individuals search for the same target and thus 
attend to the same context, we expect acceleration in the memory 
accumulation of the visuospatial regularity in the attended-old condi-
tion. Thus, we predicted that the joint group would show greater 
contextual cueing effect in the attended-old condition than the single 
group in overall epochs. In this case, there should be a two-way inter-
action between Group and Configuration, indicating that difference 
between the attended-old condition and the control condition could be 
larger for the joint group than the single group. It was also plausible that 
the joint group would show greater contextual cueing effect from a 
relatively early epoch, while the single group would show the same at 
later epochs. For this prediction, there should be the three-way inter-
action among Group, Configuration, and Epoch. 

2.1. Methods 

The hypotheses, primary analyses, sample size, and its rationale were 
pre-registered. Pre-registrations are available online (https://osf. 
io/4zabp). Non-registered analyses are indicated as being post hoc. 
The procedure of the study was approved by the Ethics Committee of the 
Unit for Advanced Studies of the Human Mind, Kyoto University, No. 30- 
P-17. 

2.1.1. Participants 
We had a preregistered target sample size of 64. Participants were 

recruited through advertisements on the bulletin board in the university 
and during psychology lectures. While a typical sample size for the 
contextual cueing paradigm is about sixteen per group (Vadillo et al., 
2016), the current research consisted of two groups, and we investigated 
the group difference of the contextual cueing effects. Therefore, we 
recruited 32 participants (13 females and 19 males) for the single group 
and 32 participants (16 females and 16 males) for the joint group (64 in 
total). The mean age was 21.25 years (SD = 1.81) in the joint group, and 
21.00 years (SD = 2.46) in the single group. Participants provided 
informed consent and the study purpose, methodology, risks, the right to 
withdraw, duration of the experiment, handling of individual informa-
tion, and the voluntary nature of participation was communicated to 
them prior to testing. They were paid JPY 1500 for their participation in 
the one and a half hours experiment. 

2.1.2. Materials 
Search stimuli were in uppercase letters, T and L, subtending a visual 

angle of 1.25◦ width × 1.25◦ height. Two color sets of one target (T) and 
seven distractors (L) were presented against a white background on an 
invisible 12 × 8 grid (26.4◦ width × 17.6◦ height, with a jitter between 
0◦ and 0.24◦ within each cell to reduce collinearity). One set was colored 
in blue and the other was in red. For each pair (or each participant in the 
single group), 48 out of 96 locations were chosen for the blue and red T 
locations (24 locations for each) in the beginning of the experiment to 
equally appear across the four quadrants of the search display and equal 
eccentricity from the center across the configuration conditions. These 
locations were used repeatedly throughout the experiment once in a 
block. Every block contained the three configuration conditions, and 

each condition had eight trials. The conditions were presented in a 
random order in a block. The orientation of each T was randomly chosen 
from left or right, and each L was randomly positioned from left, right, 
upright, and inverted for every trial. In the attended-old condition, the 
two Ts and the Ls in the participants’ target color (i.e., blue or red) 
appeared in the same locations. In the ignored-old condition, the two Ts 
and the Ls in the participants’ ignored color (i.e., red or blue) also 
appeared in the same locations. In the control condition, only the lo-
cations of the two Ts were maintained (Fig. 1). 

The stimuli were presented on the LCD monitor (SHARP, LC-40DX2, 
25.1◦ × 39.7◦). The experiments were operated with MATLAB (www. 
mathworks.com) using the Psych toolbox extension (Brainard, 1997; 
Kleiner et al., 2007; Pelli, 1997). Response apparatus were placed on a 
table 110 cm away from the monitor. Two chairs and two keyboards in 
front of these chairs were placed, and participants’ responses were 
recorded. The distance between the centers of the chairs was 60 cm. The 
participants’ chair heights were adjusted such that their eye levels were 
at an equal level with the center of the monitor. Hence, the distance 
between the center of the monitor and the participants’ eyes was about 
114 cm. The layout is depicted in Fig. 2. 

To measure personality traits, we assessed autism traits measured by 
the Autism Questionnaire (Baron-Cohen et al., 2001), collectivism 
(Uchida, 2008), social self-regulation (Harada et al., 2008), and the 
Interpersonal Reactivity Index (Himichi et al., 2017). We also measured 
subjective closeness with the co-actor measured by the Inclusion of 
Other in the Self (IOS) Scale (Aron et al., 1992). 

2.1.3. Design 
The joint group performed the task simultaneously with the co-actor 

while the single group performed the task alone. Participants for the 
joint group were recruited along with a close friend whom they saw at 
least twice a week. 

There were three levels for the repetition of stimulus configuration: 
the attended-old condition, the ignored-old condition, and the control 
condition. To investigate the learning trajectory, reaction times and 
error rates of five successive blocks were averaged, and the averaged 
values were treated as independent variables (representing epoch) 
because one configuration was present once in a block, and the results 
based on the block would fluctuate (Chun & Jiang, 1998). 

For dependent variables, we measured reaction time from the pre-
sentation of the search display to participants’ pressing the button for 
the target orientation and its accuracy. 

2.1.4. Procedure 
Prior to the experiment, participants in the joint group were sent an 

email with the IOS questionnaire attached and asked to individually fill 
it in beforehand. 

A pair of participants sat next to each other for the experiment in the 
joint group. They were assigned to one of the two colored Ts as target (i. 
e., blue “T” or red “T”) and asked to simultaneously search for it and 
report its orientation. The participant sitting on the left pressed the “A” 
key (“A” key on a standard keyboard) when the target direction was 
toward the left, while the other pressed the “L” key when the target was 
rotated toward the right. They were not allowed to talk to each other 
during the search trials (they were only allowed to speak when the co- 
actor needed to rest between the blocks). In the single group, partici-
pants sat on one chair, and an empty chair was placed on the other side 
(sitting position was counterbalanced across participants). They were 
assigned to one of the two colored Ts, in the same manner as in the joint 
group, and were required to press a key when the target was directed 
toward either left or right and were required to inhibit from pressing the 
key for the opposite direction (the direction was also counterbalanced 
across the participants). 

At the start of every trial, the fixation appeared in the center of the 
display for 1200 ms. Thereafter, the search display was presented for 
2500 ms, during which the participants were asked to find the target and 
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report. Consequently, the blank screen was shown for 1000 ms. When 
participants made an error (i.e., improper key press, or, in the joint 
group, both participants did not press the key within 2500 ms), a 
beeping sound occurred as auditory error feedback. This feedback sound 
was the same regardless of which participant made the error. We 
recorded all responses before the time-out. For example, in cases where 
one participant erroneously pressed a key before the other participant 
made a correct response, both responses were recorded. 

There were 10 practice trials and 960 experimental trials divided 
into 40 blocks with rest times in between. Each block had an equivalent 
number of trials for each condition (i.e., 8). The presentation order of the 
conditions was randomly mixed for every block. 

After the visual search task, participants completed the remaining 
questionnaires for the personality traits and the subjective closeness 
with the co-actor. 

2.1.5. Analysis 
Our main analyses were pre-registered, however, the “post hoc” 

analyses were not registered. The trials where the reaction time was 
shorter than 200 ms were not included. Furthermore, the blocks were 
collapsed into eight epochs for further analysis. R software (R Core 
Team, 2018) was used for all the analyses. 

We used three-way ANOVAs to analyze the data. The manipulated 
and categorical independent variables were Group (the single group vs 

the joint group), Configuration (the attended-old condition vs the 
ignored-old condition vs the control condition), and Epoch (1–8). 

2.2. Results 

The results of accuracy and reaction times are shown in Fig. 3. 

2.2.1. Accuracy 
Accuracy was high across all the groups (95.5% for the single group 

and 97.0% for the joint group). This was comparable with the accuracy 
(ranged from 96% to 98% in different epochs) reported in previous 
studies (e.g., Experiment 4 in Jiang & Chun, 2001). A three-way 
repeated measured ANOVA between Group, Configuration, and Epoch 
was conducted. The results showed that the main effects of Group, F (1, 
62) = 5.410, p = .023, ηp

2 = 0.080, with a lower error rate for the joint 
group than the single group; Configuration, F (2, 124) = 6.813, p = .002, 
ηp

2 = 0.099, with a lower error rate in the attended-old condition than 
the ignored-old condition, t (62) = 4.158, p < .001, d = 0.735; and 
Epoch were significant with a decrease in errors across successive 
epochs, F (7, 434) = 27.435, p < .001, ηp

2 = 0.307. These results revealed 
that the search facilitation for the attended-old condition was observed. 
There was no significant three-way interaction, F (14, 868) = 1.229, p =
.248, ηp

2 = 0.194. The two-way interaction between Group and Epoch 
was significant, F (7, 437) = 3.461, p = .001, ηp

2 = 0.053 with a lower 

Fig. 1. Example of search display in Experiment 1 and 
Experiment 2. 
Note: black characters were blue and gray characters were 
red. The targets and the blue distractors are present in the 
same locations in the attended-old condition. The targets and 
the red distractors are present in the same locations in the 
ignored-old condition. In the control condition, only the lo-
cations of the targets are maintained. Each configuration was 
present once in a block. This figure shows each condition of 
the case where participants were instructed to search for a 
blue target.   

Fig. 2. A pair of participants sat at the table in the joint group (a). An empty chair was placed either on the participant’s left or right side (counterbalanced across 
participants) in the single group (b). There were two keyboards in front of the participant. The participants’ heights were adjusted with cushions so that their eye 
levels were at an equal level with the center of the monitor. 
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error rate for the joint group compared to the single group in the 1st, 
2nd, and 3rd epoch, while a non-significant difference was obtained 
thereafter. The other interactions were not significant. 

Moreover, we investigated the possibility that the difference in ac-
curacy between the groups would be evident immediately after no-go 
trials (i.e., where participants should not respond) because the joint 
group may have attended strongly in those trials, which were the co- 
actor’s responsive trials (see Discussion for details). We calculated the 
accuracy for go trials (i.e., where participants should respond) imme-
diately after no-go trials, as a post hoc analysis. It was revealed that the 
single group incurred a 6.9% omission error on average (SD = 6.5, 
median = 4.9) after their no-go trials, while the joint group incurred a 
3.8% omission error (SD = 2.3, median = 3.2). The single group had a 
significantly higher omission error rate as compared to the joint group, t 
(62) = 2.511, p = .015, d = 0.628. 

2.2.2. Reaction time 
The three-way ANOVA revealed significant main effects of Group, F 

(1, 62) = 8.020, p = .006, ηp
2 = 0.115, with shorter reaction times for the 

joint group as compared to the single group, Configuration, F (2, 124) =
18.643, p < .001, ηp

2 = 0.231, with shorter reaction times for the 
attended-old condition than the others (p-values < .001), and Epoch, F 
(7, 434) = 15.981, p < .001, ηp

2 = 0.205, which yielded a decrement 
according to epoch. There was a significant three-way interaction 
among Group, Configuration, and Epoch, F (14, 868) = 1.713, p = .048, 
ηp

2 = 0.027. Any two-way interactions were not significant: Group ×
Configuration, F (2, 124) = 0.018, p = .983, ηp

2 < 0.001; Group × Epoch, 
F (7, 434) = 1.477, p = .173, ηp

2 = 0.023; and Configuration × Epoch, F 
(14, 868) = 1.467, p = .117, ηp

2 = 0.023. 
We conducted follow-up tests for each group using repeated mea-

sures of two-way (Configuration and Epoch) ANOVAs. For the joint 
group, the results showed significant main effects of Configuration, F(2, 
62) = 9.346, p < .001, ηp

2 = 0.232, with reaction times being generally 
faster in the attended-old condition than in the control condition, and 
Epoch, F (7, 217) = 6.358, p < .001, ηp

2 = 0.170, with a reduction in 
reaction times as trials passed. The interaction between Configuration 
and Epoch was not significant, F (14, 434) = 0.953, p = .501, ηp

2 = 0.030, 
indicating that the learning effect in the attended-old condition was 

observed everywhere, including the early epoch. For the single group, 
there were significant main effects of Configuration, F (2, 62) = 9.316, p 
< .001, ηp

2 = 0.231 and Epoch, F (7, 217) = 10.954, p < .001, ηp
2 = 0.261. 

Interaction between Configuration and Epoch was also significant, F (14, 
434) = 2.157, p = .009, ηp

2 = 0.065, with comparable reaction times 
between the conditions in the 1st epoch, F (2, 62) = 0.798, p = .455, ηp

2 

= 0.020, the 2nd epoch, F (2, 62) = 0.225, p = .799, ηp
2 = 0.007, and the 

4th epoch, F (2, 62) = 1.033, p = .362, ηp
2 = 0.032. The stable learning 

effect in the attended-old condition was observed after the 5th epoch; 
the 5th epoch, F (2, 62) = 9.970, p < .001, ηp

2 = 0.243; the 6th epoch, F 
(2, 62) = 5.522, p = .006, ηp

2 = 0.151; and; the 7th epoch, F (2, 62) =
5.25, p = .008, ηp

2 = 0.145, although it was marginally significant in the 
8th epoch, F (2, 62) = 2.863, p = .064, ηp

2 = 0.084. 
Similarly, we compared reaction times in go trials immediately after 

no-go trials between the groups as a post hoc analysis because of possible 
impairment in reaction time and omission error for the single group. 
Reaction times were significantly longer for the single group (M = 1456 
ms, SD = 119) than the joint group (M = 1374 ms, SD = 92), t (62) =
3.092, p = .003, d = 0.773. 

2.2.3. Post hoc correlation analyses 
Furthermore, we conducted correlation analyses to determine 

whether the differences in reaction time between the attended-old and 
control conditions were related to personality traits. The preregistered 
indices for the differences were difference in the slopes in the former 
epochs. However, the slope of reaction time did not differ according to 
the configurations for the joint group since the two-way interaction 
between Configuration and Epoch in reaction times was not significant. 
Instead, the reaction time difference was measured between the 
attended-old and control conditions for the 1st and 2nd epochs because 
these reaction times were significantly different for the joint group while 
not significantly different for the single group. 

The correlation coefficients between reaction time differences and 
personality traits are shown in Table 1. All the correlations were not 
significant, as per the Bonferroni correction. The learning acceleration 
in the attended-old condition for the joint group seems irrelevant to the 
autistic trait, empathetic trait, collectivism, social self-regulation, and 
the overlap between the self and the co-actor. 
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Fig. 3. The reaction time and the error rate for the single group and the joint group in Experiment 1. The error bars indicate standard errors.  
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The learning effect was calculated by subtracting the reaction time of 
the attended-old condition from the reaction time of the control condi-
tion so that a positive value was reflected by the greater learning effect. 
AQ: Autistic trait; FS: Fantasy Scale; EC: Empathic Concern; PT: 
Perspective Taking; PD: Personal Distress; IOS: Inclusion of Others in 
Self. 

2.3. Discussion 

For our first hypothesis, we expected that participants in the joint 
group would reveal a shorter search time for the target in the attended- 
old condition compared to the control condition in the early epochs, 
while the single group would reveal the same in the later epochs. The 
joint group and the single group saw every search display in the fixed 
duration (2500 ms) such that the joint group had the same duration to 
encode the visuospatial information as the single group. Nevertheless, 
these results indicate that the joint group possessed a search facilitation 
reinforced by the learning of the attended context in the earlier epochs 
as compared to the single group. It suggests that, in accordance with a 
single object presentation, participants in the joint group attended to 
and accumulated faster the contexts composed of multiple objects. 

As Elekes et al. (2016) demonstrated that the co-actor’s mentally 
prioritized object was strongly encoded, contextual information might 
be more strongly encoded not only when participants responded, but 
also when they did not respond in the joint group, as compared to the 
single group. To examine the difference in attentional engagement for 
trials in which they did not respond, we compared the accuracy of the go 
trials immediately after no-go trials between two groups. The findings 
showed a significantly higher omission error rate in the single group 
than in the joint group. Moreover, reaction time in go trials immediately 
after no-go trials was significantly longer for the single group than the 
joint group. These findings indicate a possibility that participants in the 
joint group might have focused their attention on the display regardless 
of go or no-go trials for themselves. They may have activated response 
preparation for the action execution for the next trial in no-go trials, 
which were at the same time the co-actor’s responsive trial, while par-
ticipants in the single group might have inhibited their action execution 
and disengaged from the display, thus preventing quick responses for the 
next trial. Repeated presentation of the configuration may have enabled 
to steadily accumulate contextual information as if all of them were go 

trials for themselves for participants in the joint group. Meanwhile, 
when no-go trials were presented, participants in the single group simply 
suppressed their actions, leading to unstable learning. Note that par-
ticipants can learn contexts even when they do not perform motor re-
sponses for the target (Makovski & Jiang, 2011), and that the earlier 
emergence of the learning effect in the joint group than the single group 
may also be generated from attention enhancement in go trials. 

If speed-accuracy trade-off happened, the results of analyses on both 
reaction time and accuracy should be significant in opposite directions. 
To ensure that the contextual cueing effect in reaction time does not 
stem from dismissal of accuracy, we conducted an ANOVA on accuracy. 
The results confirmed that difference between the attended-old and 
control conditions were observed only in the reaction time of the early 
epochs, but not in accuracy. The joint group did not indicate a high error 
rate for the attended-old condition in the early epochs as compared to 
the single group; therefore, there was no accelerated emergence of dif-
ference between the attended-old condition and the control condition in 
the joint group because of speed-accuracy trade-off. Rather, accuracy 
analysis revealed that the joint group had higher accuracy than the 
single group. The contextual learning facilitated by the joint engage-
ment with the co-actor shortened search time and enhanced accuracy of 
the reaction. 

The relationship between the learning effect in joint group and 
personality traits or closeness with the co-actor is discussed further, in 
the General discussion section as well as the Results section in Experi-
ment 2. 

3. Experiment 2 

In Experiment 2, we investigated whether participants’ attention 
extended to the co-actor’s attentional focus and led to visuospatial 
learning of the co-actor’s attended context even when the task instruc-
tion did not ask participants to deploy their attention on the same ob-
jects. Thereafter two participants searched for different targets of 
different colors so that one participant allocated their attention to the 
context in one color while the other attended to the context in the other 
color. Although their attentional foci were different, they searched for 
targets within the same search display and knew what their co-actors 
searched for. Attention balance to the attended and the ignored con-
texts may be different between the joint and single groups, and thus the 
ignored context might serve as a contextual cue for their own target in 
the joint. In accordance with this, we predicted that the joint group 
would show search facilitation not only in the attended-old condition 
but also in the ignored-old condition, because the co-actor’s attended 
context (i.e., ignored contexts for the participant) attracts participant’s 
attention as well. The single group would only show search facilitation 
in the attended-old condition because they suppress the ignored contexts 
(Jiang & Chun, 2001). We also exploratorily investigated the relation-
ship between the learning effect in the ignored-old condition in the joint 
group and the personality traits. 

3.1. Methods 

We preregistered our hypotheses, primary analyses, sample size and 
its rationale (non-registered analyses are indicated as post hoc). Pre-
registrations are available online (https://osf.io/2vgrk). 

3.1.1. Participants 
The sample size was the same as Experiment 1 because we had an 

identical rationale for the sample size. Sixty-four university students 
participated in the experiment. Half were assigned to the joint group 
(mean age = 20.78; SD = 1.79; 16 females and 16 males) while the other 
half to the single group (mean age = 21.90; SD = 2.68; 16 females and 
16 males). 

Table 1 
The correlations for the learning effect for the attended-old condition, the per-
sonality traits and the participants’ relationship.   

AQ FS EC PT PD 

The joint group      
Epoch 1  0.16  − 0.08  0.02  − 0.38  0.09 
Epoch 2  − 0.06  − 0.06  0.01  0.01  0.06 

The single group      
Epoch 1  − 0.06  0.28  0.18  0.11  0.09 
Epoch 2  − 0.34  0.10  0.15  0.12  0.25    

Self- 
assertiveness 

Patience Emotion and 
desire 
suppression 

Collectivism IOS 

The joint 
group      
Epoch 
1  

− 0.15  0.14  − 0.21  0.31  − 0.10 

Epoch 
2  

− 0.02  0.26  0.03  0.30  0.25 

The single 
group      
Epoch 
1  

0.19  0.19  − 0.10  0.11  

Epoch 
2  

− 0.07  − 0.07  0.09  0.25   
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3.1.2. Materials and design 
All the materials and the design were identical to those of Experi-

ment 1. 

3.1.3. Procedure 
Most of the procedure was the same as Experiment 1, but with ex-

ceptions as follows: 
In the joint group, a pair of participants were assigned to either one 

of the two Ts as target (i.e., one participant was assigned to the blue T 
while the other was assigned to the red T, or vice versa), and asked to 
respond to every trial depending on its orientation. They were allocated 
to two sets of keys (“A” and “L” keys or “F” and “J” keys); one participant 
sitting on the left was required to press the “A” key for their own target 
on the left, and the “L” key for their own target on the right whereas the 
other participant sitting on the right was required to press the “F” key for 
their own target on the left and the “J” key for their own target on the 
right. In the single group, participants were assigned to either one of the 
two Ts (colored in blue or red) and were also required to press a key at 
every trial, depending on its orientation. No one searched for the other 
T. In the single group, participants were also assigned either the set of 
“A” and “L” or “F” and “J” keys, according to their sitting position, which 
was counterbalanced across the participants (Fig. 4). 

We eliminated the time out in Experiment 2, so that the search 
display remained until the participant (or both participants in the joint 
group) had responded, because participants in the single group had to 
respond to every trial, unlike in Experiment 1, where participants in the 
single group did not provide a response in half of the trials. The auditory 
error-feedback was provided when any participant pressed an incorrect 
key for their target orientation. 

3.1.4. Analysis 
Our key analyses were pre-registered except the analyses labeled as 

“post hoc.” We excluded the trials where the reaction time was shorter 
than 200 ms or longer than 4000 ms. We carried out a three-way 
repeated measured ANOVA with Group, Configuration, and Epoch as 
independent variables. 

3.2. Results 

The results of accuracy and reaction times are shown in Fig. 5. 

3.2.1. Accuracy 
Accuracy was high across the groups (98.95% for the single group 

and 99.27% for the joint group). A three-way repeated measured 
ANOVA showed no significant main effects of Group, Configuration, 
Epoch, and their interactions, p-values > .05. 

3.2.2. Reaction time 
A three-way repeated measured ANOVA showed a significant main 

effect of Configuration, F (2, 124) = 38.438, p < .001, ηp
2 = 0.383, and 

Epoch, F (7, 434) = 76.859, p < .001, ηp
2 = 0.554. An interaction be-

tween Configuration and Epoch was significant, F (14, 868) = 2.642, p 
= .001, ηp

2 = 0.041, and further analysis showed that simple main effects 
of Configuration in the 1st epoch was not significant, F (2, 124) = 2.317, 
p = .103, ηp

2 = 0.036, while it was significant after the 2nd epoch, F (2, 
124) = 7.583, p < .001, ηp

2 > 0.109. Multiple comparisons showed that 
the attended-old condition was significantly faster than the control 
condition and the ignored-old condition from the 2nd epoch to the 8th 
epoch, whereas the ignored-old condition was only significantly faster 
than the control condition of the 5th epoch. We did not find a significant 
main effect of Group, F (1, 62) = 0.529, p = .470, ηp

2 = 0.008, and a 
three-way interaction between Group, Configuration, and Epoch, F (14, 
868) = 0.438, p = .963, ηp

2 = 0.007. 

3.2.3. Post hoc correlation analyses 
Although we preregistered that learning in the ignored-old condition 

was associated with participants’ personality traits and relationship 
with the co-actor, we did not preregister the concrete and directional 
hypotheses. For the two-types of indices of the learning effect in the 
attended-old and ignored-old conditions, we employed the difference of 
reaction time slope between each condition and the control condition for 
the former epochs (from the 1st to the 4th epochs) and the difference of 
reaction time between each condition and the control condition for the 
latter epochs (from the 5th to the 8th epochs) in post hoc. The reason for 
using different indices was to deduce whether learning was gradually 
facilitated in the former epochs and completed in the latter epochs, since 
search times sloped downward until the 5th epoch, and stabilized 
thereafter. 

The correlation coefficients are shown in Tables 2 and 3. The cor-
relation analyses using the Bonferroni correction showed that the dif-
ference of reaction time slope between the ignored-old and control 
condition significantly correlated with perspective taking in the joint 
group, r = 0.55, t (30) = 3.65, p < .001. The other correlations were not 
significant (p > .1). 

The learning effect was calculated by subtracting the reaction time 
slope of the attended-old condition or the ignored-old condition from 
the reaction time slope of the control condition, so that a positive value 
was reflected by the greater learning effect. AQ: Autistic trait; FS: Fan-
tasy Scale; EC: Empathic Concern; PT: Perspective Taking; PD: Personal 
Distress; IOS: Inclusion of Others in Self. 

The learning effect was calculated by subtracting the reaction time of 
the attended-old condition or the ignored-old condition from the reac-
tion time of the control condition, so that a positive value was reflected 
by the greater learning effect. AQ: Autistic trait; FS: Fantasy Scale; EC: 
Empathic Concern; PT: Perspective Taking; PD: Personal Distress; IOS: 

Fig. 4. (a) A pair of participants sat at the table in the joint group. (b) An empty chair was placed on the participant’s left or right side (counterbalanced across 
participants) in the single group. There were two keyboards in front of the participant(s). The participants’ heights were adjusted with cushions so that their eye 
levels were at an equal level with the center of the monitor. 
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Inclusion of Others in Self. 

3.3. Discussion 

Although it was expected that participants attend to their co-actor’s 
attentional focus and learn the association between their target and the 
ignored context (attended context for their co-actor), results in Experi-
ment 2 indicated that, in parallel situation, information of the co-actors’ 
attended context was not accumulated. Moreover, we did not find a 
significant main effect of Group. It suggests that social facilitation (i.e., a 
mere exposure to another person produces overall facilitation of per-
formance, mainly mediated by elevated arousal) was not observed in 
this task. Moderate coordination with the co-actor in the parallel 

situation had unlikely impact on the search performance and some 
additional conditions may be required to cause social facilitation as 
shown in a previous study (Wahn et al., 2018). 

Analyses with reaction time did not indicate greater learning of the 
ignored context in the joint group as compared to the single group. 
Nonetheless, individuals with a higher perspective taking trait showed a 
steeper slope of reaction time with a decrease in the ignored-old con-
dition as compared to the control condition in the joint group. This may 
refute the possibility that the co-actors had no influence on information 
accumulation in parallel situations and suggests that there were indi-
vidual differences based on the perspective taking ability in the speed of 
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Fig. 5. The reaction time and the error rate for the single group and the joint group in Experiment 2. The error bars indicate standard error.  

Table 2 
The correlations for the learning effect for the two conditions (the attended-old 
condition and the ignored-old condition) and the personality traits and the 
participants’ relationship for the former epochs.   

AQ FS EC PT PD 

The joint group      
Attended  0.02  0.07  − 0.01  0.13  0.23 
Ignored  0.10  0.11  0.30  0.55***  0.27 

The single group      
Attended  − 0.15  − 0.24  − 0.05  0.17  − 0.39 
Ignored  0.32  − 0.00  − 0.22  − 0.00  0.00    

Self- 
assertiveness 

Patience Emotion and 
desire 
suppression 

Collectivism IOS 

The joint 
group      
Attended  − 0.19  0.17  0.20  0.38  0.27 
Ignored  − 0.02  0.22  0.31  0.21  0.16 

The single 
group      
Attended  − 0.23  0.12  0.23  0.10  
Ignored  − 0.33  − 0.14  0.07  0.23   

*** p < .001. 

Table 3 
The correlations for the learning effect for the two conditions (the attended-old 
condition and the ignored-old condition), the personality traits and the partic-
ipants’ relationship for the latter epochs.   

AQ FS EC PT PD 

The joint group      
Attended  0.09  0.08  − 0.17  − 0.05  0.37 
Ignored  0.20  0.00  − 0.09  − 0.24  0.36 

The single group      
Attended  0.03  − 0.04  − 0.03  − 0.03  0.03 
Ignored  − 0.19  0.06  − 0.03  − 0.00  − 0.03    

Self- 
assertiveness 

Patience Emotion and 
desire 
suppression 

Collectivism IOS 

The joint 
group      
Epoch 
1  

0.15  − 0.00  − 0.07  − 0.04  0.16 

Epoch 
2  

0.02  − 0.08  − 0.18  − 0.13  − 0.03 

The single 
group      
Epoch 
1  

0.00  0.05  0.06  0.03  

Epoch 
2  

− 0.04  0.15  − 0.04  − 0.13   
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acquiring the regularity of the co-actor’s attended context. 

4. General discussion 

Our primary goal was to expand on the findings of previous studies 
that focused on the effect of joint action on memory for a single target 
(Elekes et al., 2016; Eskenazi et al., 2013; Wagner et al., 2017) on the 
effects on visuospatial memory for a configuration composed of multiple 
objects. This study investigated whether joint action facilitates visuo-
spatial learning in a way that the co-actor’s prioritized contexts are 
efficiently accumulated. Experiment 1 examined the case when two 
persons jointly attended to the same context in a shared situation. The 
results showed that spatial layouts were more strongly accumulated in 
joint action than in isolation. Our secondary purpose was to investigate 
whether the learning effect was observed even when they attended to 
different objects. Accordingly, in Experiment 2, where a pair of partic-
ipants were asked to find different colored targets (i.e., attend to the 
different contexts), we tested whether participants attended to the co- 
actor’s attentional feature and thus, could learn visuospatial regularity 
of the co-actor’s attended context. The results showed that the co-actors’ 
attended context was not accumulated in parallel situations. Collec-
tively, the co-actor’s prioritized contexts were more efficiently accu-
mulated in shared situations but not in parallel situations. However, a 
post hoc analysis showed that learning effect in a parallel situation re-
cords individual difference. 

The task in Experiment 1 required participants to attend to the same 
objects with a co-actor, which is a frequently employed design in joint 
action research (e.g., joint Simon, joint flanker). For the no-go trials of 
Experiment 1, the co-actor responded to the same target in the joint 
group, whereas participants simply waited in the single group. In “go” 
trials immediately after “no-go” trials, participants in the joint group 
showed a significantly lower omission error rate and a significantly 
shorter reaction time than in the single group, supporting the notion that 
the co-actor’s prioritization made participants in the joint group focus 
their attention to the contexts and encode them strongly. Therefore, the 
contexts may have been strongly encoded when the co-actor responded 
as much as when the participants responded by themselves. 

In contrast, in Experiment 2, where participants did not require to 
share the attended context with the co-actor, search facilitation based on 
the visuospatial learning of the co-actor’s prioritized context did not 
occur. Although there was individual difference, participants in general 
did not attend to the co-actor’s prioritized context defined by a different 
color from their own target, leaving their own task aside. Attending 
solely to their own context was the most efficient way of accomplishing 
the task, so participants just followed the instruction where the co-ac-
tor’s context was easily inhibited by color filtering (Wolfe, 2007). 

One of the criticisms may be that the absence of learning of the co- 
actor’s attended contexts in Experiment 2 was due to a close friendship 
between participants. He et al. (2011) suggest that attention-guided 
memory is affected by the presence of strangers, but not by close 
friends. However, findings of the previous studies investigating the 
relationship between participants in joint action are inconsistent. For 
example, Shteynberg (2010) indicates that jointly attended objects are 
memorized well when a co-actor is an in-group member. Therefore, we 
cannot be sure that the absence of the search facilitation in the ignored- 
old condition in Experiment 2 was attributed to the close friendship 
between the participants. 

We also conducted exploratory correlation analyses to investigate 
whether personality traits or the relationship with the co-actor would 
affect the learning of the co-actor’s attended context. While Experiment 
1 did not show any significant correlations, Experiment 2 revealed that 
the trait of perspective taking was positively correlated with the learning 
speed for the former epochs. The reason visuospatial information of the 
co-actor’s attended context was learnt regardless of personality traits in 
Experiment 1 was due to it being easily acquired for all the individuals. 
This is because the target was common across the participants and the 

co-actors. In contrast, the learning of the co-actor’s context in Experi-
ment 2 was dependent on the extent of widening the attentional focus of 
the co-actor’s attended context, which was unnecessary for the task goal. 
Therefore, a higher trait for perspective taking which indicates a per-
sonal tendency to consider others’ viewpoint may correlate with the 
visuospatial learning of the co-actor’s context. 

Please note that Experiment 1 and Experiment 2 were different in 
terms of task setting in addition to being different in terms of sharedness 
of the attended context; a Go/No-Go task was implemented in Experi-
ment 1 while a two-alternative forced-choice task in Experiment 2. 
Frederick et al. (2011) argues that the time in judging the stimulus does 
not differ but motor responses in a Go/No-Go task takes shorter than a 
two-alternative forced-choice task; thus, reaction time is shorter in a Go/ 
No-Go task, which was also confirmed by our results. Given that a two- 
alternative forced-choice task requires response selection, it might 
require more cognitive effort than a Go/No-Go task. Such a task diffi-
culty may have prevented participants from learning the co-actor’s 
context in Experiment 2. Following which, we conducted a post hoc 
analysis to examine whether participants in the joint group, showing 
shorter reaction times in the control condition in Experiment 2, were 
more likely to learn the ignored contexts, compared to those showing 
longer reaction times. However, participants’ average reaction times in 
the control condition correlated with neither the differences between 
the ignored-old and the control conditions in the reaction time slopes 
(from the 1st to the 4th epoch), r = 0.02, t (14) = 0.07, p = .945, nor 
those with the average reaction time (from the 5th to 8th epoch), r =
0.22, t (14) = 0.83, p = .423. These results suggest a possibility that task 
difficulty might not be influential on the learning of ignored contexts in 
parallel situations. Meanwhile, participants could have more room to 
attend and learn the co-actor’s prioritized configurations in no-go trials 
even in parallel situations. Implementing a Go/No-Go setting in parallel 
situations, can help investigate whether participants can quickly 
disengage from their context and concern of the co-actor’s context. 

Since the aim of this study was to investigate the search facilitation 
driven by the visuospatial learning, we did not record eye movements. 
Concerning previous studies showing that attention is necessary for the 
contextual cueing to be observed (Jiang & Chun, 2001; Jiang & Leung, 
2005), our results can be interpreted as participants in the joint group 
did not attend to the ignored context. However, one possibility is that 
participants in parallel situations paid attention to the co-actor’s 
context, but it was not revealed by the facilitation of reaction times. This 
can be tested by recording the eye movements. According to this, the 
gaze may have shifted to the co-actor’s attended context in the joint 
group while participants in the single group would have moved their 
gaze mostly to the attended context (Beesley et al., 2018). 

In this study, we used a clear distinction between participants’ own 
context and the co-actors’ context so that participants could discern the 
to-be-attended context by color filtering, which prevented the co-actor’s 
attended context from being processed for memory consolidation. Using 
weak color contrast or by recruiting children who have an immature 
inhibitory ability, might enable a more efficient learning effect of the co- 
actor’s context even in parallel situations. 

As Vesper et al. (2010) proposed, joint actions such as performing a 
piano duet or lifting a sofa with another individual may not always 
involve monitoring the co-actor’s action. Although monitoring the co- 
actor’s action improves synchronization or coordination, it is not always 
necessary for joint action. For instance, when the task is to lift a sofa and 
the goal is to move and place it in the corner of a room, what is required 
to achieve the goal is that an individual realizes that performing his/her 
own action is not enough and that the outcome of the co-actor’s action is 
needed. Therefore, individuals can place a sofa in a corner even when 
they only monitor their own action and progress toward the corner 
without seamless monitoring of the co-actor’s action, if the co-actor 
cooperates. In accordance with this specification (i.e., Vesper et al., 
2010), two situations in this study were set to examine whether joint 
action facilitates visuospatial learning. In Experiment 1, the shared 

C. Sakata et al.                                                                                                                                                                                                                                  

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



Acta Psychologica 215 (2021) 103274

10

situation, although the task was partially different within a pair with 
respect to response (responding to the target on the left or responding to 
the target on the right) and was executed alternately, the same target 
was to be searched (the blue or red T depending on the counterbalance). 
Thus, even though the participants did not monitor the co-actor’s action 
seamlessly, they knew what object the co-actor finally saw and whether 
they responded to it or not. Compared with this, in Experiment 2, the 
participants’ targets were different (either searching for the blue T or the 
red T) and they were executed simultaneously. Participants could pre-
dict whether the co-actor responded at some points (because the next 
trial did not initiate until both participants responded), but they did not 
know what object the co-actor found, and which response button he/she 
pressed, implying that the participants could not monitor their co-ac-
tor’s actions. Consequently, our findings indicate that just knowing 
whether the co-actor responded or not is insufficient to facilitate the 
visuospatial learning of the co-actor’s attended objects. To the best of 
our knowledge, this is the first study that examined memory of multiple 
objects rather than a single object in joint action. The current study also 
used shared and parallel situations. Future studies using varied para-
digms or different situations should be conducted to foster the model of 
joint action and its phenomenon. 

5. Conclusion 

This study contributes to the illustration of the effects of joint action 
on memory, which extends to a configuration of multiple objects. Re-
sults in Experiment 1 and Experiment 2 suggest that a configuration that 
a co-actor prioritizes is more efficiently accumulated when participants 
also attend to the co-actor’s attended configurations. On the contrary, 
we could not find evidence that it was accumulated or learned when 
their task required attending to different featured objects, although 
there were individual differences in the extent of widening attention 
focus onto the co-actor’s attended objects. These findings suggest that 
the co-actor’s action does not always attract attention and that two in-
dividuals need to perform the same task (even without response) to 
facilitate learning in joint action. 
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