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types of formation. Eye-tracking parameters were adopted to quantify visual at-
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meters of each dummy could reveal how different formations and the number of
group members affect people's visual attention. According to the results, in all
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Members in other positions have no significant statistical difference. This finding
provides quantitative visual information to the formation, which developed the
understanding correspondingly. At the same time, it could facilitate formation
design in various areas.
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1. Introduction

Group dancing has a long history and is an essential activity for human society (Sachs, 1963). In recent years,
with the rapid development of the entertainment industry, group dancing has become more and more popular. Since
entertainment companies have trained many artists, who usually perform in groups called Girl Groups or Boy
Groups. This form is prevalent among the young audience (Zhou et al., 2020). Many researchers have studied this
area as it's an essential activity for human society. Some focused on the function of group dancing. For example,
Woolhouse found that group dancing could improve person perception (Woolhouse, 2010). Since it helps enhance
the memory of others' features. Some others considered that partnered dancing has many benefits, including
people's mood, cognitive ability, self-confidence, and physical fitness (Lakes, 2016). Brown also suggests that
people should not ignore the entertainment function of group dancing. Moreover, he suggested that group dancing
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is the origin of rhythmic entrainment for humans (Brown, 2022). There is also some research discussing group
dancing from different perspectives. Tsuchida and his co-workers believed learning formation is as important as
choreography in group dancing. They have investigated ways to facilitate dancers learning formation (Tsuchida,
2013; Tsuchida, 2014). Another study also focused on the coordination and synchrony of group dancing. They ar-
gued that haptic sensory is the most crucial factor which could improve synchrony (Chauvigné et al., 2019).

The above research reveals that formation is an essential element in group dancing. It is closely related to the
quality of a group dance. In previous studies, most researchers discussed group dancing from the angel of dancers,
i.e., improving formation quality (Tsuchida, 2013; Tsuchida, 2014; Chauvigné et al., 2019). The present research
targets to discuss from the audience's angle, which is different from the previous work. How formation would affect
the audience's visual attention will be investigated. At the same time, it considers dancers as individuals and a
whole, providing a holistic angle of group dancing. To have a better understanding of the observing process, the
eye-tracking technology is adopted. An eye-tracker would be used to record the subjects' gaze data, which could
generate quantitative results. This is the very first attempt to combine eye-tracking technology and group dancing
formation study. The results could further the understanding of group dancing in terms of how the audience views
the performance. It could guide formation design and facilitate arranging dancers' positions. At the same time, the
findings could also benefit other activities which require formation, i.e., taking group photos, synchronized skating,
and synchronized swimming.

2. Experiment

2.1 Participants

In the study, 20 subjects were randomly recruited at a shopping mall in Shanghai, China, consisting of 8 females
and 12 males. Participants were informed they would view a series of photos during the experiment. In addition,
they were informed of the potential risks of the study and consented to participate. Participants were randomly as-
signed into two groups. One group consisted of 5 males and 5 females. The other group consisted of 7 males and 3
females.

2.2 Stimuli

Instead of photos of real people, photos of wooden mannequins were chosen as stimuli in this study. This is to
avoid bias brought by the subjects' preference for appearance. Participants were asked to watch a series of photos of
wooden mannequins. The series of photos are divided into two groups: Group A and Group B. The formation of
Group A consisted of three mannequins, which were Al, A2, and A3, from left to right, respectively. Group B con-
sisted of five mannequins, B1, B2, B3, B4, and B5, respectively, from left to right. Each group had three types of
formation, respectively, labeled as FI, FII, and FIII. The formation of FI was a "—" shape, which was a straight line.
In Group A, A2 stood in the middle of the line. In Group B, B3 stood in the middle. The formation of FII was a "A"
shape whose vertex was far from the audience. In Group A, A2 was at the vertex, and in Group B, B3 was at the
vertex. The formation of FIII was a "V" shape, whose vertex was close to the audience. In the two groups, A2 and
B3 were at the vertex, respectively. In all groups, the mannequins were standing straight and facing the audience.

2.3 Experimental Design

The study used a between-subject design. Subjects were divided into two groups. Each subject was assigned to
either Group A or Group B randomly. They were asked to view pictures from Group A or Group B accordingly, as
described above. The subjects were asked to read and sign the consent form. Afterward, the subjects sat down in
front of a screen, which was connected to a laptop and an eye tracker (Tobii 4C). Following a successful calibration
procedure and experimental instruction slide, the subjects watch photos of either Group A or Group B. Each photo
was displayed one by one, and the sequence was fixed. The duration of each photo was six seconds. The task took
approximately five minutes to complete. All subjects were given small gifts after the experiment.

There were totally ten area of interest (AOIs). In Group A, mannequins from left to right were considered A1, A2,
and A3. The whole photo, including all mannequins, is considered as A. In Group B, mannequins from left to right
were considered as B1, B2, B3, B4, and B5. The whole photo, including all mannequins, was considered as B.
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2.4 Data Analysis

To evaluate the subjects' attention distribution to mannequins in each formation, eye-tracking parameters, in-
cluding fixation duration (FD) and fixation count (FC), were used for statistical analyses, respectively. In Group A,
within-group ANOVA tests were carried out among (A1/A), (A2/A), and (A3/A) of FI; (A1/A), (A2/A), and (A3/A)
of FII; (A1/A), (A2/A), and (A3/A) of FIII. In Group B, within-group ANOVA tests were carried out among
(B1/B), (B2/B), (B3/B), (B4/B), and (B5/B) of FI; (B1/B), (B2/B), (B3/B), (B4/B), and (B5/B) of FII; (B1/B),
(B2/B), (B3/B), (B4/B), and (B5/B) of FIII. Between-group ANOVA tests were also conducted for FD and FC,
respectively, including (A1/A) among FI, FII, and FIII; (A2/A) among FI, FII, and FIII. (A3/A) among FI, FII, and
FIII. The statistical analyses were also conducted on B1, B2, B3, B4, and B5 in Group B among FI, FII, and FIII.
The ratio of individual mannequins over all mannequins revealed how subjects allocated their visual attention to
each individual when observing different types of formations.

3. Result

ANOVA tests of Group A were conducted as described above. For FI, the FD ratio of A2 (M=0.66, SD=0.14) is
significantly (P<0.05) greater than A1 (M=0.14, SD=0.14) and A3 (M=0.14, SD=0.10); and the FC ratio of A2
(M=0.61, SD=0.14) is significantly (P<0.05) A1 (M=0.16, SD=0.15) and A3 (M=0.16, SD=0.11). For FII, the FD
ratio of A2 (M=0.52, SD=0.21) is significantly (P<0.05) greater than A1 (M=0.15, SD=0.11) and A3 (M=0.14,
SD=0.13); and the FC ratio of A2 (M=0.57, SD=0.16) is significantly (P<0.05) greater than A1 (M=0.16, SD=0.14)
and A3 (M=0.12, SD=0.11). For FIII, the FD ratio of A2 (M=0.62, SD=0.21) is significantly (P<0.05) greater than
Al (M=0.12, SD=0.13) and A3 (M=0.15, SD=0.12); and the FC ratio of A2 (M=0.57, SD=0.16) is significantly
(P<0.05) greater than A1 (M=0.17, SD=0.17) and A3 (M=0.15, SD=0.11). For the FD ratio of A1 among FI, FII,
and FIII, there is no significant difference (P>0.05). For the FD ratio of A2 among FI, FII, and FIII, there is no sig-
nificant difference (P>0.05). For the FD ratio of A3 among FI, FII, and FIII, there is no significant difference
(p>0.05). For A3 among FI, FII, and FIII, there is no significant difference (P>0.05). The between-group ANOVA
analysis of FC also doesn't show a significant difference among all groups (p>0/05).

For Group B, in FI the FD ratio of B3 (M=0.34, SD=0.22) is significantly (P<0.05) greater than B1 (M=0.06,
SD=0.10), B2 (M=0.15, SD=0.14), B4 (M=0.32, SD=0.15), and BS (M=0.06, SD=0.07); and the FC ratio of B3
(M=0.35, SD=0.19) is significantly (P<0.05) greater than B1 (M=0.05, SD=0.08), B2 (M=0.16, SD=0.12), B4
(M=0.29, SD=0.11), and B5 (M=0.07, SD=0.08). In FII, the FD ratio of B3 (M=0.40, SD=0.27) is significantly
(P<0.05) greater than B1 (M=0.01, SD=0.03), B2 (M=0.04, SD=0.05), B4 (M=0.11, SD=0.10), and BS (M=0.12,
SD=0.20); and the FC ratio of B3 (M=0.37, SD=0.24) is significantly (P<0.05) greater than B1 (M=0.02, SD=0.03),
B2 (M=0.07 SD=0.07), B4 (M=0.13, SD=0.10), and B5 (M=0.03, SD=0.05). In FIIL, the FD ratio of B3 (M=0.58,
SD=0.28) is significantly (P<0.05) greater than B1 (M=0.03, SD=0.05), B2 (M=0.08, SD=0.10), B4 (M=0.08,
SD=0.08), and B5 (M=0.04, SD=0.05); and the FC ratio of B3 (M=0.56, SD=0.24) is significantly (P<0.05) greater
than B1 (M=0.04, SD=0.05), B2 (M=0.09 SD=0.10), B4 (M=0.10, SD=0.11), and B5 (M=0.03, SD=0.05). Be-
tween-group analyses for the FD and FC ratio of B1 among FI, FII, and FIII has no significant difference (p>0.05).
This also applies to B2, B3, and BS statistical analyses among all formations. However, the FD ratio of B4 in FI
(M=0.32, SD=0.15) is significant (p<0.05) greater than B4 in FII (M=0.11, SD=0.1) and FIII (M=0.08, SD=0.08).
The FC ratio of B4 in FI (M=0.29, SD=0.11) is also significantly (p<0.05) greater than FII (M=0.13, SD=0.1) and
FIII (M=0.1, SD=0.11).

All results are consolidated in Table 1 and Table 2.

4. Discussion

This study is the very first attempt to leverage eye-tracking to investigate group formation. It investigated if dif-
ferent types of formation would affect the audience's attention distribution. The experiment used photos of manne-
quins as stimuli. Three types of formation were investigated, the "—" shape, the "A" shape, and the "V" shape. All
mannequins in the photos were standing and facing the subjects. Each formation had two groups. Group A con-
sisted of three mannequins, and Group B consisted of five. The subjects were assigned to Group A or B randomly
and viewed photos of the three types of formation. An eye-tracker was used to record the subjects' gazing behaviors.
According to the results, for all three formation types, the one in the middle always got significantly more fixation
duration and fixation count data. This indicates that regardless of the type of formation, the one in the middle al-
ways attracts more attention. The number of group members also does not affect the conclusion. Moreover, people
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pay a similar level of attention to other group members. There is no significant statistical difference among other
mannequins. One exception is the fourth individual of the "—" shape formation in Group B. B4 got a higher fixa-
tion duration and fixation count value than the others. The potential reason is discussed below.

Table 1. The FD and FC ratio of Group A

FD Ratio FC Ratio
FI FII FIII FI FII FIII
Al 0.14(+0.14) 0.15(0.11) 0.12(0.13) 0.16(=0.15) 0.16(0.14) 0.17(x0.17)
A2 0.66(+0.14) 0.52(£0.21) 0.62(+0.21) 0.61(+0.14) 0.57(+0.16) 0.57(x0.16)
A3 0.14(0.10) 0.14(=0.13) 0.15(0.12) 0.16(0.11) 0.12(0.11) 0.15(20.11)

Table 2. The FD and FC Ratio of Group B

FD Ratio FC Ratio
FI FII FII FI FII FIII
B1 0.06(%0.10) 0.01(%0.03) 0.03(%£0.05) 0.05(%0.08) 0.02(%£0.03) 0.04(%0.05)
B2 0.15(£0.14) 0.04(=£0.05) 0.08(=0.10) 0.16(£0.12) 0.07(£0.07) 0.09(=£0.10)
B3 0.34(£0.22) 0.40(=£0.27) 0.58(£0.28) 0.35(£0.19) 0.37(£0.24) 0.56(=£0.24)
B4 0.32(£0.15) 0.11(=£0.10) 0.08(=£0.08) 0.29(=0.11) 0.13(£0.10) 0.10(£0.11)
B5 0.06(=0.07) 0.12(=£0.20) 0.04(£0.05) 0.07(=£0.08) 0.03(£0.05) 0.03(=£0.05)

This study brought more insights for formation studies from a different angle, which could help photographers,
choreographers, as well as stage designers, create a better arrangement that would capture the audience's attention
on specific elements. For example, by using the findings from this experiment, photographers and stage designers
could place the essential person in the center. On the other hand, all members could rotate to the central position so
that everyone receives equal attention. A previous study also reached a similar conclusion. A study on ships reveals
that the ship at the central position is more significant to other targets, regardless of the color, size, and shape. The
position is the decisive factor (Sang et al., 2014). In human visual information processing, salient objects are al-
ways prioritized for processing, and other non-salient objects are even ignored or discarded. This processing strat-
egy enables humans to allocate computational resources selectively. Hence the processing efficiency is significantly
improved (Lai, 2014). Since objects in central positions are significantly different from their surroundings, the hu-
man visual system tends to recognize them as salient objects. That means more attention will be allocated since the
bottom-up control strategy is a fast, low-level cognitive process based on the input image (Sang et al., 2014). This
explains why individuals in central positions always attract more attention. In Group B, the fourth individual in the
"—" shape formation also got more attention. The sentences of the instruction slide ended at a similar position to
the fourth mannequin. Hence, the subjects' initial gazing point overlaps with the fourth mannequin. Based on the
analysis, six out of ten participants put their first fixation point on B4, which supports the explanation.

There are some limitations and improvements. In future studies, the design of instruction slides could be im-
proved since it may affect subjects' initial gaze points. Alternatively, an interfering slide could be displayed before
the stimuli, i.e., a blank slide. This study used a white background. In real-case scenarios, there are various kinds of
backgrounds. The background would also influence the human visual processing process (Jacoby, A., 1992). Fur-
ther studies could explore the impact of backgrounds. Moreover, findings could facilitate the stage or background
design. Last but not least, this research investigated three types of formation. There are still many different types.
Future research could focus on other types of formation.
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