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ABSTRACT
Zoos and aquariums are where people can enjoy themselves while
observing various creatures. However, merely observing the crea-
tures casually does not lead to lasting memories of them. Some
aquariums introduce animals by giving them names to encourage
observation and enjoyment. Although such introductions help peo-
ple develop an impression of the animals, they do not easily lead
to lasting memories of the animals because it is challenging to
remember the names. In this study, we focused on penguins with
abdominal patterns and proposed a method to observe and search
for penguins while drawing their patterns. In order to construct a
dataset for penguin drawing analysis, we implemented a prototype
system for drawing the pattern on a smartphone and conducted an
experiment in which users watched videos or photos of penguins
while drawing the pattern. We analyzed the similarity of the draw-
ings and found that the drawings of the same penguin were highly
similar to each other and that the drawings of the penguins with
attractive patterns have a distinctive stroke order.
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1 INTRODUCTION
Zoos and aquariums are facilities where people can enjoy observing
various living creatures. The World Association of Zoos and Aquar-
iums (WAZA) has about 400 member facilities, and annual visitors
exceed 700 million [1]. While many people visit these facilities for
leisure, they are also often used for field trips by elementary and
junior high school students. Field trips have been found to promote
cognitive and affective learning effects [2], and observing exhibited
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creatures at close range also plays an educational role in science
education and hands-on learning. In fact, Roe et al. [3] found that
the majority of zoo visitors come to zoos for learning purposes.
Furthermore, WAZA plays a role in animal welfare and environ-
mental education [1], and many studies [4–7] have shown that zoos
and aquariums are useful for animal conservation awareness and
learning.

It is essential for leisure facilities such as zoos and aquariums
to have a constant stream of visitors in order to continue opera-
tions. However, if visitors do not have a fulfilling experience on
their first visit to a zoo or aquarium, or if the creatures are not
memorable, they will not return to the facility. In addition, it has
been found that high personal involvement and emotion in field
trips or multiple visits to a facility affect long-term memory [8].
In other words, visitors’ casual observation of the creatures does
not lead to memory. Therefore, it is necessary to develop a system
that supports memorable observation while increasing interest in
the creatures. It was found that naming dairy cows improves the
quality of animal management [9], and it is thought that naming
animals and remembering their names will increase attachment to
the animals, just as most people name their pets. Thus, it is thought
that naming creatures in zoos and aquariums can also increase in-
terest. In fact, many zoos and aquariums name their creatures and
exhibit them in such a way as to introduce their names. However, it
is known that recalling the name of a person is more difficult than
recalling other information [10], and more than just naming alone
may be required.

In this study, we first conducted a survey of 1,000 men and 1,000
women about zoos and aquariums via Yahoo! Crowdsourcing [11].
Then, we analyzed the responses to a question in which respondents
were asked to describe their favorite animals and creatures freely
and found that penguins (19.8%), elephants (15.9%), and cats (13.4%)
were themost popular creatures, indicating that penguins are highly
popular. From this result, we focused on penguins kept in many
zoos and aquariums. In fact, penguins are highly popular creatures,
and their characteristics are said to have high educational potential
[12].

Even if visitors approach the penguin exhibit with interest, casual
observation of penguins is not memorable and does not lead to a
return visit to the facility. In order to encourage people to observe
penguins, some zoos and aquariums have devised exhibits such as
introducing penguins by using their names and the color of the
flipper bands they wear and creating correlation charts of them
[13] among individual penguins to attract visitors’ interest (Figure
1). However, the flipper bands are not visible unless one gets very
close to the penguins, and it is not easy to distinguish the colors. It
is also difficult to find a specific penguin among dozens of penguins
and to focus on individual penguins for observation. Therefore, a
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Figure 1: An exhibit introducing penguins by name at SEA
LIFE Sydney.

method that supports the observation of individual penguins and
increases interest is needed.

Penguins of the genus Humboldt penguin have black spots on
their abdomen that vary from one individual to another, and this is
one of the criteria used by aquarium keepers to identify individual
penguins. We think that paying attention to the unique abdominal
patterns of penguins and learning their names will increase the
attachment to the penguins and the enjoyment of observing them.
There is convenient support for observing creatures focusing on
their names, such as LINNE LENS [14], which displays the crea-
ture’s name on the screen when a smartphone camera is held up.
However, such a method, in which the name of a creature is imme-
diately presented, is insufficient to support subsequent memories
and impressions.

Holt et al. [15] describe the possibility that coloring may influ-
ence the improvement of creative cognition in college students.
Funazaki et al. [16] showed that actively listening to a story while
thinking about a search query may increase interest in the subject
of the story. We applied these findings to the behavior of drawing
abdominal penguin patterns and searching for penguins from the
drawings, which we hypothesized would enable observation focus-
ing on individual penguins and increase interest in and impressions
of penguins.

In this study, we propose a method to retrieve the names of pen-
guins by drawing their abdominal patterns while observing them.
This study investigates the effects on the individual’s cognition and
memory of observing and retrieving penguins while drawing their
abdominal patterns. First, we implement a prototype system that al-
lows users to draw penguins on their smartphones and analyze the
trends and characteristics of users’ drawings based on the drawing
data collected by the system to determine whether it is possible to
identify individual penguins.

2 RELATEDWORK
2.1 Research on innovations in observing living

creatures
Yamashita et al. [17] developed a technology to change the color of
fish without harming them by placing a display behind the aquar-
ium tank. Isokawa et al. [18] developed a system that makes fish
keeping more comfortable by visualizing the thoughts of the fishes

in the aquarium and enabling human-fish interaction. A system
called FishTalk [19] has also been developed to allow people to en-
joy proper feeding and observation of fish. Similar to these studies,
our study also aims to enhance memories and impressions during
the process of observing penguins while having fun by drawing
them.

To support the observation of creatures focusing on their names,
a system that identifies fish in aquariums [20] and LINNE LENS
[14], which displays the creature’s name on the screen of a smart-
phone, has been developed. Our study does not aim to present the
names of creatures immediately but to increase the effectiveness of
observation by actively doing it while drawing and searching for
the names from the drawings.

2.2 Research on zoo visitors
Many studies have investigated the behavior and experiences of zoo
visitors. Luebke et al. [21] found that zoo visitors’ enjoyment and
fascination strongly correlated with their observation of animals,
indicating the importance of exhibits focusing on animal visibility
and behavior. Raziah et al. [22] found that zoo tourism that con-
siders animal welfare increases visitors’ interest in animals and
provides them with more opportunities to learn. They also found
that interaction with zookeepers and a clean environment leads
to a better experience. Collins et al. [23] found that educational
interventions enhance children’s learning experiences in zoos and
aquariums. Thus, it is clear that it is necessary to make innovations
in exhibits and experiences to attract the interest of visitors.

In this study, it is thought that observing penguins while paying
attention to their unique patterns will lead to enjoyment and new
insights. We also believe that comparing other users’ drawings with
their own can lead to interaction with others and that a system
in which new drawings are updated daily by users can encourage
visitors to return to the park.

2.3 Research on zoo and aquarium support
There have been many studies on supporting people to improve
their experiences and observations in zoos and aquariums. Suzuki
et al. [24] developed the LEGS system to support observation in
zoos and found it useful for independent observational learning.
Tan [25] revealed that gamification, in which aquarium visitors play
games to promote animal conservation, can satisfy their desire to
learn and enjoy the aquarium. In addition, other systems have been
developed to enhance visitor entertainment and educational effects,
such as navigating through the zoo with information about the
animals [26, 27] and exhibits that use animation [28], touch-screen
interactive panels [29], and Augmented reality [30].

Similar to these studies, our study is to support visitors to zoos
and aquariums to observe and be interested in penguins.

2.4 Research on the identification of individual
creatures

Identifying and studying animals is useful for properly managing
species and for behavioral ecological studies. To manage and con-
serve wild African penguin populations, Burghardt et al. [31] have
developed a prototype system for real-time identification of African
penguins based on images of their abdominal patterns. Our study
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proposes a method to identify individual penguins not from images
but from pictures drawn by visitors themselves.

In addition, this study was conducted to identify individual pen-
guins by observing their abdominal patterns in order to remember
their names, but there are various studies on the identification of
individual animals for the purpose of understanding their popula-
tion and studying their behavior. Specifically, a method to identify
individual New Zealand sea lions from photographs of scars on
their fins [32] and a method to identify individual chickens using
depth images have been proposed and investigated [33]. Duyck
et al. [34] have developed an image retrieval system to identify
individual animals for the purpose of ecosystem monitoring and
conservation, and a method to identify individual animals using
depth images has been proposed and investigated.

Many studies have been conducted to identify individual animals
from their images by using their unique features, such as body sur-
face patterns. On the other hand, this study implements a retrieval
system that can identify individual penguins not from their images
but from the features of their drawn pictures.

2.5 Research using drawing
Holt et al. [15] describe the possible influence of drawing on re-
ducing anxiety and improving attention and creative cognition in
college students.

Coloring has also been used to assess children’s abilities and sen-
sory perception. Pinto et al. [35] showed that the proposed method
using coloring was more reliable than conventional methods in
assessing children’s language comprehension.

Another example of an application of drawing to entertainment
is the Sketch Aquarium [36], in which users draw a picture on a
piece of paper with an outline of a fish and scan it. The picture is
then projected onto a virtual aquarium on the wall, making the
picture appear to swim.

As in these studies, drawing penguins while observing them is
expected to make their penguins more memorable and motivate
people to observe them.

3 DRAWING AND SEARCH-BASED
OBSERVATION METHOD

Penguins are popular animals in zoos and aquariums, but observing
them in exhibits does not leave a lasting memory. Therefore, we
thought it would be more effective to observe penguins by paying
attention to the characteristics of each individual penguin and re-
membering their names. As mentioned above, Humboldt penguins
have a distinctive pattern of spots on their abdomen (Figure 2). We
believe that observing this pattern and viewing the characteristics
and names of the penguins will increase interest and impressions
of the penguins and will also make them easier to remember.

In this paper, we focus on drawing to observe penguins while
paying attention to their individual characteristics. We propose
a method that allows users to enjoy observing and remembering
penguins by drawing while looking at the patterns of the individual
penguins and searching for their names from the drawing.

In this method, the user draws a penguin’s abdomen pattern on
their smartphone and then searches for the penguin’s name by that
drawing. In addition, by saving the drawing data used in the search,

Figure 2: Difference in abdominal pattern of penguins.

Figure 3: A flow of usage of our proposed system.

the user can collect the drawing data of the penguins he or she has
drawn. Unlike drawing on paper, this method allows the user to
draw penguins on his/her smartphone without having to prepare
paper and pens and is expected to make it easier for anyone to
use the system. In addition, it is possible to increase the effect of
observation for users by collecting penguin drawings they have
made and comparing them with drawings produced by other users.

4 CONSTRUCTING A PENGUIN DRAWING
DATASET

In this paper, we implement the penguin drawing data collection
system to clarify the characteristics of people’s penguin drawings as
the first step to realizing our method. Then, we construct a dataset
of penguin drawings by using the drawings collected by this system
for analysis in section 5.

4.1 System overview
We implemented a system that allows users to draw abdominal
patterns of penguins with their smartphones and collect the coor-
dinate data of their drawings. The area to be drawn was limited to
the abdomen of the penguin, and the line pattern on the top of the
abdomen was presented in the original coloring image. Restricting
the area to be drawn to the abdomen makes it easier to focus on
the individual penguins’ unique characteristics and reduces the
workload involved in the drawing process. Since only the spots on
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Figure 4: An input interface for basic information.

the abdomen are needed to be drawn, even children can easily use
the system.

The penguin’s abdomen is mostly black and does not change
significantly, so the color of the pen is black only. The user can
change the thickness of the pen. We also implemented an undo
button to erase a previously drawn line and a clear button to erase
all lines. When a drawing is completed, the drawing image and
coordinates are sent to the database and stored in it.

We implemented this system using the JavaScript framework
Vue.js for the front end, PHP for the back end, and MySQL for the
database.

4.2 System usage
When a user accesses the prototype system, he/she moves to the
basic information input screen (Figure 4). After answering the user
information and the aquariumwhere the user is observing penguins
on the screen, the user moves to the penguin information input
screen (Figure 5). On this screen, the user enters the name of the
penguin to be drawn (optional) and selects the color of the penguin’s
band. The user moves to the drawing screen when he/she inputs
the penguin information (Figure 6).

The drawing screen shows a framework image of a penguin
with a blank abdomen. Dots and lines can be drawn by tapping
or tracing a finger on this image. The thickness of the pen can
be changed by using the slider below the framework image. The
thickness of the pen is always visible in the upper right corner of
the screen, and moving the slider changes the thickness of the pen.
The “Undo” button at the bottom of the screen allows the user to
erase the previous stroke, and the “Clear” button allows the user to
erase all drawings. If the user wants to change the target penguin
while drawing, he or she can click the “Change penguin” button
to move to the penguin information input screen and then change
the penguin. When a user has finished drawing a picture, he or she
can click the “Finish” button to send the basic information, penguin
information, and drawing data to the database. After sending the
data to the database, the user can draw other penguins or change
the aquarium where the penguin was drawn.

Figure 5: An interface to input penguin information.

Figure 6: An interface to draw.

4.3 Dataset construction
In order to analyze the drawing data of the penguin’s abdomen
pattern, we conducted a drawing experiment by having study par-
ticipants use the system. By analyzing the similarity of the drawing
data collected by the system, we investigated the identification of
penguins by drawing. In order to realize retrieval by drawing, it is
necessary to clarify how people draw penguins. Therefore, we also
analyzed the order in which the patterns were drawn.

To control the experimental conditions, frontal photographs or
videos were taken of five penguins kept at the Sumida Aquarium
and the Kyoto Aquarium (Figure 9), and the participants were asked
to use the drawing system while viewing the photographs and
videos. The penguins kept at the Sumida Aquarium are Magellanic
penguins, and the penguins kept at the Kyoto Aquarium are Cape
penguins, both of which belong to the genus Humboldt penguin
and have abdominal patterns. The time for presenting photos and
videos was three minutes for each of the five penguins, and the
name of the penguin and the color of its flipper band were presented
(Figure 7).
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Figure 7: Examples of videos presented for participants.

We recruited 22 undergraduate and graduate students (12 males
and 10 females) aged 21-24 years to participate in the experiment.
All participants were gathered in the same room, and a video or
photo of the penguins was projected on a screen. Participants were
asked to access the system with their own smartphones. After
entering their user information, they were asked to enter the name
of the penguin presented in the video and the color of the flipper
band. Next, the participants were taken to a drawing screen, where
they were asked to draw the abdomen pattern while watching the
video. After confirming that all participants had finished coloring,
we projected a video or photo of another penguin and asked them
to enter the penguin information and draw a penguin pattern in
the same way.

5 ANALYSIS OF PENGUIN DRAWINGS
DATASET

5.1 Analytical method
The similarity of drawing to drawing was evaluated based on the
coordinates of the drawings obtained by the system. An example
of an actual drawing is shown in Figure 8. Although the drawing
system allows strokes, the penguin’s abdomen pattern is made up
of spots, and most of the participants used tapping dots to draw
the pattern, so the analysis was based on the similarity of the dots.
The similarity was calculated using a combination of the Euclidean
distance of the point cloud (how close the points are), the cosine
similarity (how well the points are drawn in the same direction),
and the ratio of the number of strokes.

Specifically, when the two drawings 𝑃1 and 𝑃2 to be compared
are represented as follows,

𝑛𝑢𝑟𝑖𝑒𝑃1 =
{(
𝑥𝑃1,1, 𝑦𝑃1,1

)
,
(
𝑥𝑃1,2, 𝑦𝑃1,2

)
, . . .

(
𝑥𝑃1,𝑚, 𝑦𝑃1,𝑚

)}
𝑛𝑢𝑟𝑖𝑒𝑃2 =

{(
𝑥𝑃2,1, 𝑦𝑃2,1

)
,
(
𝑥𝑃2,2, 𝑦𝑃2,2

)
, . . .

(
𝑥𝑃2,𝑚, 𝑦𝑃2,𝑛

)}
the Euclidean distance between the jth stroke 𝑃1𝑗 = (𝑥𝑃1, 𝑗 , 𝑦𝑃1, 𝑗 )
of 𝑃1 and the kth stroke 𝑃2𝑘 = (𝑥𝑃2,𝑘 , 𝑦𝑃2,𝑘 ) of 𝑃2 is calculated by
the following formula.

𝑑𝑖𝑠𝑡
(
𝑃1𝑗 , 𝑃2𝑘

)
=

√︃(
𝑥𝑃1, 𝑗 − 𝑥𝑃2,𝑘

)2 + (
𝑦𝑃1, 𝑗 − 𝑦𝑃2,𝑘

)2

The cosine similarity is calculated by using the vector of the center
(𝑥𝑐 , 𝑦𝑐 ) of the drawing image and then using the following equation.

𝑠𝑖𝑚
(
𝑃1𝑗 , 𝑃2𝑘

)
=

(𝑥𝑃1, 𝑗 − 𝑥𝑐 )
(
𝑥𝑃2,𝑘 − 𝑥𝑐

)
+
(
𝑦𝑃1, 𝑗 − 𝑦𝑐

) (
𝑦𝑃2,𝑘 − 𝑦𝑐

)√︃(
𝑥𝑃1, 𝑗 − 𝑥𝑐

)2 + (
𝑦𝑃1, 𝑗 − 𝑦𝑐

)2√︃(
𝑥𝑃2, 𝑗 − 𝑥𝑐

)2 + (
𝑦𝑃2, 𝑗 − 𝑦𝑐

)2
Since the similarity calculation becomes complicated when the

cosine similarity is 0 or negative, all values less than or equal to
0.01 are set to 0.01.

Next, for 𝑃1 and 𝑃2, min(𝑚,𝑛) pairs are created, using each
picture once, and the following values are obtained for a couple of
points (𝑃1𝑗 , 𝑃2𝑘 ).

𝑠𝑐𝑜𝑟𝑒
(
𝑃1𝑗 , 𝑃2𝑘

)
=

max (𝑚,𝑛)
min (𝑚,𝑛)

𝑑𝑖𝑠𝑡
(
𝑃1𝑗 , 𝑃2𝑘

)
𝑠𝑖𝑚

(
𝑃1𝑗 , 𝑃2𝑘

)
Then, find the sum of all the selected pairs; the smaller this value
is, the more similar the drawings are.

Note that calculating all point combinations would be compu-
tationally expensive. When a user draws a penguin pattern, we
assume that they will draw the most characteristic points first, so
we use the first to the seventh strokes in the calculation.

5.2 Similarity between drawing
Table 1 computes and visualizes the similarity of all the coloring
combinations of the five penguins drawn by the participants. A
total of 110 drawings were compared, five drawings for each of
the 22 participants in the experiment. The combinations with the
highest similarity values are shown in dark red, and those with the
lowest are shown in light red.

Table 1 shows that the similarity between drawings of penguins
A, D, and E is high, and the similarity between drawings of other
penguins is low, indicating that the analysis is highly accurate. In
particular, the majority of the drawings of penguin A are red, and
the similarity can be evaluated with a high degree of accuracy. This
suggests that it will be possible to realize a system to search for
penguins by comparing the drawings of penguins with the drawings
in the database and extracting the penguins with high similarity.

On the other hand, for penguins B and C in Figure 8, many com-
binations have a high similarity of drawing to that penguin, but
there are more light red and red places than the others. Penguins B
and C have more dots on their abdomen than the other penguins
in Figures 8 and 9. Since we used up to the seventh stroke of the
drawing for this analysis, the accuracy of the drawing for the pen-
guins with more dots may have been lower than that for the other
penguins. This point will be discussed in section 6.2.

The results showed a high degree of similarity between penguins
A and E. This may be because both penguins A and E have a similar
pattern of multiple spots on the outside of the abdomen, including
several spots on the upper left and two series of spots on the lower
right, as shown in Figure 9. However, compared to the combination
of penguins A and A and the combination of penguins E and E, the
combination of penguins A and E is less similar, with many light
red and white areas, indicating that the similarity of the drawing
is correctly evaluated. Even if they are similar to some extent, the
system can be used as a name search system for penguins if it is
possible to filter penguins from those with high similarity.
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Penguin A Penguin B Penguin C

Penguin D Penguin E

Figure 8: Examples of penguin drawings.

Table 1: Results of similarity analysis.

5.3 Similarity evaluation with fewer strokes
The similarity (up to the seventh stroke of the drawing) was eval-
uated with a certain degree of accuracy, but the calculation of all
the combinations was quite expensive. We considered that the first
few strokes of the drawing would be similar for each penguin since
it was assumed that the user would draw starting from the most
characteristic pattern or the pattern at the top of the drawing. In
order to find out how many strokes of the drawing could be used to
evaluate the similarity, we calculated the similarity of the drawing
using the third and fourth strokes of the drawing. The results are
shown in Tables 2 and 3

Table 2 shows that the similarity of drawings of the same pen-
guins is highly evaluated, while drawings of different penguins,
such as penguins B and C and penguins A and E, are also highly
evaluated in the similarity evaluation using up to the third draw-
ing. In the similarity evaluation using up to the fourth stroke from
Table 3, the similarity between penguins B and C and A and E was
evaluated as high, but it was lower than the similarity between the
same penguins, suggesting that it is possible to identify penguins
adequately by considering the similarity threshold.

Table 2: Results of similarity analysis up to the 3rd stroke.

Table 3: Results of similarity analysis up to the 4th stroke.
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Figure 9: Penguins drawn by participants (from left to right: penguins A, B, C, D, E).

Figure 10: Plot by number of strokes (from left to right: penguins A, B, C, D, E).

6 DISCUSSION
6.1 Drawing trends
Since the characteristics of the penguins are considered to appear
in the first three to four strokes, Figure 10 plots the coordinates
for each stroke number, paying particular attention to the order of
drawing in the early stages. The color of the first stroke becomes
lighter as the number of strokes increases.

The results show that most of the participants drew the dots for
penguin A in the order from the upper left to the lower right. On
the other hand, several respondents drew the lower right dot first.
Penguin A has two distinctive dots on the lower right side of its
abdomen, and it is thought that some people started drawing from
the lower left side because the dots were easy to notice. Penguins B
and C have a series of dots in the vertical direction, and as a result,
many people drew dots from the upper side to the lower side for
both penguins. Penguin C, however, has some left-right dots in
addition to the vertical dots, so there is some left-right blurring
compared to penguin B. However, the overall tendency is for most
people to draw dots from the upper side to the lower side.

Penguin D has a distribution of dots aligned with the lower
abdomen, indicating that many people drew the upper left dot on
the lower abdomen first and then drew the lower dot. Penguin E
is drawn by starting from the upper left or right upper point and
finally drawing the lower point.

These results suggest that users tend to draw the penguin’s
abdomen pattern from the upper point, especially from the upper
left point.

6.2 Feedback from a questionnaire survey
From the questionnaire conducted after the experiment, we ob-
tained feedback such as “The intuitive operation and the original
image of the penguins allowed us to enjoy the coloring without
worrying about the artistic sense” and “It was easy because we
only needed to draw the pattern on the belly.” Unlike sketching, the
participants were asked to paint only the abdomen, which was less
burdensome and more effective in encouraging observation.

Many of the participants were very interested in drawing the
patterns on the abdomen of penguins, and there were comments
such as, “I usually don’t pay attention to the patterns on penguins,
but when I looked at them, I found that the patterns were quite
different from one individual to another, and it was interesting to
see how they looked alike.”, and “I thought I would remember it
the next time I see the penguins.” By paying attention to individual
differences in abdominal patterns, which are difficult to notice, we
can increase interest in and impressions of penguins and support
observations that will be easily remembered.

6.3 Experimental issues and future prospects
In this experiment, the similarities in drawings of the same penguin
were evaluated to be high, and the similarities in drawings of the
different penguins were evaluated to be low. However, the accuracy
was low for drawing penguins with a large number of dots and
complex patterns. Therefore, in future experiments, we plan to take
into account the number of dots in the analysis.

In the post-experiment questionnaire, several participants com-
mented that it was difficult to draw detailed patterns on the smart-
phone screen with their fingers. It is thought that it was difficult
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to adjust and reproduce detailed patterns because the participant’s
own fingers overlapped and hid the screen. We believe that this
problem can be solved by adding functions such as drawing with a
stylus or zooming in and out of the screen.

In the future, we plan to implement a system that can identify
which penguin is being drawn and search for it. We will also inves-
tigate how the process of drawing, observing, and then retrieving
the name of the penguin from the drawing affects interest in the
penguin and the subsequent memory of the penguin.

In addition, we are considering ways to motivate users to observe
penguins, such as identifying the penguin they are drawing and
presenting its name while they are drawing or collecting their
drawings to look back on. We will also add other functions to the
drawing system, such as changing the color of the pen and zooming
in and out, in order to improve usability.

In this paper, participants drew the abdomen pattern of penguins
by looking at a video and photos of the penguins using a front view.
However, penguins exhibited in zoos and aquariums are not always
observed from the front because they are always moving and gath-
ered by other visitors. Therefore, we will conduct an experiment to
verify the usefulness of the system by drawing penguins in a zoo
or aquarium while actually viewing them.

Although penguins are the target of observation in this work, we
believe that this method can be applied to other creatures as well.
It can be used to encourage observation of creatures that attract
little interest or minor creatures that are not well known. Also, by
limiting the area to be observed, we believe that drawing can lead
to a more detailed observation of creatures with patterns covering
their entire bodies, in the same way as with penguins.

7 CONCLUSION
In this paper, we propose a method to improve the observation of
penguins by drawing their abdominal patterns and searching for
their names. We also implemented a prototype system to draw pen-
guins on a smartphone and collected data from the drawings. The
results of the analysis of the drawings showed that the similarities
in drawings of the same penguin were high, while the similarities
in drawings of the different penguins were low. However, the ac-
curacy was low for drawings with a large number of strokes. We
plan to improve the accuracy of the drawing similarity assessment
by taking into account the number of strokes.

In the future, we plan to implement a system for searching the
names of penguins from drawings and to investigate the effect of
drawings and searches on the observation of creatures. We will also
add functions such as collecting the drawings, and we aim to make
the system available to zoos and aquariums.

REFERENCES
[1] WAZA. Retrieved August 1, 2023 from https://www.waza.org/
[2] Jennifer DeWitt and Martin Storksdieck. 2008. A Short Review of School Field

Trips: Key Findings from the Past and Implications for the Future. Visitor Studies,
Vol. 11, 2, 181-197. DOI: https://doi.org/10.1080/10645570802355562

[3] Katie Roe and Andrew McConney. 2015. Do zoo visitors come to learn? An
internationally comparative, mixed-methods study. Environmental Education
Research, Vol. 21, 6, 865-884. DOI: https://doi.org/10.1080/13504622.2014.940282

[4] Susan Clayton, John Fraser, and Carol D. Saunders. 2009. Zoo experiences: con-
versations, connections, and concern for animals. Zoo Biol, Vol. 28, 5, 377-397.
DOI: https://doi.org/10.1002/zoo.20186

[5] Roy Ballantyne, Jan Packer, Karen Hughes, and Lynn D. Dierking. 2007. Con-
servation learning in wildlife tourism settings: Lessons from research in zoos

and aquariums. Environmental Education Research, Vol. 13, 3, 367-383. DOI:
https://doi.org/10.1080/13504620701430604

[6] Leslie M. Adelman, John H. Falk, and Sylvia James. 2000. Impact of National
Aquarium in Baltimore on Visitors’ Conservation Attitudes, Behavior, and Knowl-
edge. Curator: The Museum Journal, Vol. 43, 1, 33-61. DOI: https://doi.org/10.
1111/j.2151-6952.2000.tb01158.x

[7] John H. Falk, Eric M. Reinhard, Cynthia L. Vernon, Kerry Bronnenkant, Joe E.
Heimlich, and Nora L. Deans. 2007. Why zoos and aquariums matter: Assessing
the impact of a visit to a zoo or aquarium.

[8] Inez S. Wolins, Nina Jensen, and Robyn Ulzheimer. 1992. Children’s Memories of
Museum Field Trips: A Qualitative Study. The Journal of Museum Education, Vol.
17, 2, 17-27. DOI: https://doi.org/10.1080/10598650.1992.11510204

[9] Catherine Bertenshaw, and Peter Rowlinson. 2009. Exploring Stock Managers’
Perceptions of the Human—Animal Relationship on Dairy Farms and an As-
sociation with Milk Production. Anthrozoös, Vol. 22, 1, 59-69. DOI: https:
//doi.org/10.2752/175303708X390473

[10] Kathryn H. McWeeny, Andrew W. Young, Dennis C. Hay, and Andrew W. Ellis.
Putting names to faces. British Journal of Psychology, Vol. 78, 2, 143-149. DOI:
https://doi.org/10.1111/j.2044-8295.1987.tb02235.x

[11] Yahoo! Crowdsourcing. Retrieved August 1, 2023 from https://crowdsourcing.
yahoo.co.jp/

[12] Courtney Keane Collins, Thomas Quirke, Louise Overy, Kevin Flannery, and
Ruth O’Riordan. 2016. The effect of the zoo setting on the behavioural diversity
of captive gentoo penguins and the implications for their educational potential.
Journal of Zoo and Aquarium Research, Vol. 4, 2, 85-90. DOI: https://doi.org/10.
19227/jzar.v4i2.158

[13] Sumida Penguin Correlation Chart 2023. Retrieved August 1, 2023 from https:
//www.sumida-aquarium.com/sokanzu/

[14] LINNE LENS. Retrieved August 1, 2023 from https://lens.linne.ai/ja/
[15] Nicola J. Holt, Leah Furbert, and Emily Sweetingham. 2019. Cognitive and

Affective Benefits of Coloring: Two Randomized Controlled Crossover Stud-
ies. Journal of the American Art Therapy, Vol. 36, 4, 200-208. DOI: https:
//doi.org/10.1080/07421656.2019.1645498

[16] Yukina Funazaki, and Satoshi Nakamura. 2022. A Method to Success of “Oshi-
gatari” Recommendation Talk by Asking to Create Search Queries While Lis-
tening, Knowledge-Based and Intelligent Information & Engineering Systems.
International Conference on Knowledge-Based and Intelligent Information &
Engineering Systems, Vol.207, 1812-1821. DOI: https://doi.org/10.1016/j.procs.
2022.09.239

[17] Shogo Yamashita, Shunichi Suwa, Takashi Miyaki, and Jun Rekimoto. 2017.
AquaPrism: Dynamically Altering the Color of Aquatic Animals without In-
jury by Augmenting Aquarium. Proceedings of the Fourth International Con-
ference on Animal-Computer Interaction (ACI2017), Vol. 11, 1-9. DOI: https:
//doi.org/10.1145/3152130.3152138

[18] Naohiro Isokawa, Yuuki Nishiyama, Tadashi Okoshi, Jin Nakazawa, Kazunori
Takashio, and Hideyuki Tokuda. 2016. TalkingNemo: aquarium fish talks its mind
for breeding support. Proceedings of the Fourth International Conference on
Animal-Computer Interaction (ACI2016), Vol. 11, 1-4. DOI: https://doi.org/10.
1145/2995257.3012017

[19] Yi-Bing Lin, and Hung-Chun Tseng. 2019. FishTalk: An IoT-Based Mini Aquar-
ium System. IEEE Access, Vol. 7, 35457-35469. DOI: https://ieeexplore.ieee.org/
document/8667438

[20] Nour Eldeen M. Khalifa, Mohamed Hamed N. Taha, and Aboul Ella Hassanien.
2018. Aquarium Family Fish Species Identification System Using Deep Neural
Networks. International Conference on Advanced Intelligent Systems and Infor-
matics, 347-356. DOI: https://doi.org/10.1007/978-3-319-99010-1_32

[21] Jerry F Luebke, and Jennifer Matiasek. 2013. An exploratory study of zoo visitors’
exhibit experiences and reactions. Zoo Biology, Vol. 32, 4, 407-416. DOI: https:
//doi.org/10.1002/zoo.21071

[22] Jasmine Zea Raziah Rashid-Radha, Nurhazani Mohd Shariff, Azilah Kasim, and
Raslinda Mohd Ghazali. 2021. Exploring how zoo servicescapes impact memo-
rable tourism experience: a critical incident technique (cit) approach. Journal
of Tourism, Hospitality and Environment Management, Vol. 6, 23, 53-59. DOI:
http://www.jthem.com/PDF/JTHEM-2021-23-06-11.pdf

[23] Courtney Collins, Sean McKeown, Lynda McSweeney, Kevin Flannery, Declan
Kennedy, and Ruth O’Riordan. 2021. Children’s conversations reveal in-depth
learning at the Zoo. Anthrozoös, Vol. 34, 1, 17-32. DOI: https://doi.org/10.1080/
08927936.2021.1878679

[24] Mariko Suzuki, Itsuo Hatono, Tetsuo Ogino, Fusako Kusunoki, Hidefusa
Sakamoto, Kazuhiko Sawada, Yasuhiro Hoki, and Katsuya Ifuku. 2009. LEGS
system in a zoo: use of mobile phones to enhance observation of animals. Pro-
ceedings of the 8th International Conference on Interaction Design and Children,
222-225. DOI: https://doi.org/10.1145/1551788.1551835

[25] Wee Kheng Tan. 2018. Gamification in aquarium context: Intention to play game
that imparts knowledge and promotes marine animal conservation. Information
Technology & People, Vol. 31, 6, 1070-1090. DOI: https://doi.org/10.1108/ITP-02-
2017-0054

https://www.waza.org/
https://doi.org/10.1080/10645570802355562
https://doi.org/10.1080/13504622.2014.940282
https://doi.org/10.1002/zoo.20186
https://doi.org/10.1080/13504620701430604
https://doi.org/10.1111/j.2151-6952.2000.tb01158.x
https://doi.org/10.1111/j.2151-6952.2000.tb01158.x
https://doi.org/10.1080/10598650.1992.11510204
https://doi.org/10.2752/175303708X390473
https://doi.org/10.2752/175303708X390473
https://doi.org/10.1111/j.2044-8295.1987.tb02235.x
https://crowdsourcing.yahoo.co.jp/
https://crowdsourcing.yahoo.co.jp/
https://doi.org/10.19227/jzar.v4i2.158
https://doi.org/10.19227/jzar.v4i2.158
https://www.sumida-aquarium.com/sokanzu/
https://www.sumida-aquarium.com/sokanzu/
https://lens.linne.ai/ja/
https://doi.org/10.1080/07421656.2019.1645498
https://doi.org/10.1080/07421656.2019.1645498
https://doi.org/10.1016/j.procs.2022.09.239
https://doi.org/10.1016/j.procs.2022.09.239
https://doi.org/10.1145/3152130.3152138
https://doi.org/10.1145/3152130.3152138
https://doi.org/10.1145/2995257.3012017
https://doi.org/10.1145/2995257.3012017
https://ieeexplore.ieee.org/document/8667438
https://ieeexplore.ieee.org/document/8667438
https://doi.org/10.1007/978-3-319-99010-1_32
https://doi.org/10.1002/zoo.21071
https://doi.org/10.1002/zoo.21071
http://www.jthem.com/PDF/JTHEM-2021-23-06-11.pdf
https://doi.org/10.1080/08927936.2021.1878679
https://doi.org/10.1080/08927936.2021.1878679
https://doi.org/10.1145/1551788.1551835
https://doi.org/10.1108/ITP-02-2017-0054
https://doi.org/10.1108/ITP-02-2017-0054


A Drawing-type Observation and Retrieval Method Focusing on the Abdominal Pattern of Penguins OzCHI 2023, December 02–06, 2023, Wellington, New Zealand

[26] NAAB Juarimi, andNRMNasir. 2021. Digital map of zoo negara using geospatial
information system (GIS) approach. Journal of Physics: Conference Series, Vol.
1860, 1. DOI: https://iopscience.iop.org/article/10.1088/1742-6596/1860/1/012005

[27] Yuki Shinotsuka, Tomoyuki Ishida, Kazuhiro Takahagi, Misaki Iyobe, Norio
Akatsu, Kaoru Sugita, Noriki Uchida, and Yoshitaka Shibata. 2016. Proposal of a
Zoo Walk Navigation System for Regional Revitalization. 2016 19th International
Conference on Network-Based Information Systems (NBiS), 307-310. DOI: https:
//ieeexplore.ieee.org/document/7789775

[28] Yui Tanaka, Ryohei Egusa, Etsuji Yamaguchi, and Shigenori Inagaki. 2016.
Supporting Zoo Visitors’ Scientific Observations with a Mobile Guide. 8th
International Conference on Computer Supported Education, 353-358. DOI:
https://www.scitepress.org/Link.aspx?doi$=$10.5220/0005904803530358

[29] Sharon Lin. 2007. The Interactive Aquarium: Evaluating the Effectiveness of
Interactive Interfaces in an Aquarium Visit. The Journal of young Investigators,
Vol. 17, 2, 30.

[30] Johannes Karlsson, Shafiq ur Réhman, and Haibo Li. 2010, Augmented reality to
enhance visitors experience in a digital zoo. Proceedings of the 9th international
conference on mobile and ubiquitous multimedia, 1-4. DOI: https://doi.org/10.
1145/1899475.1899482

[31] T. Burghardt, B. Thomas, Peter Barham, and Janko Calic. 2004. Automated vi-
sual recognition of individual African penguins. Fifth International Penguin
Conference, 1-10.

[32] Shaun D. McConkey. 1999. Photographic identification of the New Zealand sea
lion: a new technique. New Zealand Journal of Marine and Freshwater Research,
Vol. 33, 1, 63-66. DOI: https://doi.org/10.1080/00288330.1999.9516857

[33] Baoquan Zhang, Yunlin Qiu, Xinyu Wang, Huishan Lu, and Fujie Wang. 2020.
Research on the Method of Individual Identification of Chickens Based on Depth
Image. Journal of Physics: Conference Series, Vol. 1631, 1, 012018. DOI: https:
//iopscience.iop.org/article/10.1088/1742-6596/1631/1/012018

[34] James Duyck, Chelsea Finn, Andy Hutcheon, Pablo Vera, Joaquin Salas, and Sai
Ravela. 2015. Sloop: A pattern retrieval engine for individual animal identification.
Pattern Recognition, Vol. 48, 4, 1059-1073.

[35] Manuela Pinto, and Shalom Zuckerman. 2019. Coloring Book: A new method for
testing language comprehension. Behavior Research Methods, Vol. 51, 2609-2628.
DOI: https://doi.org/10.3758/s13428-018-1114-8

[36] Sketch Aquarium. Retrieved August 1, 2023 from https://www.teamlab.art/jp/w/
aquarium/

https://iopscience.iop.org/article/10.1088/1742-6596/1860/1/012005
https://ieeexplore.ieee.org/document/7789775
https://ieeexplore.ieee.org/document/7789775
https://www.scitepress.org/Link.aspx?doi$=$10.5220/0005904803530358
https://doi.org/10.1145/1899475.1899482
https://doi.org/10.1145/1899475.1899482
https://doi.org/10.1080/00288330.1999.9516857
https://iopscience.iop.org/article/10.1088/1742-6596/1631/1/012018
https://iopscience.iop.org/article/10.1088/1742-6596/1631/1/012018
https://doi.org/10.3758/s13428-018-1114-8
https://www.teamlab.art/jp/w/aquarium/
https://www.teamlab.art/jp/w/aquarium/

	Abstract
	1 INTRODUCTION
	2 RELATED WORK
	2.1 Research on innovations in observing living creatures
	2.2 Research on zoo visitors
	2.3 Research on zoo and aquarium support
	2.4 Research on the identification of individual creatures
	2.5 Research using drawing

	3 DRAWING AND SEARCH-BASED OBSERVATION METHOD
	4 CONSTRUCTING A PENGUIN DRAWING DATASET
	4.1 System overview
	4.2 System usage
	4.3 Dataset construction

	5 ANALYSIS OF PENGUIN DRAWINGS DATASET
	5.1 Analytical method
	5.2 Similarity between drawing
	5.3 Similarity evaluation with fewer strokes

	6 DISCUSSION
	6.1 Drawing trends
	6.2 Feedback from a questionnaire survey
	6.3 Experimental issues and future prospects

	7 CONCLUSION
	References

