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ご挨拶
つくば Science Edge は、サイエンスの研究に深い関心を持っておられる中学生や高校生の皆さ

んがおやりになった研究成果を的確に評価することにより、皆さんがサイエンスと取り組む意欲を

高めたいと考えております。そして将来、いつか皆さんの中からノーベル賞受賞者が輩出すること

を望んでいます。

2010年に第1回を開催し、今回で13回目を迎えることになりました。

今年も新型コロナウイルス感染症の影響により、一部制限を受けながらの開催となりますが、リ

アル開催とさせていただき、国内より18都道府県54校、及び海外からも2ヶ国23校より合計241チー

ムの参加いただきました。

さて、ここで「サイエンスの研究とは何か」というところから考えてみましょう。サイエンスの

研究は皆さんに「疑問を発して考えよう」と教えるでしょう。そして「検証できるもの」だけをそ

の対象とします。

これに対し宗教の門を叩きますと、「疑わずに信ずべし」と教えるのではないでしょうか。例えば“神

や仏は疫病や災害を治め、幸をもたらします”などと、「検証できないもの」を受け入れるところに

信仰の基盤があるのです。

ヨーロッパ中世が過ぎ啓蒙期を迎えた頃、「宇宙は合理性をもって構成され、自然現象においては、

すべてが因果関係で結びつき数理解析が可能である。」という事実を心ある学者たちが認識したこと、

それが「サイエンス」の出発点となったのです。そしてこの分野で極めて優れた才能を備えたガリ

レオ・ガリレイ（1564-1642）が、「自然という書物は数学の言葉で書いてある。」という主張のも

と、観測と実験に基づく近代科学の実証的手法の基礎を確立したのです。

ところが、1633年、ローマ教会の異端審問会はコペルニクス(1473-1543)の地動説は聖書の教

理に反することを理由に「コペルニクス説を支持し、その理論を教えた」かどでガリレイを有罪とし、

自説の撤回と自宅軟禁の判決を下したのです。

「疑わずに信ずるべし」とする宗教と「疑問を発して思考せよ」というサイエンスとの宿命的対立

です。

サイエンスの研究において、新しく得られた知識は如何に革新的なものであっても論理的整合性

(Logical consistency)をもって既存のものの上に加わるので、サイエンスには「進歩」が内蔵され

ていることになります。これが近代文明の強い基盤です。芸術、音楽、文学などの文化においては「変

貌」を遂げますが、必ずしも「進歩」しません。ノーベル賞は近代文明の活力の源泉と言えるこの「進

歩」の中から特に画期的なものが選出されて与えられると言っても良いのです。

 サイエンスの「進歩」は、言わば人間が創り出した「進化」であり、その速度が自然の「進化」に

比べて速いのです。

ところで、「宇宙に依存するものすべて、偶然か必然、Chance or Necessity が生んだ果実である。」 

と、紀元前５世紀、古代ギリシャきっての自然哲学者、デモクリタスは喝破しています。

研究していますと、たまに大きな感動を与える予想外のサプライズ、即ちLucky Chance(幸運)に

出会うことがあります。私のエサキダイオードの発見もその一つと言えるでしょう。そこで得られ

た飛躍的知識（ブレイクスルー）をもとに画期的技術が開発されると、社会に大きな影響を与える

イノベーション（技術革新）が実現し、際立った医療の向上や新しい産業の発展などに大きく貢献

するのです。

今や、温故知新は必ずしも通用しません。未来を担う若い皆さんはサイエンスの研究を通じ、過

去ではなく“未来に学ぶ”ことに励んでください。

2023年３月27日
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Abstract of the Presentation
Title Using Image Recognition to Improve Typing Systems and Develop Typing 

Biometrics

Outline and its First Inspiration
More and more people nowadays have to use computers to complete assignments or projects. However,
researchers have found that many people have very slow typing speed, which often leads to a great waste of
time. To solve this problem, many people ask online typing systems for help. However, most current typing
systems teach 10-finger typing (Figure 1), but only they show us if the right keys are pressed, not knowing if

the right fingers are used. Therefore, researchers decide to improve current online typing systems by creating
a new system that can recognize correct finger placement.
On the other hand, many people's phone or computer passwords can be accidently seen by others, making
them easy to leak. To prevent this problem, the researchers develop an approach to distinguish typing
behaviors among different people. In this way, password security can be achieved because it is next to 
impossible to copy someone else’s typing behaviors and thus guarantees password security.

Figure 1: The online typing system teaches the use of 10-finger typing.

Goal
1. Development of a typing system.
2. Use of image recognition to determine hand position coordinates.
3. Analysis of typing habits in terms of time between words and letters.
4. Analysis of typing habits in terms of coordinate patterns.
5. Comparison of Decision Tree and Random Forest models.
6. Discussion of the shortest length of password under this biometric recognition.
7. Development of a biometric recognition system for when a password is forgotten.
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Novelty and Creativity
A. Use OpenCV and MediaPipe to Judge Finger Coordinates
“OpenCV” can access pictures, video, and process images; “MediaPipe” is a deep learning operating 
framework. There are currently 16 Pipeline solutions, and open models can be downloaded and used.
Among the 16 models, there is one that detects finger position. It has two parts: Palm Detection and Hand
Landmarks.
Palm Detection is to capture the hands in the images and find the position of the palms; Hand Landmarks is 
to mark the coordinates of 21 key points of the entire hands as shown from Figure 2 to Figure 4. Therefore,
the model can obtain the coordinates of the 21 points of the hands in the images.

Figure 2 to Figure 4: Hand Landmarks, Hand recognition interface, Finger coordinates value
In order to successfully detect finger position and combine it with the typing system, the researchers converted
the position of each key on the keyboard in the image into coordinates. In this way, when the image detection
detects the coordinates of the finger tip and the key coordinates overlap, we can know which finger we are
using (Figure 5).

Figure 5: Finger tip coordinates and key coordinates overlap interface
B. Collect both the data of input time gaps between each character and those of hand coordinates

In this study, “hand tracking password” is used as the pre-defined string to be entered. When the password is

under risk of leakage, biometric identification mechanism is activated.
The system records two different kinds of data each time once the assigned text is entered: 1. the time gaps 
between characters entered (shown in Figure 6); 2. the 21 point three-dimensional hand coordinates obtained
through image recognition (shown in Figure 7 & 8).

Figure 6: A dataset of time gaps between characters typed

Figure 7 & 8: The record of hand coordinates of each character entered

C. Machine Learning Decision Tree Classification Algorithm

Decision tree is a kind of supervised learning. It is just like a tree. In each node, it compares the differences 

between features and subdivides different categories of data. To train a good decision tree, it is essential to 
calculate “Entropy” and “Information Gain”.

Entropy” is a measure of disorder. The mathematical formula for Entropy is as follows. Where is the
probability of an element/class in data.

As we can see in Figure 9, the classification is the most disordered when the Entropy value is the largest; the

classification becomes the best when the Entropy value is smallest.

Figure 9: Plot of Entropy and Probability

In order to make entropy smaller, we need “information gain”. The mathematical formula for Information Gain
is as follows. Where ‘i’ is the possible values of A, is the subset where

If the value of Information Gain is larger, it means this feature contributes more to the classification; if the 
value is smaller, it does not contribute much enough to the classification.

Finally, after calculating information gain to reduce entropy, we successfully constructed a decision tree and 
used it to judge typing habits.

Feasibility and its Prospect Report of progress can also be acceptable
A. An Improved Typing System that can Detect the Position of User's Typing Fingers

After going through the processes of design, development, and testing, we have finally developed a new typing
system which can successfully detect whether the user is using the correct fingers when typing. Figure 10 and

11 show the device and system interface in the research.

Figure 10: Typing system device image.

Figure 11: Typing practice interface.

B. Analyze Typing Habits Using Decision Trees and Features of Typing Time Gap

Through the above approach, 130 pieces of data from "Person A" and "Person B" of time gaps between 
characters typed and hand coordinates in the typing process have been collected.

First of all, we want to explore the time gaps between each character typed by different people. By calculating
Entropy and Information Gain of the data from "Person A" and "Person B", a decision tree can be constructed
(shown in Figure 12).

It can be observed from the root of this tree that after the calculation of Information Gain, it is found that the 
sixth value is the most influencing factor to determine whether it is "Person A" or "Person B." In other words, 
when the two different persons are typing "hand tracking password", the time intervals between 't' and 'r' is the
most differential, and this distinguishes the typing behaviors of the two different persons!

Figure 12: Decision tree constructed from input time interval data for each word of "Person A" & "Person B"

There’s one more very interesting point. We try to use different ratios between the training data and the test 

data. Figure 13 shows the accuracy of the decision tree model constructed by different ratios.

In Figure 13, we can see that in the case of a smaller amount of training data, the decision tree still has a 

classification accuracy of 96.58%. Therefore, we can learn that the time gap differences between "Person A" 

and "Person B" is very prominent, and it definds a feature that is suitable for biometric identification.

Figure 13: Model accuracy of converting two-person data to different scale data

Though the above results suggest that the model can tell which person is typing, we are still not sure whether
the system can really tell if the data come from the very same person.

Therefore, we assume that the data from the same person are typed by two different persons. If the 
classification of the trained decision tree fails, which shows significant drops in the classification accuracy, the
model can really tell if it is the same person typing.

It can be seen from Figure 14 and Figure 15 that the depth of the decision tree increases, and the classification

accuracy using 90% of the training data is only 77.78%. This means the model can judge that the behaviors
of the typists are quite similar. In fact, this is indeed the typing time gap data from the very same person.

Figure 14: Assuming the data of "Person A" as a decision tree model trained by two different persons

Figure 15: Model accuracy comparison between the same person and different people

C. Using Decision Tree and Typing Finger Coordinate Features to Analyze Typing Habits

Next, let's take a look at the hand coordinates as a decision tree model.
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Our system records the 21 coordinates of the hand when the 22 characters of "hand tracking password" are 
entered. Therefore, there are 2772 values representing a person's typing behaviors. 

Since there are so many values, it is easier for the system to find the differences among them, and the depth
of the trained decision tree model is small. If we only have a very small amount of data, the classification 
accuracy will not be as good. With large enough amount of data, our model can classify quite well.

We can see this in Figure 16 and Figure 17.

Figure 16: Decision tree built from hand coordinate data for each character from "Person A" and "Person B"

Figure 17: Model accuracy for converting two-person hand coordinate data to data at different scales

Finally, we also want to find from hand coordinate data that if the model can know whether it is the same 
person typing.

From the comparison in Figure 18, there is no way for the model trained from the same person's data to 
achieve high enough accuracy. When the amount of data increases, the classification accuracy has no obvious

increase. But it is very interesting that when the same person with only 20% of the data, the differences 
between the model classification accuracy and that of different people are both low. This might be because
we have more coordinate values and it is easier for the model to find the differences. This also means that if 
we want to use hand coordinates for biometric identification, the amount of data should be large enough so
that it is easier to for the model to distinguish among different people.

Figure 18: Model accuracy assuming "Person A" data as typed by two different persons

Future potential and its plan
For future research, we hope people can have public and easy access to this typing system and test whether 
it is helpful. We will also work on solving the above issues and increasing the accuracy of the model. We will 
also collect more data on the time gap and hand coordinates of people inputting the "hand tracking password" 
and analyze it. We will also try using more different algorithms to enhance the accuracy of the model.
As for the shortest password and the input system for forgotten passwords, we are currently collecting more
data and train the model before the final report, and expect the results.

The most valuable aspect of this research is its potential application in ATMs. Once the system is set, it can 
judge typing behaviors based on time gap or finger coordinates. Even if someone knows another person's 
password, they cannot successfully get money from an ATM because they do not copy the typing behaviors
of the password holder. In the future, we also hope to use Deep Learning to judge typing behaviors, and see 
if it can be more efficient and accurate through training based on photos taken. At present, we are only using 
"hand tracking password" to distinguish typing behaviors, and in the future, we will also try to record typing 
behaviorts in daily computer use and input the password for verification.
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Beer poured into a glass has white foam on top that remains for a certain period of time (Fig. 1). On the 
other hand, there are almost no carbonated beverages that underage high school students can drink that 
have foam like beer. According to previous research, it has been reported that the foam retention of beer 
is caused by the following three factors 1)2). (1) Beer contains carbon dioxide, (2) contains abundant 
protein derived from malt, and (3) the bitter component of hops has the property of stabilizing the foam. 
Furthermore, it is also known that the higher the sucrose content, the higher the viscosity of the liquid 
and the more stable the foam3). Based on these findings, we speculated that the reason why many 
commercially available carbonated beverages do not retain foam stably is that they do not contain 
protein. In this study, we clarified the relationship between protein and foam in carbonated beverages, 
and attempted to develop a carbonated beverage with long foam retention by adding protein.

Developing carbonated beverages with longer foam retention due to the addition of protein. To further 
investigate how to extend the retention time of the formed foam. 

Beer foam has the following roles. (1) it prevents the liquid part of the beer foam oxidizing and losing its 
flavor when exposed to air, (2) it acts as a cap to keep carbon dioxide gas from escaping, and (3) the white 
foam on the beer makes the beer look tasty4)5). We hypothesized that these effects would be beneficial for 
carbonated beverages other than beer. Currently, few carbonated beverages other than beer have beer-like 
foam, so if we can make carbonated beverages retain foam, we can expect the possibility of completely new 
beverages that have never existed before. While there have been many studies on foam retention in beer, 
there has been little research on foam retention in carbonated beverages to our knowledge. Therefore, we 
decided to investigate how to improve the foam retention of carbonated beverages. 

Feasibility and its Prospect Report of progress can also be acceptable  
Experiment 1: Investigation of relationship between amount of protein and retention time of foam 
We examined whether adding protein to carbonated beverages would result in foam retention, and
investigated whether increasing the amount would extend the retention time. Egg white powder was used
as the protein to be added. 
Method 1: Place 0.30 g of baking soda, 10 mL of tap water (27-29°C), and 0.02-2.0 g of egg white powder in
a 100-mL beaker, place the beaker in an ultrasonic cleaner, and use a glass rod to avoid foaming. Mixed
like also, 0.30 g of citric acid and 5 mL of tap water (27-29°C) were placed in a 50 mL beaker and mixed.
The two solutions were placed in a 100 mL graduated cylinder, and the height of the foam generated on
the top of the obtained carbonated water was measured using the scale of the graduated cylinder. The
retention time of the foam was defined as the time until the foam disappeared. 
 
Experiment 2: Investigation of the relationship between the amount of granulated sugar added and the
foam retention time. 
It was investigated whether the addition of granulated sugar, which is known to have the effect of
stabilizing foam, would extend the retention time. 
Method 2: Put 0.30 g of baking soda, 10 mL of tap water (27-29°C), 0.04 g of egg white powder, 1.0, 2.0, 3.0,
and 10.0 g of granulated sugar into a beaker, and place the beaker in an ultrasonic cleaner. The mixture

      
 

was placed and mixed with a glass rod so as not to foam. Also, 0.30 g of citric acid and 5 mL of tap water
(27-29°C) were placed in a 50 mL beaker and mixed. The two solutions were placed in a 100 mL graduated
cylinder, and the height of the foam generated on the top of the obtained carbonated water was measured
using the scale of the graduated cylinder. The retention time of the foam was defined as the time until the
foam disappeared. 
 
Fig.2 shows that the addition of protein confirmed the formation of foam on top of the carbonated water. 
Fig.3 shows that there was a tendency for retention time to increase as the amount of protein added
increased. 
Based on reports that proteins have a surfactant effect6) and that foam becomes more stable as the
surfactant increases7), it is thought that the increase in retention time with increased amounts of protein
was due to the greater influence of the surfactant effect of the protein. 
Fig.4 shows that when granulated sugar was added, the retention time increased as the amount of
granulated sugar was increased. However, when only granulated sugar was added without protein, no
foam was formed, suggesting that granulated sugar plays an auxiliary role in retaining foam and is not
capable of retaining foam on its own. 
 
These results indicate that the addition of protein is effective in the development of carbonated beverages
that retain foam. 
 

Future potential and its plan  
We would like to elucidate how the foam on the carbonated water retained by the addition of protein are 

retained for a longer period of time. In this study, we investigated changes in retention time using only 
egg white powder and granulated sugar. We will conduct similar experiments using other sugars and 
proteins to see if retention time can be increased. 
Ultimately, we would like to propose a method for making carbonated beverages that retain foam. 
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Fig. 3 Relationship between the amount of protein and foam stabilized time

Fig. 2 Foam formed on the top of carbonated water
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Fig. 1 Foam formed on the top of beer
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Fig. 4 Relationship between the amount of granulated sugar and foam stabilized time
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Abstract of the Presentation 
Title  

Pathogenic bacteria prevention - The antimicrobial assessment of transparent anti-epidemic 
plastic face shields with rice bran oil and nano-silver ions. 

Outline and its First Inspiration  
   This study tried to use rice bran oil and nano-silver ions to reduce the risk of infection in the
medical environment of Gram-negative bacteria, caused by accidental contacts, using the internal
addition or the surface coated ways in transparent PET shield substrates. The discussion is divided
into five parts: 
(1) The evaluation of the nano-silver ions added and the surface materials covered on the PET shield
at different concentrations. 
(2) The appraisal of the surface coated with rice bran oil on PET shield substrates with or without
nano-silver ions in it. 
(3) The assessment of the surface painted with rice bran oil and other edible oils on PET shield 
materials. 
(4) Surface coated with rice bran oil, antibiotics and bleach solution of different concentrations are
assessed on PET shield substrates. 
(5) Surface covered with rice bran oil in the dilution of alcohol was appraised on PET shield materials.
The anti-epidemic plastic shields have high clarity requirements, and a haze meter was used to
measure luminous transmittance value and haze to evaluate the effect of these two additives on
transparency. Finally, relative light unit, the antibacterial appraisal of protection is measured by ATP
bioluminescence instrument. 

Goal  
The goal was divided into five parts to discuss antibacterial-related issues in an environment

with a high probability of infection due to Gram-negative bacteria: 
(1) Confirm whether the addition and use of nano-silver ions and rice bran oil will affect the
transparency. 
(2) Comparison of nano-silver ions addition and surface coating at different concentrations. 
(3) Rice bran oil was evaluated and compared on the surface coating of PET shield with or without
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nano-silver ions. 

(4) Regularly trace the cleaning and protective effects of nano-silver ions, rice bran oil and other edible
oils. 

(5) Find out the best formula design of shields to prevent contact infection and increase protective
effect.  

Novelty and Creativity  
(1) Apply rice bran oil to this environment full of Gram-negative bacteria pollution source, the 

antimicrobial effect is quite significant, natural, non-toxic, cheap (95~105 TW dollars/kg) and 
safe. It can be applied to hospital medical beds and related equipment.  

(2) After 24 hours of antibacterial effect, research has confirmed that rice bran oil is superior to 
antibiotics. This ingredient is natural with no side effects, and there are no risks of children's 
accidental ingestion. The external application of medicine is much more expected in the future. 

(3) This research is initially based on the new invention of “antimicrobial shields ", which has been 
approved by the Republic of China Patent Certificate No. M629659, and will be used in daily 
necessities and food packaging materials in the future. The application is infinite and extensive, 
and it is expected that this research will be further expanded to benefit the society in the future. 

(4) Although the effect of rice bran oil with the dilution of alcohol (rice bran oil / alcohol = 25/75 ~ 
75/25) is slightly worse, it still has a superior outcome. It can be used in the future. It can be 
applied to commercial antimicrobial sprays, replacing alcohol (75 % v/v) and bleach (2~3 % v/v 
dilution solution). It is natural and non-toxic. In the future, it can be used not only at home, but 
also in public spaces, such as hospitals, schools, kindergartens, etc. This new patent application 
is on the way.  

(5) In the future, this study is expected to extend the antiviral experiment of coronavirus to promote 
people's health and well-being.  

Feasibility and its Prospect Report of progress can also be acceptable  
(1) It is confirmed that the addition of nano-silver ions 0.4wt% to the PET basic material has obvious

antimicrobial effect. 
(2) The direct application effect of nano-silver ions is not good, because the nano-silver ions dilute in

the aqueous solution. In the lipophilic PET substrate, the adhesion is not good, and it is necessary
to carry out hydrophilic and adhesion modification on this substrate, which is not convenient
enough to apply.  

(3) It is confirmed that the use of rice bran oil in a simple surface-coating method, without the need
to add nano-silver ions. The formula is simple, and good antibacterial effect can be obtained; also,
the transparency of PET basic material is not affected. 

(4) Under dilution with alcohol, when evaluating the antibacterial effect of different concentrations of
rice bran oil, the researcher once again confirms that the antimicrobial effect is best when applied
with rice bran oil alone. 

(1) Apply rice bran oil to this environment full of gram-negative bacteria pollution source, and the 
antibacterial effect is quite significant, natural, non-toxic, cheap (95~105 TW dollars/kg) and safe. 
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It can be applied to hospital medical beds and related equipment. 

(2) After 24 hours of antimicrobial effect, studies have confirmed that rice bran oil is superior to 
antibiotics. This ingredient is natural with no side effects and no risk of accidental ingestion by 
children. In the future of medical external application, more are expected and there is surely much
hope to shine.

(3) This research is initially a new invention of “antibacterial shield", which has been approved by the 
Republic of China Patent Certificate No. M629659, and will be used more extensively in daily 
necessities and food packaging materials in the future. It is expected that this research will be 
further expanded to benefit the society in the future. 

(4) Although the antibacterial effect of rice bran oil with the dilution of alcohol (rice bran oil / alcohol 
= 25/75 ~ 75/25) is slightly worse, it is still quite effective. In the future, it can be applied to 
commercial antibacterial sprays, replacing alcohol (75 % v/v) and bleach (2~3 % v/v diluted 
solution), being natural and non-toxic. It will not only be used for households, but also in public 
spaces such as hospitals, schools, kindergartens, etc. The patent of this new creation is also under 
application.
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Appendix I: Experimental Records and Analysis
CComparisonn off nano-silverr ionn additionn andd surfacee coatingg att 

differentt concentrations  
(1) From the Table 1, the HAZE of the haze meter increased slightly, but T.V. 

( Luminous Transmittance Value ) is close to the value, and its internal addition or 
surface coating has little effect on the overall transparency of the PET shield 
substrate. 

Table1. The transparency effect of PET thickness 0.3mm face shields with nano-
silver ions under the internal addition and the surface coated ways. 

The transparency effect Internal addition of nano-silver 

ions  powder ( wt ) 

Surface coating of nano-silver 

ions aqueous solution (wt ) 

0 0.2 0.4 0 0.2 0.4

Luminous Transmittance 
Value      (T.V.) 

90.7 90.5 90.5 90.7 90.6 90.6

HAZE 0.25 1.60 2.70 0.25 0.60 0.80

(2)
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The antimicrobial effect  

(Using the high pollution   

 source (A*) wipes) 

Internal addition of nano-silver ions 
powder ( wt ) 

Surface coating of nano-silver ions 
aqueous solution (wt ) 

0 0.2 0.4 0 0.2 0.4

(1) Detect immediately 

(RLU)

(2) Test again after 12 hours 

    (RLU)

1,514 

  

1,893 

1,275 

  

911

1,125 

  

496

1,514 

  

1,893 

1,467 

  

1,308 

1,143 

  

1,125 

The antimicrobial effect   

     ( ) 

NO 28.5 55.9 NO 10.8 1.6

 

RRicee brann oill iss evaluatedd andd comparedd byy surfacee coating:: 
(1) From the RLU (relative light unit) of Table 3, 0.4% of nano-silver ions were added to 

the specimens of PET face shields, which was used in the source of high 
environmental pollution (B *) wipe. 24 hours after touching, although the 
antimicrobial effect of 42.9% can achieve the obvious protective effect, but under the 
application of rice bran oil, PET substrate regardless of whether nano-silver ions 
are added or not, it has obvious sterilization effect , and even the antimicrobial 
effect can reach 54.8%.  

Table3. The antimicrobial effect in the specimens of PET face shields of with nano-
silver ions under the internal addition and surface coating of rice bran oil 
ways. 

The antimicrobial effect  

(Using the high pollution  

source (B*) wipes) 

Internal addition of nano-silver ions 
powder ( wt ) 

Internal addition of nano-silver ions 
powder ( wt ) + Surface coating of

rice bran oil 

0 0.2 0.4 0 0.2 0.4

(1) Detect immediately

        (RLU)

(2) Test again after 24 hours 

(RLU)

4,124

  

4,198 

3,989

  

2,276 

2,872

  

1,640 

3,850

1,739 

3,838

  

1,818 

2,763

  

1,630 

The antimicrobial effect  
     ( ) 

not 42.9% 42.9% 54.8% 52.6% 41.0%
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RRicee brann oill comparedd too otherr ediblee oilss forr surfacee applicationn 

evaluationn onn PETT facee shieldd substrates:: 
(1) It can be seen from Table 4, Figure 1 that after olive oil and black sesame oil are 

applied to PET substrate, their HAZE is above 4.0, which will obviously affects 
transparency. From the RLU (relative light unit) of the by ATP bioluminescence 
instrument in Table 4 and the bottom right, rice bran oil can achieve a significant 
protective effect of 85% sterilization rate when wiped at a source of highly 
environmental pollution (C*) and 24 hours after touching Soybean salad oil, it has a 
slight antimicrobial effect of 4.7%,with a little protective effect, while other edible 
oils do not.  

Table 4. Comparison to the anti-epidemic and antimicrobial effects on rice bran oil and other 
edible oils (soybean salad oil, olive oil, canola oil, bitter tea oil and black sesame oil).

The antimicrobial effect 
(Using the high pollution   

 source (C*) wipes)

Apply rice bran oil compared to other edible oils
Rice bran 

oil 

Soy salad 

oil 
olive oil Canola oil

Camellia seed 

oil 

Black 

sesame oil 

(1) Detect immediately

         (RLU) 

(2) Test again after 24 hours  

(RLU)

721

107

3,617

3,446 

2,667

3,538 

2,270

2,741 

2,056

2,094 

2,167

2,640 

The antimicrobial effect ( ) 85% 4.7% not not not not

 

Fig 1. Wipe the source of environmental pollution (C*) on the surface of PET face shield 
substrate specimens which has been coated with rice bran oil and other edible oil. 
Then, first detect immediately, and second, detect after 24 hours, and analyze the 
detection of RLU. 
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3446 3538

2741
2094 2640

Analysis of the difference in relative absorbance value of the source of high 
environmental pollution (C*) rubbed on the PET substrate coated with rice bran oil and 

other edible oils :

)
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RRicee brann oill andd antibioticss andd differentt concentrationss off bleachh 

weree evaluatedd andd comparedd byy surfacee application:: 
(1) Table 5 and Figure 2 can be seen: Rice bran oil can achieve an obvious protective effect 

of 67% sterilization rate when wiped at a highly environmental pollution source (D*) for 
24 hours after touching, while other antibiotics and edible oil with different 
concentrations of bleach are not. Previously, in the literature [5]. It was only recorded 
that rice bran oil had the same bacteriostatic effect than the antibiotic (gentamicin), 
and it was pointed out that rice bran oil had a better bacteriostatic effect than 
antibiotics (gentamicin) in Escherichia coli and Staphylococcus aureus. In foreign 
literature [11], we know that the "rice bran sterol" component in rice bran oil has a good 
vitro bacteriostatic effect on Escherichia coli, Pasteurella and Staphylococcus aureus. 
By above, we can discover that the main antibacterial component in rice bran oil should 
be "rice bran sterol". These publications are consistent with the inhibitory effect of this 
study on gram-negative bacteria (e.g., Escherichia coli).  

Tablee 5:: Comparison to the antimicrobial effects of ATP bioluminescence instrument 
(adenosine triphosphate bioluminescence assay) in the change of highly 
environmental pollution source (D*) when wiping and touching menstruation. 

PET face SShieldd 
substrate

The evaluation of wiping the source of highly environmental 
pollution (D*) on the surface of PET face shield substrate 

specimens with the thickness of 0.3mm, which has been coated 
with rice bran oil, antibiotics and different concentrations of 

bleach.   
Wipe and touch highly 

environmental pollution source 

(D*) 

Rice bran oil antibiotic Bleach 1% Bleach 2% Bleach 3% 

(1) Detect immediately   
        (RLU)

1,253 415 3,273 1,959 1,350 

(2)Test again after 24 hours 
(RLU)

415 1,023 4,301 2,539 1,796 

The antimicrobial effect ( ) 67% NO NO NO NO
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Figg 2. Wipe the source of environmental pollution (D*) on the surface of PET face shield 
substrate test piece which has been coated with rice bran oil, antibiotics and different 
concentrations of bleach. Then, first detect immediately, and second, detect after 2 4 
hours, and analyze the detection of RLU. 

. 

UUnderr dilutionn withh alcohol,, ricee brann oil/alcohol rratioss ((0/0 

((originall specimen), 00/1100, 225/75, 50//50,, 75/25,, 100/0), tthe

evaluationn off comparisonn too surfacee coating:: 
(1) By Table 6 and Figure 3 we can see: Apply rice bran oil (100%) on the surface, and wipe 

it with highly environmental pollution source bacteria (E*) for 24 hours after touching, 
although it can achieve an obvious protective effect of 75.92% sterilization rate. Then, 
applying pure alcohol (95%), there is no antibacterial effect after time changes. I think 
it’s because when the process of applying pure alcohol on the surface, alcohol is easy to 
volatilize, which makes it no antibacterial effect.  

(2) Rice bran oil increases with the dilution ratio of alcohol, and its sterilization rate
decreases significantly after wiping at a high environmental pollution source (E*) for 24 
hours after touching, and I think it’s because after alcohol volatilization, the thickness 
of the residual rice bran oil on the test piece becomes thinner, and the rice bran oil
effectively reduces.  

Table 6.Comparison to the antimicrobial effects on ATP bioluminescence instrument 
(adenosine triphosphate bioluminescence assay) in the change of environmental 
high pollution source (E*) when wiping and touching menstruation. 

PET face Shield substrate

Rice bran oil surface smearing 
dilution ratio (v/v)

Rice bran oil/alcohol ratio

0/0 (original) 0/100 25/75 50/50 75/25 100/0

(1)Detect immediately         
        (RLU)

(2)Test again after 24 hours  (RLU)

11,650

38,352 

4,860

5,530 

1,737

1.575 

1,219

957

860

352

436

105

The antimicrobial effect (%) NO NO 9.33% 21.49% 59.07% 75.92%
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Analysis of the relative absorbance value of the PET substrate test piece with rice bran oil, 
antibiotics and different concentrations of bleach on the surface after wiping the source of high 

environmental pollution (D*):

)
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Figg 3.. Wipe the source of environmental pollution (E*) after applying PET face shield 
substrate specimens with different ratios of rice bran oil/alcohol. Then, analyze RLU 
we detected immediately first, and second, after 2 4 hours.   
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Environmental high pollution source (E*) wiped, coated with rice bran 
oil/alcohol on the surface with different proportions, analysis of the difference 

in RLU after PET substrate specimens..
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Participant’s Information 

School Name   
  

The Affiliated Senior High School of National Chi-Nan University 

Representative’s Name HSU,CHING 

Member CHEN,SHI-QI  XU,PEI-LING 

Supervising Teacher 

Name DU,WU-JUN, LO, I-FAN 

Abstract of the Presentation 
 

/Title Mosquito Escape Room

Outline and its First Inspiration  
 
To effectively reduce the problems posed by the dengue virus, proper environmental management design can 
reduce breeding sources and reduce vectors. In this study, the number and rate of mosquito escape were 
reduced by changing the physical structure of the mosquito trap. According to the opening design of the 
container, there are straight tube and funnel shapes, and the structure of the bottle is respectively changed 
according to the angle of the inclined plate, the distance between the inclined plates, the bending curve under 
the plastic sheet, and the density of the iron wire in the bottle. Labyrinth, pinball machine, and slippery slide, 
above container experiments and measured the number and rate of escape of mosquitoes. The results 
showed that it is more difficult for mosquitoes to escape from the poke container whose opening is funnel-
shaped than the straight  the slant plate angle of 60 degrees in the pinball table is the most effective 
in preventing mosquitoes from  the concave inside plastic plate of the slide is effective and steady 
prevents mosquitoes from escaping. Based on the above, based on the above results, an effective mosquito 
repelling container will be further produced, which can not only achieve effective environmental management 
at low cost but also reduce the problem of vectors. 
 
Island-wide dengue fever (Dengue fever) outbreaks occurred in Taiwan in 1901, 1915, 1931, and 1942. It is 
an acute infectious disease caused by the dengue virus, which is transmitted to humans by mosquitoes. In 
2015, dengue fever broke out again in Tainan, causing Taiwan to pay more and more attention to the issue of 
dengue fever. (Taiwan Medical Association Report, 2017) 
 
In 1988, 220 townships and urban areas were surveyed for three consecutive years, and the distribution of 
Aedes albopictus was as high as 100%. Both Aedes aegypti and Aedes albopictus can transmit the dengue 
virus, and this study aims to understand the habits, life cycle, distribution area, transmission area, and 
breeding environment of Aedes albopictus, and try to reduce the risk of mosquitoes transmitting dengue fever. 
After analyzing the investigation literature on dengue fever, it was found that the container with stagnant water 
is the most conducive to the breeding of vector mosquitoes. Therefore, to effectively prevent and control 
dengue fever, the breeding source of vector mosquito larvae must be completely removed. (Huang Jisen, Wu 
Huaihui, Zhang Niantai, 1995)

Goal  
 
(1) Develop containers with different physical structures as a device for limiting mosquitoes 

. The Affiliated Senior High School of National Chi-Nan University 

 

(2) Discuss the number and rate of mosquitoes escaping in containers with different physical structures 
(3) Explore whether there are differences in the escape process of mosquitoes 
(4) Present relevant results as a basis for further development of innovative mosquito traps 
(5) Widely used to achieve its function 

Novelty and Creativity  
 
The experimental equipment used in this experiment is only plastic bottles, and the physical 
structure of the plastic bottles is changed. All the changes in the physical structure are the 
innovations of this experiment, which is unprecedented. It is hoped that cost reduction and the 
effective use of the container can be achieved. Popularity, plastic bottles are available 
everywhere, which can reduce costs and respond to environmental protection. In addition, this 
device is simple in design, and the public can learn how to make it by themselves so that the 
device can achieve the purpose of this experiment. 

Feasibility and its Prospect Report of progress can also be acceptable  
 
In the preliminary experiment, the situation of mosquitoes escaping was observed for two hours, and it 
was found that the test results of the poke container showed that the size and design of the opening 
will affect the number and speed of mosquitoes escaping, and the funnel-shaped opening can 
effectively prevent mosquitoes The number and rate of escape, so the container with the opening as a 
funnel is the most effective container to prevent mosquitoes from flying out; the experimental data of 
the wire maze container shows that the wire density will affect the number and rate of mosquito 
escape. The higher the wire density, the higher the number of mosquitoes that escaped. When the wire 
density is lower than 2 cm, all the mosquitoes will escape, so the container with a wire density lower 
than 2 cm can most effectively prevent mosquitoes from escaping; the results of pinball machine 
container experiments show that the angle of the inclined plate will affect the number of escaped 
mosquitoes and The container with a slant plate angle of 30 degrees is the most effective container for 
preventing mosquitoes from escaping, and the container with a slant plate angle of 60 degrees can 
increase the number and rate of mosquito escape when the extension distance of the gap between No. 
1 and No. 2 increases. The container with an inclined plate angle of 45 degrees is the most unable to 
prevent mosquitoes from escaping; the slide container experiment shows that different arc curve 
directions in the container will affect the number and speed of mosquitoes escaping, and the concave 
container is the most stable to prevent mosquitoes from escaping, while the smooth and concave 
containers are relatively unstable to prevent mosquitoes from escaping, so the concave container is the 
most effective container to prevent mosquitoes from escaping. This experiment is undergoing further 
research. The experiment lasts for several weeks and simulates the real environment for research, so 
as to further understand whether the experimental devices can effectively exert the maximum benefits 
in real-life situations. 

Future potential and its plan  
 
After this experiment, according to the experimental results, an effective mosquito repellent container 
can be further produced, which can not only achieve effective environmental management at low 
cost, but also reduce the problem of vectors. It is hoped that the self-made mosquito trap can be 
used in daily life to reduce the mosquitoes in the environment and reduce the diseases and 
disturbances caused by mosquitoes to humans. 
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Participant’s Information

Supervising Teacher

Abstract of the Presentation

At Kumano Shrine near my home, we can see the emergence of cicadas every year. I noticed that the number of 

emergence of cicadas varies from day to day, and wondered what influences it. Therefore, I started my research from 

the first grade of elementary school and investigated the relationship between emergence of cicadas and items such as 

weather, temperature, humidity, and underground temperature for nine years. In this study, we re-analyzed the previous 

data and examined the relationship between the number of emergences and weather elements.

To verify the relationship between the emergence of cicadas and weather elements. 

We have so far conducted fixed-point observations of cicada emergence near the sacred tree of Kumano Shrine (Figure 

1). During the period from the beginning to the end of the cicadas call every summer, we observed the number of 

cicadas’ emergence, humidity and temperature at night. The data of weather, wind speed, sunshine time and air pressure 

were also recorded using referenced data from the Japan Meteorological Agency. In this study, we retrospectively 

analyzed the data set including the number of cicadas' emergence and weather elements (temperature, humidity, weather, 

air pressure, precipitation, wind speed, sunshine time). We ultimately enrolled 186 days data between 2012 and 2016. 

To examine the relationship between the number of cicadas' emergence and weather elements, we performed multiple 

regression analysis.

During the observation period, the total number of cicadas’ emergence was 496. Mean ± standard deviation of the 
hine time (hour), 

humidity (%) and wind speed (m/s) were 2.67±3.80, 25.51±2.43, 991.49±3.65, 4.47±13.20, 5.55±4.12, 
73.98±11.84 and 1.17±0.55, respectively (Table 1). Simple regression analysis showed that the humidity was 

positively correlated with the number of cicadas’ emergence (Figure 2). Multiple linear regression analysis 
revealed that the humidity was also significantly correlated with the number of cicadas' emergence (beta [standard 
partial regression coefficient] = 0.079, P < .001) (Table 2).

Fixed-point observation of cicada emergence at Minamihara Kumano Shrine revealed that humidity, among other 

meteorological conditions, correlated with the number of emergence of cicadas. Moriyama et al also have reported that 

the induction of egg hatching was associated with humidity1. We would like to examine the influence of weather 

conditions on the emergence of cicadas in other areas with different weather conditions and other cicada species. In 

order to advance the research further, it is necessary to standardize observation methods and research collaborators in 

multiple areas, and the accumulation of large amounts of data will further clarify the biology of cicadas.

1.

Figure 1. Observation of cicadas emergence

Figure2. Simple regression analysis of the cicdas’ emergence and various weather elements.

Result: Simple regression analysis of the cicadas emergence and various weather elements.

The number of cicadas emergence was significantly related to humidity (P < 0.01).
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Table1. Overview of cicadas observation for 5 years (2012-2016)

Table 2. Multiple regression analysis of the cicadas’ emergence and various weather elements

Research Stage   Idea  Preliminary  Res lt
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School Name
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Supervising Teacher
Name SHIH,FANG-CHIN

Abstract of the Presentation
Title A Secret of Negative air ions

Outline and its First Inspiration

Negative air ions have good benefits to the surrounding environment and human, such as purifying the air, 

promoting health, and so on. However, there are few studies focusing on negative air ions’ effects on plants, 

which inspires us to explore whether negative air ions also affect plants. First, we use the plant, pak choi, 

grouping in 4 (without using negative air ions or using 4 , 8 or 24 hours ), germinated and bled for 2 weeks. 

We observe the growth rate of primary stems and edible leaves. Next, we use acetone to precipitate and fix 

chlorophyll , then use spectrometer to calculate the quantitative value of plants’ chlorophyll a, b, c in different 

condition of negative air ions machine us ge. In addition, we use organic compound DPPH to determine, 

with or without negative air ions machines, the differences in the scavenging ability of plants to free radicals 

and the strength as antioxidants. At last, we measure the effect of negative air ions on photosynthesis rate 

by using floating leaf disk assay and shows negative effect of negative air ions on photosynthesis rate. The 

experimental results show that using negative air ions for 8 hours can significantly improve the weight and 

area of plants, the amount of chlorophyll and the ability to scavenge free radicals compared with other 

different negative air ions usage. From the group that uses the negative air ions machine all day long, we 

can see indeed helps the growth of primary stems, however, but reducing the rate of photosynthesis of leaves 

and the amount of chlorophyll. Conclusively, using negative air ions on growing plants for 8 hours has much 

more obvious benefits and over-exposure of negative air ions may have adverse effect .

Goal

1. Discuss the effect of negative air ions on plant growth and the optimal time of exposure 
2. Study the effects of negative air ions on the synthesis of chlorophyll a, b, c in the growing plants 
3. To explore whether the antioxidant capacity of plants affected by different negative air ions 

environments
4. The effect of negative air ions on the rate of photosynthesis of leaves

Novelty and Creativity
1. Effects of negative air ions on the synthesis of chlorophyll a, b, c in the growing plants
2. Negative effect of negative air ions on photosynthesis rate by using floating leaf disk assay
3. This phenomenon might indicate that negative air ions machine use at night is more effective on plants

Feasibility and its Prospect Report of progress can also be acceptable
1. Discuss the effect of negative air ions on plant growth

1 grow plants
Plant the pak choi under the same humidity, temperature and light source environment, and 
divide them into four groups

A. Growing pak choi in a greenhouse environment

B. Plant pak choi in a greenhouse environment (same as group A) and irradiate powerful 
negative air ions for 4 hours a day

C. Plant pak choi in a greenhouse environment (same as group A) and irradiate powerful 
negative air ions for 8 hours a day

D. Plant pak choi in a greenhouse environment (same as group A) and irradiate powerful 
negative air ions for 24 hours a day

Observe the changes in the plants within 10 days before harvest
Picture of young cabbage seedlings in greenhouse environment

Greenhouse environment young cabbage seedlings

2. Observe the leaf size, weight and plant height

1 We use detection tools to measure the cotyledon size and weight of each plant.
2 We measure plant height every two days(vertical soil surface distance) at noon time

3. Study the effect of negative air ions on the amount of plant chlorophyll a, b, c

1 Observation of mesophyll cells
i. Cut the leaves

After cutting the leaves into filaments, first put the filaments into a glass slide, then drop 
distilled water onto the slide, and finally cover with a coverslip

ii. Observing mesophyll cells with a microscope
Put the specimen under the microscope and observe it at 400 times magnification

1 Weighing individual plants in different groups
Cut one plant from each of the four groups of plants grown in different environments, put them 

into a microbalance, weigh plants with similar weights, and finally put them into a centrifuge tube.

2 Fixing chlorophyll in plants
Add acetone to 0.5 g in a centrifuge tube, grind it with a grinding rod and let it stand for 15 

minutes.

3 Detect absorbance
Using a spectrometer, use a wavelength of 664nm to measure the absorbance of chlorophyll a, 

a wavelength of 647nm to test the wavelength of chlorophyll b, and a wavelength of 630nm to test 
the wavelength of chlorophyll c.

4. Using the experiment of DPPH free radical scavenging ability to explore the antioxidant ability of plants 
in negative air ions environment.

1 grow plants
Plant the pak choi under the same humidity, temperature and light source environment, and divide 
them into four groups

A. Growing pak choi in a greenhouse environment
B. Plant pak choi in a greenhouse environment (same as group A) and irradiate 

powerful negative air ions for 4 hours a day
C. Plant pak choi in a greenhouse environment (same as group A) and irradiate 

powerful negative air ions for 8 hours a day
D. Plant pak choi in a greenhouse environment (same as group A) and irradiate 

powerful negative air ions for 24 hours a day

2 DPPH free radical scavenging ability experiment
i. Preparation of sample solution

Cut one plant from each of the four groups of plants with different lengths in different 
environments, put plants of similar weight into a microbalance, put them into a centrifuge tube, 
and grind them with a grinding rod.

ii. Observe the strength of its antioxidant capacity
Ascorbic acid (L-Ascorbic Acid, L-AA) with a concentration of 1, 2, 5, 10, 20, 50, and 
g/ml was used as a standard, and methanol was used as a control group. Finally, 0.15 

M L-AA was added in sequence. Stable free radicals (DPPH) + methanol (Methyl Alcohol) 
mixed at 1:1 and placed in a 96-well plate

iii. Detection of absorbance value
Put the 96-well plate containing free radicals and methanol into the spectrometer, and 

use a computer to read the absorbance value at a wavelength of 517nm (Xu Kewei et al., 
2018).

5. Experiments on the effect of negative air ions on the photosynthetic rate of leaves

1 Growing plants
Cherry radish leaves were planted under the same humidity, temperature and light source 
environment, and were divided into two groups 7 days before harvest

X. Growing pak choi in a greenhouse environment
Y. Plants are grown in a greenhouse environment that irradiates powerful negative air 
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ions throughout the day

2 Measuring the rate of photosynthesis by floating and sinking leaf method
Prepare sodium bicarbonate buffer solution and sodium bicarbonate aqueous 

solution ,add water to 9.2g of citric acid to 1000 mL to prepare 0.1M citric acid aqueous 
solution, add water to 32.2g of dipotassium hydrogen phosphate to 1000 mL to prepare 0.2 
M dipotassium hydrogen phosphate aqueous solution, and then take add 103 mL of 0.1M 
citric acid aqueous solution + 350 mL of 0.2 M dipotassium hydrogen phosphate aqueous 
solution, add 113mL of water, and finally take 500mL of the mixed solution and add 1.2g of 
sodium bicarbonate to prepare a buffer solution.

Add 1 g of sodium bicarbonate to 500 ml of distilled water to prepare an aqueous solution 

containing carbon dioxide (sodium bicarbonate aqueous solution).
i. Make leaf discs

Punch out 10 circular leaf pieces from leaves X and Y with a hole puncher, soak them 
in a petri dish containing aqueous sodium bicarbonate solution for 5 minutes, then put the 
leaf disks into the syringe, draw the buffer solution, and push carefully The syringe expels 
the gas, then plugs the opening and applies repeated pressure to completely sink the leaf 
disc.

ii. Measuring buoyancy time
Put the sinking leaf discs in a beaker, then add 50 ml of sodium bicarbonate aqueous 

solution, put a mobile phone flashlight above the beaker, at a distance of 6cm, and start 
recording the time when the number of leaves floated more than half (5 pieces).

In this study, acetone was used to separate and fix chlorophyll, and the effects of negative air ions on plants
a, b, and c were observed, and use an organic compound DPPH to measure the difference in free radical 
scavenging ability with and without negative air ions lamps. It is known from experiments that when irradiated
with negative air ions for 8 hours, the weight, leaf area, amount of chlorophyll a, b, c and the ability to scavenge
free radicals can be significantly improved compared with plants without irradiated negative air ions. And when
negative air ions are irradiated throughout the day, they can help plant stems grow. Therefore, we believe that
irradiating negative air ions for 8 hours has obvious benefits for plants.

There are many results showing that plants which are irradiated by a negative air ions machine for 8 hours 

has much more obvious benefits. However, it does not mean the longer the plants are irradiated, the better 

benefits they will have. Our speculation is that it might be the working negative air ions machine will produce 

some trace amounts of toxic substances, such as ozone, and they might inhibit cell metabolism that help 

plants grow, like mitochondria or certain enzymes. In the future, the above issues will be explored further.
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Abstract of the Presentation
Title

From Worthless to Great Worth – Biodegradable Plastic from Chicken Remains

Outline and its First Inspiration
Leveraging on a previous study conducted by our schoolmates on microplastics found in bivalves in wet market of Hong 

Kong, suggesting that the inevitable harm induced by plastic pollution is detrimental to our everyday lives, we are incentivized 

to think of the cure to alleviate two major problems in our society - plastic pollution and food waste issue.

With reference to a study on plastic production from fish scales in Taiwan, we have selected chicken remains as the substitution 

as it is more fitting to the circumstances of our contemporary society. Solid data states that Hong Kong consumes more than 

21 tons of poultry daily as of 2019 while stores blossom to serve meals with chicken as the central theme, such as Korean 

fried chicken and shredded chicken shops. The affiliated waste must not be overlooked. We are inspired to investigate the 

possibility of chicken remains recrafted as a friendly resource by transforming it into an ingredient of biodegradable plastic.

One type of biodegradable plastic is solely based on two raw materials, gelatin and glycerol, while it is found that the skin, 

bones and tendons of chicken remains carry quite a significant portion of collagen (30-40%). Our project themes on extracting 

gelatin, a degraded form of collagen of shorter amino acid chain, from chicken remains, to produce an environmentally 

friendly plastic while paving a yellow brick road to tackle the above problems and add value to this wasteful produce.

Goal
We expect to extract gelatin from the inedible portion of chicken to produce biodegradable plastic which shares similar 

physical properties as the plastic we use in our daily lives and is capable to degrade shortly under normal conditions. We will 

measure and compare multiple parameters, including melting point, permeability, malleability, elasticity, water-absorbing 

ability, and temperature for decomposition to take place, of the plastics produced after introducing different chemicals. We 

wish to give additional meaning to this unwanted material and craft a new perspective for the public that we could make a 

better world out of waste we create.

Novelty and Creativity
Chicken is never a boring menu in Hong Kong. We would try to carry out the extraction of gelatin from chicken remains (such 

as skin, bones, and tendons). Our proposed product would increase in transparency using different chemicals introduced during 

the production process. Nonetheless, to better showcase the different methodologies and their respective properties, plastic 

made of gelatin powder is used in our earlier stage of investigation. 

Feasibility and its Prospect Report of progress can also be acceptable
Extraction taken place at different pH and temperature would result in gelatin of different properties. Despite more gelatin 

could be extracted from chicken remains treated with alkaline solution, higher melting point and greater strength are exhibited 

as the properties of gelatin extracted from chicken remains treated with acidic solution. We therefore propose the latter to be 

a more feasible and sound solution. 

Procedures are listed as follow in brief:

A. Extraction of gelatin from chicken remains

After cleaning and cutting the chicken remains into small pieces, immerse the pieces into an ethanol solution of pH 4 (2 

times the volume) for 24 hours. Rinse the pieces with sufficient distilled water to ensure the pH is neutralized. After that, 

put the pieces into water bath (with water 3 times the volume) at 90oC for 2 hours. Filter the residue and the filtrate 

would be collected as gelatin solution.

B. Production of gelatin plastic

Introduce respective chemicals to the gelatin solution. Make sure the solution is heated and stirred simultaneously to 

form a uniform mixture. Pour the solution into a petri dish and evaporate part of the water by putting it into the oven at 

50oC for 12 hours. Allow the plastic settle at room temperature for 1 hour and take out after it coagulates. Placing the 

plastic in a well-ventilated environment with sunlight promotes further evaporation of remaining water. Once the mass 

of plastic remains constant, further investigation could be carried out.

We have conducted experiments and summarized some conclusions below. Plastic of softer texture, which could be made as 

corner guards, could be produced by adding glycerol and a higher portion of ethanal to replace polyethylene with its higher 

elasticity and durability. Xanthan gum and less ethanol, on the other hand, can improve the toughness and hardness of plastic, 

thus could be made as plastic containers and bookshelves. We have also found that a mix of glycerol (12.5g), ethanol (30g) 

and xanthan gum (10g) is best for making plastic film and food wrap for its malleability and elasticity compatible to that of 

polyethylene. Together with its demonstrable degradability in nature, this breakthrough is a highly feasible approach.

Future potential and its plan
At the early stage of our investigation, we have chosen gelatin powder as the raw material of biodegradable plastic for reference, 

while feasibility of utilizing gelatin extracted from chicken remains shall not be undermined. We will continue the exploration 

of a more efficient way of gelatin extraction from chicken remains considering factors such as temperature, pH value, pressure, 

boiling time, etc. We would also put more tests on the biodegradable plastics products, such as their reaction with acid and 

base, or extreme temperatures, in order to examine their safety in usage and possibility of unfavorable effects.
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Feasibility and its Prospect Report of progress can also be acceptable

Future potential and its plan

In the future, we will consider adding advertisements in the app to compensate for the cost of using Cloud 
Vision API in Firebase. We also plan to collaborate with NGOs to promote our system to the public. Also, 
we will expand the food database and add more languages to our app.

References 
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Title Behavioral analysis and memory inheritance of slime molds
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are

Future potential and its plan
    We believe that by limiting the reaction to control slime molds to carry out more advanced behavior patterns, 
it may be possible to manipulate the behavior of slime molds in the future, so that they can be used in studies, 
such as railway planning to obtain more accurate results. As for the experimental part, we will test whether the 
restriction reaction can also be passed on, and we also hope that the two slime molds can make them have a 
contrary memory of the same substance through the restriction reaction and observe how they will react to 
this substance when they fuse to form a strain. It is hoped that through this study, we can have a deeper 
understanding of the memory formation of slime molds, thus contributing to more application development of 
slime molds.

References 
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(2) Boussard A., Delescluse J., Pérez-Escudero A. and Dussutour A. 2019 Memory inception and 
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374:20180368.20180368.
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Abstract of the Presentation

Title Decomposed

Outline and its First Inspiration
Puli Dapingding is the main planting area of passion fruit, and its waste fruit husks is discarded on the hillside
is serious, often causing environmental pollution, soil acidification and other problems, after literature 
collection, we found that the main food sources of Trichoderma are total soluble solids and starch. The study

was designed in three ways Fungus Trichoderma TCTP001 TCTP002 and TCTP004 for experiment group.
The values were measured 14 days, 30 days and 60 days after sterilization, and the control group was
compared with the original passion fruit husk without the germ, and the absorbance value of total soluble solids
and starch in the decomposed passion fruit husks was detected and converted to its content. The experimental
results found that TCTP001 has the best performance reduction rate and decomposition effect in the 
experimental results, and then looks for relevant materials to make microbial preparations, and in the future, 
we hope to effectively decompose the waste fruit husks after practical application, and compost and achieve
the purpose of circular agriculture.

  

Goal

1 To investigate the value of total soluble solids and the starch content of passion fruit husks
decomposed by Trichoderma. 
We need to refer to the change of the value to find out whether Trichoderma has an effect on 
decomposing the passion fruit husks

The Affiliated Senior High School of National Chi-Nan University

2 Environmental improvement and agricultural recycling

Novelty and Creativity
The products after we use Trichoderma to decompose passion fruit husks can be further made into microbial,
that is, fertilizers. Hope to achieve agricultural cycle, agricultural waste reuse and sustainable agriculture in
line with SDGs

Feasibility and its Prospect Report of progress can also be acceptable
Results of total soluble solids content change Result of starch content change
According to the chart results, Trichoderma TCT-P001, TCT-P002, TCT-P004 all have a decomposition effect
on soluble substances and starch in passion fruit husks, it can be seen from the chart that the concentration

of soluble substances and starch decreases with the increase of days, compared with uninfected passion fruit
husks, the experimental group values inoculated by the three strains have a downward trend, but the effect of
P001 decomposing fruit shells is the most significant, we can know that at the same time, P001 can 
decompose passion fruit husks to a high degree, and P001 is also the most suitable for decomposing passion
fruit husks among the three.

Future potential and its plan
We hope that it can be sold to farmers' associations or pesticide stores to make Trichoderma easier to obtain 
in life and realize civilianization. This will not only reduce the problems caused by discarded husks but also 
realize the cycle of permaculture.

References 
Toutiao Agricultural Assistant (September 28, 2017). How magical is wood mould? Daily headlines.
Taken from the https://kknews.cc/agriculture/9mgxx2j.amp
Taken from the https://www.coa.gov.tw/ws.php?id=2506244
(2017).Persistent - circulating forest. Forestry Laboratory
(2012). Research on agricultural waste resource-based microorganisms, healthy agriculture
Taken from the http://www.biotaiwan.org.tw/mag/image_doc/32/10.

Fig1.Line chart of total soluble solids content
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Fig2.Line chart of Starch content
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Abstract of the Presentation
Title Can the phototaxis of Drosophila be changed through acquired training?

Outline and its First Inspiration
In a certain camp, we placed mosquito lamps in the middle of the night, and found that most of the mosquitoes
would fly to the lamps, but after a while, fewer and fewer mosquitoes flew to the lamps. We were curious about 
this, And began to study the correlation between phototaxis, training and learning, and classical constraints,

and used the model organism-Drosophila melanogaster to do experiments and explore.

Goal
To study whether the habits of Drosophila melanogaster can be changed through acquired training.

Novelty and Creativity
This research is an experiment combining training and learning. We use a special device for testing, not only 
combining classical conditioning behavior in the self-made training device but also in the test device, using the
fruit fly elevator to test the experimental results.

Feasibility and its Prospect Report of progress can also be acceptable
From the data measured by our experiment, it can be found that the control group (Drosophila melanogaster

living in a normal environment) will fly to the bright place during the experiment, while the trained Drosophila
melanogaster will run to the dark place, so we can know It is possible to change the habits of Drosophila
melanogaster through training.

Future potential and its plan
We hope that the manufacturers of mosquito traps in the future can use the results and data of this experiment 
to improve the disadvantages of mosquito traps, so that mosquitoes will not learn or remember the fact that 
they will be electrocuted when they fly to bright lights.

References 
Aversive phototaxic suppression: evaluation of a short-term memory assay in
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Abstractt off thee Presentation
Title

In recent years, the problem of overweight has become more and more serious, and the World Health 
Organization pointed out that obesity is a chronic disease. According to the World Obesity Federation 
released data, Taiwan's obesity prevalence rate ranks fourth in Asia. The World Health Organization 
(WHO) measures obesity by Body Mass Index (BMI). Body mass index (BMI) is measured by height and 
weight (kg/m2), of which BMI between 24 - 27 is overweight, and BMI greater than or equal to 27 is obese 
patients. Through statistics analysis, we found that overweight and obesity are more serious. If Taiwan's 
statistical waist circumference data is used as the benchmark for judging whether a person is obese, it can 
be seen from the data that the proportion of being overweight and fat has gradually increased in the past 
decade, and about 1/3 of the population of children and adolescents have obesity problems, and more than 
half of the population aged over 45 has a problem of excessive waist circumference, and the proportion 
increases with age, especially for women than men. 

Figure 1: Experimental flowchart 
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Table 1: Obesity prevalence data

Gender Age

group

Prevalence of obesity (%) Waist circumference 

is too proportional 

(%)

Too light normal Overweight Obese

Too light (BMI<18.5) normal (18.5 BMI<24)

Overweight (24 BMI<27) Obese (BMI 27) kg/m2

(Male waist circumference

90cm Women's waist 

circumference 80cm)

male 7-12 age (590) 10.5 58.2 14.8 16.5

13-15 age (278) 9.0 57.2 14.8 19.0

16-18 age (237) 13.7 56.8 10.9 18.6

19-44 age (550) 4.3 36.9 29.2 29.6 42.7(843)

45-64 age (651) 1.6 38.2 30.8 29.4 49.8(881)

65-74 age (702) 1.6 34.0 38.6 25.8 59.1(876)

Over 75 years old (350) 4.5 52.9 26.4 16.2 47.1(484)

Over 19 years old (2253) 3.1 38.1 30.5 28.3 47.2(3084)

female 7-12 age (608) 9.6 68.7 8.1 13.6

13-15 age (260) 4.2 68.7 9.9 17.2

16-18 age (241) 11.3 60.3 11.5 16.9

19-44 age (597) 9.8 55.6 18.2 16.4 39.1(855)

45-64 age (698) 1.7 53.5 24.8 20.0 59.0(887)

65-74 age (702) 3.8 38.3 28.1 29.8 75.0(894)

Over 75 years old (260) 0.9 35.4 40.1 23.6 78.4(386)

Over 19 years old (2257) 5.5 51.7 23.2 19.6 52.9(3022)

7-12 age (1198) 10.1 63.2 11.6 15.1

13-15 age (538) 6.6 62.8 12.4 18.2

16-18 age (478) 12.6 58.5 11.1 17.8

19-44 age (1147) 7.1 46.2 23.7 23.0 40.9(1698)

45-64 age (1349) 1.6 46.1 27.7 24.6 54.5(1768)

65-74 age (1404) 2.8 36.2 33.1 27.9 67.4(1770)

Over 75 years old (610) 2.6 43.5 33.8 20.1 63.7(870)

Over 19 years old (4510) 4.3 45.0 26.8 23.9 50.1(6106)
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Table 2: Daily calorie requirements per person
    Most Taiwanese are overweight, which is related to the dietary problems and calories that Chinese 
people consume on a daily basis. It is recommended to reduce the daily calorie intake of 500 kcal or reduce 
the intake of 300 kcal plus exercise consumption of 200 kcal, but the daily calories should not be less than 
1200 kcal. According to statistics, the average daily calories from food of people in Taiwan in 2019 was 
2,760.5 kcal, mainly from grains (30.3%) and oils (20.2%), and the remaining 50% of calories are provided 
by other 9 major types of food grains, of which the whole grains consumed at each meal is a little bit larger 
than one’s fist, and rice is the main source of whole grains. If rice food is innovated, it will not only be
another choice for whole grains, but also used as the staple food for obese patients , and those who want 
to lose weight or have unhealthy diets. 

Goal
This study can be divided into three parts, and it is about improving the intestinal powder formula
raito to make it healthier: 
(1) Try combining multiple proportions in agar to make low-calorie intestinal powder skin.  
(2) Natural fruits are used to enhance the color of the intestinal powder skin and increase dietary fiber.
(3) Use natural vegetables to boost more fiber, taste, and lower calories. 

(1) We successfully modified the original intestinal powder using agar, adding cornstarch to shape it up 
and reduce the calories, so that the taste of the intestine powder is similar to the original powder.  

(2) Combining natural fruit juices to create a new sweet powder that increases its dietary fiber content, 
reduces calories and improves color.  

(3) Using vegetable juices to create more flavor options, reduce calories, and increase fiber.
(4) In the end, we found the best formula ratio: the ratio of agar intestinal powder to cornstarch is: 10% 

of agar with 3%, 5% cornstarch. In fruits and vegetables, intestinal powder of 5c.c. is preferred.  
(5) As a result, we have successfully achieved our goal and created new choices for rice.
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Table 3: Proportion chart of agar intestinal powder
    category

 

Heat

(kal/100g)

rice 

noodle 

roll

Agar

rice 

noodle 

roll

Dragon 

fruit 

agar

rice 

noodle 

roll

papaya 

agar

rice 

noodle 

roll

blueberry 

agar

rice 

noodle 

roll

Passion 

fruit 

agar

rice 

noodle 

roll

avocado 

agar

rice 

noodle 

roll

blueberry 

Butterfly Pea 

agar

rice noodle 

roll

grapes 

agar

rice 

noodle 

roll

Calories (kcal) 357 325.1 316.37 315.97 316.72 318.72 323.84 319.87 322.99 

Protein (g) 7.8 6.695 6.506 6.476 6.486 6.561 6.609 6.4685 6.625 

Fat (g) 0.9 0.77 0.753 0.758 0.758 0.778 1.352 0.77 1.211 

Saturated fat 

(g) 

0.4 0.34 0.333 0.333 0.34 0.333 0.416 0.34 0.339 

Trans fats (g) 0 0 0 0 0 0 0 0 0 

Carbohydrate 

(g) 

77.4 71.04 69.193 69.128 69.278 69.728 69.712 70.073 70.396 

Dietary Fiber (g) 0.6 0.605 0.642 0.662 0.697 1.077 0.863 0.637 0.616 

Sugar (g) 0 0.03 0.484 0.424 0.524 0.574 0.052 0.274 0.504 

Sodium (mg) 2 3.05 2.81 3.21 2.86 4.21 3.11 2.86 2.91 
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Table 4: Nutrition facts of fruit juice intestinal powder 
    category

heat

(kal/100g)

rice 

noodle 

roll

Agar

rice 

noodle 

roll

tomato 

agar

rice 

noodle 

roll

carrot 

agar

rice 

noodle 

roll

pumpkin 

agar

rice 

noodle 

roll

spinach 

agar

rice 

noodle 

roll

onions 

agar

rice 

noodle 

roll

sweet 

potato 

agar

rice 

noodle 

roll

eggplant 

agar

rice 

noodle 

roll

Calories (kcal) 357 325.1 314.82 315.82 317.57 314.77 312.82 320.88 315.12

Protein (g) 7.8 6.695 6.491 6.506 6.546 6.561 6.433 6.593 6.511

Fat (g) 0.9 0.77 0.748 0.748 0.753 0.758 0.74 0.752 0.753

Saturated fat (g) 0.4 0.34 0.328 0.328 0.333 0.333 0.324 0.332 0.333

Trans fats (g) 0 0 0 0 0 0 0 0 0

Carbohydrate (g) 77.4 71.04 68.783 68.113 69.443 68.698 68.404 70.152 68.843

Dietary Fiber (g) 0.6 0.605 0.627 0.707 0.702 0.672 0.649 0.703 0.712

Sugar (g) 0 0.03 0.134 0.339 0.249 0.024 0.342 0.024 0.139

Sodium (mg) 2 3.05 2.91 7.26 2.86 4.96 2.97 5.03 2.91

Table 5: Nutrition facts of vegetable intestinal powder 

(1) The results showed that the best proportion of agar intestinal powder was 10% of agar, and 3% and 
5% of cornstarch. Juice intestinal powder is 5c.c, among which passion fruit intestinal powder has the 
highest fiber and papaya intestinal powder has the lowest calories. In terms of vegetables, eggplant 
intestinal powder has the highest fiber and onion intestinal powder has the lowest calories.  

(2) We also found that while the amount of calories and dietary fiber increased, sodium and sugar also 
increased, and the taste of passion fruit intestinal powder was stronger, which may not be popular 
with the public; therefore, it is expected to be improved using food science and technology in the future.  

(3) After many statistics and studies, we have also found that brown rice can replace rice with more fiber 
and create a unique taste, and we have also tried different proportions of formulas. 

(1) After discussion, we also hope to make our invention become meal replacement food, using a spray 
dryer to form a powder product, so that the public can eat it more conveniently. We also expecte to 
improve the nutritional bias problem of meal replacement, which can achieve the purpose of healthy 
eating.  

(2) The use of brown rice milk instead of rice milk makes the taste more diversified and increases the 
possibility of more dietary fiber.

[1] Williams, Peter W.; Phillips, Glyn O. Chapter 2: Agar. Handbook of hydrocolloids. Cambridge: 
Woodhead, (2000). 
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[2] Cold Day Recipes - 121 Cold Day Recipes and Recipes - The world's largest cooking website - 

Cookpad from https://cookpad.com/tw// Search/Cold Weather, (2020). 
[3] Sun Qingjie, Principles and Technology of Rice Noodle Processing, China Light Industry Press, 

(2006). 
[4] Xiaojing Chen, Lihua Yang, Shixian Wang, Research on the Effect of Domestic Rice Flour 

Grinding Technology on Baking Quality, Tainan District Agricultural Improvement Field 
Research Report No. 62, (2013). 

[5] YE Yunxuan, SU Jingfang, SU Xiaoyun, The Effect of Different Proportions of Taibai Powder 
and Gelatinization on the Quality of Bowl Kway Kueh, Winning Essay on Middle School 
Student Website, (2011). 

[6] Ximei Lai, Diversified Processing Technology of Rice Food - Research and Development of Rice 
Flour, Agricultural Biotechnology Industry Quarterly, (2014). 

[7] Houlan Liu, Hanyuan Xu, Food Processing Internship-I-. Tainan City: Fuwen Books Co., Ltd., 
(2009). 
Cornmeal, white rice, cold weather recipe calorie source U.S.D.A. USDA, taken from 
https://fdc.nal.usda.gov/
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Figure1: pH change chart after adding eggshells (Round 1)

Figure2: pH change chart after adding eggshells (Round 2)

Figure3: pH change chart after adding eggshells (Round 3)
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Table1
The growth of bok choy after adding egg shells

Soil:eggshell 4 1 3 2 2 3

Round 
1 

Number of 
sprouts 

8 5 7 

Germination 
rate 

67% 42% 58%

blade 
length(cm)

6.1 5.4 6.9

Round 
2 

Number of 
sprouts 

8 5 8 

Germination 
rate 

67% 42% 67%

blade 
length(cm)

6.1 5.7 7.5

Round 
3 

Number of 
sprouts 

10 9 5 

Germination 
rate

83% 75% 42%

blade 
length(cm)

4.6 5.5 4.3

6.4

6.5

6.6

6.7

6.8

6.9

7

7.1

Round 1 Round 2 Round 3

pH

Average pH after adding eggshells

4 to 1 3 to 2 2 to 3

Figure4:Average pH after adding eggshells
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Planting place Humus soil Eggshells Cigarette butt

Sunscreen lotion Carbonated drinks
Soil pH/Moisture 

Meter 

Figure 5: Experiment equipment
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The mystery of the Hydrangea
decorative long lasting curve.

Flowers are the reproductive organs of seed plants and generally these are
ordered Female stamen Male stamen Petal Calyx from the center.
Of these, the calyx is located at the most external place and it exists as
protection of the flower element. Normally, this part is inconspicuous.
However, Hydrangea macrophylla has greatly developed exceptionally
decorative flowers.

As Fig-1 shows, the flowers of Hydrangea macrophylla consist of
inflorescence which is surrounded with greatly developed calyx and bisexual
stamen gathered in the center. Decorative flowers are considered to be a part
which attracts insects. However, in this case I have a question. Is the function
of decorative flowers only the attraction of insects? If it is true, there is no
need to make petals except for in the breeding season. Really, the calyx is
different from petals. Furthermore, like a dandelion, the petals change to fluff
and help in the spread of seeds. I believe that decorative flowers of
Hydrangea macrophylla evolved to spread seeds effectively, in a similar way.
Fig-2 shows Hydrangea petiolaris, which are a related species of Hydrangea
macrophylla . I suspected they used their Calyx for spraying seeds. One year
shortly after autumn, due to dry weather, flower stems were losing their
flexibility, so, I could pick them up easily by bending their stems. At first,I
dropped them vertically and observed them falling while spinning, using itself
like a propeller. Then, I threw them horizontally against the ground and they
still fell while spinning, but extended the travel distance. Regarding this
phenomenon, I believe it is an original function of Hydrangea petiolaris.

In contrast, because the maximum height of Hydrangea macrophylla is 2m, I
cannot conclude that it has the same function as Hydrangea petiolaris. As
shown in Chart-3, however, the decorative flowers are curved backwards.In
my study, I proceeded in an experiment based on the hypothesis that says
decorative flowers with curved petals have a role like a slide in the park and
expand the travel distance of seeds which fall from the capsule.

I made two models of Hydrangea macrophylla as one of method for proving
my hypothesis. Fig-4 is a model of Hydrangea macrophylla with decorative
flowers.(I call it S1) Fig-5 is a model of Hydrangea macrophylla without
decorative flowers(I call it S2). I used Glass beads with a diameter of
1mm(Beads) as seeds. In this experiment, I dropped 2ml (about 180 tablets)
of beads from 2cm above the center of the model and recorded the travel

distance of the beads. I prevented the beads from getting too far out of range
with a moisture barrier of water.

Fig-6 indicates the travel distance using S1. In the same way, Chart-7
indicates the distance for S2. I superimposed Fig-6 and 7 on Fig-8. In
addition, I made a graph of both results as shown in Fig-9. From these
experiments, I recognized that beads spread radiologically in both S1 and S2.
On the other hand, although beads distributed around the model in the case
of S2, beads distributed further in the case of S1.From the data above, I
confirmed that decorative flowers of Hydrangea macrophylla have an
outstanding structure with a function to extend the travel distance of seeds.
From here on, I would love to progress the validation of the role of decorative
flowers by cultivating Hydrangea macrophylla for myself.

Research Stage   Idea  Preliminary  Res lt
Field Check only one appropriate field.

Physics   Chemistry   Biology    Earth Science
Mathematics Information    Others specifying

Participant’s Information
School Name Taipei Municipal Dazhi High School

Representative’s Name YIN-AN WANG 

Member KO-WEN CHUNG , YEN-LING HSU

Supervising Teacher
Name HUANG-CHIANTI LAI

Abstract of the Presentation
Title Exploring the Interaction of Earthworms and Environmental Pollution

Outline and its First Inspiration
Earthworms are a new field. In the current trend of focusing on sustainable development, it has great 

strength

Goal
1.To analysis the influence of different types of kitchen scraps on the growth rate of plant roots.
2.To understand the tolerability of earthworm on organic pollutants.
3.To see if the earthworm can change the nutrient in the soil. 

Novelty and Creativity

Kitchen wastewater and food waste are one of the main pollutants in our environment. They 
contain fruit fibers, starch, oil, and even detergents. One way to get rid of the pollutant is to 
decompose them with creature in the nature environment. One example is the Aquaponics system 
in which the fish excrement fertilized the lants, and the plants roots purified the water. 

Based on the idea, we decide to use earthworm which in very common in Taiwan to decompose 
the food waste we generated everyday. Fist all, we have to check the tolerability of earthworm to 
the environment include acid-base change and family detergents. Them we use the soil with 
earthworm excrement to grow the plants and to see the growth rate of plants roots. If the 
earthworm can tolerate the pollutant and fertilize the plants, that will be an idea cycle to deal with 
the kitchen wastewater and food waste. 

Feasibility and its Prospect Report of progress can also be acceptable
We have found some points
1. Feeding the earthworm with different nutrients dose not change the growth rate of earthworm. 
2. We confirmed that the toast is a tolerable food of earthworm. And we use toast as food source in the next 
experiment. 

3. The earthworm tolerate well to general kitchen wastewater and the concentration doesn’t affect their 
survival and mobility.
4. The nutrient that produced by earthworm is still under analysis, and the report will come soon.

Future potential and its plan
By exploring the ability of earthworms to decompose different types of kitchen waste and organic waste, we 
hope to understand if earthworms have the ability to decompose these wastes in daily life. And to ensure 
that earthworms can still maintain high mobility in the environment polluted by organic waste. In the future, 
we hope the decomposition ability of earthworms can apply to daily life to deal with excessive food waste 
and wastewater. we also hoped that it can continue to be extend to industrial wastewater in the future to 
solve the problem of water and soil pollution around rivers and farmland. To deduce the industrial pollution, 

we can save more land and produce more healthy plants. Besides, to maximize the benefit of earthworm, 
the ability of a single earthworm to digest the pollutants should be identified and we can use earthworm 
wisely.

References 
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Abstract of the Presentation
Title Making New Texture of Milk Jelly using High Methoxyl Pectin 

Outline and its First Inspiration

When we prepare milk jellies using pectin as the gelling agent, we usually use Low Methoxyl (LM) pectin 
which gels in the presence of divalent cations such as calcium ions1) and do not use High Methoxyl (HM) 
pectin which gels in the presence of sufficient quantities of acid and sucrose. The reason why we use LM 
pectin to prepare milk jellies is that milk contains a sufficient concentration of calcium ions in the serum 
phase2). 
However, it has been reported that HM pectin gels in the presence of both CaCl2 and a high concentration of 
sucrose presumably because the divalent cations shield negative charges of carboxyl groups in the HM 
pectin3). This gelation mechanism is considered different from that with LM pectin which is cross-linked by 
calcium ions to form a gel network and is similar to the conventional gelation mechanism of HM pectin which 
requires the presence of acid and sucrose3).
Therefore, we hypothesized that HM pectin might be used to create novel physical properties of milk jellies 
different from those of conventional LM pectin-based milk jellies. In this study, we investigate three 
preparations of HM pectin milk jellies which includes sucrose, CaCl2 or LM pectin, and analyze their texture 
which were successfully gelled in our preparation.

Goal

The purpose of this research is to create milk jellies having novel physical properties by using HM pectin. 
Texture is an essential element of the secondary function of food which provide sensory satisfaction. The 
creation of milk jellies having novel physical properties is expected to broaden the range of control over the 
texture of milk jellies. We hope we will succeed to make a novel texture which is favored by consumers as 
the most important part to enjoy foods in the future.

Novelty and Creativity

The novelty of this study is in using HM pectin to make milk jelly, instead of using LM pectin which is 
conventionally used. In addition, we investigated that both the properties of HM pectin in combination with 
LM pectin and those of HM pectin gel with calcium ions, which have not been studied previously. These novel 
preparations are the key to discover novel textures in this study.
The creativity of this study is in our original idea that we use both HM pectin and LM pectin to gel milk jelly 
(table 3). First, we tried different preparations of HM pectin and milk such as changing sucrose concentrations 
or adding CaCl2, but the jellies from those preparations did not gel, or became pre-gels in many cases as 
shown in tables 1 and 2. Since there was no previous research on milk jellies which contains both HM pectin 
and milk, we came up with the idea that we use both HM pectin and LM pectin to create novel texture of milk 
jelly.
In addition, as for the method to analyze texture, we made a device for the texture profile analysis4) or TPA 
(Figure 1) to measure the texture of milk jellies successfully gelled in preparation 3. TPA is a method to 
measure the eight factors of texture by making TPA curves as shown in Figure 2. Using TPA curves to 
measure the texture of HM pectin milk jelly have not been studied before, and it can be thought that 
measuring our jelly through TPA will expand the range of texture control.
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Feasibility and its Prospect Report of progress can also be acceptable

The results show that the milk jellies successfully gelled in Table 3 had different values of texture properties 
compared to the conventional milk jellies. From the TPA curves obtained, we found that the addition of HM 
pectin decreased Springiness (as in figure 8) and increased Cohesiveness, Gumminess, (as in figures 9 and 
10). Therefore, the result of our experiments indicate that the texture of milk jellies can be controlled by the 
addition of HM pectin, which enables us to create specific textures desirable for certain food products such 
as milk jellies. In fact, it is notable that these two kinds of jellies shown in figure 12 have different textures. 
The left one in the figure is gelled by adding LM pectin alone and the right one is gelled by adding both LM 
pectin and HM pectin as the gelling agent.
We did not succeed in making milk jelly only using HM pectin by our experiments and did not find the reasons 
yet. It will be necessary for us to consider and improve our experiments to make a novel milk jelly by changing 
the proportion of the materials.

Future potential and its plan

First, it is necessary to improve accuracy of our experiments. There are two possibilities for further 
improvement. The first one is to control the timing of addition of HM pectin as a gelling agent. Heating milk 
earlier than other ingredients allows calcium ions to enter the colloid, and the colloid makes the reaction of 
HM pectin which requires more calcium ions than LM pectin more difficult to gel. The second one is to control 
the amount of water accurately in the experiment because incompletely dissolved sugar might cause 
pregelatinization of HM pectin milk jelly.
Secondly, in the next step, our study should also include sensory evaluation of the texture of HM pectin-
based milk jellies to understand what kind of texture is preferred by consumers since our study considered 
only physical aspects of the texture.
Finally, further investigation is necessary to elucidate the mechanisms of cross-linking and the gel network 
formation of HM pectin. We were unable to obtain milk jellies using only HM pectin as the gelling agent. It 
might be possible that only LM pectin has formed a gel network in the milk jelly where both HM and LM pectin 
are used. If they are elucidated, research on the use of HM pectin in foods will be greatly advanced.

References 
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Figure 1. Experimental set-up for texture              Figure 2.  Schematic representation of the  
profile analysis.                                                          TPA curve. 
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Figure 12. Gel prepared using LM pectin alone as the gelling agent (Left) and gel prepared using both 
HM pectin and LM pectin as the gelling agent (Right) 
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Abstract of the Presentation
Title Verification of the antibacterial effect of kanamycin combined with the 

substances derived from green tea

Outline and its First Inspiration

In recent years, drug-resistant bacteria have increased (1). However, the development of new 
antibiotics has made little progress. Therefore, we wanted to propose a method of effective use of 
existing antibiotics (2).We focused on substances derived from green tea because there are several 
examples which indicate that the action of antibiotics is promoted by substances derived from green tea 
(3)(4).We have discovered that (+)-Taxifolin(Tx) increases the effect of the antibiotic, ampicillin(Ap) in 
our previous years’ studies (5).As a first step, we examined the effect of (+)-Tx on kanamycin(Km). 

Goal
We examine whether the combination with (+)-Tx can increase the effects of a wide range of antibiotics.

Novelty and Creativity
The novelty of this study was that the used antibiotic was changed from Ap, which had been used until the 

previous year, to Km, an aminoglycoside antibiotic with a very different mechanism of action. The following 
methods were used in this study. The indicator bacteria, AB1157 strain was shake-
cultured for twenty hours at 37 , and an aqueous Km solution of appropriate concentration was added. Then 

to this, (-)-Epicatechin(Ec) and (+)-Catechin(Ct) were added at a concentration of 0.70 mM, and (+)-Tx was 
added to a concentration of 2.0 mM. It was shake-cultured for three hours at 37 . To the experimental areas 
without kanamycin and the ones without the substances derived from green tea, the same amount of solvent 

as solution of them added to the other experimental areas was added. After that, each experimental area 
 of each was spread on LB ager medium 

and incubated at 37  for 20 hours. The number of colonies was counted and multiplied by the dilution 
ratio to calculate the number of bacteria. The survival rate for each experimental area was calculated by 
the following formula, and the mean and the standard error of the survival rate were calculated.

Survival rate = 

The ideas incorporated in this method were to use the ED50 concept to determine the 
concentration of an antibiotic used in the experiment and to use the statistical methods to properly 

14 Akita senior high school 
evaluate the experimental results. ED50 is an effective dose 50%, which is widely used as a 
bacteria’s survival rate of antibiotic efficacy (6). The statistical method, Kruskal–Wallis test was used 
to find a difference among the 3 or 4 groups at the 5 significance level. If it was recognized, the 
Mann–Whitney U test was used. We used this because it is one of the nonparametric tests and 
allows for comparisons between three or more groups.

Feasibility and its Prospect Report of progress can also be acceptable
(-)-Ec and (+)-Ct were unrelated to the antimicrobial effect of Km. In addition, (+)-Tx showed no synergistic 

effect. This is a different trend from that of Ap. This indicates that the combination of (+)-Tx and Km may not 
be effective in some cases. The approach with (+)-Tx may not be synergistic effect for all antibiotics. It is true 
that there is no universal medicine for every case. Therefore, it is important to clarify useful conditions and 

scope in order to establish a method using (+)-Tx. The current damage caused by drug-resistant bacterial 
infections is at least about 700,000 deaths worldwide, which is expected to increase to 10 million by 2050, 
more than the number of deaths caused by cancer (1). However, if this approach is realized, it is expected to 
help the fight against the spread of drug-resistant bacterial infections.

Future potential and its plan
We need to test the combination of (+)-Tx and other antibiotics from now on. This is because there can be 

other antibiotics which have synergistic effects with substances derived from green tea, and this method 
cannot be effectively used in an actual medical site unless it is made clear whether an antibiotic work more 
effectively with this method or not. It is also necessary to reveal the mechanism of action of (+)-Tx. The 
reason is that, it is important to guarantee its safety and security by revealing its mechanism of action in order 
to realize it as a medical technology.
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Future potential and its plan
We would like to measure the change in the amount of expression of over time Furthermore, we 
would like to run similar experiments over the whole body of newts, instead of just the right forelegs.
Furthermore, by using the nature of real-time PCR using the primers described in the previous section, where 
amplification can be confirmed for pattern 1, but not for pattern 2 due to the length of the sequence, and by 
checking which pattern is more expressed in group 1 or 2 depending on the regeneration time By checking 
which pattern is expressed more in groups 1 and 2, the role of each sequence can also be confirmed. We 
would like to confirm which group of patterns is more frequently expressed depending on the playback time, 
and also examine the role of each sequence.
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[1]Lucas D Sanor, Grant Parker Flowers, Craig M Crews, Multiplex CRISPR/Cas screen in regenerating haploid limbs of 
chimeric Axolotls from, eLIFE, 2020.1.28, 2023.1.10, https://elifesciences.org/articles/48511

[2]Analysis of “old” proteins unmasks dynamic gradient of cartilage turnover in human limbs from, Science Advances, 
2019.10.9, 2023.1.10, https://www.science.org/doi/10.1126/sciadv.aax3203
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Proteome Research, 2012.8.14, Figure 3
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TOYAKU(2020) 

[4]figure1 [3]figure2
Adapted from Chikafumi, C. (2018). Adapted from Thomas Braun, (2012).
Expression of nsCCN in PcNob of adult newts In a 6-hour regeneration experiment of adult newt
under normal conditions. PcNob stands for hearts, the expression of nsCCN in the hearts of
polychromatic normoblast, which refers to adult newts, was measured. nsCCN expression in
erythrocytes in the process of maturation. adult newt hearts
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In class, we watched a film called "Micro plastics: Nature's Examination", introducing the 
environmental hazards caused by plastic particles. After watching the film, we realized plastic waste is
formed while plastic trash has been weathering. Since it is difficult to break down completely, severe
pollution is produced. 

After searching for the related information on the Internet, we found that micro plastics can release 
harmful substances, which are easily spread everywhere by tidal flow, and are easily mistakenly eaten 
by aquatic organisms.

Therefore, our study focuses on the effects of plastic particles on biological reaction. After discussion, 
we narrow down the study to the effect on freshwater plankton-water fleas. The initial study results 
that show the effects of the plastic particles on the heart rate of water fleas can give people a better 
understanding of the hazards from plastic waste.

(1) Understand the structure and biological reaction of limn plankton-Daphnia. 
(2) Discuss the impact of plastic micro plastics on environmental fresh water.
(3) Confirm whether the heart rate of Daphnia and the fatality rate of Daphnia are consistent with those
in the literature.
(4) Discuss the impact of different micro plastics concentrations in freshwater on the heart rate of 
Daphnia  

16 Guoguang Laboratory School, National Sun Yat-sen University 

Picture 1: feeding pot for file Picture 2: Spectrophotometer

Picture 3: pH detector Picture 4: Plastic Particle Weighing 
and Screening

Our study consists of two experiments. 
Experiment 1:  We divide the subjects into a test group and a control group. In the test group, the 
particle sizes of the micro plastic come in two forms. The diameter of one size is no less than 0.1 mm 
and the diameter of the other is less than 0.1 mm. Each group prepared aqueous solutions of plastic 
particles with different concentrations 0.05%, 0.1%, 0.15%, 0.2%, respectively. Fleas are fed with the 
prepared solutions and the heartbeat and fatality rate are measured. 

Experiment 2: The micro plastics are soaked in tap water for 15 minutes, and the tap water is set as 
the reference value, and the turbidity and pH value are measured (concentration of aqueous 
solutions of micro plastics and particle sizes are the same as those in experiment 1)

Experiment One Flow

16 Guoguang Laboratory School, National Sun Yat-sen University 

Research result: 

Fleas have an average heartbeat of 296 beats in 
micro plastic-free particles.
After being soaked in the aqueous solution of 
plastic particles in 0.05%, 0.1%, 0.15%, 0.2% with
the particle diameter less than 0.1mm for 15 
minutes, the average heartbeats of fleas were 
309, 308, 306 and 307, respectively. After being 
soaked in the aqueous solution of plastic particles 
at a concentration of 0.05%, 0.1%, 0.15%, 0.2%
respectively, with a particle diameter no less than 
0.1mm for 15 minutes, the heartbeats of fleas 
were 309, 304, 303 and 307, respectively.. 

Picture 6: Heart rate chart of daphnia after 
soaking 15 minutes in aqueous solution

After being soaked in the aqueous solution of 
plastic particles in 0.05%, 0.1%, 0.15%, 0.2% with
particle diameter less than 0.1mm for 24 hours, 
the average heartbeats of fleas were 320, 302, 315 
and 318, respectively. After being soaked in the 
aqueous solution of plastic particles at 0.05%, 
0.1%, 0.15%, 0.2% with particle diameter no less 
than 0.1mm for 24 hours, the heartbeats of fleas 
were 315, 296, 305 and 321, respectively.. Picture 7: Heart rate chart of daphnia after 

soaking 24 hours in aqueous solution

After soaking for 15 minutes in aqueous solutions 
of plastic particles at concentrations of 0.05%, 
0.1%, 0.15%, and 0.2%,the heartbeat difference of 
fleas between the test group and the control 
group are 11 beats, 11 beats, 13 beats, and 16 
beats respectively. After soaking in aqueous 
solutions of plastic particles at concentrations of 
0.1%, 0.15%, and 0.2% for 24 hours, the heartbeat 
difference between the fleas in the test group and 
the control group are 31 beats, 20 beats,24 beats, 
24 beats.

Picture 8: microplastic concentration compares to 
daphnia heartbeats

16 Guoguang Laboratory School, National Sun Yat-sen University 

After being soaked in the aqueous solution of 
plastic particles with a particle diameter less 
than 0.1mm for 15 minutes and for24 hours, the 
heartbeat difference of the control group without 
plastic particles are 16 beats and 27 beats 
respectively. After being soaked in the aqueous 
solution of plastic particles with a particle 
diameter no less than 0.1mm for 15 minutes and 
for 24 hours, the heartbeat difference of the 
control group without plastic particles are 15 
beats and 26 beats respectively.

Picture 9: microplastic size compares to daphnia 
heartbeats

After 24 hours, the fatality rate of water fleas at a concentration of 0.05% is more than 50%  and the 
fatality rate is more than 70% at a concentration of 0.2% and the mortality is more than 60% at a 
diameter of the particle size more than 0.1 mm. After 48 hours, almost 80% of the water fleas died at 
a concentration of 0.05% and nearly 90% of the water fleas died at a concentration of more than 0.1mm 
and a fatality rate of 78% at a concentration of less than 0.1mm.

Picture 10: Effect of microplastic concentration 
on the case fatality rate of daphnia

Picture 11: Effect of particle size of plastic 
particles on the case fatality rate of daphnia
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The concentration of aqueous solution of plastic 
particles is 0.05%, 0.1%, 0.15%, 0.2% respectively, 
and the particle diameter is less than 0.1mm. 
After being soaked in 0.1mm for 15 minutes, the 
turbidity of flea was 0.003, 0.009, 0.027 and 0.032, 
respectively. The diameter of plastic particles is 
no less than 0.1mm, and the absorbance values 
are 0.002, 0.004, 0.005 and 0.009, respectively. 
The data shows that the turbidity of water 
containing micro plastics increases. Picture 12: Effect of microplastic concentration

on water turbidity

After being soaked for 15 minutes in the aqueous 
solution of plastic particles at a concentration of 
0.05%, 0.1%, 0.15%, 0.2% with a particle 
diameter less than 0.1mm, the pH values of the 
water quality were 7.31, 8.03, 7.78 and 7.82, 
respectively. The pH values of micro plastic 
particles are 8.26, 8.32, 8.30 and 8.36, 
respectively, and the pH values of water without 
micro plastics are 8.32. Data show that micro
plastics lower the pH of water. Picture 13: Effect of microplastic concentration

on the pH of water quality

16 Guoguang Laboratory School, National Sun Yat-sen University 

In this study, water fleas were soaked in aqueous solution of plastic particles of different concentrations 
with different particle sizes. Microscopic observation revealed that water fleas swallow plastic particles, 
which appear to have a high probability of entering organisms, and the data from this experiment show 
that the presence of plastic particles in water has a significant effect on the physiological reaction (heart 
rate and fatality rate). The following are the effects of the concentrations with different particle sizes of 
plastic particles on water fleas: 

The size of particles
W Particle diameter less than 0.1mm:

1. The heartbeat per minute difference of the 
control group is greater than the particle 
diameter greater or equal to 0.1mm . Both 15 
minutes and 24 hours are  more than  1 
heartbeat. 
2. Fleas has a high fatality rate. About 13% 
higher in 24 hours.About 3% higher in  48 hours.
3. The absorbance value is higher than the
diameter greater than 0.1mm.The more
concentration increase,the greater turbidity
difference between the two particles in water they
are.

In the future, the goal of this study is to observe if there is any difference between swimming speed, 
swimming way, and phototaxis of Daphnia separately in the environment with and without micro
plastics. It is also expected that more relevant findings will be available to further analyze and 
understand the biological effects and hazards caused by micro plastics. 

16 Guoguang Laboratory School, National Sun Yat-sen University 
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Outline and its First Inspiration

These days, Taiwan's rivers are seriously polluted, and the main source of the river 
pollution is industrial wastewater, which contains heavy metals. Therefore, our 
research intends to explore the impact of heavy metals in water on aquatic plant 
photosynthesis. Here are the two reasons why we chose Egeria densa, zinc, and iron 
as our experimental materials. First, Egeria densa is a common submergent plant in 
the water, which has highly developed aerenchyma, fast fecundity, and good 
resistance to soiling. Second, there are few studies that investigated the impact of 
heavy metals -zinc and iron- on the aquatic plant photosynthesis experiment in the 
reference.

Goal

1. Observe the different appearance of Egeria densa in heavy metal water and clean 
water.

2. Analyze the impact of the photosynthetic rate of the Egeria densa which is soaked 
in heavy metal water.

3. Analyze the impact of heavy metal on the photosynthetic pigment of Egeria densa.

Novelty and Creativity

I. Research flowchart

II. Research methods

i. Observe the appearance of plants

Use Zinc sulfate solution 0.1ppm, 0.3ppm, 0.5ppm ; Ferric nitrate solution 0.05ppm, 
0.15ppm, 0.3ppm to soak the Egeria densa in them. We used Zinc and Ferric as the materials 
for our experiments not only because they are the second and third most abundant elements 
of heavy metals in the river (3.) but also because there's already a lot of research into the first 
most abundant one. Besides, the heavy metal concentration chosen (2.) is the highest in the 
river and then descending in order (5.)
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Steps: place the same weight of Egeria densa in aqueous solutions of different heavy metal 
concentration and in pure water for one or two weeks. Then we observed the change 
of Egeria densa and took photos.

Picture1. Observe the appearance of plants experimental methods

Picture2. What Egeria densa look like after being soaked in the aqueous solutions of Zinc 
sulfate (0.5ppm) for two weeks.

ii. Analyze the photosynthetic rate

Materials: the Egeria densa which hasn’t been soaked in the heavy metal aqueous solutions, 
the Egeria densa which has been soaked in the heavy metal aqueous solutions, funnels, test 
tubes, beakers (250ml), and the original water that Egeria densa used to be (referred to as 
water below.)

Steps: first, put the Egeria densa, which has been soaked in heavy metal aqueous solutions for 
a week into the funnel, and place it upside down in the beaker. Second, fill the beaker and the 
test tube with water, and compress them with fingers, then put up the funnel and check 
whether there are bubbles inside to make sure of the accuracy of the experiment. Repeat the 
steps above for a total of six sets of six different heavy metal aqueous solutions. After a 
week, record the air column in these test tubes. In this experiment, we referred to the 
reference and designed a device that can collect oxygen (1.) to analyze the influences of 
heavy metals on the photosynthesis rate.

Picture3. The device that can collect oxygen.

Picture4. Analyze the photosynthetic rate experimental methods

Chart1. The gas yield comparison of Egeria densa soaked in three different concentrations of 
Zinc sulfates and water for a week and two weeks.

soaking solutions Water Zinc sulfate 
solution

Zinc sulfate 
solution

Zinc sulfate 
solution 0.3ppm

the air column after 
soaking for a week

the air column after 
soaking for two weeks

Chart2. The gas yield comparison of the Egeria densa soaked in different concentrations of 
Zinc sulfates and water for a week.

Chart3. The gas yield comparison of the Egeria densa soaked in different concentrations of 
Zinc sulfates and water for two weeks.

iii. Photosynthetic pigment chromatography

Materials: mortars, thin layer chromatography (TLC), Petroleum ether, acetone, beakers 
(50ml), aluminum foils, capillary tubes, droppers, test tubes, the Egeria densa which has been 
soaked in the heavy metal aqueous solutions, the Egeria densa which hasn’t been soaked in the 
heavy metal aqueous solutions.

Steps: first, remove the Egeria densa from the heavy metal aqueous solution and use tissue to 
absorb moisture on the surface. Second, take the leaves of Egeria densa and grind them in a 
mortar until they are pureed. Keep grinding the leaves until the acetone becomes dark 
green, then take 1 ml acetone and 8ml Petroleum ether, putting them aside as a specimen 
preparation. Mark 0.5 cm above and below the TLC plate as the start and finish line. Take 
the sample with a capillary tube, dripped at the midpoint of the starting line and repeat for 
three or four times. Pour the spreading solvent into the beaker to about 0.3 cm, and put the 
TLC plate vertically, cover it with aluminum foil, and let it stand. When the spreading 
solvent reaches the finish line, remove the TLC plate, and record the travel distance of each 
photosynthetic pigment and calculate its Rf Value(4.)

*Rf Value = DSU/DSV

Picture5. The TLC result of Zinc sulfate (0.5ppm)

Picture6. Photosynthetic pigment chromatography experimental methods

Feasibility and its Prospect Report of progress can also be 
acceptable

Firstly, in “observing the appearance of plants” the Egeria densa was originally emerald 
green. After being soaked in the heavy metal aqueous solutions for a week, the leaves turned 
yellow and withered obviously. The Egeria densa which was soaked in Zinc sulfate 0.1ppm, 
is the most withered of the three; the Egeria densa which was soaked in Ferric nitrate 
0.05ppm, is the most withered one. What's more, the result of soaking Egeria densa in the 
heavy metal aqueous solutions for two weeks is the same as the observation of soaking for a 
week. Besides, we found that the Egeria densa which has been soaked in the heavy metal 
aqueous solutions becomes more fragile and its tissue is more likely to disperse after we 
touch its texture. And under the same concentrations of the heavy metal aqueous solutions, 
the impact on the Egeria densa which was soaked in Zinc sulfate is more serious than the one 
soaked in Ferric nitrate.

Secondly, in the experiment of analyzing the photosynthetic rate, it could be found that the 
higher concentration of the heavy metal aqueous solutions or the longer period that the Egeria 
densa was soaked in, would reduce the gas yield. As a result, both the concentration of the 
heavy metal aqueous solutions and the period Egeria densa are soaked in, making the 
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photosynthesis slower. Hence, the oxygen yield is reduced.

Next, in the last photosynthetic pigment chromatography experiment, we used correlation 
coefficient to analyze the relation between “the concentration of the heavy metals” and “the Rf 
value of pigment”, finding that the higher the concentration of heavy metals is, the 
adsorbability of different kinds of photosynthetic pigment was lower, and the separation of 
photosynthetic pigment was better; soaking for the longer period, the adsorbability of different 
kinds of photosynthetic pigment was stronger, and the separation of photosynthetic pigment 
was worse (3.)

To sum up our experiment, the higher concentration of heavy metals is in the wastewater, the 
lower photosynthetic rate of aquatic plants will be, and would reduce the oxygen yield, making 
d that industrial wastewater does threaten the growth of aquatic plants and affect the 
environment. In order to achieve the goal it difficult for aquatic plants to survive. Therefore, 
this showeof protecting our environment, we should take some actions to stop the wastewater 
discharge.

Chart4. The correlation of Rf value of Chlorophyll A and in different Zinc sulfate for a week 
(r=0.454)

Chart5. The correlation of Rf value of Chlorophyll A and in different Ferric sulfate for a week 
(r=0.513)

Future potential and its plan
1. Besides the experiment above, both Hill experiment and observing cytoplasmic 

streaming are able to verify whether Egeria densa is polluted and explore the process 
of photosynthesis. These are all the experiments that we can explore deeper in the 
future (4.)

2. We chose the second and third most abundant elements of heavy metals in the river, 
which are Zinc sulfate and Ferric nitrate as our experimental materials this time, 
looking forward to using other materials such as chromium and nickel to prove that 

not only the highly-contented heavy metals will affect the photosynthesis of the 
Egeria densa but so do the lower-contented ones.

3. Hoping that this experiment can be extended, and thinking more about using 
biological methods to ameliorate the pollution of the river, hence to protect the 
environment.
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Abstract of the Presentation
Are Disposable Straws Environmentally Friendly?

With the rise of environmental awareness, plastic reduction has also become a trend in recent years. In order to guide 

the public to change their habits, Environmental Protection Administration(EPA) announced the "Restrictions on the Use 

of Disposable Plastic Straws and the way of implementation", and some well-known fast food operators such as 

McDonald's and KFC have changed their policy by providing paper straws and sugarcane straws as alternatives. Since 

most people believe that paper straws will be more environmentally friendly than plastic straws since they can be 

decomposed in nature, the acceptance and the use of paper straws have increased which, thus, motivates us to conduct a 

study to explore if paper straws or other environmentally friendly straws can be decomposed and their states of 

decomposition in different environment. Our study is also connected to the 15th item of the United Nations Sustainable 

Development Goals (SDGs) " Life on Land ".

The decomposable straw materials, including paper, silica gel, wheat straw, bamboo fiber and sugarcane are discussed 

in this study. Based on time and price factors, paper straws and sugarcane straws are ultimately selected in this study to see

their decomposition in different environmental conditions.

Goal

1. Observe straws of different materials in different soils.

2. Decomposition of sugarcane straws and paper straws in different soils.

3. Decomposition of sugarcane straws and paper straws in organic soil at different depths.

Novelty and Creativity

1. Conceptual Framework

According to the research purpose, straws of the different materials were used to conduct three-part experiments. 

The conceptual framework is shown in Picture A. 

Picture A The conceptual framework Source of Picture A Making by the researchers

Feasibility and its Prospect Report of progress can also be acceptable

1. Exterior change
(1) Experiment 1 Observe straws of different materials in different soils

The straws with three different lengths had broken appearance. The three lengths of straws had the 

appearance of chipping after eleven weeks, but did not decompose. The edge area of the 2 cm paper straw was 

reduced in the ninth week (eleven weeks in total), and the dimensions of the 4 cm paper straw was significantly 

reduced, but the area dimensions of straws in the control group did not change; In the eleventh week (eleven 

weeks), the straws of 2 and 4 cm were decomposed and could not be found in the soil after repeated searching. 

Plastic straws are not seen any changes, except for becoming more soft and is able to be flattened.

Plastic straws Sugarcane straws Paper straws

Picture B Appearance of the straws before the experiment (6 cm long, 4 cm long, 2 cm long, 0.8cm width 

from top to bottom) Source of Picture B Making by the researchers
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Experiment start 2021/10/29, Experiment end 2022/1/10 (10 weeks in total)

Soil type Organic soil

Type of

straws
Plastic Sugarcane paper

group
Experimental

group
Control

group
Experimental

group
Control

group
Experimental

group
Control

group

Straw length

2 cm
decomposed

Straw length

4 cm
decomposed

Straw length

6 cm

Cosmetic

supplements
There was no noticeable

change

Both were fragmented, and

the fragmentation in the

experimental group was
more serious

The straws with a straw 

length of 2 cm and 4 cm in

the experimental group were

decomposed, but the control

group did decompose, only
thinned

Figure A Experimental results of experiment 1(Source of Figure A Making by the researchers)

(2) Experiment 2 Decomposition of sugarcane straws and paper straws in different soils

After thirteen weeks, there was no significant change in the appearance of sugar cane and paper straws in 

loess and silica sand. In organic soil, paper straws are decomposed and cannot be found in the soil, but sugarcane 

straws have no obvious changes, we speculate that because organic soil is rich in more organic matter, and paper 

straws gradually become soft and rotten over time due to water absorption, so there is a decomposition.

Sugarcane straws Paper straws

Picture C Appearance of straws before the experiment (both 3 cm long and 1 cm wide)(Source of Picture C

Making by the researchers)

Experiment start 1/21/2022, Experiment end 4/21/2022 (13 weeks in total)

Type of straws Sugarcane Paper

Soil type  Organic soil loess Silica sand  Organic soil loess Silica sand

Weight change

(g)
-0.007 +0.003 0.005 unmeasurable -0.019 -0.010

Appearance unmeasurable

Cosmetic

supplements
Fragmentation

Except for the paper straw of organic soil that

is decomposed, there is no significant change

Figure B Experimental results of experiment 2(Source of Figure B  Making by the researchers)

(3) Experiment 3 Decomposition of sugarcane straws and paper straws in organic soil at different depths.

After eleven weeks, it was observed that the straws of sugarcane at a depth of 10 cm and 5 cm were seen to 

have fragmentation in the middle, while the edges of the straws were observed to be fragmented compared with 

the latter, but the decomposition of both was not obvious. The paper straws in the soil depth of 10 cm and 5 cm 

are significantly thinner than before the experiment, and the watering relationship makes the paper straw absorb 

water and adhere to organic soil and it is difficult to take it out from the bottom of the cup, so the extraction is 

damaged and curled, and the flattened straw cannot be seen.

Sugarcane straws Paper straws

Picture D Appearance of straws before the experiment (both 3 cm long and 1 cm wide)(Source of Picture D

making by the researcher

Experiment Start 3/4/2022, Experiment End 5/20/2022 (11 weeks in total)

Type of 

straws
Sugarcane Paper

Soil type 10cm 5cm 10cm 5cm

Weight 

change

(g)

+0.010 +0.009 -0.062 -0.037

Appearance

Cosmetic

supplements
Fragmentation Curled, you can't see the flattened straw

Figure C Experimental results of experiment 3 (Source of Figure C  Making by the researchers)

In order to facilitate the experiment, the straws in this study were cut into a smaller area, but the actual situation is 

different from the straws on the market. This research hopes to design an experiment in the real environment of nature in 

the future, and use the straws of general length for burial to see the decomposition of them.
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Discussion on the Effect of Heavy Metals on the Earthworms’ Efficiency of the Kitchen
Waste Decomposition

Earthworms play an essential role in the ecosystem. It stirs up and blends the soil, making the distribution of
nutrients more even. In addition, earthworms can decompose the kitchen waste, which promotes the
decomposition of organic matter in the soil, and transforms the kitchen wastes into wormcast that is good for
plant growth. However, since the industrial revolution, owning to multiple developments and the overuse of
lands, the ecology of the land is seriously threatened, and the heavy metal particles in the soil are one of the
major hazards. To further understand the earthworms' contribution to the soil environment, we would like to
know whether earthworms will be affected by heavy metal pollution. Therefore, the experiment will focus on
the changes in the decomposition efficiency caused by earthworms in the kitchen waste.

1.To know more about earthworms and the effect of the manure.
2.To understand the relation between the kitchen waste decomposition and the existence of earthworms and
the effect on the mung beans’ growth height.
3.To compare the earthworms’ survival rate in different concentrations of heavy metal solutions.
4.To explore the influence of different concentrations of heavy metal solutions on the decomposition efficiency 

caused by earthworms in the kitchen waste.

Experimental model design
Explanation of terms
1.Efficiency of kitchen waste decomposition: particularly refers to the living earthworms’ efficiency of kitchen 
waste decomposition, and the efficiency affected by the death of earthworms that cannot decompose kitchen 
waste is not calculated. The sources of kitchen waste in this experiment are rapeseed, eggshells, and apple 
peels, whose weight is equivalent to the weight of earthworms.

2. Mung bean growth height: due to the limited technique, this experiment cannot accurately know the
earthworms’ daily decomposition of kitchen waste. Thus, we used the Mung bean growth height as the
standard for the earthworms’ efficiency of the kitchen waste decomposition. The speed at which the mung 
beans grow means the  efficiency of decomposition in this article.

3. Formula predicted data: it is used to measure whether the earthworms are affected by heavy metals (unit:
cm), which requires mathematical operations. It is thought of as the ideal height of mung beans (the
earthworms’ efficiency of decomposition is not affected by heavy metals.) fueled by the earthworms actually 
participating in the decomposition (excluding dead individuals) in the soil containing heavy metal solution. If
the data obtained in the experiment are smaller than the formula predicted data, it means the earthworms in
this group are affected by heavy metals.

Experimental structure:

(Picture1)

1.Experiment 1
Purpose: to discuss  the influence of the kitchen waste decomposition days and the existence of earthworms 
on the mung beans’ growth height and confirm the period for experiments 2 and 3.

Group: 

Group Group A Group B Group C Group D

Soil Yes Yes Yes Yes

Earthworms No 10 No 10

Kitchen Waste Yes Yes Yes Yes

Period 3 Days 3 Days 5 Days 5 Days

(Table1)

Step: Add an equal amount of kitchen waste to the soil(rapeseed, eggshell, and apple peel. Each account 
for 1/3 of the total weight) and let it decompose for three days. Next, pick out the kitchen waste and
earthworms in the soil. Then, plant 3 mung beans in each group for 7 days, and measure the height(as shown
in the picture2).

Result:

(Picture2)

According to the picture 2, due to kitchen waste decomposition on the 3-day, the gap between the groups is
more significant than on the 5-day and the 3-day groups are more stable than the 5-day ones, so this group 
will take 3 days as the period for experiments 2 and 3.

2. Experiment 2
Purpose:  Exclude the factor that the change of the efficiency of the kitchen waste decomposed by the
earthworms is caused by the earthworms’ death, which makes it unable to be decomposed. The experiment 
will calculate the earthworms’ survival rate in the soil added with heavy metal solution and compare it  in the
solutions  with different concentrations of heavy metal .

Group: 

Group Group A Group B Group C Group D

Soil Yes Yes Yes Yes

Earthworms 10 10 10 10

Heavy Metal 35ppm CuSO4 35ppm ZnSO4 70ppm CuSO4 70ppm ZnSO4

(Table2)

Step: Earthworms were placed in the soil contained heavy metal solution(CuSO4 and ZnSO4) for three days,
and calculated the survival rate.

Result:

(Picture3)

Survival rate from high to low: CuSO4 35ppm>ZnSO4 35ppm>CuSO4 70ppm=ZnSO4 70ppm. According 
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to the picture 3, the earthworms’ survival rate in the ZnSO4-solution-added soil is lower than that in the
CuSO4-solution-added one. If  the same  heavy metal solution is added, the higher the concentration is,
the lower the survival rate is.

3.Experiment 3
Purpose: To discuss about the influence of solutions with different concentrations of heavy metal on the
efficiency of earthworms in decomposing kitchen waste.

Group: 

Group Group A Group B Group C Group D

Soil Yes Yes Yes Yes

Earthworms 10 10 10 10

Heavy Metal 35ppm CuSO4 35ppm ZnSO4 70ppm CuSO4 70ppm ZnSO4

(Table3)

Step: Add an equal amount of kitchen waste to the soil containing the heavy metal solution, and let it
decompose for three days. Next, pick out the kitchen waste and earthworms in the soil. Then, plant 3 mung 
beans in each group for 7 days, and measure the height.

Calculate “formula forecast data” 

1.Divide the average mung beans’ height(5.79cm) in the "3 days + earthworms" group in the experiment 1 
by 10, which means each earthworm helps mung beans grow by 0.579cm on average.

2. Divide the number of earthworms’ deaths in each group in the experiment 2 by 3, which means the average 
number of the earthworms’ deaths per day. And use 10 to subtract the average number of deaths per day*
(number of days -1) to know the number of the earthworms actually decomposing kitchen waste in the current 
days.

3. Multiply the three data calculated from step 2 by 0.579 and add them up. The value we get is "formula 
forecast data".

4.Compare "formula forecast data" with the average mung beans’ height.

Result:

(Picture4)

(Picture5)

As presented in the picture 4 and picture 5, “formula forecast data” are all higher than the average height of
the mung beans, which can be speculated that the efficiency of earthworms in decomposing kitchen waste 
is affected by heavy metal , leading to the poor growth of the mung beans.The different value between the
two can also be used to determine how much the earthworms are affected. The greater the difference is, the
much the earthworms are affected. The influence level from high to low: ZnSO4 70ppm>CuSO4 
70ppm>CuSO4 35ppm>ZnSO4 35ppm. Considering this result and the survival rate(experiment2), it reveals 
that ZnSO4 70ppm has the greatest impact on earthworms, while the  ZnSO4 35ppm and CuSO4 35ppm 
have relatively little impact on earthworms.

Conclusion

( )

1.According to the literature review and the research from experiment 1, due to the nutrient provided by
manure, the mung beans’ growth height in the soil containing earthworms is higher than that in the one only  
with kitchen waste. And it can also be seen that the efficiency of decomposing kitchen in the former one is
higher than that in  the latter one.

2.According to the research from experiment 2, it is found that the survival rate of the earthworms in the soil 
added with ZnSO4 is lower than in the one added with CuSO4. And in the same heavy metal solution, the
higher the concentration is, the lower the survival rate is.

3. According to the research from experiment 3, it is found that the mung beans’ growth height in the soil 
added CuSO4 is higher than in the one added with ZnSO4. In addition, the death rate of the earthworms and
the influence on the efficiency of decomposing caused by 70ppm ZnSO4 is the most obvious, and the ones 
caused by 35ppm CuSO4 are smaller in comparison.

In this group, earthworms were placed in the soil containing heavy metal solution in order to study whether
the decomposition efficiency of kitchen waste is affected. The results indicates that the higher the
concentration of the heavy metals is, the poorer the earthworms’ efficiency of decomposition is. Heavy metal
pollution has become an issue that cannot be ignored these days. Not only does it endanger the ecology, but
it may also even eventually return to humans. The influence of heavy metals on the earthworms is confirmed
by the experiments, and other organisms might not be exception. We hope that through this experiment, the
public will realize the seriousness of heavy metal pollution, which is a topic that we cannot turn a blind eye to.

1

https://reurl.cc/9rreWn

2

https://reurl.cc/MAAp24

3
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4 https://reurl.cc/Q99r2p

5
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Outline and its First Inspiration
The school biology club has been researching the functionality of foods through microorganisms

(eubacteria) and the intestinal flora of mice [1-13]. This inspired me to use food functionality and mice to
investigate a problem I and many high school students have had: skin care.

Most skin cares are external, such as sunscreen, and I have experienced roughness as a result of these.
Instead, I wondered about internal skin care. Studies have shown that ingesting coffee containing polyphenol
two or three times a day is effective in skin whitening [14-16]. However, high school students tend not to drink
two or three cups of coffee a day! Looking for alternatives, I found chocolate: the number one snack among
high school students [17] !

The advantages of chocolates are: (1) unlike coffee, they are easy to carry, for example, loose in a
schoolbag, and so (2) they can be eaten wherever and whenever, such as on the way to school or between 
classes!

Goal   
  Chocolate is made from cacao beans which contain polyphenols. 
  I hypothesized that the functionality of cacao polyphenols would lead to sun care in the form of sunburn 
prevention that could be measured by the amount of sunburn (erythema) on the skin.
  Chocolates are labelled depending upon the concentration of cacao in them, for example “dark chocolate” 
has more than “milk chocolate”. I wanted to measure the color changes of mice fed different chocolates after 
being exposed to artificial ultraviolet light equivalent to 30 minutes of midsummer sun.
  In the long run, chocolate is cheap, so I thought it would be great if high school students (humans), who 
are mammals in the same group as mice, could use it!

Novelty and Creativity
First, I realized that to observe sunburn on the back, hairless mice (BALB/cAJcl-nu/nu) [18] were needed. I

used female mice because they are less aggressive.
Second, I determined the chocolate to be administered by referring to the percentage cacao content and

nutritional facts, and chose three: “Milk Chocolate”, “Dark Chocolate” and “Chocolate Effect” [19-20] (Fig.1-3).  
The amount of chocolate to be administered to the hairless mice (270mg/day) was determined by scaling

the dose for a high school student (50g/day) by body weight, and application of an HED factor [21].
Third, ultraviolet light from the sun (UVA 400-320nm, UVB 320-280nm, UVC 280-200nm) causes sunburn.

The main causes are the UVA and UVB that pass through the ozone layer [22-23]. Therefore, I chose a dose of
5-7mw/cm2 of UVB, which is equivalent to the July sun, to apply to the hairless mice for 30 minutes via a home
tanning machine (Fig.4). The day after irradiation, when the erythema (sunburn) could be observed, I
measured changes in color using a colorimeter (Fig.5).

Finally, I decided to apply a Student’s t-test to statistically analyze the results.
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Feasibility and its Prospect Report of progress can also be acceptable
Hairless mice in a control group were not given chocolate but were irradiated with UVB. Erythema was

observed on their backs. Measuring this with a colorimeter and setting the value to 1.00, the relative values of
the experimental groups could be plotted and compared (Fig.6).

Experimental group were given “Milk Chocolate” and were irradiated, and the erythema (relative value 
0.97) was near that of the control group (Fig.7). This result suggests that “Milk Chocolate” had no sunburn 
prevention effect.

Experimental group were given “Bitter Chocolate” and were irradiated, and the erythema (relative value 
0.99) was almost indiscernible from that of the control group (Fig.8). This result suggests that “Bitter 
Chocolate” had no sunburn prevention effect.

Experimental group were given “Chocolate Effect” and were irradiated, but unlike the control group, 
almost no erythema (relative value 0.88) was observed (Fig.9). This decrease in erythema may be related to 
the antioxidant properties of cacao polyphenol.

The Student’s t-test of experimental group and the control group showed that the sunburn prevention 
effect after UVB irradiation was significant ( <.003). A t-test of the experimental group and unirradiated 
normal hairless mice (relative value 0.87) showed no significant difference (n.s.), further evidence of the 
sunburn prevention effect (Fig.10-11).

These results verify that consumption of chocolate with a high cacao polyphenol content leads to sunburn 
prevention (skin care) in hairless mice. Bearing in mind humans and hairless mice are both mammals, rather 
than buying expensive external care products, it may be better for people to buy cheap, , bitter 
chocolate.

I would like to recommend using bitter chocolate for skin care (sunburn prevention) to high school students 
and everyone else around the world!

Future potential and its plan
I am planning to investigate the physiological effects of administration of cacao polyphenols on hairless 

mice, such as on their blood composition and intestinal flora.
This is because mice and humans both being mammals, research using mice as models is significant.

References 
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Abstract of the Presentation
Title Investigating the effect of cockroach odor on its behavior

Goal
1. Learn about the eating habits of cockroaches
2. Learn how cockroaches are affected by different scents
3. Observing the effect of bacteria in different stool on cockroach behavior

Novelty and Creativity
Research methods and Processes
1. Learn about the eating habits of cockroaches

  We want to learn about the eating habits of cockroaches, so we prepare 10 grams of rice, 

apples, vegetable, eggwhite, yolk and sugar into the breeding box, and then we conduct 

experiments on cockroach feeding habits through the following steps:
(1) provide RO water for two weeks
(2) take 10 grams of food and put them into the breeding box
(3) take it out after a week and weigh the food

       (Picture 1) vegetable, egg white, rice               (Picture 2) yolk, sugar, apple

2. how cockroaches are affected by different scents
(1) Make a scent walk

   We use plastic board and black colored paper to make a cross walkway and at the function in the 

middle make a door that you can enter but not go out. ( Use black colored paper because cockroaches
are comfortable with black.)

(Picture 3) cross walkway diagram            (Picture 4) cross aisle finished product

(2) Pick substance
  We prepare putting CH3COOH, cockroach body, RO water and stools at the ends of the cross
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according to the literature. CH3COOH is a kind of volatile fatty acid, Cockroach body contains waxy 

substance, RO water is purified water, and the stools of cockroaches are the stools they produce 
during the normal period. Finally observe which direction the cockroach is moving.

                   (Picture 5) experimental schematic

3. Observing the effect of bacteria in different stool on cockroach behavior
   We use yogurt and RO water to feed and change the intestinal bacteria of cockroaches, yogurt is the 
experimental group, and RO water is the controlgroup, to observe what kind of cockroach feces the 
cockroaches are attracted to, and to discuss the feces produced by cockroaches fed yogurt and provides 
only moisture to cockroach feces, attracting cockroaches.
(1) divide 18 cockroaches into groups of 9, a total of two groups
(2) one of the groups was fed yogurt and the other was given sterile water for a week
(3) collect feces of cockroaches fed yogurt and RO water
(4) put these two kinds of cockroach droppings at the end of the straight aisle
(5) observing the effect of bacteria in different stool on cockroach behavior

(Picture 6) cockroach feeding bacteria         (Picture 7) one-line walkway schematic diagram

Feasibility and its Prospect Report of progress can also be acceptable
The Results Of  Research
1. Learn about the eating habits of cockroaches

2. Learn how cockroaches are affected by different scents
(1) the first test (17 cockroaches)

(2) the second test (12 cockroaches)

(3) The third test (20 cockroaches)

(4) total

3. Observing the effect of bacteria in different stool on cockroach behavior

(1) the first test (18 cockroaches)

(2) the second test (18 cockroaches)

The Discussion Of Our Research
1. Learn about the eating habits of cockroaches

  According to the experimental data, we found that sugar consumption is the most, so we speculate 
that cockroaches prefer to eat sugar, and the weight of the egg yolk is 1.7 grams heavier than the 
original. We speculate that the weight of the egg yolk becomes heavier due to the absorption of 
moisture in the air.

2. Learn how cockroaches are affected by different scents
  According to the experimental data, we found that the number of cockroaches attracted by acetic 
acid is the largest. We speculate that the smell of volatile fatty acids will attract cockroaches, and the 
number of corpses is the least. Prevent companions from approaching and companions away, and this 
smell covers the waxy substance on the shell. The number of cockroaches attracted by cockroach 
feces and water is very close. We speculate that the volatile fatty acids contained in cockroach feces 
are partially volatilized, causing cockroaches to lose weight. The attraction to this smell is reduced.

3. Observing the effect of bacteria in different stool on cockroach behavior
  Experimental data show that we found that at the end of the walkway, we put cockroach feces fed 
with yogurt and cockroaches fed with sterile water, and the cockroaches that attracted the most yogurt 
feces were the ones that attracted the least, and the least were cockroaches fed with sterile water 
Feces, we speculate that cockroaches are attracted to feces that have been consumed with yogurt, and 
may be mainly attracted by bacteria (lactic acid bacteria) in the feces.

Future potential and its plan

References 
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Abstract of the Presentation
Title Effects of Carbon Dioxide Concentration in Masks on Indoor Classes of High 

School Students

Outline and its First Inspiration
Whether we go to work, school, or even run an errand, we have to put on our masks, afraid of contracting 

the epidemic. Obviously, the mask has become a must-have item. We often hear the teachers remind 

everyone to open the windows and keep the indoor air circulating, so that we will not feel drowsy. These 

make us wonder if the gas trapped in the mask could not circulate as quickly as it would be without a mask. 

Can wearing a mask have impacts on students' learning in class? Therefore, we will study this as a topic.

Goal
This study includes General Flat Masks, 3D Fish Mouth Mask and 3D Butterfly Mask.

I. Try to assemble your own detection system to measure carbon dioxide concentration, temperature and 

humidity. 

II. Explore the ability of different types of masks to permeate carbon dioxide.  

III. Discuss the changes in carbon dioxide concentration when wearing  different masks. 

IV. Use questionnaires to investigate and analyze the impact and changes of wearing masks on students 

in the school's indoor classes. 

V. Use instrumental testing and questionnaire surveys to analyze whether students are affected.

Novelty and Creativity
There is a video on the Internet, like this [3]. Before the experiment, the partial pressure of carbon dioxide

in the body was originally 31.6mmHg. After wearing 4 layers of masks, it became 31.8mmHg, and then added
3 layers of masks to reach 32.5mmHg. The normal range of partial pressure of carbon dioxide is between 
30~45mmHg, it can be seen from the video that the effect of the mask is very small. Some people on the
Internet mentioned that masks make it difficult to discharge carbon dioxide and lead to carbon dioxide 
poisoning. These are all wrong. Only when the concentration of inhaled carbon dioxide is as high as 10% can 
it cause harm to the human body. It is only 4~5%, but our experiments have found that wearing a mask will 

still have an impact on the human body.

Feasibility and its Prospect Report of progress can also be acceptable
I. Production of carbon dioxide concentration detectors: Link the SGP30 to the Arduino UNO board using 

the DuPont cable.

II. Experiment 1: Measure the change of carbon dioxide concentration of different masks on permeation.

i. Weigh 3.5g of sodium bicarbonate powder into a 250mL filter flask and secure the mask to be 

tested with a rubber band set at the mouth of the filter bottle.

ii. Place the assembled carbon dioxide detection device above the mask. Consider Chart 2.

iii. The system detects the concentration of carbon dioxide permeating the mouth of the filter bottle 

and automatically records the change of concentration. Consider Chart 3.

iv. Draw a line chart of carbon dioxide concentration change and analyze the experimental results.

Consider Chart 4.

III. Experiment 2: Carbon dioxide concentration analysis is performed on experimenters wearing different 

masks using instruments. Place the instrument near the cheek of the subject wearing a mask. Consider 

Chart 5 & Chart 6 & Chart 7.
IV. Questionnaire Make a google form to ask students about their status and feelings in school. For 

example, ask if you feel clouded or short of breath from wearing a mask.

V. Conclusion

i. This study successfully used the arduino board assembly detection instrument to measure the 
change of carbon dioxide concentration in the mask.

ii. Of the three masks used in this study, the 3D Butterfly Mask has the worst permeation effect on 
carbon dioxide. It is similar to the data of the 3D Fish Mouth Mask, but there is still a slight gap.

iii. This study found that different types of masks can indeed affect the carbon dioxide content in the 
mask. Moreover, the concentration of carbon dioxide in the mask can reach more than ten times 
the concentration of carbon dioxide in the air, and long-term use may cause adverse health 
effects.

iv. Through the questionnaire survey, we can find that most people who wear masks to class feel 
that masks will lead to increased drowsiness.

v. Through the questionnaire survey, most of the students were affected and changed in class 
because of wearing masks.

Future potential and its plan
I. Discuss the influence of wearing masks on the behavior of senior high school students.

II. Add more types of different masks for comparison.

III. Distinguish gender and observe whether there is any difference.

IV. Discuss the influence of carbon dioxide and the memory of high school students.

References 
[1] 2020

[2] Adafruit SGP30 TVOC/eCO2 Gas Sensor October 4,2022 .Adafruit Learning 

System.https://reurl.cc/Ydd5Qa
[3] - (2022 07 15 )

http://kpzg.people.com.cn/BIG5/n1/2022/0715/c404214-32476355.html

Appendix I:Literature Study
The harm of carbon dioxide to the human body

Generally speaking, the concentration of carbon dioxide in the air is between 350-400ppm, and it is still an 

acceptable range up to 450ppm. It may cause headaches, drowsiness and stuffiness when it reaches 700ppm 

or more. Partially cause a decline in thinking ability, and when it reaches above 5000ppm, it will cause loss of 

consciousness and confusion.

Appendix II:Research Methodology
i. Flow diagram:

(Chart 1)
ii. Photo of the experimental setup: Connect the device to a computer to observe the relevant data.

(Chart 2)                                      (Chart 3)

Appendix III:Experimental Date

                 (Chart 4) (Chart 5)

                  (Chart 6)                                       (Chart 7-1)

                 (Chart 7-2)                                    (Chart 7-3)
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(Chart 8)                     (Chart 9)                            (Chart 10)

(Chart 11)                    (Chart 12)                           (Chart 13)

            
(Chart 14)                                 (Chart 15)

(Chart 16)                      (Chart 17)                  (Chart 18)

          

(Chart 19)                                     (Chart 20)
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Abstract of the Presentation
Title Improving the brain memory capacity of old people through a card game

Outline and its First Inspiration
As we all know people worldwide all have a problem, that’s when we reach a specific age our brain memory 
capacity will start drooping till we are incapacitated.
So I was wondering if I can make a card game to particularly to training the memory power or even to test 
the memory power of your own to find out the risk of dementia.

Goal
1. Discussion of the happening of Senile dementia and brain Functional Status Assessment (JOMAC)
2. Design a flop game dedicated to Senile dementia
3. analyze the wrong move in the flop game and what it corresponds to the JOMAC indicator
4. build a flop game-based assessment model for dementia in the elderly

Novelty and Creativity
1. using a flop game on the dementia test and prevent 
2. Using the JOMAC test to make the flop game measure particular for dementia 
3. Based on the flop game’s rules design some special game levels to test out the unusual behavior that 

the player makes meanwhile those mistakes will be recorded and analyzed in the judgment criteria of 
J (Judgement) O (Orientation) M (Memory) A (Attention & Abstract thinking) C (Calculation) and see 
what the problem is

Feasibility and its Prospect Report of progress can also be acceptable
This study hopes to use the flop game to allow players to evaluate the state of brain function in a fun and 
challenging process. Analyze the player's recorded behavior during the game, and evaluate it with the five 
indicators of the Brain Functional State Assessment (JOMAC) scale, evaluate the data to understand 
whether the player has early senile dementia, and take corresponding measures through an early warning 
to have an early treatment
1. Brain Functional Status Assessment (JOMAC): As the most basic neuropsychiatric JOMAC 

assessment, the items are
A. J(Judgment): Basic common sense such as: (What should I do when I encounter a red light 

when crossing the road? What should I do when I get home and smell gas?)

23 Taipei Municipal Nei-hu Vocational Hight School
B. O(Orientation): Cognition of people, events, land, and objects: (Where are we? Who brought 

you here?)
C. M(Memory): It can be divided into short-term, medium-term, and long-term memory: (short-

term-such as a flop game, medium-term-such as what do you eat for breakfast, long-term-
such as family birthdays)

D. A(Attention & Abstract thinking): Concentration and interpretation of abstract things: (for 
example, can you concentrate on listening to questions or explaining the meaning of idioms?)

E. C(Calculation ): Calculation ability: (such as addition, subtraction, multiplication, and 
division;100-7=93, 93-7=86, 86-7=79, 79-7=72)

2. 2. Flop game: There are a total of 8x8 cards with 64 cards and 32 suits. At the beginning of the game, 

all the cards will be folded and the order will be disordered. The player will turn over the cards randomly. 
The suit must be covered back; if the two cards are of the same suit, they will not be covered back if 
they are turned over. The game is complete when all the tiles are turned over. Based on the evaluation 
principles of JOMAC, the following rules are additionally designed to test the extended levels of the 
five major indicators of JOMAC, as described below
(1) Orientation and concentration focus: The game has a total of 36 cards in 6x6, which are divided 

into indicator cards and target cards. There will be target positions on the indicator cards. Players 
must follow the instructions to open the target cards. Examples are as follows:

  
Figure 1. 

(2) Judgment focus: There are a total of 8x8 64 cards and 32 pairs of matching cards (such as 
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keys and locks) in the game. Examples are as follows:

Figure 2. 

(3) Mid-term memory focus: The game has a total of 4x4 cards with 16 cards and 8 suits. After the 
player completes the game, he will ask an additional question about suits (for example, which of 
the following suits has not appeared before; the first revealed suit is which). When all the card 
colors are turned over and the question is answered correctly, the game is completed, for 

example as follows

Figure 3. 
(4) (4) Calculation power focus: There are a total of 4x4 16 cards and 8 types of numbers in total in 

the game, and a target number is generated at the beginning. If the card adds up to the target 
number, it will not be folded back;

Which of the following did not appear 

23 Taipei Municipal Nei-hu Vocational Hight School

Figure 2. 

3. Behavior Analysis of Players: Based on the above-specialized game rules plus abnormal behaviors, 
we classify them into the following behavior patterns
(1) Behavior 1: Flip the cards in the wrong order more than 5 times in the specific topic of orientation
(2) Behavior 2: Make more than 5 mistakes in the specialization of judgment
(3) Behavior 3: Make more than 5 mistakes in the final answer part of the specialized questions in 

the mid-term memory
(4) Behavior 4: Make more than 5 mistakes in the final part of the calculation-specific questions
(5) Behavior 5: Repeatedly click on the wrong answer more than 10 times

4. JOMAC table for flop games: According to different player behaviors, analyze their ratio in JOMAC 
indicators, and construct a weight table as follows

Table 1. The weight of Jomac in the card game

Judgment Orientation Memory Attention Calculation

Behavior 1 0.25 0.90 0.40 0.5 0.00

Behavior 2 0.90 0.12 0.45 0.25 0.00

Behavior 3 0.00 0.12 0.95 0.25 0.00

Behavior 4 0.00 0.12 0.91 0.40 1.00

Behavior 5 0.5 0.15 0.90 0.25 0.00

5. 5. Collect and analyze flop game data:
6. During the game, the player has abnormal behaviors of Behavior 1 and Behavior 3, so the weights 

can be obtained as [0.25, 1.02, 1.35, 0.75, 0.00], which shows that the player has a relatively 
prominent memory and Orientation, representing These two indicators are relatively problematic.

Target number is 10
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Future potential and its plan
1. 1. Relatively estimate the memory ability of the subjects
After completing the questions, the subjects will get a relatively objective memory diagnosis, and 
understand what type of questions they have difficulty with, such as: (The score of the image memory part 
is significantly reduced)
2. Practice after knowing your problems
After analyzing the problem, adjust the question bank to focus on practice gaps and achieve improvement'
3. Early perception of special brain diseases
Some special diseases of the brain are closely related to memory, and the symptoms of diseases can be 
detected in advance through tests
4. Promote communication between the elderly and the young
The gap between the elderly group and the young group has always been unchangeable, so if a common 
bridge is used as a catalyst, I believe the situation will change
5. Alleviation of dementia
Even though dementia is mostly irreversible, delusions in dementia patients can be alleviated by games 
and images with related memories
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Abstract of the Presentation
Research on application of cloud intelligent planting robot in pest control

Pest control is an important step in agriculture. From ancient to modern times, labor and pesticide have been used
to prevent pest and treat pets-attacked crops. However, there is still room for improvement to achieve efficiency in
pest control as well as reducing the manpower spent on our environment.

This study utilizes the 3D positioning and capturing images. A fully automated and semi-automated scheduling can
be used to operate our machine to monitor the growth status of crops. In addition, intuitive monitoring on the APP
as well as clicking on the type of crops we want to plant can also be achieved.  With scheduled planting position,
the growing process of crops is surveillant and can send data to the cloud. 

The machine is able to predict the location of pests and diseases through cloud-based artificial intelligence analysis
and can notify the farmer early and carry out the removal of the symptoms.  
Fig.1 System Architecture Diagram
Fig.2 System Wiring Diagram

1. A planting machine is constructed with stepper motors and sliding rails, which can be controlled by the cloud on
the three-axis positioning.

2. Cloud artificial intelligence to take close-ups of plant leaves and to analyze plant diseases and insect pests.
3. Determining whether irrigation is necessary after detecting the humidity
4. Use the APP to view images captured and monitor the planting area.
5. Using heat induction to keep records of plant status in each period.

Use the APP to connect to the cloud for institutional control and image monitoring with the use of a camera on the
multi-function gripper for image recognition.
After making a close-up judgment on the leaves of the plant, imaging learning can be used to identify plant diseases
(Fusarium oxysporum, Gray mold)and pests (Pseudococcus, aphid ). Use infrared thermal imager to mark and locate
pests and diseases in order for users to understand the problems of plant diseases and pests and learn to solve them.
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1. Mechanism Design and Implementation of Planting Robot.
   (1) mechanism design
     a. Three-axis mechanism design       
     b. Aluminum extrusion gantry
   (2) Device Control
     a. Humidity Sensing
     b. camera
     c. water pump
   (3) Cloud System
     a. Synchronous step motor location information to the cloud.
     b. Users give control commands through mobile devices.
     c. Repositioning, watering, reading sensors and taking photos to diagnose plant health.
2. Humidity Sensing and Irrigation
   (1)Sensing humidity and uploading to the cloud.
      a. After sensing the humidity, the data is uploaded to the cloud to determine whether irrigation is needed.

Then, data is uploaded to Thingspeak and convert it to graphs.
        Fig.3 Humidity sensing and irrigation data sent to Thingspeak.
3. Video surveillance and plant positioning.
4. Identification of pests and diseases on plant leaves.
   (1) Pests sample collection.
   (2) Using CNN to Construct Artificial Intelligence Visual Classification Module.
5. Discussion on the feasibility of detecting pests and diseases by thermal induction.

Use the camera on the multi-functional gripper to take close-ups of the plant leaves and send them to the cloud 
database to identify plant diseases and pests. Next, use infrared to record the heat energy and temperature changes 
of the plants.
Using robots to plant crops with a long growth period with high economic efficiency combining with economic 
industries to increase the application value.

1. RaspBerry pi to Google sheet
https://reurl.cc/QWqpYq

2. How to use Thingspeak
https://reurl.cc/nZG7Dv

3. How to use Arduino CNC motor board
https://reurl.cc/LX79ox

4. Arduino Digital digital input and output
https://reurl.cc/qNQRXy

 Fig.1 System Architecture Diagram

Fig.2 System Wiring Diagram

Fig.3 Humidity sensing and irrigation data sent to Thingspeak
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Title  Brain synchronization as a marker of learning during cognitive development 

and social interaction 

Outline and its First Inspiration
As a high school student, and gradually developed an interest for neuroscience, I became curious about what
it meant to learn. Learning takes place in various contexts, and the school classroom is definitely not the only
place we acquire new knowledge. So, I decided to utilize the EEG headset which is a portable device with 5 
sensors that will measure 5 electrodes along the scalp. As mentioned above, learning encompasses both

cognitive and social aspects, so having this unique approach and understanding the neurological meaning of 
learning in both contexts was essential.  

Goal
The objective of this research is to establish a better understanding of the brain pattern when 
learning in a cognitive situation, and a social situation. When in a cognitive situation, the goal is to 
understand (1) the differences between learning languages simultaneously and sequentially (2) how 
the evolution of human works and how knowledge and information are acquired. This study will also 
aim to elucidate the phenomenon of brain synchronization whilst social interactions. The 2 have 
similarities of brain synchronization so the goal is to differentiate the two, contrasting how the two 

different environments have disparate effects on the brain.  

Novelty and Creativity
The novelty of this study is the neuroscientific take on learning. For this study, learning is the brain adjusting
to cognition/ social situations, and for the brainwaves to synchronize. In the past, learning has never been
quantified. Typically, students’ learning abilities and skills in a cognitive scenario is measured with tests. For
example, people take reading comprehension tests and the results become a marker of their understanding 
of the reading and the language. In a social scenario, learning is predominantly measured by behavioral
observation. For example, their ability can be observed through their ability to make friends in a social setting,
or how they get along with other people. With the advent of portable EEG headsets, it is now possible to

quantify learning in a cognitive and a social scenario, based on brain wave pattern differentiation and reading
the synchronization of brainwaves. 
The results of the first experiment (on cognitive development and language learning) show that alpha-beta-
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theta brainwaves synchronized (when reading the passages) among volunteers who simultaneously learn

Japanese and English, meaning there was mastery. On the other hand, beta activity dominated among 
volunteers who sequentially learned both languages. For the results of the second experiment (on social 
behavior), it was established that social interactions are a learning process since there there was brainwave 
synchronization after volunteers interacted with people they met for the first time. From these results, it can 
be said that the brainwaves sync when there is a form of “learning”. However, for the first experiment,
brainwaves synchronized when there was “mastery”, whereas, for the second experiment brainwaves 
synchronized when they were exposed to new environments and learning to form communication circuits in 
the brain. 
This study is an original study written only for Tsukuba Science Edge. The study on brain synchronization

during cognitive development was presented at other conferences but combining two different approaching 
and contrasting the two has never been published elsewhere. Moreover, this was a “low-impact TESOL related
human subject research”, and a non-invasive experiment. Therefore, there is no need for an IRB or need for 
screening. The only personal information accumulated was their biological sex and age. 

Feasibility and its Prospect Report of progress can also be acceptable
This study covers “learning” from two different approaches: language learning and social communications.   
My next goal is to continue further research in this field of defining learning in a neurological sense and taking
other approaches such as brainwave patterns when learning different subjects other than language or learning
different forms of arts. 

Future potential and its plan
The results of this study have been established, so I will focus on the applicability of these results in the future.
With this research of measuring brainwave synchronization in two different settings, we can now have a 
scientific approach to better understand the level of mastery a person has in a language, and identify the 
neural underpinnings of real social exchanges. This could potentially improve education methods or alleviate 
the treatment of many psychiatric disorders that involve social impairments. And instead of solely focusing on 
language tests, we can now look at brainwave synchronization to quantify the comfortability of a person’s skill. 
In other words, any activity that requires learning in a cognitive or social way can be quantified and applied to 
improve academic settings. 
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Title The effect of digestive enzymes of on human skin

Outline and its First Inspiration  
Having a passion for skincare, I am fascinated by how chemicals like glycolic acids, although harmful in high amounts, can offer 
substantial benefits to the skin. Thus, when I came across the peculiarity of the carnivorous also known as Venus 
Flytraps, it made me question if the plant's digestive enzymes, conventionally used to melt insects, can exfoliate the corneocytes of 
human skin and offer positive effects. This research relates to Goal 3 of the SDGs, “Good health and well-being,” where solutions to skin 
problems are needed. This is because 900 million people struggle with their skin worldwide[1]. While not all these problems can be 
solved by exfoliating the skin, it is an effective way to fix struggles regarding acne, hyperpigmentation, and roughness of the skin[2].   

Goal  
Aim: To determine the effects of the digestive enzymes of  on dead human skin cells and deduce if there are any 
potential benefits to the skin.
Research question: What effect do the concentrations of the digestive enzymes of , 100%, 75%, 50%, and 25% have 
on dead human skin cells?

Novelty and Creativity
 is a mixotrophic plant that consumes small insects by trapping them between the two hinged lobes at the end of 

each leaf, secreting digestive enzymes to break down insects[3]. Notably, the major component of the digestive enzymes of 
 contains the endopeptidase C1 protein[4], cysteine protease[5]. Specifically,  secrete four different types of 

cysteine proteases, dionain-1 to -4, with dionain-1 having an atomic mass of around 45 kDa (7.472 X 10-11 ng)[5]. Although there is no 
data regarding the atomic mass of dionain-2 to -4, it is assumed to be around 45 kDa (7.472 X 10-11 ng) in this research due to their 
structural similarities. (dionain-2 being 85%, dionain-3 being 58%, and dionain-4 being 48% identical to dionain-1)[5] Like cysteine 
protease, papain is also an enzyme classified as a C1 protein and an endopeptidase [4]. It has been found to remove dead skin cells from 
the corneocyte by breaking peptide bonds and inducing cell turnover to improve skin conditions[6]. Thus, given the ability of the 
digestive enzymes of  to break down insects and its content of cysteine protease as an endopeptidase C1 protein, 

 Despite the possibility of the digestive enzymes of 
 having favorable impacts on the skin, its usage as an exfoliant has not been researched. Thus, my exploration into the effect 

of the digestive enzymes of  on human skin cells offers creativity and is necessary. 

Feasibility and its Prospect  
Extracting a single enzyme from the digestive enzymes of  would clarify the effects of a specific enzyme on human 
skin cells. However, the extraction of a single enzyme amongst many is not feasible with the available equipment. Despite this 
limitation, the extraction of digestive enzymes is feasible. This is achieved through filtration and the further concentration of enzymes 
through refrigerated centrifugation using amicon ultra centrifugal filters. (Millipore) These digestive enzymes will then be run through 
SDS polyacrylamide electrophoresis to determine the enzyme contents extracted. Moreover, the use of real human skin in this 
experiment is not feasible at the level of my exploration. However, dead human skin cells will be used as a substitute for live human 
skin cells. These dead skin cells will be obtained by putting a piece of transparent tape on the corneocyte of the skin and peeling it off. 
Different concentrations of enzymes will be subjected to each piece of tape to observe the effect of digestive enzymes on skin cells. 
Then the change in skin cell area will be quantified through the software of ImageJ. 

 
Methodology  

1.   leaves (5.5g) were cut into small pieces and ground with 55ml of 20mM Tris-HCl (pH 7.5) containing 150mM NaOH.  
2.  
3. The filtrate is centrifuged at 4000xg under 4°C for an hour in amicon ultra centrifugal filters.  
4. Enzyme concentrations of 100%, 75%, 50%, and 25% (  each) were made with appropriate amounts of 20mM Tris-HCl (pH 7.5) 
containing 150mM NaOH.  

5.  of digestive enzyme (100%) was diluted with 20μl of 4x Sample Buffer Solution (250mM Tris-HCl pH6.8 ,8  SDS 40  
Glycerol 0.02  Bromophenol Blue, 8% 2-mercaptoethanol), making seven concentrations by 3-fold serial dilution and subjecting it to 
SDS polyacrylamide electrophoresis, stained with Coomassie brilliant blue (CBB). 
6. .  
7. The Petri dishes were heated at 37°C, and the tape was checked under the microscope at 10, 30, and 60 minutes.  

/Conclusion            
It was suggested that the collected enzyme is a type of dionain from SDS polyacrylamide electrophoresis. (Diagram 1) This is because 
the dye for electrophoresis, CBB, only weighs proteins with atomic masses over 6.02 X1012 kDa (10 ng). This value is significantly larger 
than the atomic mass of dionains, which is around 45 kDa (7.472 X 10-11 ng)[5], explaining why bands were not observed in 
electrophoresis. Because bands were not observed for any of the concentrations of digestive enzymes in SDS polyacrylamide 
electrophoresis, the existence of dionain in the extracted enzymes is inferred. Moreover, it is evident that the lost area of dead skin 
cells increases as the concentrations of digestive enzymes increase. (Graph 1) In addition, the lost area of cells expands with increasing 
duration. This indicates that digestive enzymes break down the skin cells more effectively, given a longer duration. (Diagram 2) 
Notably, the standard deviation of the lost area of cells enlarged with increased duration of exposure and concentrations of digestive 
enzymes. (Diagram 2) This increase in the standard deviation implies that the amount of cell area lost at durations of 10 min, 30min, 
60min is more distributed in higher enzyme concentrations, indicating that higher concentrations have the most effects. From this 
information, it is interpreted that the digestive enzymes of are breaking down peptide bonds between the proteins 
of dead skin cells. This is further supported by the pictures in Diagram 3, where the area of cells decreases with time. This effect is 
most notably seen in samples 100% (trial 4), 75% (trial 2), 50% (trial 2), and 25% (trial 1). Given these changes to the area of cells with 
the use of digestive enzymes in (Graph 1), (Diagram 2), and (Diagram 3), it should be noted that the area of cells in the trials of control 
(0% digestive enzyme) did not face any substantial changes in any of these data. Hence, this indicates that the digestive enzymes 
of  are what's causing the area of skin cells on tapes to decrease. These points support my hypothesis and further 
strengthen my claim that the digestive enzymes are breaking the peptide bonds between dead skin cells. By breaking off the peptide 
bonds, the structure of skin cells becomes unstable, making them shed off the transparent tape. This is what makes the cell area on 
tapes to decrease

 Hence, it has potential benefits to the skin, such as removing dead skin cells to 
induce cell turnover and make the skin appear healthier. 

Future potential and its plan
Although a consensus was made that the enzymes obtained in this research are a type of dionain, the experiment's results did not 
explicitly support this claim, as it was only inferred. Hence, the prospect of a future experiment is to determine the effect of dionain on 
human skin, by specifically extracting dionain. Moreover, although the exfoliative effects were observed using dead human skin cells, 
by subjecting the enzyme to live mammalian skin, further effects of the enzyme on the skin would be observed, such as cell turnover. 
Moreover, the dye CBB in SDS polyacrylamide electrophoresis only allowed measurements of molecules with atomic masses over 6.02 
X1012 kDa (10 ng). Hence, in future projects, the technique of silver staining can be used to precisely measure the presence of dionain, 
given that it can weigh atomic masses over 1.51 X1011 (0.25 ng). Another method to determine the existence of dionain is to conduct 
an enzyme assay. Although dionain has an acidic pH optimum, an assay in neutral pH will allow natural proteases in humans, such as 
serine proteases, to be observed simultaneously[3]. Hence, the assays of dionain in different pH conditions are encouraged for future 
experiments. Because the digestive enzymes included in indicate the presence of exfoliative properties, they can be 
used to treat skin issues in the medical field and in the beauty industry. This is because exfoliative properties can be utilized to prevent 
acne, hyperpigmentation, roughness, etc[2]. Not only do these qualities help to achieve Goal 3 of the SDGs, the digestive enzymes in 

 also offer financial potential due to the immensity of the medical and beauty industry, 
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Appendix:

Diagram 1: SDS polyacrylamide electrophoresis (stained with CBB) of digestive enzymes of Dionaea muscipula by 
making 7 concentrations through 3-fold serial dilution with 20μl of 4x Sample Buffer Solution (250mM Tris-HCl

pH6.8 ,8  SDS 40  Glycerol 0.02  Bromophenol Blue, 8% 2-mercaptoethanol)

Diagram 2: Lost area of skin cells (%) observed at different times, 10min, 30min and 60min with different 
concentrations of digestive enzymes 100%, 75%, 50%, and 25% and its standard deviations.

Concentration 
of digestive 
enzymes

Lost area of skin cells (%) observed 
at different times (min)

Standard 
deviation10 minutes 30 minutes 60 minutes

100% (Trial 1) 1.27 2.52 3.35 1.047043457

100% (Trial 2) 1.36 2.37 3.52 1.080755908

100% (Trial 3) 1.58 1.99 2.96 0.7086842268

100% (Trial 4) 1.64 2.72 3.41 0.8921322772

100% (average) 1.4625 2.4 3.31 0.9237841108

75% (Trial 1) 1.14 1.94 2.92 0.8915155635

75% (Trial 2) 1.03 2.02 3.21 1.091527981
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75% (Trial 3) 1.15 1.99 2.89 0.8701723967

75% (Trial 4) 1.24 2.13 2.73 0.7496888243

75% (average) 1.14 2.02 2.9375 0.8988151924

50% (Trial 1) 0.96 1.85 2.54 0.7921068951

50% (Trial 2) 0.77 1.73 2.67 0.9500175437

50% (Trial 3) 0.91 1.89 2.32 0.722657134

50% (Trial 4) 0.89 1.86 2.92 1.015332458

50% (average) 0.8825 1.8325 2.6125 0.8663909818

25% (Trial 1) 0.41 1.02 1.54 0.5655970297

25% (Trial 2) 0.35 0.95 1.65 0.6506407099

25% (Trial 3) 0.63 1.23 1.76 0.5653612414

25% (Trial 4) 0.76 1.34 1.82 0.5307855813

25% (average) 0.5375 1.135 1.6925 0.5776154286

Control (Trial 1) 0.66 0.2 0.56 0.2419366308

Control (Trial 2) 0.55 0.33 0.41 0.1113552873

Control (Trial 3) 0.85 0.14 0.25 0.3821430797

Control (Trial 4) 0.14 1.04 0.14 0.5196152423
Control 

(average) 0.55 0.4275 0.34 0.105484991

Diagram 3: Pictures of skin cells (represented through white) observed at different times, 10min, 30min, and 60min,
with different concentrations of digestive enzymes 100%, 75%, 50%, and 25%. (Obtained from the software ImageJ)
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Abstract of the Presentation
The expression of nsCCN  in  Erythrocytes during the process of newt limb 

regeneration

The newt belongs to the family Salamandridae in urodele amphibians. This animal is the only known
tetrapod (four-limbed vertebrate) that can regenerate their various body parts through 
reprogramming/dedifferentiation of terminally differentiated cells as an adult in the terrestrial life-stage,
[1, 2, 3, 4, 5, 6]. It is a long-sought issue whether such exceptional ability of the newt can be explained by
genes conserved in vertebrates including humans, or by unique genes that the newt may have 
evolved[7,8].  
Previous studies have shown a growth factor called nsCCN was significantly upregulated by time and
likely thought to be involved in the regeneration process. The expression of nsCCN was confirmed in the
regeneration process of the heart after 6 hours post amputation[9]. And it significantly increased 
compared to other factors. In addition, Previous research conducted in our school has shown that nsCCN
was confirmed in the regenerating tissue of the limb after 6 hours from amputation. 
Furthermore, newt blood contains erythrocytes (red blood cells) at various stages of maturation. And 25%
of the erythrocytes share a common gene called Newtic1. Erythrocytes carrying that common gene 
normally circulate in the blood as a mass[10]. However, when a cell is damaged, they accumulate at the 
regenerative sites. Moreover, the matured erythrocytes that were forming clumps secreted a variety of 
factors such as, BMP and metalloprotease. These factors included those necessary for newt regeneration,
such as dedifferentiation and leg regeneration[12]. Therefore, we hypothesized that nsCCN is a gene
involved in regeneration and may be transported by blood to the regenerative sites. 
The purpose of this research is to elucidate the mechanism of this mysterious regenerative ability of 
newts by investigating nsCCN expression patterns during regeneration. This might provide useful clues
for regenerative medicine[11]. 

In our present study, we examined how the expression level of nsCCN in erythrocytes changes by time in
limb regeneration to clarify the relevance of nsCCN to Newtic1 and the regenerative ability of newts. 

Although the regenerative ability of newts has been studied for many years, the mechanism of this ability
is not known. In addition, previous studies have shown that nsCCN, which is the focus of our study, is
somehow involved in the regenerative ability of newts, there are still many unknowns. Studying nsCCN,
which may be involved in regeneration, may be one step closer to elucidating the mechanism of the 
regenerative ability of newts. Furthermore, at this time, nsCCN expression in blood has only been
confirmed in the heart. By examining the expression of nsCCN in the blood during regeneration in other
parts of the body, we believe we can show that nsCCN is involved in regeneration not only of the heart
and limbs, but also of the entire body. 

To confirm the expression of nsCCN in blood, the following experiments were done. 
In this study we used red-bellied newts. After amputation of the right forelimb, blood was 
collected, mRNA was extracted, and cDNA was synthesized from mRNA using reverse 
transcriptase. The expression of nsCCN was confirmed by electrophoresis. Finally q pcr was 
done based on the results of electrophoresis. 

27
1. AAmputation: After anesthesia, the right front leg was amputated using a scalpel. 
2. BBlood collection: 200μl of blood was collected from the ventral neck using a syringe at 3 

hours, 18 hours, 1 day, 1 week, 2 weeks, 3 weeks, and 1 month before regeneration from 
foreleg amputation. 

3. RRNA extraction: The blood samples were transferred to 1.5 ml tubes. Using the 
NucleoSpinBloodRNA kit, B-mercaptoethanol and 70% ethanol were added to extract 
the sample. After these steps, the RNA was confirmed to contain the appropriate 
concentration and moved on to the next step. 

4. ccDNA synthesis: Since RNA is fragile, cDNA was synthesized by reverse transcription 
of RNA using SuperScript II Reverse Transcriptase (reverse transcriptase). 

5. PPCR: Using the KOD-FX PCR amplification kit and custom primers for nsCCN, PCR 
was performed on the cDNA synthesized earlier, and the target gene was amplified by 
PCR. 

6. EElectrophoresis:1.5% agarose gel and GR Red Loading Buffer 6X were used to check for 
gene expression. 

7. qqPCR: qPCR was performed using CAPITALTM qPCR Green Mix. Tubulin was 

expression levels of nsCCN at each nsCCN time expressed before regeneration. 
The expression of nsCCN was observed before regeneration, at 3 hours, 18 hours, 1 day, 1 week, 
2 weeks, 3 weeks, and 1 month. the ideal base of nsCCN pair number and several bands of 
different sizes were observed. In addition, there was a tendency for two or more bands to appear 
in samples that were more than one week old. We considered that multiple bands were 
expressed due to selective splicing. 
The best expression was observed at 6 hours, and two peaks were seen: once less at 1 week and 
again more at 3 weeks. The peak at 6 hours and 2 weeks suggests that nsCCN may be a gene 
that becomes active during the wound-covering and tissue-sharing phases of regeneration[13].

To learn more about the relation between the bands that are expressed, the amount of nsCCN expressed, 
and newt regeneration, we would like to increase the number of samples and design new primers to 
investigate more deeply using real-time PCR to see which out-of-purpose size is produced over time. 

[1] Alvarado, A. S. & Tsonis, P. A. Bridging the regeneration gap: genetic insights from diverse animal 
models. Nat. Rev. Genet. 7, 873–884 (2006). 
[2] Eguchi, G. et al. Regenerative capacity in newts is not altered by repeated regeneration and aging. 
Nat. Commun. 2, 384 (2011). 
[3] Simon, A. & Tanaka, E. M. Limb regeneration. Wiley Interdiscip. Rev. Dev. Biol. 2, 291–300 (2013). 
[4] Islam, M. R. et al. The newt reprograms mature RPE cells into a unique multipotent state for 
retinal regeneration. Sci. Rep. 4, 6043 (2014). 
[5] Tanaka, H. V. et al. A developmentally regulated switch from stem cells to dedifferentiation for 
limb muscle regeneration in newts. Nat. Commun. 7, 11069 (2016). 
[6] Casco-Robles, M. M. et al. Turning the fate of reprogramming cells from retinal disorder to 
regeneration by Pax6 in newts. Sci. Rep. 6, 33761 (2016). 
[7] Kumar, A. et al. Molecular basis for the nerve dependence of limb regeneration in an adult 
vertebrate. Science 318, 772–777 (2007). 
[8] Looso, M. et al. A de novo assembly of the newt transcriptome combined with proteomic validation 
identifies new protein families expressed during tissue regeneration. Genome Biol. 14, R16 (2013). 
[9] Thomas Braun et al. Spiked-in pulsed in vivo labeling identifies a new member of the CCN family 
in regenerating newt hearts, Journal of Proteome Research, 11, 4693-704 (2012) 
[10] Roman M. Casco-Robles et al., Novel erythrocyte clumps revealed by an orphan gene Newtic1 in 
circulating blood and regenerating limbs of the adult newt, Scientific Reports, 8 7455 (2018) 
[11] NNN  !?~

~(2018) 
[12] TAMA  in 
TOYAKU (2020) 
[13] The newt reprograms mature RPE cells into a unique multipotent state for retinal 
regeneration,  Scientific Reports, 25116407 (2014)
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and storing the food when there are leftovers. However, by results from our study, we may have found a way

for “both” consumers and providers of resources to combat food loss easily. If we succeeded in finding
antimicrobial effects against food spoilage, which we aim to make a spray containing catechins, users can
directly apply food spoilage prevention to make the substance last longer.

Feasibility and its Prospect Report of progress can also be acceptable
In the first experiment, catechins were added to cabbage and broccoli in three liquids: sterile water, green

tea extract with catechins, and black tea extract with catechins, to see how the rotting process changed. The 
appearance of sticky substance from broccoli was slower when catechin was added, and analysis of 
photographs of cabbage using ImageJ showed slower discoloration when catechin extract was added, 
suggesting that catechin may be effective in preventing cabbage and broccoli from rotting (Graph2, Graph3). 

 In another experiment, broccoli was placed in an aqueous solution of sterile water and a catechin reagent
(hereafter referred to as "catechin extract"), and the bacteria that grew in the solution were cultured. Initially, 
the green and black tea extracts were made using tap water, and the environment and procedures of the
experiment varied, so the species of bacteria cultured varied from medium to medium. The experiment was 
repeated many times to create an environment in which no bacteria other than those caused by broccoli
spoilage could grow by placing broccoli in a catechin extract made using sterile water. As a result, the type of
bacteria created by the broccoli in the sterilized water was pathogenic, whereas the dominance of the bacteria
was changed by the catechin, which can be read as a spoilage inhibitory effect on the broccoli (Photo1,Table

,Photo ,Photo4). 
 We can tell this was an adequate outcome since we repeated the same experiment several times. 

Future potential and its plan
The future goal is to study the efficacy of the catechins discovered from the experiment against spoilage 

bacteria (Pseudomonas sp. based on the results). We will also explore the possibility of further delaying 
spoilage by adding another substance to the catechin, such as the ability to persist and how many days it 
delays the spoilage of vegetables. They will also try to develop a spray type that can be sprayed directly on 
foodstuffs, with the aim of eventually commercializing the product.

References 
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(Table1 Composition of LB culture medium, water and concentrate under 12 different conditions)

(Graph1 Difference in growth of E. coli in each condition)

(Graph2 Color change of cabbage with green tea)

(Graph3 Color change of cabbage with black tea)

(Photo1 From left to right: 1/100th of sterile water, 1/10,000th of sterile water, 1/10,000th of catechin solution, 
1/100th of catechin solution)

(Table2 Number of bacteria per ml assumed from the number of colonies)

(Photo2 Identification results of bacteria in 1/1000 of sterile water. High similarity from above.)

(Photo3 Identification results of bacteria in 1/100 catechin solution. High similarity from above.)

Research Stage Idea Preliminary Res lt
Field Check only one appropriate field.

Physics Chemistry Earth Science 
Mathematics Others specifying

Participant’s Information
School Name Yamagata Prefectural Yamagata East Senior High School 

Chihiro Kato 
Member Sayaka Inamura 

Supervising Teacher
Name Takayuki Sasaki

Abstract of the Presentation
Title Development of portable liquid soap Using artificial salmon roe. 

Outline and its First Inspiration
Outline 
 We hypothesized that if liquid soap was put into artificial salmon roe, it would be possible to create a 
soap that is resistant to humidity and can be used with a small amount of water.  Therefore, in this 
research, we decided to develop a portable liquid soap that can be used up in one use by putting 
liquid soap in an artificial salmon roe made of sodium alginate and calcium 
chloride.(picture1)(reference1)(reference2) Then, we conducted experiments to examine the strength 
of the artificial salmon roe membranes by varying the amounts of sodium alginate and calcium 
chloride.  Next, an experiment was conducted to identify the type of soap suitable for practical use by 
examining the difference in the grains formed when the type of soap was changed. (table1) Then an
experiment was conducted to find the right ratio when making artificial salmon roe containing soap, by 
changing the ratio of the amount of sodium alginate and the amount of soap put in the sodium alginate 
aqueous solution.(table2)(picture2) Next, we adjusted the size and colored it with artificial coloring, 
considering the appearance when it was commercialized.  Synthetic detergent could be used as soap 
without sedimentation or turbidity even when placed in artificial salmon roe, but hand-washing soap 
became white and cloudy, making it impossible to wash hands when soap was added to artificial 
salmon roe.  Therefore, in order to identify the substance that causes the reaction between calcium 
chloride and soap scum when hand soap is added, an experiment was conducted to adjust the 
amount of surfactant in hand soap. And based on the results, we decided to investigate substances 
specifically involved in precipitation. In addition, we were able to make soap that does not become 
cloudy with synthetic detergents, so we decided to test whether there are soaps other than CuCute 
that can be used to make soap. 

First Inspiration 
 Due to the spreading of the new coronavirus, we have more reasons to wash our  hands, but we 
noticed  that there was no soap in public places, and even if there was soap, it was unsanitary and 
difficult to use.

Goal
We will develop portable liquid soap using artificial salmon roe and make soap that can be used 
anytime, anywhere.

Novelty and Creativity
 At present, we can use  paper soap as a portable soap, but paper soap has the disadvantages of 
poor lathering, requiring a lot of water, and being difficult to store in a humid place.  However, in order 
to solve this problem, we are developing a liquid soap that uses artificial salmon roe, is portable, 
foams well, and is easy to store.  In addition, since it can be used up in a single use, there is no waste 
of  soap or surplus of  bottles.
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Feasibility and its Prospect Report of progress can also be acceptable
After discovering that artificial salmon roe can be mixed with soap, we thought it would be possible to 

make liquid soap using artificial salmon roe. However, at this stage, the strength is not suitable for 
carrying around, and the case for carrying around has not yet been developed, so the feasibility is low.
If portable liquid soap using this artificial salmon roe is put into practical use, it will be possible to 

easily wash one's hands on the go, and furthermore, it will be eco-friendly because we don’t have to 
use too much soap to wash our hands.
According to an interview with JICA, who has experience staying in Kenya, Kenya has frequent water 

outages, so it is convenient to have soap that can be washed with a small amount of water. Since it 
was mentioned  that it would help Kenya, we felt that there is a need for this soap not only in Japan 
but also in the world.

Future potential and its plan
Increase the strength so that it can be carried
Consider the case when carrying
Consider the environmental impact of using this specific soap.
Maintain its elasticity and function as a soap even when stored for a long period of time.

References
reference1

https://www.rs.kagu.tus.ac.jp/~elegance/jikkensp10/jinkouikura.html

reference2
https://www.bathlier.com/expand/o-recipe/ofuro-recipe/ofuro-recipe1/ofuro_recipe1_8.html (picture1)
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Abstract of the Presentation
Title Comparison of different variables and absorption values between biochar and 

activated carbon made of general disposable wood and bamboo chopsticks
Outline and its First Inspiration

In recent years, environmental pollution has intensified, clean water resources have become more 
and more scarce, and international competition for water resources has frequently occurred. Therefore, 
we want to discuss the issue of water purification. After searching the literature, we found that 
activated carbon has many uses. After searching more information about activated carbon, it is found 
that activated carbon is made from biochar through chemical or physical activation. The predecessor of 
activated carbon, biochar, is formed by carbonization of biomass energy. Also, have a lot of functional 
groups in activated carbon and biochar, it can fix metal ions in water on the surface of activated carbon 
to purify water quality. 

It is associated with the use of replacing the common waste "general disposable chopsticks" with 
the original biomass, which can implement green chemistry. 

Goal

This research will use common waste carbonaceous materials to make biochar and activated 
carbon, and we will compare the ability of absorbing copper sulfate and purifying water quality. Then, 
we will reuse the used biochar and activated carbon to achieve the purpose of green chemistry, dry it 
out and use it again, and discuss the effect of its repeated use. 

In order to achieve the above purpose, this experiment will be done as follows: 

(1) Whether its adsorption effect can effectively reduce the content of heavy metals. 

(2) Change variables, which are respectively the carbonization time, whether it is activated, the 
activation time, the way of degreasing, whether there is oil or not, to find out the conditions for the best 
adsorption effect. 
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(3) Compare the differences in the adsorption capacity between initial use and repeated use.

Novelty and Creativity

For daily convenience, many people use disposable tableware to eat outside. For example, night 
markets will produce a lot of disposable tableware garbage, and the recent popularity of takeaways will 
produce disposable tableware. Therefore, we want to use the used wood and bamboo chopsticks to 
make biochar and activated carbon to absorb heavy metal wastewater, and use wood and bamboo 
chopsticks again to turn garbage into gold.

Feasibility and its Prospect Report of progress can also be acceptable

We use disposable bamboo and wooden chopsticks through dry distillation the disposable 
chopsticks for one hour, two hours and three hours respectively to make biochar. We use 2000ppm
copper sulfate aqueous solution as the reference point. To increase the absorption surface area, the 
method of power grinding is used/ adopted. The experimental method is as follows

We use 1 gram of biochar to soak into 50 ml of copper sulfate aqueous solution and soak for 30 
minutes. Then, we filter biochar and use a spectrophotometer to record the concentration change of 
copper sulfate aqueous solution. During the experiment, it was found that even we filter biochar, the 
effect of absorbing copper ions by biochar was not as good as expected. Some data even exceeded the 
original 2000 ppm. Therefore, we designed another set of experiments. After the finished biochar was 
ground, it was washed with distilled water and dried and then immersed in an aqueous solution of copper 
sulfate. The following is our experimental data:

As shown in the picture 1 use the copper sulfate aqueous solution of 125, 250, 500, 1000, 2000 ppm 
to measure the absorption value with a spectrophotometer, and calculate a linear function with the 
concentration and absorption value.

As shown in the picture 2 and picture 3, the concentration of wooden chopsticks decreased 
significantly after washing, and the longer the carbonization time, the more copper ions absorbed.

As shown in the picture 4 and picture 5, we can see that the absorbance of the biochar made of 
bamboo chopsticks decreases after being washed with water. And at this time, the absorbance of the 
biochar that has been washed with water and has a short carbonization time is relatively low.

As shown in the picture 6, it can be seen that wooden chopsticks have a better absorption value for 
three hours, while bamboo chopsticks have a better absorption value for one hour, and both need to be 
washed.

(Picture 1) Absorbance plotted as a function of copper sulfate concentration.

(Picture 2) whether had been cleaned by water(wood)

(Picture 3) compare with carbonization time(wood)

(Picture 4) whether had been cleaned by water(bamboo)

(Picture 5) compare with carbonization time(bamboo)

(Picture 6) compare bamboo biochar cleaned by water to wood biochar cleaned by water

Future potential and its plan

1.Use different chemical activation methods to make activated carbon and record its absorption 
value
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2. Recycle discarded disposable chopsticks to make reusable activated carbon with strong 
adsorption capacity to facilitate water filtration.

3. Using activated carbon and biochar to absorb different metal ions.

4. Try to use electrochemical desorption of biochar and activated carbon that has adsorbed heavy 
metal ions to facilitate re-adsorption.

5. Measure the electrical conductivity with homemade biochar and activated carbon.

6. Compared with commercially available biochar and activated carbon.
References 
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Novelty and Creativity

Feasibility and its Prospect Report of progress can also be acceptable

Future potential and its plan
Extend the experiment time and measure the voltage and electric current changes for a long time
Use the best Semipermeable Membrane among of research in Microbial Fuel Cells
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Comparison of viscosity and pH value between xanthan gum and 

hyaluronic acid under identical conditions

Moisturisers are one of the most widely used products on the cosmetic market. The two typically applied ingredients 
are hyaluronic acid and xanthan gum, where both are polymers with distinct chemical structures and resources. In 
conformity with the United States Department of Agriculture (USDA), the manufacturing of xanthan gum is by 
fermenting a type of carbohydrate, such as glucose or sucrose, with bacteria. On the contrary, hyaluronic acid is a 
natural moisturising essence in the human skin dermis layer that thwarts the skin from drying out. To assess the 
potential skin irritation capacity or biocompatibility, I compare the variances of viscosity and pH value of xanthan 
gum and hyaluronic acid under commensurate constraints.

Xanthan gum displays a rigid tertiary structure and quaternary structure which subsidise it with adequate resistance 
against changes. On the contrary, the structure of hyaluronic acid influence inflammatory, proliferative, or re-
modelling stages of skin healing. Precisely, it binds CD44 keratinocyte receptors, leading to their differentiation 
and increasing motility, according to the National Library of Medicine(NIH). Moreover, it also has superior 
biocompatibility, biodegradability, durability and scarcity of toxicity. These properties contribute to the differences 
between it and xanthan gum and its effects on our skin.

This experimentation aims to test and analyse the viscosity and pH value of xanthan gum and hyaluronic 
acid within the same period. This examination compared the shifts of the viscosities and pH value between 
xanthan gum and hyaluronic acid in anticipation of fulfilling this aim.

This experiment is the first report to juxtapose the viscosity and pH value of xanthan gum and hyaluronic 
acid. It also elucidated the disparities between low-molecular-weight and high-molecular-weight 
hyaluronic acid.
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Due to the chemical structure differences, 
the prediction is that the test samples will
yield different viscosity and pH values under 
the same experimental conditions. 
(The differences could be directly observed)

The application of the results could be to the cosmetic industry and market. During the blossoming of 
new moisturising mucilage, high molecular weight hyaluronic acid is the finest pick of moisturising 
component for its stability.

1. Wang, Chang-Sheng, et al. Understanding the Effect of Conformational Rigidity on Rheological
Behavior and Formation of Polysaccharide-Based Hybrid Hydrogels.” Biomacromolecules, U.S. National
Library of Medicine, 16 Aug. 2021

2. Abatangelo, G, et al. Hyaluronic Acid: Redefining Its Role.” Cells, U.S. National Library of Medicine,
21 July 2020

3. Zimmer, Sarah. Hyaluronic Acid Explained.” NAYA, 30 Apr. 2019
4. Hyaluronic Acid.” The Cosmetic Chemist
5. Jindal, Namita, and Jasvirinder Singh Khattar. Xanthan Gum.” Xanthan Gum - an Overview |

ScienceDirect Topics, 2018

Fig. 1 Basic structure of the homogeniser used in cosmetic industries

Xanthan Gum Hyaluronic acid

600x10rpm
(In this experiment)

Xanthan gum, large hyaluronic acid,
small hyaluronic acid, respectively

Fig. 2 Abridged flow of the experiments
________________________________________________________________________________________________________________

Data Analysis

Table 1

Trial 1 (5 min/0.2g/600x10rpm) Small Hyaluronic acid High Hyaluronic acid Xanthan Gum

pH value 3.21 7.18 5.62

Viscosity (mPa·s) 0.4 3.3 3.5

Table 2

Trial 2 (10 min/0.4g/600x10rpm) Small Hyaluronic acid High Hyaluronic acid Xanthan Gum

pH value 2.87 6.85 5.26

pH rate of change 10.6% 4.6% 6.4%

Viscosity (mPa·s) 0.5 6.0 26.0

Table 3

Trial 3 (15 min/0.6g/600x10rpm) Small Hyaluronic acid High Hyaluronic acid Xanthan Gum

pH value 2.78 6.58 5.08

pH rate of change 13.4% 8.4% 10.6%

Viscosity (mPa·s) 0.7 11.5 49.0

Repeat steps for the additional trials

* 2nd trial: - + 0.2g(=0.4g) of each

powder.

- Mix for 10 minutes.

Observe the changes

every 5 minutes

* 3rd trial: - + 0.2g(=0.6g) of each

powder.

- Mix for 15 minutes.

Observe the changes

every 5 minutes

Fig. 3 pH value of small hyaluronic acid to time

Fig. 4 pH value of large hyaluronic acid to time

       Fig. 5 pH value of xanthan gum to time

Overall:
• All three mixtures display similar changes in pH value.
• Stability in pH values is a critical for the skin’s homeostasis.
• All mixtures exhibit small changes in the pH value within the time intervals. Therefore, it could draw to a conclusion in

reasoning why the ingredients could be replaceable when the focus is narrowed down to only the pH value.
____________________________________________________________________________________________

Fig. 6 Viscosity of small hyaluronic acid to time

F

F

      F

Insignificant changes in pH
value between time intervals

Negligible changes in pH
value between time intervals

Inconsequential changes in pH
value between time intervals

Insignificant changes in viscosity in the given time

Fig. 7 Viscosity of large hyaluronic acid to time

            Fig. 8 Viscosity of xanthan gum to time - bar graph

Overall:
• Viscosity increases as the mixing time extends and grams of powder proliferate for all mixtures.
• Xanthan gum mixture displays an overall higher viscosity in comparison to the hyaluronic acid groups

.
Discussion:

1. Due to its higher viscosity, xanthan gum cannot thoroughly replace hyaluronic acid as a moisturising ingredient in cosmetic
formulations. As an organic synthetic polymer, it is not that biocompatible with human skin and hence, holds a higher
possibility of affecting the skin s permeability, metabolism, and secretion, to name a few.

2. Hyaluronic acid is abundant in the human dermis extracellular matrix, so it is a favoured moisturising ingredient with
biocompatibility. Yet, it is critical to acknowledge that hyaluronic acid does not enter skin cells. It exists within the epidermis
between cells and mainly within the dermis, where it executes its effects.

3. During the manufacturing process, the grams of powder and time will affect the pH values (physical state) and viscosity
(chemical state) under identical conditions. As a result, it is vital to select suitable conditions (speed & time) for diverse
cosmetic formulations. In cosmetics, the greater the rate of change in pH value, the less stable it would be. Hence, cosmetic
chemists usually would not consider ingredients with these properties.

  

Viscosity changed drastically in the given time

Significant changes in viscosity in the given time
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Title

Using Plastic Waste to Create Homes and Shelters

Outline and its First Inspiration
When I was the age of two to six, I used to live in Cameroon, a country on the west coast of Central Africa. Cameroon was a Third World 

developing country, which meant numerous governmental services were weak, unstable, and sometimes even non-existent. One of these 

inadequate services is infrastructure. Thousands of people lived without proper housing and were often homeless. Watching people using 

environments like this as their homes at such a young age gave me an urge to find solutions to this problem.

Another problem I was extremely passionate about was plastic pollution. Plastic waste has been uncovered as a major problem in the last 

few decades. Plastic’s chemical and physical properties -being chemically inert as well as extremely strong- has made it extremely difficult 

to deal with during disposal. Plastic waste is therefore often left in landfills, and even finds itself in oceans and freshwater bodies. It is 

estimated that there are over 8-10 million tons of plastic being thrown into the oceans each year (Fava, 2022) While much research has been 

dedicated to categorizing and measuring plastic waste in the environment, very few come up with solutions towards the matter.

Combining these two problems together, I realized that they may cancel each other out. Plastic waste could become a cheap and durable 

alternative to materials such as concrete, helping millions around the world without housing.

Goal
This research’s focus was on amplifying the strength of a plastic to better suit its role as a housing material. As physical composites are 

already being thoroughly researched, the chemical functionalization of plastic became my main goal. I settled on Polyethylene Terephthalate 

(PET), one of the most common man-made polymers littering the environment. This would (in theory) create a change in the chemical and 

physical properties of a polymer. By creating a new, affordable way to reinforce PET, I aim to create an alternative housing material that 

surpasses that of regular, conventional materials such as concrete and steel.

33 Tokyo Gakugei University International Secondary School 

Novelty and Creativity
While there are a large number of studies focusing on functionalizing polymers such as HDPE and LDPE, there are few that aim to 

functionalize PET.

Furthermore, most research regarding the functionalization of polymers only focuses on performance enhancement above all else. 

However, the research I am conducting aims to be cost-effective, as the main goal is to develop inexpensive housing materials for developing 

countries. The unique background I possessed while living in a foreign developing country allowed me to focus more on the needs of the 

common individual, rather than just the professional-scale field. This project aims to advance chemical knowledge on polymers, while 

simultaneously aiming to solve global, humanitarian, and environmental real-world challenges being experienced by millions across the 

globe.

Feasibility and its Prospect Report of progress can also be acceptable
This year, PET was subjected to different methods of hydrolysis under nine different conditions. The aim of this experiment was to 

determine the simplest and most efficient way to hydrolyze PET, which is a first key step in the functionalization process. As one of the 

main conditions of the end material was low cost, an inexpensive and safe method of hydrolysis was necessary. 

A B C

1 NaOH, 50 c , 50 c , 50 c

2 NaOH, 60 c , 60 c , 60 c

3 NaOH, 70 c , 70 c , 70 c

    

PET pellets inside a laboratory flask

The setup for the experiment, and its simplified diagram

The 9 conditions of the hydrolysis experiment

33 Tokyo Gakugei University International Secondary School 

NaOH reaction steps (Reaction formula taken from (Al-Sabagh et al., 2015))

reaction steps (Reaction formula taken from (Al-Sabagh et al., 2015))

The results showed that alkalic hydrolysis with the use of chemicals like sodium hydroxide (NaOH) were the most effective at hydrolysis, 

especially in conditions under 100 degrees Celsius and at 1 atmospheric pressure. From this result, further functionalization experiments 

will be carried out first by hydrolyzing PET using NaOH.

Disodium Terephthalate Ethylene Glycol

PET

NaOH 

+

HCl

Terephthalic acid

PET

+

Terephthalic Acid Ethylene Glycol

X ( c)

Y (g)

Post reaction pellets under microscope. From left clockwise: original, H2O, H2SO4, NaOH

A graph of TP-acid produced after each reaction, as well as anA graph of TP-acid produced after each reaction, as well as an
exponential estimate of each variant. Note H20’s slow growth

33 Tokyo Gakugei University International Secondary School 

Future potential and its plan
With the hydrolysis process chosen, the planning of the functionalization process of PET is currently underway. One likely candidate is 

a reaction known as the Friedel-Crafts Acylation (Reeve, 2004). This involves attaching an acetyl functional group (most likely acetyl 

chloride) with the benzene structure located in the PET’s structure. 

However, the electron positions of the PET structure will likely make it extremely difficult to functionalize the polymer without damaging 

its chemical bonds. More research is needed to find a plausible way to functionalize PET successfully.

References
Al-Sabagh, A., Yehia, F. Z., Eshaq, G., Rabie, A., & ElMetwally, A. E. (2015). Greener routes for recycling of polyethylene 

terephthalate. Egyptian Journal of Petroleum, 54. https://doi.org/10.1016/j.ejpe.2015.03.001

Fava, M. F. (2022, May 9). Plastic pollution in the ocean: Data, facts, consequences. Ocean Literacy Portal. 

https://oceanliteracy.unesco.org/plastic-pollution-ocean/

Reeve, A. M. (2004). A Discovery-Based Friedel-Crafts Acylation Experiment: Student-Designed Experimental Procedure. 

Journal of Chemical Education, 81(10), 1497. https://doi.org/10.1021/ed081p1497

Sartori, G., & Maggi, R. (2009). Advances in Friedel-Crafts Acylation Reactions: Catalytic and Green Processes (0 ed.). CRC 

Press. https://doi.org/10.1201/9781420067934

A step-by-step process of the Friedel-Crafts Acylation using acetyl chloride and aluminum chlorideA step-by-step process of the Friedel-Crafts Acylation using acetyl chloride and aluminum chloride
Taken from (Sartori & Maggi, 2009)

+

The final goal reaction of this research
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Research Stage   Idea  Preliminary  Res lt
Field Check only one appropriate field.

Physics   Chemistry   Biology    Earth Science
Mathematics Information    Others specifying

Participant’s Information
School Name Sakuragaoka High School

Representative’s Name Yu Sakai

Member

Supervising Teacher
Name Takakazu Yano

Abstract of the Presentation
Title Thermodynamic Analysis of Methylene Blue Reduced Reaction by Saccharides

Outline and its First Inspiration
Methylene blue is used as an antibacterial agent, including as a remedy for white spot disease in goldfish. 

It has a high value as a pharmaceutical in the human body. Furthermore, it is used as an indicator in redox 

reactions, and is also used in chemical magic. e focused on the famous reaction of methylene blue, "Blue 
Bottle Experiments". In this study, we analyzed this system as a pseudo-first-order reaction of methylene blue 
with constant glucose and potassium hydroxide concentrations.

Goal
 Analyzing the rate of reduction of methylene blue by sugar, and use it to help analyze the behavior of 

methylene blue in the body.

Novelty and Creativity
Methylene blue is used as an antibacterial agent, including as a remedy for white spot disease in aquarium 

fish. In the human body as well, it has high value as a pharmaceutical such as a disinfectant, a function 
testing agent, and a vital staining agent. Furthermore, it is used as an indicator in redox reactions, and is also 

used in chemical magic. e focused on the famous reaction of methylene blue, "Blue Bottle Experiments". 
"Blue Bottle Experiments" is an experiment that observes a repeated reaction in which sugar is added to 

methylene blue, making it colorless, and when shaken, it turns blue again. The reaction mechanism of this 
system has been elucidated. However, there are few documents that mention the reaction rate and activation 
energy. In this study, we investigated the decolorization reaction and analyzed it as a pseudo-first-order 
reaction of methylene blue with constant glucose and potassium hydroxide concentrations. 

Feasibility and its Prospect Report of progress can also be acceptable
0.60 mol/kg saccharide (glucose, galactose, fructose, 

maltose, lactose, and lactulose) aqueous solution, 2.5 
mmol/kg methylene blue aqueous solution, and 3.0 mol/L 
potassium hydroxide aqueous solution are mixed in a 
volume ratio of 10:1:1. The time which were taken the 
color of methylene blue turned from blue to colorless was 
measured in a hot bath. The reaction rate of system using 

Glc Fru Gal Lac Mal Lat

Reaction Rate[s]
(40 ) 50.7 9.0 31.3 45.7 40.3 41.3

Ea[kJ/mol] 74.90 79.63 62.70 76.25 73.39 61.89

H [kJ/mol] 72.39 77.12 60.18 73.74 70.87 59.38

S [J/(mol K)] -38.64 -3.59 -75.99 -33.00 -40.42 -81.20

G [kJ/mol]
(27 ) 83.98 79.78 82.99 83.64 83.64 83.75

Table 1. The values of thermodynamic constants

l

fructose was about 10 times faster than system using glucose, although there was no difference in the 
activation energy between the two systems. The reaction rates of systems using disaccharides were smaller 
th an that of fructose and galactose but higher than that of glucose. Since glucose is stable, it was suggested 
that the activation energy is large and the reaction rate is small, and fructose has a small activation Gibbs 
energy and thus the reaction rate is large. Furthermore, It was suggested that the reaction rates of systems 
using monosaccharides depended on the functional group at the time of ring opening, but that of 
disaccharides did not.

Future potential and its plan
Proceed with examination using sugars other than hexose.
Consider the effect of pH.

References 

T. Mukai, et. al., Hiyoshi Review of Natural Science Keio Univ., 48, 11-30.

K. Maehashi, A Basic Knowledge of Sweetness, 2011, 106, 12, 818-825.

Research Stage  Idea Preliminary Res lt
Field

Participant’s Information

Supervising Teacher

Abstract of the Presentation

Improving the smell of sericin aqueous solution as a first step toward commercialization.

Contribute to the achievement of the SDGs by carrying on local traditions and connecting to a society that 

makes effective use of waste.

Focusing on odors of kibiso and silk that have not been well-researched.

The point of trying to expand the range of applications of sericin, which is abundant in waste kibiso.

The fact that we were involved in the research as high school students, linking the local and chemistry.

  

 

 

(2) Deodorization of ammonia, acetic acid, and ethanethiol by scouring, copper salt-treated or over-

mordanted protein fibers Sanae Inagaki, Hiromi Ushigao, Yasuko Kobayashi, Jiro Komiyama Journal of the 

Japanese Society of Home Economics Vol. 68 No. 10 (2017) 

(3) Isolation and structural elucidation of the major components of sericin in the silkworm, Bombyx mori 

Takasu, Yoko Research materials, National Institute of Agrobiological Resources, Jan. 2008 

(4) Evaluation of Odor by Sensory Test Method Yamakawa et al. Journal of Air Pollution Society of Japan, 

Vol. 14, No. 1 1979

(5) Odor Index Regulation Guideline Environmental Management Bureau of the Ministry of the Environment 

Six-step Odor Intensity Indication Method (2001)

(6) Partial Purification of Trypsin Inhibitor in Silkworm Body Fluid and Properties of 2 and 3 Umezu, Shimura 

Department of Agricultural Chemistry, Faculty of Agriculture, Tohoku University, Vol.46, No.8, p.385-391, 

1972

(7) Effects of trypsin-induced limited hydrolysis on the structural, functional, and bioactive properties of sericin 

/Adil,yanhua,Atikan,Amina,Haji, Abulimiti /RSC Advances Issue 41,2021
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Research Stage  Idea  Preliminary  Res lt
Field Check only one appropriate field.

Physics   Chemistry   Biology    Earth Science
Mathematics Information    Others specifying

Participant’s Information
School Name National Pingtung High School

Representative’s Name Chen,Guan-Hua

Member Hsu,Wei-Chen

Supervising Teacher
Name HO,WEI-TE

Abstract of the Presentation
Title Trapa Biochar

Outline and its First Inspiration
Use iron barrels to assemble the carbon furnace, and try to change the structure of the carbon furnace 

device to improve the temperature during the thermal cracking reaction so as to improve the carbonization 
degree of the carbon and reduce its resistance. The burned Trapa is ground by a grinder, and then filtered
with a 125 micron filter to get the carbon powder. In the first part, 0.05g carbon powder is used to measure the
adsorption effect of 80ppm Methyl blue, Methyl orange and Phenol red aqueous solution respectively. Carbon

powder was added into antistatic coating in the second part. Via the use of PVA, carbon powder and Dimethyl
sulfoxide, it is found that the resistance without the addition of organic solvents is the lowest (3.1*103 and
all the coatings meet the standard of antistatic coating: between 104 and 107

Goal
On the "Guantian Black Gold" website, it was found that burning Trapa at high temperature has an effect

of stabilizing electrical conductivity and high adsorption. Many farmers in the southern regions will use paddy 
fields to grow Trapa, and most farmers will choose to discard Trapa shells as agricultural waste, which will 
cause air pollution, odorism, water pollution and other environmental sanitation problems. Therefore, we 
decided to use limited equipment to produce low-cost antistatic coatings, which adsorb possible industrial

pollutants in water quality. Generally, the market-sale conductive coating is made of silver, copper, nickel or
other composite particles, with Epoxy resin used as an adhesive and costing about 700 to 2,000 NT dollars/kg. 

Novelty and Creativity
During the experiment, non-toxic materials were utilized, which meets the definition of green chemistry.

By replacing Epoxy resin with Trapa Biochar, we will greatly improve the impact of agricultural waste on the 
environment and obtain economic progress through recycling and reusing Trapa Biochar.

Feasibility and its Prospect Report of progress can also be acceptable
Conductive coatings can be developed into semiconductors, electronic components factories to prevent 

them from explosions and losses caused by electrostatic accumulation.Most commercial coatings require 

silver, copper, nickel and other metal particles as the main conducting medium. If we replace it with Trapa,we 
will greatly reduce the cost of production and reuse the waste.

Future potential and its plan
(I)

If the temperature of the furnace can be raised, the carbonization of Trapa Biochar is increased, which 
will further bring about better absorption and lower resistance.

(II) 
It is hoped that the practical application of carbon powder can be used to filter and improve water pollution. 

The differences before and after filtration can be presented through digitalization, and the environmental 
improvement brought by carbon powder can be analyzed.

(III)
Conductive coatings can be developed into semiconductors, electronic component factories, etc. To avoid 

disasters and losses caused by electrostatic accumulation, further research is required to effectively reduce 
the resistance, prevent the coating from peeling off, and reduce the number of replacements and cost of
conductive coatings.

References 
1.  https://www.gtbg.com.tw/
2. (2016)

 https://ndltd.ncl.edu.tw/cgi-
3. (2017)

 https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/login?o=dwebmge
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Research Stage   Idea  Preliminary  Res lt
Field Check only one appropriate field.
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Participant’s Information

School Name Taipei Municipal Yongchun Senior High School

Representative’s Name JYUN-HAO HSIEH

Member

Supervising Teacher

Name YU-CHENG LIU

Abstract of the Presentation

Title Hydrogen Production from the Electrolysis of Water Using Foam Metal as an Electrode

Outline and its First Inspiration

    For more than 100 years, mankind has used fossil fuels as the main source of energy, but they have caused global warming 

and environmental pollution, and they will be exhausted. Therefore, scientists are constantly developing new energy sources. 

Hydrogen is the substance with the highest calorific value found so far, known as the best fuel, and it will not produce any 

waste and greenhouse gases during the conversion into energy. Hydrogen used in the fields of power generation, industry, and 

transportation. For example, automobile companies are already manufacturing vehicles powered by hydrogen, and the aviation 

industry recently announced the world's first successful test of a modern aircraft engine powered by hydrogen, creating a new 

aviation milestone.

    Hydrogen is produced by reacting with fossil fuels and is called "gray hydrogen". The process consumes a lot of energy 

and still emits waste and carbon dioxide. Currently, many countries are working to develop "green hydrogen", which is an 

environmentally friendly and simple method of producing hydrogen by electrolyzing water with electricity generated from 

renewable energy sources.

    I believe that hydrogen will become one of the most important energy sources in the future. Therefore, I hope to produce 

hydrogen by electrolysis as the research goal and explore the use of low-cost electrodes to achieve high efficiency in hydrogen 

production.

Goal

(I) To investigate the ratio of hydrogen and oxygen production during the electrolysis of three types of foam metals. 

(II) To compare the hydrogen production energy efficiency of nickel, copper, and iron foam electrodes.

(III) To investigate the effect of electrolyte concentration on the energy efficiency of hydrogen production by electrolysis.

(IV) To investigate the effect of attaching other metals to the foam metal on the energy efficiency of hydrogen production.

Novelty and Creativity

 Traditional electrodes (platinum or ruthenium) have good catalytic activity, but their high cost makes them a 

disadvantage. Although the catalytic activity of metal foam electrodes is lower than that of conventional electrodes, it is one 

of the most important materials for electrolytic hydrogen generation because of its low cost and high surface area. If the 

catalytic activity can be improved by modifying the surface of the foam metal to increase the electrolytic efficiency, it may 

replace the conventional electrodes in the future. Therefore, in this study, I attempted to attach other conductive metals (zinc 

and silver) to the foam metal to increase the electrode activity and improve the electrolytic hydrogen generation energy 

efficiency.

Feasibility and its Prospect Report of progress can also be acceptable

Experiment 1: Investigating the ratio of hydrogen and oxygen production during the electrolysis of three types of foam metals. 

From Chart 4, we can see that the volume of hydrogen and oxygen produced in the electrolysis experiment using foam 

metals is very close to the theoretical value of 2:1, which means that the foam metals are not involved in the oxidation reaction 

during the electrolysis process, and the anode and cathode are both involved in the electrolysis of water.

Experiment 2: Comparison of the energy efficiency of the three electrodes: nickel foam, copper foam and iron foam.

Chart 5 shows that during the 40-minute electrolysis process, the energy efficiencies of iron and nickel foams 

are very stable and remain at about 45%, while the energy efficiency of copper foams show a significant decrease 

from 44% to 39%. Chart 6 shows that the average energy efficiency of both iron and nickel foams is about 45%, 

which is about 5% higher than that of copper foams.

Experiment 3: Investigate the effect of electrolyte concentration on the energy efficiency of hydrogen production.

From Chart 7-1 to Chart 7-3, we can see that increasing the electrolyte concentration will increase the energy 

efficiency significantly.

Chart 8 shows the "percentage increase in energy efficiency" for increasing the electrolyte concentration from 

1M to 4M. From this figure, we can clearly see that the energy efficiency of all three metal foams at 4M is more 

than 1.5 times that at 1M.

Experiment 4: To investigate the effect of attaching other metals to the foam metals on the energy efficiency. 

Chart 9-1 to 9-3 show the results of electrolysis experiments with zinc and silver plated on the foam metals. Chart 10-

1 to 10-3 show that the electrodes of the three foams are coated with zinc and silver to enhance the energy efficiency of 

hydrogen production by electrolysis. Chart 11-1 shows that the percentage increase of energy efficiency by plating zinc on 

the three foams is about 0.19% to 3%. Chart 11-2 shows that the percentage increase in energy efficiency is about 6% to 7% 

when silver is plated on the metal foams. The above experimental results show that both zinc and silver enhance energy 

efficiency on foam metal surfaces.

Future potential and its plan

(I)To investigate the energy efficiency of hydrogen production from electrolytic water by attaching other metals    

with more catalytic effect to the foam metals as electrodes.

(II)To investigate the effect of the surface area of the foam metal on the energy efficiency of hydrogen production from 

electrolytic water.

(III) To find a way to make the bubbles leave the electrode surface faster to improve the electrolysis energy efficiency.

(IV) Long-term electrolysis experiments will be conducted to investigate the stability of electrodes.

References 
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Appendix I: Literature Study

(I) Definition of energy efficiency and related formula

Energy efficiency is the conversion of the volume of hydrogen produced by the electrolysis of water into the energy provided 

(Ehydrogen) and the electrical energy consumed during electrolysis (Eelectric)

  (VH2 Volume of hydrogen produced by electrolysis (m3) H0 12.745×106 )

Eelectric I × × t  (I Current (A) Average voltage (V) t time(sec))

(II) Hydrogen production from electrolytic water
The electrolysis of water is a non-spontaneous chemical reaction that requires a DC power source to provide system energy.

The reaction equation is as follows.

Oxidation reaction at the anode: 4OH- 2+2H2O+4e- E°=-0.401(V)

Reduction reaction at cathode: 2H+ + 2e- 2 E° = -0.828(V)

 Full reaction: 2H2 2 + O2 E° = -1.229(V)

Electrolysis of water theoretically produces hydrogen and oxygen in a ratio of 2:1.

III Characteristics of foam metal

Foam metal is a metal material containing foam holes, which has better thermal insulation, sound insulation, ductility, and 

even electrical conductivity than ordinary metal, and is now used in automobiles, airplanes, missiles, machine shock absorbers, 

battery electrodes, and even in the medical field. In the chemical field, the large surface area, strength, and toughness of foam 

metals are used in the manufacture of high efficiency catalyst, deep oxidation of hydrocarbons, selective oxidation of ethanol, 

and other chemical reactions.

Appendix II: Research Methodology

I Research Flow Chart

Chart 1)

II Schematic diagram of the experimental installation

Chart 2)

III Experimental Steps

Chart 3

Appendix III: Experimental data.

Chart 4                                 Chart 5

Chart 6                                 Chart 7-1

Chart 7-2                                     Chart 7-3

Chart 8                                  Chart 9-1

Chart 9-2                                    Chart 9-3

Chart 10-1                                   Chart 10-2
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Chart 10-3                                  Chart 11-1

Chart 11-2

Research Stage Idea Preliminary Res lt
Field

Participant’s Information
National Experimental High School at Central Taiwan Science Park

Yu-Cen Lin

Yu-Cen Lin

Supervising Teacher
Ho, Chal Chi

Abstract of the Presentation
Title

Discussion on the effectiveness of the combination of dye-sensitive battery and nano-carbon

Through the course of chemical research methods, we learned about this low cost and low tech third generation Dye

Sensitized Solar Cell (DSSC) and it boosted our interest in it. We use dead leaves and Acetylene to make nano carbon 

and then combine it with DSSC. We use knowledge we learn in chemistry in high school to explore current, voltage and

electric power. This experiment also uses an environmentally friendly way and chemical approach to design experiments.

1.Using organic waste in our life and use environmentally friendly way to make nano carbon 

2.Using chemical approach to make nano carbon 

3.Using nano carbon made from (1) or (2) and making DSSC. 

4.Using agar jelly as an electrolyte and testing its conductive effect.

1.Preparing nano carbon
A. Preparing dry leaves to make nano carbon 

a.Clean leaves, dry leaves and grind leaves into powder. 
b.Put leaves into a vial in ultrasonic vibration machine shaking for 2 hours. 
c.Put leaves into centrifuge tube and centrifuge (5000 rpm/min) for 10 mins. 
d.Use dropper to take an upper layered solution and dry it.

B. Preparing acetylene to make nano carbon 
a.Using calcium carbide and water to make acetylene and collect its gas. 
b.Burn acetylene and use acetone to dissolve nano carbon.

2.Making DSSC a.Cathode: coating TiO2 film on conductive glass b.Anode: coating nano carbon on c.We use agar jelly 
as a colloidal electrolyte.

1.Using dry leaves as an ingredient of nano carbon has the ability of absorbing blue light, but it can rarely absorb green

light which means the particles are still too big. Its quality is unstable and not pure. However, nano carbon made by 

Acetylene is pure and its quality is stable. 

2.Using Agar Jelly as a colloidal electrolyte doesn’t drain quickly. 

3.DSSC made by nano carbon made by dead leaves is better than that made by nano carbon made by Acetylene. 

: ( 2008 )

https://www.materialsnet.com.tw/docview.aspx?id=6942
: C ( 2020 )

https://pubs.rsc.org/en/content/articlelanding/2014/TC/C4TC00988F#!divAbstract
: 564 32-37 ( 2019 )

http://www.sec.ntnu.edu.tw/Monthly/103(366-375)/374-PDF/04-103028-

( ).pdf

Fig2 dry leaves Fig3 grind leaves Fig4 in ultrasonic vibration 

machine

Fig5 dead leaves nano carbon absorb 

blue light

Fig6 dead leaves nano carbon absorb green light
Experience 2. Acetylene Nano Carbon

Fig7 the process of making Acetylene nano carbon and testing

Experience 3. Make Agar Jelly

Fig8 the process of making Agar Jelly

Fig9 DSSC of different nano carbon
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Areas Check only one appropriate area.
Physics Chemistry Earth Science

Mathematics Others specifying

Participant’s Information
School Name Guoguang Laboratory School, National Sun Yat-sen University

Ying-Yan Chen
Member Yu-Ling Chen,Hsiang-Yin Cheng,Shi-Yun Peng,Yu-Lun Ko

Supervising Teacher
Name

Abstract of the Presentation
Title SDGs 3:Simple sunscreen homemade and ingredient comparison

Outline and its First Inspiration
    In the era of developed industry and commerce, the progress of life brought convenience but also caused 
the hole in the ozone layer, and this factor led to strong ultraviolet rays on the surface. The increase in level
has also affected the numbers of patients with skin cancer.Under the influence of environmental problems, 
sunscreen has become our daily necessity.
    We intend to use cyanotype to test the level of sun protection of our sunscreen, because cyanotype will 
affect its color development level by the amount of sunlight, and there is not much data to test sunscreen in 
this way, by doing so, we can separate us from others.

Goal

1. Make our own simple sunscreen and compare the proportions of different ingredients, and the difference in
sun protection effect
2. Investigate the harmful effects of ultraviolet rays on the human body

Novelty and Creativity

1.We use cyanotype to determine the effectiveness of our sunscreens  
   Introduction and principle of capnography: mixed with ammonium ferric citrate and potassium ferricyanide 
as photoreceptors, also known as cyanide printing. The process needs to be exposed to sunlight, and the final
image is dark blue, so it is also called cyanopathia.

Figure 1-1:Titanium dioxide sunscreen effect presentation  Figure 1-2:Zinc oxide sun protection effect
presentation

Feasibility and its Prospect Report of progress can also be acceptable  
Experimental procedure 

1. Study on the stability of oil-water by solvent (water) ratio.                                                                   
Put 1 ml, 2 ml, 3 ml and 4 ml of water in a 1:4 solution of glycerol respectively to make it a 
solution of water-in-oil. Add another 2ml of surfactant to mix, and find out the slower parting from 
it, which is the optimal ratio.

2. The proportion of titanium dioxide on the texture of sunscreen milk compared with the effect of 
sun protection

         Because the highest content of titanium dioxide can only reach 25%, from the 1. 
prepared solution, it is calculated that titanium dioxide can only be put up to 2.4 grams at 
most, so we list six groups, which are 0.4 grams, 0.8 grams, 1.2 grams, 1.6 grams, 2.0 grams 
and 2.4 grams, to compare the texture of sunscreen under different proportions of titanium 
dioxide in the same time, and judge the sunscreen effect according to the color of the 
ultraviolet induction card.

3. The proportion of zinc oxide on the texture of sunscreen milk compared with the effect of sun 
protection

        Because the maximum content of zinc oxide can only reach 20%, from the above (a) 
prepared solution, it is calculated that zinc oxide can only be put up to 2.0 grams, so we weigh 
five kinds of weight. They are 0.4 grams, 0.8 grams, 1.2 grams, 1.6 grams and 2.0 grams to 
compare the texture of sunscreen in different proportions of zinc oxide at the same time, and 
judge the sunscreen effect according to the color of the ultraviolet sensor card.

Figure 2: Preparation of 
titanium dioxide

Source: Taken by the 
researchers

Figure 3: 

Source: Taken by the 
researchers
 

Figure 4: Groups of Zinc Oxide

Source: Taken by the 
researchers
 

4. Test the sunscreen effect with cyanotype
                         
                       First mix ammonium ferric citrate aqueous solution, 25 grams of ammonium ferric citrate with 
100 grams of water, then mix potassium ferricyanide solution, 10 grams of red blood salt with 100 grams of 
water, and then mix the two solutions into a photosensitive liquid in a ratio of 35:65, brush the 
photosensitive solution evenly five times on the sketch paper with a brush, absorb each proportion of 
sunscreen with a dropper, and drop on the glass sheet.Take another piece of glass to cover the glass sheet 
dripping with sunscreen, then cover the glass sheet on the sketch paper brushed with photosensitive liquid, 
and leave it in the sun for 10 minutes, rinse the photosensitive liquid on the sketch paper and dry it, and 
finally observe its color.

1.

Figure 2: Relationship between the composition ratio and effect of sunscreen
2. The harmful effects of ultraviolet rays on the human body  
Table 1: Comparison of UVA, UVB and UVC

Ultraviolet 
wavelength

Features Short term 
effect

Long term 
effect

UVA
(Ultraviolet Radiation A)

Between 
320nm~400nm

Long wavelength
Low energy   
High penetration   
Able to go into 
the deeper layers 
of the skin

suntan 
Pigmentation

Skin cancers

UVB
(Ultraviolet Radiation B)

Between 
280nm~320nm

Short wavelength
High energy
Low penetration    
Can only enter 
the epidermis

sunburn Skin cancers

UVC
(Ultraviolet Radiation C)

Between 
200nm~280nm

Extreme short 
wavelength 
High energy
Extreme high 
penetration
Isolated by the 
ozone layer

none none

1. SPF(Sun Protection Factor)

         The protective index that measures the ability of sunscreen products to filter out ultraviolet 
UVB rays refers to the skin that has been wiped with sun protection to prolong the time of not 
being reddened, but its value is only applicable to the state when the product is evenly applied. 
"Formula: When using sunscreen, the time it takes for the skin to get sunburned divided by the 
time it takes for the skin to get sunburned when the sunscreen is not used."
For example, suppose that without sun protection, you will be sunburned after 5 minutes in the 
sun, so SPF 50 sun protection can be maintained for 5*50=250 minutes

2. PA(Protection Grade of UVA rays)

       Delay the time for UVA tanning skin in ultraviolet rays, the more + numbers, the better the 
protection effect

Table2 The level of sun protection 
The level of sun 
protection.
PA+ 2-4 times

PA++ 4-8 times

PA+++ 8-16 times

PA++++ over 16 times

Future potential and its plan

1.Is the result of the mixture of zinc oxide and titanium dioxide lighter and thinner, with the same level of 
protection?
2.Many sunscreens on the market have an impact and burden on the marine environment, such as: 
benzophenone, etc., and the main component of our sunscreen is titanium dioxide, can it not harm the ocean? 
3.In the future, we hope to cooperate with manufacturers to launch sunscreens made of organic materials, so 
that consumers can consume with peace of mind, protect the environment, and achieve sustainable 
development.
4.We hope that the sunscreen we have developed will not only be ocean-friendly, but also have some of the 
characteristics of sunscreens on the market, such as moisturizing, polishing, waterproofing, etc.
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School Name

National Experimental High School At Central Taiwan Science Park
JIANG, YIN-HAN

Member CHU, WEI-NI

Supervising Teacher
Name HO, CHIA-CHI

Abstract of the Presentation

Title The Preparation With Collagen Extracted From Fish Scale Application 
Outline and its First Inspiration

In this study, native fish species Tilapia, Mullet, Sea Bass and Gentian grouper's discarded 
fish scales are purified and extracted to collect collagen. We tested their purity through 
Fourier Transform Infrared Spectroscopy(FTIR)(Fig.7.) And testing the permeability of 
four collagen membranes through High Performance Liquid 
Chromatography(HPLC)(Fig.8.). Analyze and compare various data of fish scales. 

Goal

We compare the amount of collagen extracted from four fish scales and test the purity of 
fish scale collagen. After analyzing the permeability of permeable membranes made of 
different fish species, we aim to find the most economically beneficial fish species. 

Novelty and Creativity

Although fish scales are rich in collagen, they often seem to be useless in common 
conditions. Therefore, we believe that collagen can be extracted from waste fish scales to 
make a film to try to optimize the existing artificial skin and facial mask related products to 
achieve the benefits of waste reuse. 

Feasibility and its Prospect Report of progress can also be acceptable

Experiment 1: Observing the surface of fish scales with a microscope(Table.1.) 
a. Giant view: observe the differences of various fish species with the naked eye. 
b. Microcosm: Use a 100X electron microscope to observe the surface structure of fish 
scales and record it with a camera.
Experiment 2: Extract collagen from fish scales[1] [2] 
a.Add 0.1M NaOH stirring for 24 hours in fish scales to remove surface impurities. 
b.Add 0.5M acetic acid and stir for 24 hours to extract the acid-soluble collagen. 
c.Use gauze to filter the fish scales from the solution, add NaCl, stir for 24h, then the acid-
soluble collagen precipitated at the bottom was filtered off. 
d.Use a high-speed centrifuge at 3600 rpm for 30 minutes to dissolve the filtered acid-
soluble collagen. The excess water in the upper layer is filtered to obtain colloidal collagen. 
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Experiment 3: Measuring the purity of collagen by FTIR
Experiment 4: Collagen permeable membrane preparation procedure(Fig.11.)
Experiment 5: In vitro percutaneous penetration test procedure(Fig.14.)
Experiment 6: Analysis of Penetration Capacity of HPLC[3]
a.Draw 0.5 ml solution into the sample bottle.
b.Put it into a high-performance liquid chromatography (HPLC), and measure the 
difference of vitamin C osmotic concentration over time.
c.Procedure using HPLC to get Vitamin C concentration.(Fig.15.)
Conclusion:
After enlarging the scales of various fish species in (Exp 1), the cross-sectional area of 
Mullet is larger than that of other fish species(Table.1.), which is speculated to be the 
reason why mullet has the most collagen production in (Exp 2). According to (Exp 3), the 
FTIR patterns of Mullet, Sea Bass, and Gentian grouper are almost overlapping, which 
means that their collagen properties are relatively similar, while Tilapia is quite 
different(Fig.9~10.). Then, in (Exp 4), the collagen films of Gentian grouper and Sea Bass 
were thicker as seen by the naked eye; on the contrary, the collagen films of Mullet were 
fragile and thin. And from (Fig.16.), we think that vitamin C should be delayed or degraded 
into dehydroascorbic acid, resulting in two peaks in the Gentian grouper group and the 
vitamin C concentration of the four fish species does not increase with time. According to 
(Fig.18~25.), the osmotic concentration of Mullet is the highest and that of Gentian grouper 
is the lowest. All in all, because the collagen production of Mullet is more than that of other 
fish species and its collagen membrane has the highest permeation concentration by 
HPLC, it is identified as the fish species with the best benefits.

Future potential and its plan

1. Hope to simplify parameters, such as drug diffusion coefficient, distribution
factor, thickness, etc.
2. Some variables can be changed, such as the type of drug molecule, the deployment 
ratio of polymer membrane concentration etc.
3. It can start with antibacterial or cell culture.

References 

[1] ( 2015)

[2] (2011)

[3] ( 2007 )
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Fig.1.Experiment flow chart 
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Table.1.Fish scales        

Tilapia Mullet Sea Bass Gentian 
grouper

Scale size NO.4 NO.3 NO.2 NO.1(Biggest)

Scale thickness NO.4 NO.3 NO.2 NO.1(Thickest)

Transparency of the scales NO.2 NO.1(The most 
transparent) 

NO.3 NO.4

  
Table.2.Conclusion of Experiment 
Fig.6.Simplified process of experiment 2~4 
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Fig.7.Fourier-transform infrared spectroscopy (FTIR)                       Fig.8.High Performance Liquid Chromatography(HPLC)

Fig.9~10.overlays the FTIR waveforms of mullet, perch, and gentian grouper(left) and waveforms of Standard Products 
and Tilapia collagen

Fig.11.The progress experiment 4 

Tilapia Mullet Sea Bass Gentian grouper

The membranes 
condition 

Between 
others 

Thin and 
fragile

Thicker than 
others 

Thicker than others

Table.2.Conclusion of Experiment 4 

Fig.12.The membranes of Gentian grouper                                    Fig.13.The membranes of Mulle 

40 National Experimental High School At Central Taiwan Science Park

     

Fig.14.Experimental device and steps of experiment 

Fig.15.Percutaneous penetration sampling procedure 

Tilapia Mullet Sea Bass Gentian grouper

The concentration      NO.3     NO.1(Highest)       NO.2              NO.4

Table.3.Conclusion of Experiment 6-2 
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Fig.16.Peak chart of HPLC of Gentian grouper at each time period    Fig.17.Peak chart of HPLC of Mullet at each time 
period

Fig.18~19.The amount of vitamin C permeated by the collagen membrane of  Sea Bass(left) and Mullet(right) over time 
Fig.20~21.Cumulative diagram of Sea Bass(left) and Mullet(right)  penetration over time 

Fig.22~23.The amount of vitamin C permeated by the collagen membrane of Gentian grouper(left) and Tilapia(right) 
over time

Fig.24~25.Cumulative diagram of Gentian grouper(left) and Tilapia(right)  penetration over time 
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School Name Taipei Municipal Yong Chun Senior High School

Representative’s Name LIN,CHEN-LING
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Supervising Teacher
Name LIU,YU-CHENG

Abstract of the Presentation
Title Study on Adsorption of Dyes in Wastewater by Bagasse

Outline and its First Inspiration
The treatment of industrial wastewater is an important issue, and one of the pollutants is organic dyes,

such as methylene blue, which causes an environmental burden. Dyes in wastewater have become the focus
of environmental protection because of their high visibility, microbial indecomposition and environmental 
toxicity, so the method of treating dyes in wastewater has become very important. However, some adsorbents
are expensive, making the cost of wastewater treatment too high. The use of agricultural wastes as 

regenerative adsorbents can be used for the treatment of heavy metals and dye wastewater, which has the 
advantages of being inexpensive, regenerative, and widely available. Therefore, this study was conducted to 
investigate the adsorption effect of sugarcane bagasse, a low-cost agricultural waste, as an adsorbent for
dyes.

Goal
1. To investigate the adsorption effect of sugarcane bagasse on methylene blue.
2. To investigate the effect of different amounts of bagasse on the adsorption rate of methylene blue.
3.To investigate the effect of different temperatures on the adsorption of methylene blue.
4. To explore the effect of different mixing speed on the adsorption of methylene blue. 

5. To investigate the effect of bagasse on the adsorption of methylene blue at constant temperature.

Novelty and Creativity
In this study, sugarcane bagasse, an agricultural waste, was used as the adsorbent material to investigate

the effect of adsorption of methylene blue, hoping to solve the wastewater problem and implement the concept
of circular economy. Firstly, the bagasse was cleaned, dried, cut and prepared for use, then a methylene blue
standard solution was prepared to make the Calibration curve, and finally the adsorption experiment was
conducted and the results were analyzed. The effects of different bagasse amounts, temperatures, and stirring
rates on the adsorption effect were investigated, and the constant temperature absorption pattern of methylene
blue by bagasse was also investigated in this study.

Feasibility and its Prospect Report of progress can also be acceptable
1. Literature Review

(1) Principle of color concentration detection

Res lt
The electron will absorb energy when it is excited from the lower energy orbital domain to the 

higher energy orbital domain, record the wavelength with the maximum absorption, measure the
absorbance (A) of the sample at 668nm, and graph the absorbance (A) against the sample
concentration (ppm) by Beale's law:
A = C L (A: absorbance, : Mohr's absorbance coefficient, C: concentration (ppm), L: tube

length (1 cm)), a sloping line can be obtained, is the Calibration curve. The interpolation method can
be used with this metric, the concentration of the sample to be measured (C) was obtained from the 
absorbance (A).

(2) Adsorption principle
Physical adsorption: 

Mainly for the van der Waals force (including London Diffusion force, Electrostatic attraction), may
be single-layer or multi-layer adsorption, usually with low reaction heat, adsorption rate is faster, with
reversibility.
Chemical adsorption: 

Chemical bonding between adsorbent and adsorbent, all single-layer adsorption, accompanied
by higher energy changes, adsorption rate is slower, not reversible.

(3) Constant temperature adsorption mode
1. Langmuir Isotherm

Describe the relationship between the equilibrium concentration of adsorbate and the 

adsorption capacity on the surface of adsorbent material.
The main assumptions are: 

(1) Adsorption is essentially a single-layer cap.
(2) The force on the adsorbed material is the same at each adsorption location. 
(3) The adsorption effect of the remaining substances is not affected by the adsorption of substances

in one position.

After linearizing the Langmuir formula, we get: ( is the equilibrium concentration,

is the adsorption amount at equilibrium, is the maximum adsorption amount, and is the
adsorption energy constant).

2. Freundlich Isotherm
Describe the relationship between the equilibrium concentration of adsorbate and the

adsorption capacity on the surface of adsorbent material.
The main assumptions are:

(1) Multi-layer adsorption mode, the surface of the adsorbed material can adsorb multiple layers of 
substances.

(2) Each layer of the adsorbed material still has a considerable adsorption capacity.
  After linearizing the Freundlich formula, we get  ( is the equilibrium

concentration, is the adsorption amount at equilibrium, and n values are Freundlich constants).
where n has three judgmental meanings:
(1) n < 1 is favorable adsorption
(2) n = 1 is linear adsorption

(3) n > 1 is unfavorable adsorption

2. Experimental Results
Calibration curve:
(1) Configure solutions of methylene blue at 10, 7.5, 5, 2.5, 1, 0.5, 0.1 ppm.
(2) Place in UV-Vis spectrometer to measure absorbance (A) at 668 nm and make a calibration curve.

Picture 1

  Experiment 1 : Effect of different amounts of bagasse on the adsorption rate
In the early stage of adsorption, the more the amount of bagasse, the faster the adsorption rate. After

the adsorption equilibrium was reached, the adsorption rate was about 85% except for bagasse weighing
0.05 g. The adsorption rate of bagasse could reach 95%. The results showed that the sugarcane bagasse
could effectively adsorb methylene blue.

Variables Experiment 1 Experiment 2 Experiment 3 Experiment 4

Weight of bagasse 0.05g, 0.1g,
0.15g, 0.2g

0.1g 0.1g 0.05g

Initial concentration of 
methylene blue

7.5ppm 7.5ppm 10ppm 10, 8, 6, 4, 
2ppm

Volume of solution 25ml 25ml 25ml 25ml

Speed of
heated stirrer

200rpm 200rpm 200, 300, 400, 500ppm 200rpm

Temperature 25 5 , 25 , 45 25 25

                            Picture 2

     
    Experiment 2 : Effect of different temperatures on adsorption effect
        At the beginning of adsorption, the adsorption rate is relatively slow below room temperature, but

after reaching the adsorption equilibrium, there is no big difference in the adsorption degree.

                            Picture 3

    Experiment 3 : Effect of different mixing speed on the adsorption of methylene blue
        At the beginning of adsorption, the adsorption rate was slower at 200 rpm, and after reaching

equilibrium, there was no big difference in the adsorption degree.

                           Picture 4

Experiment 4 : Constant temperature adsorption mode study
If Langmuir temperature adsorption mode was used, the maximum adsorption amount was 
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6.8 mg of bagasse, but the correlation coefficient R2 determined that the adsorption in this study was 
closer to the Freundlich constant temperature adsorption mode, where the constant n=1.58, which is
favorable.

         Picture 5 (Langmuir adsorption mode)             Picture 6 (Freundlich adsorption mode)

3. Conclusion
(1) According to the experimental results, sugarcane bagasse can effectively adsorb the dye methylene 

blue in industrial wastewater. It is true that it can achieve the effect of improving pollution emission.
(2) The adsorption rate was faster at the beginning of the adsorption period for different amounts of 

bagasse, but after reaching the balance, the adsorption rate was almost the same.
(3) The effect of temperature on the adsorption rate is not obvious.
(4) The effect of stirring speed on the adsorption rate was not significant.
(5) The experimental results showed that the adsorption of methylene blue by bagasse was in 

accordance with Freundlich Isotherm constant temperature adsorption theory.

Future potential and its plan
1. Increase the number of experiments to confirm the reproducibility of experimental data and reduce the 

experimental error.
2. Soak different acid-base solutions for chemical modification of bagasse to investigate the adsorption effect 

of methylene blue after modification
3. Adding different acid-base solutions to methylene blue to change its pH value and observe the adsorption 

effect of sugarcane bagasse.
4. To investigate the adsorption kinetics.

References
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temperature difference of about 30°C.

We used titanium oxide as an electrode.
The stable pH of lactate dehydrogenase is 5 11 (1). Thus,1.0L of mixed aqueous solution containing 0.020 
mol/L lactic acid, 0.020 mol/L pyruvic acid, and 0.050 mol/L sodium sulfate used as the support electrolyte 
was diluted 95 times to pH 5, which was used as solution. The solution was placed in the H-shaped 
container to the point that one-fourth of the connection of the container is immersed(900mL). 

The device was subjected to a difference in temperature and the voltage was measured with a tester. We 
will call this operation Experiment 1.
The voltages were measured at the point the values displayed by the tester became constant. The results 

of Experiment 1 are shown in Figure 2.

Next, 0.010 g of lactate dehydrogenase and NADH were added to the solution and the voltage was 
measured again. We will call this operation Experiment 2. The results of Experiment 2 are shown in Figure 
3.
Contrary to the hypothesis, the voltage in Experiment 2 was smaller than in Experiment 1.

In Experiment 2, the enzyme was only added to the solution and was not attached to the electrodes. 
Therefore, we considered that the enzyme could not pass electrons to the electrodes and the voltage did not 
increase.

Future potential and its plan
We think that the failure for the voltage to increase in Experiment 2 was due to the lack of electron transfer 

between the enzyme and the electrode. To allow electrons to be passed between the enzyme and the 
electrode, we are considering attaching the enzyme to the electrode in the next experiment. 
In this experiment, the solution was diluted to pH 5, but this method resulted in a smaller concentration of 

lactic acid and pyruvic acid per 1.0L. However, by adding sodium hydroxide, the pH of the solution can be 
reduced to 5 without reducing the concentration of lactic acid and pyruvic acid. We thought this would allow 
us to experiment with the original concentrations of lactic acid and pyruvic acid. We expect the voltage value 
will be larger than when diluted, and it will be easier to see the change in voltage when the enzyme is added.

References 
(1) Tamura,A.et al. “Purification and characterization of lactate dehydrogenase (LDH) in the flour 

fermentative bacterium Enterobacter ctoacae
GAO”,https://dl.ndl.go.jp/view/download/digidepo_10581498_po_ART0003583485.pdf?contentNo=1&al
ternativeNo=

(Reference in 2022-11-7)
(2)Eguchi,H.et al. “Inversely polarized thermo-electrochemical power generation via the reaction of an 
organic redox couple on a TiO2/Ti mesh electrode”, https://www.nature.com/articles/s41598-021-93269-
7#article-info,(Reference in 2022-11-7)
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Abstract of the Presentation

Title
Challenge to Fabricate Perovskite Solar Cells using Nickel and Ionic Liquids 

Outline and its First Inspiration
Perovskite solar cells, which use a compound with a crystalline structure called perovskite, are made from 
several layers (Fig. 1). They can be mass-produced using coating and printing techniques, and are 
expected to be lightweight solar cells that are resistant to distortion. The perovskite crystals(Fig. 2) are 
contained in the perovskite layer, which is the layer that absorbs light among the layers that make up a 
perovskite solar cell. Perovskite solar cells generate electricity when electrons excited by the absorption of 
light by the perovskite layer move in an electric circuit. Perovskite crystals are often made using lead, which 
is harmful to the human body, but lead-free perovskite solar cells, which are safer to use, are attracting 
attention. In my research, nickel is used as a substitute for lead (Fig. 3). When a precursor solution of the 
perovskite layer was prepared using nickel as a substitute for lead, coated on glass, and calcined, this layer 
became colorless immediately after calcination. This means that the visible light region could not be 
absorbed sufficiently, and the power generation efficiency would be reduced. 
Then, I read a paper[1] by Prof. Tetsuya Touma and his colleagues at Kanazawa University, who found 
that by depositing a perovskite layer without ionic liquid on top of a perovskite layer with ionic liquid added, 
a perovskite layer with higher performance and longer lifetime could be deposited. Ionic liquids are liquid 
salts composed solely of ions, which are characterized by their non-volatility and flame resistance, high 
ionic conductivity, high thermal stability, and excellent electrochemical properties. By adding an ionic liquid 
to it (Fig. 4), I happened to discover a perovskite layer that can be controlled according to the surrounding 
humidity so that the color of the perovskite film goes from colorless to colored even at room temperature. 
Among them, the colored perovskite layer can absorb visible light. 
These factors led to the idea that nickel and ionic liquids can be used to develop organic-inorganic hybrid 
solar cells and hydrochromic materials. 

Goal
To synthesize perovskite films using nickel and ionic liquids to produce harmless, high power generation 
efficiency solar cells.  

Novelty and Creativity
Currently, perovskite solar cells are expected to be thinner and lighter than conventional silicon solar cells. 
Among them, I am researching perovskite solar cells that do not use lead, since they are harmful to the human 
body. However, when the perovskite layer was made with nickel, it became transparent. Therefore, I used 
ionic liquid, a material that is not originally used in making perovskite solar cells, for it. By doing so, I 
coincidentally synthesized a chromic material. Chromic materials are substances that change their observed 
color in response to changes in molecular structure caused by external conditions such as humidity and 
temperature.  

Feasibility and its Prospect Report of progress can also be acceptable
Based on preliminary experiments, a colored perovskite layer was observed, though it was colorless 
previously. Thus, it can now absorb at least some of the visible light region. 
I measured how much of that absorbed light can be used to generate electricity, yet. Therefore, I am in the 
middle of figuring out whether nickel can generate electricity even if it were not in perovskite crystals. 
I made an entire perovskite solar cell using nickel with ionic liquid added and measured its power 
generation efficiency. As a result, the power generation efficiency was approximately 0.00341%, short 
circuit current density was approximately 0.01125 mA cm-2, the was approximately 0.1125 V, and the Fill 
factor was 0.0751. This result indicated that the sample that I made could generate electricity, although the 
efficiency is extremely small.

Future potential and its plan
I am trying to figure out how to optimize fabrication conditions both as a chromic material and as a 
perovskite solar cell. At this point, I have not been able to confirm whether the colored material that I have 
synthesized is perovskite crystals. So I would like to identify what is causing the color change and the 
composition and crystal structure of those compounds, and verify under what conditions the color change is 
most likely to appear. In one paper that studied nickel-based hybrid organic/inorganic metal halide for 
photovoltaic applications[2], the efficiency was 0.16%. Thus, I want to make a perovskite solar cell using 
nickel that goes over that power generation efficiency.

References 
[1] Shahiduzzaman, Md, et al. “Ionic Liquid-Assisted MAPbI3 Nanoparticle-Seeded Growth for 
Efficient and Stable Perovskite Solar Cells.” 2021
[2] Daniel Ramirez, et al. “New nickel-based hybrid organic/inorganic metal halide for photovoltaic 
applications.” 2018 

Figure 1 Cross-section structure of a general perovskite solar cells which uses Pb for the perovskite layer

Figure 2 Image of a perovskite structure
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Figure 3 Cross-section structure of a lead-free perovskite solar cells which uses Ni instead of Pb for the 
perovskite layer

Figure 4 Cross-section structure of a lead-free perovskite solar cells which uses Ni instead of Pb for the 
perovskite layer with ionic liquid
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Feasibility and its Prospect Report of progress can also be acceptable

We conducted experiments with three hypotheses. The study process is shown in Figure 1.
  Hypothesis 1: Regarding "the adsorption rate is greater for substances with smaller density," 
this experiment will compare the adsorption rates of activated carbon from bamboo and rice 
husks of the same weight. For the same weight, the substance with smaller density has a 
larger volume. Therefore, the adsorption rate of the rice husk with smaller density is considered 
to have a larger adsorption rate. Figure 2 shows that bamboo has a higher adsorption rate than 
rice husks. Bamboo activated carbon has a sponge-like structure, which results in a larger 
surface area. Therefore, the adsorption rate of bamboo was greater than that of rice husks. We 

also believe that this structure of bamboo is due to the vascular bundles of bamboo
  Hypothesis 2: "The adsorption rate of lactic acid is greater when the stirring time is 
increased." Stirring is a process that promotes reactions between different phases. This 
phenomenon was considered to occur in the case of both rice husk and bamboo. Figure 3 
shows that in the case of rice husks, the adsorption rate decreases as the stirring time 
increases. The reason for this is that as the lactic acid is adsorbed, a concentration difference 
occurs between the lactic acid solution and the rice husk charcoal, and the adsorption occurs to 
reduce the concentration difference. From this, we believe that rice husks are not suitable as 
an adsorbent. Figure 4 shows that in the case of bamboo, the adsorption rate increases as the 
stirring time increases. The reason for this is thought to be that bamboo has a sponge-like 
structure and contains solution inside the bamboo, making it difficult for concentration 
differences to occur around the bamboo charcoal and preventing desorption.
  Hypothesis 3: "Further heating of carbonized material does not increase micropores and 
does not change the adsorption rate of lactic acid," based on the results of the experiment, rice 
husks were not used in this experiment. Figure 5 shows that the adsorption rate is greater for 
bamboo heated for 2.5 hours than for bamboo heated for 1 hour. We considered that the 
activated carbon obtained in 1 hour was not completely carbonized; 2.5 g of activated carbon 
obtained in 1 hour and 1.0 g of activated carbon obtained in 2.5 hours, and from this difference 
in mass, we considered that some of the activated carbon was not carbonized in 1 hour.

Future potential and its plan

Increase the number of experiments to improve the reliability of the results.  
Use vascular materials as adsorbents. 
Increase the number of experiments and improve the reliability of the results. 
Find out if the results change with or without stirring.

References 
(1) (nature3D,Misconceptions about PLA biodegradable plastics)
   https://nature3d.net/explanation/pla_notreally.html 
(2) Presentation of student research project of R3 year students at Kasumigaoka High School

(3) First presentation of student research project at Kasumigaoka High School R4
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Chart 1 (experimental procedure) Chart 2
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Chart 4
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Abstract of the Presentation
Title Fly Film Case Rochet

Novelty and Creativity

Process of the experiment

1. We made a hand-made bath soap by mixing sodium sulphate anhydrous, sodium hydrogen carbonate and fumaric 

acid with ethanol until it started to break apart in a powdered form, resembling the feel of new thick snow. 

2. We packed the hand-made bath soap in a sample bottle.

3. We added water in the sample bottle and closed the lid.

4. We recorded the time between closing the lid, and the launch of the lid, and rounded off after the 2nd place decimal 

point. 

Experiment 1 Experiment on different ratios of the amount of water:

We made multiple hand-made bath soaps from the following amounts of sodium sulphate anhydrous, sodium 

hydrogen carbonate, and fumaric acid. 

We fixed the amount of hand-made bath soap in the sample bottle at 3g and changed the amount of water from 

0.2ml to 2.0ml by a 0.2 ml unit.

Case 1:  15g of sodium sulphate anhydrous, 15g of sodium hydrogen carbonate, 10g of fumaric acid

Case 2:   0g of sodium sulphate anhydrous, 15g of sodium hydrogen carbonate, 10g of fumaric acid
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Case 3:  15g of sodium sulphate anhydrous, 7.5g of sodium hydrogen carbonate, 5g of fumaric acid

Experiment 2) Changing the amount of hand-made bath soap

With the ratio of 15g of sodium sulphate anhydrous, 5g of sodium hydrogen carbonate, 10g of fumaric acid, we 

changed the amount of the hand-made bath soap in the sample bottle from 0.5g to 6.0g by a 0.5g unit.  We fixed the 

amount of water at 0.2ml.  

Experiment 1 Experiment on different ratios of the amount of water:
The results are on graph 1. 
In Case 1, when the amount of the water was at 0.2ml, the time until the launch of the lid was long, but when the 

amount of water was at 0.4ml to 2.0ml, the time until the launch of the lid was almost the same. 
In Case 2, when the amount of the water was at 0.2ml, the time until the launch of the lid was relatively short 

compared to Case 1, but when the amount of water was at 0.4ml to 2.0ml, the time until the launch of the lid was 
almost the same as Case 1.

In Case 3, when the amount of the water was at 0.2ml, the time until the launch of the lid was relatively long 
compared to Case 1, but when the amount of water was at 0.4ml to 2.0ml, the time until the launch of the lid was 
almost the same as Case 1.

Experiment 2) Changing the amount of hand-made bath soap
The results are in Graph 2. 
Even though we changed the amount of the bath soap, the time of the lid launching was almost always the same. 

Feasibility and its Prospect Report of progress can also be acceptable
By comparing the seconds in Cases 1, 2, and 3 with the 0.2ml in Graph 1, we recognized that the more 
sodium sulphate anhydrous, the longer the time until the lid launched.  We came to conclude that sodium 
sulphate anhydrous is a chemical that prevents reaction of carbon dioxide.  And from Graph 2, we 
recognized that the amount of the hand-made bath soap does not interfere with the time until the lid launches, 
because time until the launching of the lid did not change with the different amounts of the hand-made bath 
soap.

Future potential and its plan
We would like to research the relationship between the amount of carbon dioxide and the time until the lid launches. 

References 
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Abstract of the Presentation
Title A tough gel created by poly(vinyl alcohol), borax, and water

Outline and its First Inspiration
This idea is to treat freeze-thawed poly(vinyl alcohol) (PVA) physical gel with borax and make the gel tougher.
Hereinafter this gel is called “PVA-ft-b gel”. The concrete formula that seems to be promising is to immerse 
freeze-thawed PVA gel1) in borax aqueous solution. I came up with the idea when I got to know about 
“sacrificial bond principle”2), the principle that introducing weak bonds (sacrificial bonds) into a strong 
structure makes the whole gel tougher. This is caused because weak bonds are destroyed first and absorb 

energy, protecting the strong structure when an external force was applied to the gel. If reversible bonds were
used as sacrificial bonds, the gel can show its strength repeatedly, because destroyed sacrificial bonds will 
be repaired. I knew that PVA can be crosslinked in many ways such as freeze-thawing and reacting with
glutaraldehyde or borax, and that borax bonds are reversible and weak3), whereas others are irreversible and
strong. Then, I thought that it may be possible to develop a tough gel that is produced from versatile materials
in simple and safe process by introducing borax bonds into freeze-thawed PVA physical gel. 

Goal
I started this research to make tough gels, which have a great potential completely different from conventional
materials, closer to us. Gels are soft and wet unlike plastics or metals or other materials originally, and tough

gels have enough strength as structure materials. So, they can create many new values. One unique example
is soft robots. When we look at or touch them, we can feel as if they were living things, not artificial robots,
and we can be healed mentally so much. However, gels and gel-products are not familiar now. I suppose that
it is because some tough gels require special materials, or the production process is complicated. PVA-ft-b gel
in my idea uses only common and versatile materials and the production process is also very simple. I want 
to make PVA-ft-b gel practical by revealing the conditions that decide the properties in this research, and 
ideally broaden gels as structural materials!

Novelty and Creativity
To my best knowledge, there is no report on freeze-thawed PVA physical gel with crosslinks of borax, whereas

PVA-borax complex is well known as a toy called “slime” and freeze-thawed PVA physical gel is also
researched well. Hence, I think my research is a novel attempt. My research activity is also rich in creativity. 
While planning and conducting experiments, a lot of troubles have been occurred because of little funds, but 

I have been trying to solve each problem with ingenuity. I have been going to 100-yen shops and home centers

frequently, looking for something convenient for my research. For example, I am using water pipes as molds 
to pour PVA aq. into and conduct freeze-thawing process. The pipes are made of copper and able to be cold
quickly. This feature lessened variations in the experimental environment. Besides, I can make many 
specimens in the same cylinder shape at once. Another example is tea strainers used in water-soaking
experiment. These also made experiments easier and improved them a lot. When I found the tea strainer for
the first time, I felt, “This is it! If I use this for my experiments, they will be quite easier and more accurate.” At 
that time, I was using paper to absorb extra water on gel’s surface, but in this way, fiber of the paper sticks to
the gel and the measurement was not very accurate. Tea strainers improved the experiments’ quality as I
hoped. Like these examples, I have been considering everything as instruments to make experiments better.

Feasibility and its Prospect Report of progress can also be acceptable
I tried to make PVA-ft-b gels, changing the order of operations. The specimens are expressed by lining
alphabets for each operation, showed in Table 1. In this experiment, all specimens added borax aq. showed 
more shear strength than the one added water showed (Figure 1). However, specimens added borax aq. at 
the initial stage of gelation by freeze/thawing did not stand by themselves (Picture 1). Shear strength was 
measured by this way: Cylinder-shaped specimens were cut on a scale using a plate (0.5 mm in thickness, 
made of aluminum) (Picture 2), while taking a video. Shear strength was estimated from the video. When the
specimen is cut, the specimen separates from the plate and the value of the scale decreases rapidly (Figure
2), thus, the value right before the decrease was read. From this experiment, the importance of operating

order was revealed. Moreover, I found the method promising by making freeze-thawed PVA gel tougher
actually by adding borax. After that, I soaked the specimens to water as Figure 3 to know their water-resistant.
All of the specimens dissolved, and ones added borax aq. were more difficult to dissolve (Figure 4). However,
it seems difficult to use PVA-ft-b gel for something which may be exposed to water.

Future potential and its plan
I am conducting more experiment and going to reveal more on PVA-ft-b gel. For example, the effects by 
concentrations of PVA and borax will be revealed. Water resistance is also an issue. Besides, I am going to 
show this research to people in industry at annual meeting of Chemical Society of Japan and listen to their 
opinion. Ideally, I want to produce PVA-ft-b gel at a large scale with a chemical company and make it a familiar 

material. I hope gel’s capability is come to be known widely through this easy-making material and gel products 
help people in many ways. I am planning to publish a paper in a journal at the last of my research to approach 
my goal.

References 
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, 185, 164164 (2021).
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Table 1 The relationship between abbreviations and operations.

Figure 1. The shear strength of each kind of specimens.

Picture 1 The specimens after 24 hours.

Picture 2 The method of the measurement of shear strength.

Figure 2 The schematic diagram of the measurement off shear strength.

Figure 3 The process of the measurement of water-resistance.

Figure 4 The result of the measurement of water-resistance.
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Abstract of the Presentation

Title Use the Optical Lever Principle to measure the Micro weights

Outline and its First Inspiration

Using the principle of lever and light reflection, we have made a device that can measure the 

number of grams to four decimal places. Then we hope to apply this device in our daily life.

So we made a device that can collect PM10 and PM2.5 in the air, then use the lever device to 

measure the content of PM10 and PM2.5 in the air.

Goal

1. Design and manufacture a lever device that can measure tiny masses.

2. calculate the relationship between the distance of the light spot and the mass of the object 

by the lever device. 

3.Make PM10 collector. 

4. Use the lever device to measure the quality of PM10 in the air.

5. Use the above results to calculate the concentration of PM10 in the air.

Novelty and Creativity

A. Research process

a. Fabrication of the lever device

1. Make the stand

(1) Use laser to cut MDF dense panels and assemble them with tenon principle.

(2) Fix the flat mirror on the board inclined 30 degrees above the bracket with butterfly clips.

2. Make the Acrylic Lever

(1) Cut out the acrylic sheet by laser cutting.

(2) Draw the center line of the acrylic sheet, and glue the transparent plastic film on both ends

3. Make the lever bracket

(1) Use laser to cut MDF dense panels and assemble them with tenon principle.

(2) Use iron wire to fix the iron rod at the groove of the bracket.

4. Make Aluminum Foil Weights

(1) Use an electronic scale to make 5 aluminum foil weights of 0.005g, 0.010g, 0.015g, 0.020g, 

and 0.025g each.
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b. Measurement method and steps of lever device

1. sequential weighting method

(1) Put graph paper on the wooden board under the flat mirror to record the position of the laser

spot.

(2) Place the acrylic lever on the stand and make sure it is balanced horizontally.

(3) Turn on the laser pointer and record the light point, which is the origin.

(4) Put a 0.005g aluminum foil weight into the semicircular plastic film, observe and record the 

displacement of its light spot.

(5) Repeat the method of step 4 to add four 0.005g weights respectively, and observe and 

record the displacement of the light spot.

2. specific weight method

(1) The first four steps are the same as the sequential weighting method

(2) Next, take out the 0.005g weight that was put in before, put in a 0.010g aluminum foil 

weight, and record the displacement of the light spot

(3) Repeat this action five times, each time taking out the weight and placing a weight 0.005g 

heavier than the previous weight, until the mass of the weight increases to 0.025g

c. Make a fan box for collecting PM10

1. Fan and acrylic case

(1) Make transparent acrylic box by laser cutting and tenon principle

(2) Fix the fan on the upper cover and lower cover of the transparent acrylic box with screws

(3) The upper cover is the air inlet, and the lower cover is the air outlet

2. Filter paper interlayer

(1) Use laser cutting to make 3 transparent acrylic plates, and cut a lot of small square holes 

in the acrylic plates to allow air to pass through the filter paper

(2) The interlayer between the second piece and the third piece will place glass fiber filter 

paper to filter out the pm10 and pm2.5 of the quality to be tested

(3) The interlayer between the first piece and the second piece will place ordinary filter paper, 

first filter the dust in the air and absorb the excess water vapor in the air

3. Assemble the filter paper sandwich with the acrylic box

(1) Assemble the filter paper interlayer that described above

(2) Assemble the upper cover and the lower cover of the acrylic box, and make sure that the 

three interlayers have firmly clamped the filter paper

Feasibility and its Prospect Report of progress can also be 

acceptable

A. Experimental results

a. First and second experiments

1. These two experiments were carried out using 0.3cm acrylic and a large transparent plastic 

film lever

2. The weights used in these two experiments use the sequential weighting method to limit 

the placement of the weights

3. The two experiments did not limit the leverage balance time

b. The third and fourth experiments

1. These two experiments were carried out using 0.3cm acrylic and a large transparent plastic 

film lever

2. The weights of these two experiments use a specific mass weighting method, and the 

placement of the weights is fixed

3. The two experiments have a 1 minute lever balance time during the experiment

c. The fifth experiments

1. These two experiments were carried out using 0.3cm acrylic and small transparent plastic 

film levers

2. The weights of these two experiments use a specific mass weighting method, and the 

placement of the weights is fixed

3. The two experiments have a 1-minute lever balance time during the experiment

d. The sixth and seventh experiments

1. These two experiments were carried out using 0.3cm acrylic and small transparent plastic 

film levers

2. The weights used in these two experiments use the sequential weighting method to limit 

the placement of the weights

3. The two experiments have a 1 minute lever balance time during the experiment

B. Discussion

a. The mode of placing weights

1. sequential weighting method

(1) During the experiment, weights of the same mass were sequentially added to the plastic 

film 5 times. The weights are not taken out during the measurement process, this method 

can only control the placement range of the weights

2. specific weight method

(1) During the measurement, only one weight is placed in the plastic film, and the masses of 

the five weights are in equal ratio. This method fixes where the weights are placed

C. conclusion

1. The measuring mass range of this device is 0.001g 0.03g

2. Our device has become more and more stable and accurate after many adjustments

Future potential and its plan

1. improve and manufacture devices that can measure tiny masses more accurately

2. Complete the experiment of precipitation rate and PM10 content in the air
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Abstract of the Presentation
Title Foehn Wind Turbine 

Outline and its First Inspiration

The issue of green energy has been discussed for a long time in Taiwan and all over the world [5][6][8] . Among 

green energies, wind energy is a common method of generating power, and a certain proportion of power supply sources 

in Taiwan is also wind energy. In addition, according to the data of the Taiwan Central Meteorological Bureau, the foehn 

wind often occurs in many places in Taiwan Island in summer, for example : Hualien, Pingtung, Taitung, and others 

[3][4][7] . The foehn wind has temperature differences, whereas the general wind doesn’t. In addition, it is reported that 

scientists in the Netherlands have used computers to simulate the foehn wind to generate wind power, and its generating 

capacity was 24 % higher than that of the general wind on average [1] . Therefore, this study attempts to investigate the 

foehn wind power with temperature differences in various regions of Taiwan, and tries to develop a wind energy system 

that can apply the foehn wind power .

Goal

( 1 ) To investigate the areas in Taiwan that are suitable for setting up the foehn wind farms.

( 2 ) To design a power generation system with the function of sensing temperature difference and wind power.

( 3 ) To evaluate the influcent of different temperature differences on the power generating efficiency of the wind 

energy system developed by this research.

Novelty and Creativity

Use the device with the foehn wind energy system to study. This device differs from the 
traditional one in the energy conversion capacity. The former can exceed the upper limit of the 
original power generation capacity by about 24%[1] . Due to the special geographical location of 
Taiwan, if the land-based wind power installations can be combined with this research to improve 
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their energy conversion capacity, it will be more helpful for Taiwan to implement the effects and 
goals of the United Nations SDGs sustainable earth and green energy carbon reduction in the 
future (as shown in Fig 1.).

     Fig 1.Experimental Architecture Flowchart

Feasibility and its Prospect Report of progress can also be acceptable

Fig 2. Integrated Circuit Implementation Block 
Diagram

Fig 3. Fan Temperature Difference Integration 
Architecture Diagram

1.Investigation and visit of special landforms with wind power and temperature difference: actual 
investigation of areas in Taiwan that mainly have this phenomenon. 
2.Rectifier design: Self-made wind direction rectifier is used to control smooth wind force in all 
directions. 
3.Wind thermoelectric chip generator: Assemble the wind generator and integrate the chip into the wind 
generator, and design the circuit integrated power generation system (as shown in Fig 2.).
4.Design the wind heater: heat the wind and connect the electric meter and storage device to measure 
the voltage and current at the same time (as shown in Fig 3.).

Future potential and its plan
The relevant information in this study shows that if the land-based wind turbine can 

be combined with temperature difference power generation and installed in areas prone to 
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Foehn wind, the power generation efficiency will be improved again [1] , and even without 
Foehn wind, it can provide more energy even only the temperature difference with the 
surrounding air is required. 
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Title Fly Way Catapult- Determine Traveling Elevation and Distance of 
Projectile 

Outline and its First Inspiration
During my science class in elementary, one of the assignments was to make a launcher out of 

chopsticks-Catapult. Catapult is an ancient weapon which is a ballistic device used to launch a projectile 
(ball) to a great distance without the aid of gunpowder. Without any specific instructions of how to make 
it, each one of us made his own personal unique design of Catapult. I am always curious about how I can 
launch various ball using the Catapult to its limit.

Goal
Conducted Catapult launch experiments and compared experimental results (determined by hand 

measurement and Tracker) with theoretical results determined from Equations of Motion.  Determine 
the factors that have significant impact on the traveling height and distance of the projectile (ball). 

Novelty and Creativity
1.

and distance. There is a good agreement between simulation results of Tracker and theoretical
calculation determined from Equations of Motion.

2. The simple set up of the experiments used in this study would be a useful tool to investigate and
simulate the moving path of an object. 

Feasibility and its Prospect Report of progress can also be 
acceptable
1. In general, there is a good agreement between the results obtained from both experimental (by Hand 
measurement and Tracker) and theoretical (Equations of Motion). 
2. Significant factors affecting the traveling height and length of the ball including density, shape, and 
surface area.   
3. Small differences between experimental and theoretical results might be due to the shape or surface 
area of the ball which might be caused by difference in air resistance. 
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Future potential and its plan
“Tracker” was a good and convenient tool for determining the traveling path of a moving objective 

(including time, elevation, distance, and speed). The method developed in study would be a very useful 
tool to investigate a moving object, for example, it can be used to study of motion of basketball, baseball, 
and soccer etc. It could help athletes to better understand and control the balls.
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Method:

1. Built a Catapult (Fig. 1) using chopsticks and rubber bands. The Catapult is used as a launcher to 
shoot out the balls. The Catapult uses the sudden release of stored potential energy in rubber bands 
to propel its payload (ball).

2. Prepare various balls (Fig. 2) with different materials including different size, shape, mass, density, 
and surface area.

3. Set up the test field for the Catapult.
4. Set up the camera to capture the motion of the balls.
5. Start the experiment. Each ball had to be launched 3 times and the whole process was recorded by 

the camera. The traveling lengths and heights of the balls were measured by hand on site (Fig 3a).
6. Upload the recorded video in the camera to the program Tracker. Obtain the projection lengths and 

heights of the balls (Fig. 3b).
7. Determine the theoretical projection length and height of the balls using the Equations of motion

(Fig.3c).
8. Compare experimental results (determined by Hand Measurement and Tracker) with theoretical 

results determined from Equations of Motion (Table 2).
9. Determine the significant factors affecting the projection height and length of the Catapult.
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Fig. 1 Catapult build in this study Fig. 2 Exmaple of projectiles (balls) tested in this 
study

(a) (b) (c)

Fig. 3 Three determined method 
(a) Hand measure: The traveling distance, height, and time were measure by hand on site. 
(b) Tracker method: Upload the video into Tracker, and traveling distance, elevation, and time 

were determined by the program. 
(c) Theoretical method: The traveling distance, elevation, and time were determined by 

equation of motion.

Table 1. Traveling distance (m)-Three trials for each run

Traveling distance (m)

Balls (g) Trial 1 (m) Trial 2 (m) Trial 3 (m) Average (m)

3 1.022 1.078 1.103 1.067

4 0.768 0.764 0.821 0.784

5 0.529 0.632 0.893 0.685

10 0.302 0.327 0.291 0.306

14 0.285 0.262 0.294 0.283
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(a)                                                     (b)

(c)                                                     (d)

(e)                                                     

Fig. 4 The moving paths of balls (a-e) with different density (mass) were analyzed by Tracker, (a) ball 
with highest density travel shorter distance. (e) ball with lowest density has a longer traveling distance. 
The traveling time, elevation, and distance were determined by Tracker.

Tracker is a free video analysis and modeling 

tool built on the Open-Source Physics (OSP) 

Java framework. 
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Table 2. Comparison of traveling distance (m) determined by hand measurement, Tracker, and 
theoretical value.

Length (m)

Ball (g) Measurement by hand on site Simulator (Tracker) Theoretical (by Equations)

3 1.067 1.033 1.050

4 0.784 0.841 0.786

5 0.685 0.642 0.644

10 0.306 0.327 0.319

14 0.283 0.311 0.280

Fig. 5 The comparison of traveling distance (m) 
determined by hand measurement, Tracker, and 
theoretical value.

Fig. 6 Comparison of traveling height (m) with 
various mass of balls.

Fig. 7 Traveling distance (m) determine by Tracker 
with various mass (3,4,5,10,14g ) with three trials.

Fig. 8 Traveling distance (m) with various mass 
of balls.
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Table 3. Comparison of traveling time (sec) 
determined by Tracker, and theoretical 
value.

Ball (g) Time (s)

3 2.42

4 1.86

5 1.36

10 0.73

14 0.53

Fig. 9 The comparison of time (s) the ball travel 
with various mass of balls.

Conclusions:

Based on this study, Tracker is a great and convient  tool  for study of motions with good accuracy.  
Factors affecting the traveling length and height of Catapult such as materials, size, shape, mass, density, 
and surface area were investigated in this study. Significant factors include density and surface area of balls. 
From this experiment, I finally understand how to make a perfect “ball” to travel its limit using Catapult. 
Reveal the mystery of my childhood.
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Abstract of the Presentation
Title

-transporting function by investigating the design impellers
Outline and its First Inspiration

Environmental protection is a very important issue nowadays, and we want to save resources 

by designing the most efficient pump, because the detailed structure of the impeller is closely 

related to the pump efficiency, this research will focus on the design of the impeller.
Goal

1.The overall efficiency of the pump is mainly discussed, and it is related to the value of flow 
rate, head, and power consumption.
2.Optimized by Taguchi experimental program method to obtain the best overall efficiency of 
the impeller.
3.Use the COMSOL Multiphysics software simulation to verify whether the measured results 
are consistent.
4.Through the supervised learning to establish the correlation model, and the overall efficiency 
is marked with experimental data to design the optimization parameters of the impeller.

Novelty and Creativity

1.Unlike other studies focusing on one shape of blades, this study discusses three types of 

blades and proposes the highest efficiency blade.
2.Provide a complete blade test and design parameter optimization program, including Taguchi 

method, software simulation and machine learning .
Feasibility and its Prospect Report of progress can also be 

acceptable
We experiment three different shapes of impellers, which are about 50 ones, in the pump.
Overall Efficiency is the d to pick up the best impeller (Fig.1). [1]

First stage optimization:

We collected the data of 50 kinds of impellers including Circular-arc [2], Elliptical-arc and Upright 
shapes. After organizing data and calculating efficiency, we draw the hydrostatic curve. [3] In 
the charts, we can find out that the flow rate and efficiency curves have peak value. The impeller 
labeled as A2 dash 8 has the highest efficiency in the first stage (Fig.2). We chose it to do the 
further optimization.

Taguchi Method optimization:

In Taguchi Method, our goal is the larger the better. [4] We apply the impeller which performed 
the best in the first stage in the orthogonal table. In the Main effect of SN-ratio, the higher the 
absolute value of the level slope for each factor, represents the greater the impact of this factor. 
Absolutely, the effect of the blades number was the largest, and then the angle of exit, and the 
angle of inlet (Fig.3).
Consequently, the efficiency have increased 1.97%. We also propose the best impeller in our 
research labeled as A2-ea28-ia23-8 has the highest efficiency to 28.89 overall efficiency(%)
(Fig.4,5).
Machine learning:
In supervised multivariate-learning regression , we chose the multivariate linear function. [5]
Y= 0+ 1X1+ 2X2+……+ pXp+ e
X Independent variable (analysis object) Y: strain number (corresponding result) 

weight e bias 
By analyzing the data we collected, which had 189 data. The Evaluation metrics (MSE) is 
0.82 .Which means the model has comparable accuracy. By weight parameter, we can find out 
which parameter need to be modify (Fig.6). Predict the impeller’s efficiency by inputting 
parameters, saving experiment time and cost (Fig.7).
Software simulation:
We use COMSOL to simulate the velocity and pressure's distribution of the best impeller in 
the Taguchi Method optimization (Fig.8). The simulated velocity is positive correlated to the 
measured flow rate (Fig.9). Similarly, the pressure is related to the head (Fig.10). The 
outcome of actual and simulated is compatible. Moreover, our inaccuracy is within 3%. [6]
Conclusion:
1. After the first stage optimization and Taguchi Method optimization, we achieve to propose 
the optimized impeller.
2. Compared with the best impeller through the market research, we are still better than each 
of them (Fig.11).
3. Furthermore, with the large amount of our data. Through the Taguchi Method and supervised 
learning, the best parameter for impeller can be found out and predicted.
4. What's more, the measured results are in good agreement with the simulation.
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Future potential and its plan
1. Cooperate with the manufacturer on the proposal to provide a multiple linear regression 
model in machine learning to improve product performance, and collect test data from the 

manufacturer to increase data and make the regression function model more accurate.

2. This research is to discuss single-stage pumps. In the future, multi-stage pumps can be 
discussed.
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A schematic diagram of the pump’s operation

Fig.1 The type of the impeller  (a) Arc shape  (b) Elliptical-arc shape (c)Vertical shape 

Fig.2 Data of different impeller shapes (a) Circular-arc (b)Elliptical-arc 

(c)Upright (d) Data with the maximum overall efficiency in comparison 
with diagram each shape 

Fig.3 (a) Main effect of SN-ratio Fig.3 (b) Main effect of average value

Fig.4 Orthogonal arrays Fig.5 Data with the maximum overall efficiency in 
comparison with diagram of Taguchi Method

Fig.6 Weight parameter Orthogonal arrays Fig.7 Linear Regression

Fig.8 A2-ea28-ia23-8 and A2-ea23-
ia23-7’s flow rate and head’s 
measurement

Fig.9 (a) (c) A2-ea28-ia23-8 and (b) (d) 
A2-ea23-ia23-7’s velocity simulation

Fig.10 (a) A2-ea28-ia23-8 and (b) A2-
ea23-ia23-7’s pressure simulation

Fig.11 Comparison of the advantages and disadvantages of impeller’s performance
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Participant’s Information
School Name Taipei Municipal Dazhi High School

Representative’s Name CHEN,YU-CHI

Member LIN,CHEN-XIANG YANG,HAO-HSIANG

Supervising Teacher
Name CHENG,CHAW-CHEN CHEN,HUANG-JEN

Abstract of the Presentation
Title Discuss how to improve the phenomenon of blurring after writing with water-soluble chalk

Outline and its First Inspiration

Future potential and its plan

References 
1. :CN102952433B 2011 8

CN102952433B - Water-soluble chalk - Google Patents
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Research Stage Idea Preliminary Res lt
Field Check only one appropriate field.

Physics   Chemistry Biology   Earth Science
Mathematics Information   Others specifying

Participant’s Information
School Name Taipei Municipal Dazhi High School

Representative’s Name CHIANG, CHIH-YU

Member CHANG, CHUAN FENG, YUN-CHING

Supervising Teacher
Name HSIEH, CHUN-YI

Abstract of the Presentation
Title The qualitative analysis of crispy food.

Outline and its First Inspiration
When eating some foods like potato chips we feel that foods are crunchy . However, the degree of 
crispness is not easy to quantify. In this study, we want to qualitatively analyze the crispness we 
feel. Since humidity would affect crispness, in our experiment same type of potato chips were put 
into a constant temperature and humidity controlled machine with an adjustable humidity function, 
divided into five groups of humidity values of 30%, 40%, 50%, 60%, and 70%. In order to investigate 
the relation among humidity, sound pressure and crispness of potato chips, a pressing crack device 
organized with a tensile hardness tester and a microphone sensor was used to record a fracture 
result on the potato chips. We simultaneously record the Fracture Acoustic Pressure Spectrum and 
the fracture force when a potato chip was pressed crack .Our research has shown that humidity 
does have an effect on the amplitude and frequency of sound pressure, and the value of fracture 
force. The lower the humidity, the greater the fracture force is. The Fourier transform analysis also 
shows the amplitude of low-frequency component of sound pressure was decreased in higher 
humidity. In addition, as we know temperature affects Raman spectrum and Photoluminescence(PL) 
spectrum, we investigate the Raman and PL Spectrum of potato chips under different humidity 

ranging from 30 to 70%.  Although the results of PL spectrum show there is no regular variation in 
characteristic peak of potato chips when the humidity is increasing, we still find the characteristic 
peaks of samples with same humidity are very concentrated . 
In addition to humidity, the geometry of food samples (such as rod shape or chip shape), and the 
geometry of cutting-off tools(such as our front teeth or molar) had positive influence on crispness. It 
is hoped we will find more research in these areas in the future.

Goal
1. Observe and explore the influence of humidity on the crispness and sound pressure frequency of potato

chips.
2. Explore the relation between crispness and fracture force of potato chips with different humidity.  
3. Explore the effect of potato chips with different humidity on Raman and PL spectrum.
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Novelty and Creativity
The degree of crispness is not easy to describe. We design some experiments to quantitively analyze the
physical meaning behind.

Feasibility and its Prospect Report of progress can also be acceptable
1.The moisture of potato chips affects the amplitude and frequency of the sound pressure. 
2.Potato chips become hard and crispy when humidity is lower, and the fracture force is greater when humidity
is higher
3.The Raman spectrum of a potato chip does change due to humidity. For example, the characteristic peaks
of samples with same humidity are very similar.

Future potential and its plan

The experimental data between humidity, sound pressure and crispness of potato chips is still not complete, 
and data with a humidity below 30 is not provided in the current study. The humidity manufacturing time  can 
also be extended to reduce the chance of error. 
Also, other factors such as shape of food samples (such as rod-shaped) or the geometry of cutting-off tools 
might have influence on the crispness people feel.

References 
LI, JIA-TONG (November 26, 2015) Fourier Transform December 15, 2021 Taken from 26 | 11 

 | 2015 | FreeSandal
Wikipedia (2022) Humidity November 26, 2021 Taken from  -  

(wikipedia.org)
CHEN, DENG (2012) Get to know Raman spectroscopy January 2, 2022 Taken from
/  -  -  (oceanhoodtw.com)
Research into Theory (August 22, 2017). How much does Raman know – An introduction to Raman 

basics. August 6, 2022, Taken from Raman ——Raman  -  (zhihu.com)

Joehas Technology. Take you to know the principle of Raman spectroscopy (Raman)! August 6, 
2022, Taken from   (Raman) ! |  (johas.com.tw)
Benedetta C. (2014). Experimental evidence of dual emission in a negatively solvatochromic push

pull pyridinium derivative. Physical Chemistry Chemical Physics, 17(3):1877-82.
Zoltán Szakács et al(2018). Experimental evidence of TICT state in 4-piperidinyl-1,8-naphthalimide 
 a kinetic and mechanistic study. Physical Chemistry Chemical Physics, 20(15):10155-10164.

CIOU, JYUN-YAN, LAI, WUN-LIANG(January 19, 2014). Three-dimensional fluorescence 
spectroscopy and monitoring of environmental organics. August 6, 2022, Taken from 

|  -  (nat.gov.tw)

Raman spectrum figure1)

PL spectrum (figure2)
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Participant's Information
School Name  

The Affiliated Senior High School of National Chi-Nan University
Representative's Name  LI,HUEI-NI

Member PAN,CHI-AN  HSU, TZU-FANG
Supervising Teacher

Name LI,JYUN-HUA  Lo, I-Fan
Abstract of the Presentation

Title Paint the School Green –– Turning the Schoolhouse into Green Building

Outline and its First Inspiration
 We have participated in a green building camp. In the camp, we felt the most important elements of the 

natural environment, light, wind, and water, and experienced the connection and interaction between the 
environment and architecture. After the camp, we began to reflect on how to use and present green buildings 
in our lives to achieve the integration of people and the environment, so we decided to start from the most 
familiar environmental, school. With the goal of energy–saving green buildings to transform and passion, we 
wanted to find out what kind of improvement is most suitable for the school. 

Purpose/Goal
1. Investigate the main causes of stuffiness in the classroom
2. Improve the teaching field in an energy–saving manner
3. Design remodeling schemes that can improve sweltering heat
4. Simulate the hut to explore whether the improvement plan is effective

Novelty and Creativity
Classrooms are the space that students take up the longest of the day, but often poorly designed 

classrooms are hot and uncomfortable. Installing air conditioning is currently the most common and 
direct way to improve, but the consumption of air conditioning in energy aggravates the problem of 
climate change, but causes a more stuffy environment. Our research is to integrate the concept of 
low-energy-consumption, high-comfort green buildings into the improvement plan, and through local 
transformation, the indoor ventilation can achieve the cooling effect, which can not only solve the 
problem of stuffiness, but also reduce energy consumption. The cooling method by introducing wind 
into the room can be implemented not only in the classrooms we experimented with, but also in 
general buildings. 

Feasibility and its Prospect (Report of progress can also be acceptable) 

     We measured the temperature (Fig.1,Fig.2), humidity , wind direction (Fig.4), wind speed, sun altitude
angle, sun azimuth (Fig.5), rainfall (Fig.6)and the structural analysis of the building, the main cause of 

55 The Affiliated Senior High School of National Chi-Nan University 

the stuffy classroom was the design of the indoor top structure, which caused the heat gathering layer to be

 too thick and unable to exhaust heat. (Fig.7,Fig.8)

 (Tab.1)

(Fig.8)

We figured out three improvement plans make ventilation holes in the wall (Fig.9), change the way the 

electric fan rotates (Fig.10), and open windows in the heat gathering layer. The first is that the wall 
connecting the classroom to the classroom, as well as the outermost wall of the entire floor, has a circular 
ventilation hole within the heat gathering layer to allow the hot air above the classroom to circulate and 
finally drain out of the building. The second is that because blowing the fan downward will blow hot air into 
the student seating area, causing the body to feel the hot air, we propose to change the fan to blow upward, 
increase the convection of air in the heat gathering layer, and finally blow the hot air out of the vent. The 
third is that the opening of the window can increase the air convection between the outside and the 
classroom, discharge hot air through the window, and then introduce cold air through the fan, and the 
interaction between the two can achieve the effect of cooling the classroom. 

  
In the three schemes, our team designed the experiment with the first solution, "opening ventilation ports in

the wall", and made a total of two groups of simulated huts, with the cabin with ventilation holes as the
experimental group and the other as the control group. The experiment is divided into two parts, namely:
(1)Simulate the cooling efficiency of the hut without an electric fan to dissipate heat (Fig.11(a),Fig.13)
(2)Simulate the cooling efficiency of the hut with an electric fan for heat dissipation (Fig.11(b),Fig.14)

After analyzing the experimental data, we found that the temperature of the experimental group was 
generally lower than that of the control group, and the installation of electric fans could increase the cooling 
amplitude.

Future potential and its plan
At present, the above design has been submitted to the local primary school, and the principal is already 

preparing funds, dreaming of making the school the first green building school in our township. "Smart green 
building" is already a key global industrial development direction, and our research corresponds to the trend 
of the world, we believe that this research can let the public know that green buildings are not out of reach, 
but within reach.

References/References
1.Zheng Yan (2014). The influence of different environmental factors on learning efficiency. Department of 

Architecture and Urban Design, School of Environmental Design, Chinese Culture University. Taken from

http://ir.lib.pccu.edu.tw/bitstream/987654321/28273/2/fb140926172143.pdf

2.U.S.GreenBuilding Council. (2009,June27). USGDS-What is LEED https://www.usgbc.org/help/what-leed

3.BRE. (1921). BREEAM - Sustainability Assessment Method https://www.breeam.com 
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Fig.1    Aerial photograph of a local elementary school(left) and the inside of the 
classroom(right)

Fig.2   Average temperature at each
measurement point

Turn on the lights and close the windows

Turn on the lights and open the windows

Turn on the lights, open the windows, 
and turn on the electric fans

Fig. 3   The average temperature in the classroom under 
each variation, from left to right

(a)Turn on the lights and open the windows

(b)Turn on the lights and close the windows

(c)Turn on the lights, open the windows, and turn on

the electric fans

Fig. 4   The wind direction chart on the left
shows the largest wind direction for 
each measurement point.

        ; the wind direction icon on the right

shows the wind direction obviousness
of each measurement point.

       

      The wind direction is clear

    The direction of the wind is not clear
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   Fig.7   Human comfort range table

09 00~09 30 11 00~11 30 14 00~14 30

Fig.5    Sun azimuth and sun altitude angle

Fig.6   Rainfall measurement locations and data

Human comfort range

The two overlap ranges

Sensible temperature 37 ° C

Fig.8   The orange part is where the heat is concentrated
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Very difficult to 
improve: it takes 
a lot of money 
and time to 
change and 
maintain a 
building

Not easy to 
improve:
Buildings need to 
be changed, and it 
takes money and 
time to change 
and maintain

Normal: A small 
part of the 
building needs to 
be changed, 
which costs 
money and time 
to change and 
maintain

Easy to improve:
There is no need 
to change the 
building, but it 
will take some 
time and money 
to improve

Very easy to 
improve: no 
need to change 
the building 
does not require 
much effort to 
change and 
maintain

Tab.1 Green building renovation feasibility table
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   Fig.8  Recommended air-conditioning installation location:

(1)Make the indoor temperature low

(2)The direction of the wind is clear where it blows

indoors

The first ensures that the cold air does not stay in place

for too long; The second item is allowable cold air is

extended to the entire classroom in the shortest possible 

time to maximize efficiencyAir-conditioning

   Fig.9   improvement plan make ventilation holes in the wall

Fig.10   improvement plan change the way the electric fan rotates
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Fig.11 Experimental simulation hut design drawing: 
(a)above is the experimental group; (b)Below is the control group

Fig.12 Experimental simulation hut completion diagram
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Hut with ventilation holes Room
1

Room
2

Room
3

Room
4 

Room
5

Room
6

Hut without ventilation holes

Simulate the cooling efficiency of the hut without an 
electric fan to dissipate heat

Fig.14 Experimental data (2) Simulate the cooling efficiency of the hut with an electric 

fan for heat dissipation
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Research Stage Idea Preliminary Result
Field

Participant’s Information

Supervising Teacher

Abstract of the Presentation



－81－

Research Stage Idea Preliminary Res lt
Field Check only one appropriate field.

Physics Chemistry Earth Science
Mathematics Information    Others specifying Engineering
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Abstract of the Presentation
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Outline and its First Inspiration

Goal

Novelty and Creativity

Feasibility and its Prospect Report of progress can also be acceptabl

References 

58 Akita Prefectural Akita High School 
 

Research Stage Idea Preliminary Res lt 
Field Check only one appropriate field.

Physics Chemistry Earth Science 
Mathematics Others specifying

Participant’s Information
School Name Akita Prefectural Akita High School 

Kento Miura
Member  Taiki Ichikawa, Mamoru Iwata, Daisuke Sato, Dogo Chiba,  

Shunsuke Nagata, Mahiro Yoshida

Supervising Teacher
Name Kohei Nishimura

Abstract of the Presentation
Title Field of Physics Verification of Various Conditions Affecting the  Speed 

of Dominoes
Outline and its First Inspiration

Last year, the Physics Group of Akita High School's Department of Science and Mathematics 
conducted research on "the effect of the coefficient of friction between dominoes on the speed of 
dominoes falling over," and found through experiments and theoretical calculations that the speed 
at which dominoes fall over slows as the coefficient of friction increases. In addition, other previous 
studies had investigated how the size of the dominos, air resistance, and other factors affect the 
speed of dominoes tipping over. However, the connection related to the coefficient of friction between 
the dominos and the floor and the falling speed has not been clarified. Therefore, we have decided 
to study the relationship between the coefficient of friction between the dominos and the floor and 
the falling speed of dominoes.

Goal  To seek the connection related to the the falling speed of dominoes and the 
coefficient of friction between the dominoes and the floor. 

Novelty and Creativity
To clarify the unknown relationship related to the coefficient of friction between the dominoes and 
the floor and the falling speed.  

It takes more time. 
(Blue directing arrow implies Rotational motion of dominos)

Feasibility and its Prospect Report of progress can also be acceptable
We investigated the coefficient of the friction between dominoes and floors.We concluded that 
accordin
of the complex movement of the dominoes.It seems that our study will play a significant role in 
further research on overturning motion of dominoes.

Future potential and its plan
For future perspectives, we intend to distinguish between cases where the distance between domino tiles is 
wide and when the distance between tiles is narrow. Specifically, we believe that when the distance between 
tiles is wide, the angular momentum of the tiles will be larger than when the distance is narrow, and the results 
will be attributed to this. 

References 
1) Gifu Prefectural Ena High School Study of domino toppling Shota Ichikawa, Mitsumi Uchida, Sae
Suzuki https://school.gifu-net.ed.jp/ena-hs/ssh/H24ssh/sc3/31211.pdf 
2) Modeling of domino toppling wave propagation Fumio Fujii, Yoshihiro Inoue, Takahiro Nitta 
https://www.jstage.jst.go.jp/article/kikaic/78/788/78_788_1133/_pdf  
3) Nagano Prefectural Kiso Seiho High School Domino motion on stairs  
2 years Sho Ikeguchi Tomohiro Takamoto Ryoma Nitta Nao Nakajima Yuzuki Nakamura Yosei 
Misaizu https://www.nagano-c.ed.jp/seiho/intro/risuka/kadaikenq/paper/2020/02_domino%2 
0motion%20on%20the%20stairs.pdf 
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Abstract of the Presentation
Title Shaping Seaweed-Material

Outline and its First Inspiration

Goal

Novelty and Creativity

Feasibility and its Prospect Report of progress can also be acceptable
Shaping the seaweed-material by die cutting the shape

The change in diameter by the drying

      
 

dish and the temperature of the dryer.
 We created a 1%, 5%, and a 10% seaweed-material. We could see that in the 1% seaweed-
material, the change in diameter was small(Figure 4). Also many of the high concentrated seaweed-
material was bent in contrast with the low concentrated seaweed-material(Figure 5).
 The small petri dish’s size is 52mm, and the larger petri dish’s size is 84mm. In the experiment we 
were afraid that the change in thickness and amount of mixture would influence the result, so we 
created a seaweed-material that is made in the large petri dish but have the same thickness as the 
small ones and a seaweed-material that is made in the large petri dish but uses the same amount 
of mixture as the ones made in the small petri dish. Even though there was a difference between 
these two, we could still tell that the ones made in small petri dishes became smaller than the ones 
made in large petri dishes(Figure 6, 7).
 The experiment of changing the temperature of the dryer is still in progress.

Future potential and its plan
 We would like to use the data that we took in this experiment to control the shape and size of the spoon. 
Since the handle part and the scooping part of the spoon are different in size and shape, we would think of 
the spoon as a rectangular and a cylinder.
 When we changed the concentration of the seaweed-material we could see that the low concentrated 
seaweed-material did not change in diameter as much as high concentrated seaweed-material. Also, the high 
concentrated seaweed-material was bent. To make a spoon, we will use a concentration between 1% and 
5 %. It is not too low that it can not be used as a spoon, but is not too high that it will shrink too much and be 
bent.
 We will also consider what temperature would be the best for drying seaweed-material by looking at the result 
of the experiment of changing the temperature of the dryer.

References 
[1] https://school.gifu-net.ed.jp/ena-hs/ssh/H31ssh/sc2/21931.pdf

 
 
 
 
 
 
 
 
 
 
 
Figure 1. seaweed-material                    Figure 2. Spoon mold made with a 3D printer 
 
 
 
 
 
 
 
 
 
 
Figure 3. Spoon shaped seaweed-material next to the mold 
 
 
 
 
 
 
 
 
 

      
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The difference in diameter due to the difference in concentration 
                (100% is the diameter of the petri dish) 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. (Left) 1% seaweed-material (Middle) 5% seaweed-material (Right) 10% seaweed-
material 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The difference in diameter due to the difference  in diameter of the petri dish 
                 (100% is the diameter of the petri dish) 
 
 
 
 
 
 
 
 

      
 

 
 
 

A B  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. (A) The seaweed-material made in small petri dishes (B) The seaweed-material  
                made  in large petri dishes 
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Abstract of the Presentation

   A spaceplane is a futuristic space transportation system. It has an airplane-like operation, and it has some advantages 

such as reusable, small, and safety (1). A suborbital spaceplane (winged rocket), that flies into sub-orbit is the first step 

[Fig.01]. There is advanced research being carried out at the Tokyo University of Science on winged rockets that have 

rocket engines and launch vertically (2)(3). However, since winged rockets require high technological level to develop, 

these are still far from realized.

   The sub-scale winged rocket, that is using a model-rocket’s engine (“winged model rocket”), is aiming to reproduce 

the flight of winged rockets. It would solve some of the technological issues that winged rockets face related to the ideal 

trajectory; horizontal-launch and vertical-ascent [Fig.02]. The research project is collectively called “PROJECT 

SPACEBIRD” [Fig.03].

   There are three steps for development: SB X-1, SB X-2, and SB X-3 [Fig.04]. SB X-1, the first experimental winged 

small rocket, which aimed to deepen our understanding of the flight characteristics of winged rockets and to change the 

attitude of the rockets in its flight by using its angled Elevons (part of the wings) [Fig.05]. SB X-2 is the 3D printed 

unwinged rocket and aims to study how to best fit a microcomputer onboard and flight stabilization (controlling) 

[Fig.06]. SB X-3 is the final goal, that is to create a controllable winged rocket by using a microcomputer, controllable 

Elevons, and has the trajectory for horizontal-launch and vertical-ascent [Fig.07].

The research on SB X-1 finished in August 2022 and we are currently working on SB X-2’s flight stabilization, as 

well as designing SB X-3.

   The goal of the research is to reproduce the flight of a suborbital spaceplane (winged rocket), with a horizontal-

launch and vertical-ascent, by using a sub-scale experimental rocket with model-rocket’s engines and microcomputer. 

   In the field of the reusable rockets, “cylindrical reuse” is now popular due to the influence of success of SpaceX’s 

Falcon 9 (4). However, it is considered that the winged reusable rockets have not attracted much attention at present 

due to the high technical difficulty and the retirement of the space shuttle. As mentioned above, winged rockets have 

advantages due to the airplane-like operation and some of these advantages do not exist in cylindrical reusable rockets 
(1). While there is a lot of basic research, small-scale but short-term development and actual flight research can be 

considered valuable in this field.

Also, the winged rocket in this research flies from a horizontal orientation like an airplane, which is the ideal flight 

style of spaceplanes in the future. In the advanced research at Tokyo University of Science, the experimental winged 

rockets were vertically launched using rocket engines (2)(3). Because of that, our research can be considered as an 

approach to the new field of horizontal takeoff rockets with wings and rocket engines.

In addition, the experimental winged rockets “SB X-2” and “SB X-3” are built using 3D printers and computer-

aided-designing software when possible. This is an accurate and easy rocket production method.

This project already has some achievements and results.

In the research of SB X-1 (the first experimental winged rocket in the project), the flight characteristics of the 

uncontrolled winged rocket were confirmed by experimental methods. Flight tests were repeated with the launch angles 

of 60º and 30º for horizontal launch and takeoff, and with and without the Elevon angle on the wing of the experimental 

aircraft. In conclusion, it was suggested that it is necessary to control the rocket in some way because of its extremely 

high aerodynamic drag and its tendency to be agitated by the wind [Fig.08] [Fig.09]. In addition, it was proven that the 

angled Elevon is effective in rockets by changing the trajectory of the vehicle [Fig.10].

After the research on SB X-1, we built SB X-2 by using 3D printer and launched it in the playground of a school in 

Canada. This rocket managed to achieve the following: 1) Building of a fully original and 3D printed rocket.  2)

Established an original process that covers both the development and flight testing of these original rockets.  3) Flight 

of a rocket with a microcomputer on board [Fig.11].

With the accumulation of these technologies and experiences, the sub-scale experimental rocket of suborbital 

spaceplanes (SB X-3) can be achieved over time.

On the SB X-2, we will continue aiming the flight stabilization / controlling system by using microcomputers and 

driving fins. Also, since there was no completely successful landing so far, we hope to improve its recovery system 

(parachute). After SB X-2, we aim to build the SB X-3, the final goal of the project, by combining the two fields that 

we have researched so far; winged rockets and the effect of Elevons in SB X-1, as well the ability of SB X-2 to carry 

and use a microcomputer onboard to assist with flight control. SB X-3 will aim to reproduce the flight of the 

suborbital spaceplane (winged rocket), with horizontal-launch and vertical-ascent.

1) Yasuda,A., Manabe,A., Inakoshi,H., & Yonemoto,K. (2020). 2027

[Aiming for Everyone to Come and Go to Space in 2027]. Space Solar Power Systems Society, 5, 71-73.

2) Yonemoto, K., Yamasaki, H., Ichige, M., Ura, Y., Gossamsetti, G. S., Ohki, T., ... & Nanri, H. (2016). Winged Test 

Rocket with Fully Autonomous Guidance and Control for Realizing Reusable Suborbital Vehicle. International 

Journal of Aerospace and Mechanical Engineering, 10(1), 96-107. 

3) Space Systems Lab. (n.d.). Tokyo University of Science Department of Mechanical Engineering Faculty of 

Science and Technology. https://space-systems.me.noda.tus.ac.jp/en/

4) 100 1 [Reusable Rocket Breaks Space 

Norms and Remaining Challenges at 1/100th Cost.]. (n.d.). Sorabatake https://sorabatake.jp/6690/
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Participant’s Information
School Name Tokyo Metropolitan Toyama Senior High School

Representative’s Name Yoshino Hotta

Member Yoshino Hotta

Supervising Teacher 
Name Ms. Yuki Kashima

Abstract of the Presentation
Title The conditions of the object and its flying distance

Outline and its First Inspiration
I got my first inspiration when I was playing with my little sister flying paper planes. There were various kinds 
of paper planes that we made, and though they were all made of the same pieces of paper, each one had
different ways of flying at different speed, reaching point, flying distance, and so on, which attracted me. Of
all, I especially chose flying distance to research and set it as a goal to create a paper plane that will fly farthest.

Goal
The goal of my research is to find out what is affecting the way of a paper plane flies and create a paper plane
with the longest flying distance it can get to. 

Novelty and Creativity
I have built my original experimental equipment to make it possible to do my experiments accurately. 
Though my goal is to fly a paper plane farther, I have used a small plastic bottle instead since plastic 
bottles are better at meeting the conditions for my experiments. On the tail of the plastic bottle, I 
have attached a part which has a spring inside. This part will be connected to the head of the other 
equipment and allow the bottle to be flown out by just pushing a button.[1] Inside the bottle, I have  

put another component which can be used to change the position of the center of gravity.[2] Also, I 
have taken a video of my experiment so it will help me think about how I got the result. [3]

[2]
[1]

Feasibility and its Prospect Report of progress can also be acceptable
I have done my first experiment to see what angle the best is to get to the farthest flying distance. As a result,
it has shown 50° while I have expected it to be around 45° [4]. However, giving feed back to the experiment, I
have found that the data I have got were too random which should be fixed. Thus, I have rebuilt new
experimental equipment [1] [2] [3] and reconsidered the way of doing the experiment. As my second
experiment, using new equipment, I have tried to find out how the position of the center of gravity will affect a
flying distance. My assumption for this was that a flying distance will be the farthest when the center of gravity
is placed just up from the middle. At the same time, I have also guessed that the best position might change

depending on the angle. Therefore, I have changed both the position of the center of gravity and angle this
time. As a result, the best position has certainly change by angle. However, I could not detect a clear
relationship between them. Placing the center of gravity at the back had not worked well at any angle that I
have examined. 

Future potential and its plan
I am planning to do the same experiment again but put the center of gravity exclusively at the upper 
half of the object to see if there really is any relationship between the angle and the position, and to 
discover the best condition to fly the object farther. After doing the research about the position of the 

center of gravity, I would like to do some more experiments by adding some other conditions such 
as changing the shape of the object or attaching wings in order to deepen my research.

References 

[3]
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Abstract of the Presentation

Title PET bottle label production using agar plastic 
Outline and its First Inspiration

I used agar as a substitute for plastic, based on the previous research of my seniors. Agar hardens into a 
gel when cooled. When the hardened gel-like agar is dried, it loses its moisture and hardens. I am 
researching whether this can be used as a substitute for plastic (hereinafter we call this “agar plastic”). Agar 
plastic is plastic made only from agar and distilled water. It has the property of becoming soft when placed 
in water (it is currently being tested in a test tube, and I expect that it’ll eventually dissolve and disappear 
after being immersed in water for a long time). Therefore, I believe that even if littered garbage is washed 
into the ocean, it will not create microplastics (*1). If existing plastics can be turned into agar plastics, the 
build up of microplastics can be reduced and the environment’s condition can improve.

In my previous research on agar plastics, I found that the higher the agar concentration, the stronger the 
agar plastic. On the other hand, the stronger agar plastic was found to be less pressure resistant. Since it 
was possible to make it thin to the touch and close to plastic, it was easy to make 0.2mm thick agar plastic, 
the thickness of a plastic bottle label (hereinafter referred to as "labels") (*2). Therefore, I set out to make 
labels. 

Goal
In previous research and in this research, I will discuss four points. Production, printing, strength and cost. 

Through experiments and surveys to substitute agar plastic as labels, I will  work toward a practical use of 
agar plastic. 

Novelty and Creativity
I cannot find much research on agar plastic, or to replace a familiar product with agar plastic(*3). Therefore, 

I aim for a practical application to familiar labels. If it is for a label, we can use the properties of agar plastic 
as described in the background. Besides, even if you eat agar plastic, agar is made from seaweed, its 
practical application as a plastic that is safe to eat is also conceivable. 

Feasibility and its Prospect Report of progress can also be acceptable
1. Production 

To produce an agar plastic sheet the size of a postcard, a container was created using a 3D printer (Fig. 
1), and a cooking sheet was placed on the bottom of the 3D-printed container (Container 1) to prevent the 
agar plastic from sticking to it. In addition to the 3D-printed container, commercially available containers 
(Containers 2, Container 3) were also used to produce agar plastic sheet(Fig. 1). 

Container 1 is designed to produce an agar plastic sheet the size of a standard postcard. Container 2 has 
a width of 117 mm and a depth of 155 mm. Container 3 has a width of 105 mm and a depth of 165 mm. Agar 
plastic sheet made in Containers 2 and 3 are cut to the size of a postcard because the agar plastic produced 
in those containers would be larger than a postcard. The left side of Fig. 1 shows Container 1, the middle is 
Container 2, and the right side is Container 3. 

The agar plastic produced in Container 1 is shown in Fig. 2. The agar plastic produced in Container 2 is 
shown in Fig. 3, and the agar plastic produced in Container 3 is shown in Fig. 4. 

Container 1’s agar plastic could be made to look relatively like paper, but it had holes in some places. In 
Container 2, black mold formed in some places during the agar plastic’s drying process. Container 3’s agar 
plastic  was made well but bent during the drying process. 
2. Printing 

I examined whether it was possible to write on the agar plastic produced at a concentration of 2% using a 
water-based pen (Fig. 7), an oil-based pen (Fig. 8)  and printing ink (Fig. 9). The results are summarized in 
Table 1. 
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Next, I examined whether it could be printed on with a printer. I chose the flattest agar plastic (Fig. 2) and 
printed letters on it with a printer (Fig. 10).

The print was recognizable, but a little messy and it was difficult to print exactly where I wanted to. In 
addition, the unevenness of the bottom of the container was reflected in the agar plastic, making the printed 
image messy.
3. Strength

A three-point bending test (Fig. 5) showed that 0.2mm agar plastic sheet withstood 380g more weight than 
the label (Fig. 6).
4. Cost

I calculated the cost per . I checked the price of agar and distilled water used to produce agar plastic and 
found that the cost of producing agar plastic with 2% concentration would be 0.12 yen/ . If the label made 
of agar plastic is 150 , the cost would be 18 yen/ .

I have researched the production cost of PET bottle labels and found it to be 15 yen (*4).
Therefore, the production cost is about 3 yen higher per label.

Conclusion
I could write things on agar plastic using water-based and oil-based pens, and printers. The printing was 

not very different from printing on paper. Although there were many issues, I was able to produce something 
that resembled PET bottle labels.

Future potential and its plan
The Cost of Agar

Since the agar used for this research was agar for research purpose, I would like to see if I can achieve 
the same results as in these experiments by using agar for cooking to reduce the cost, since cooking agar 
sold at supermarkets is cheaper.

I would also like to find out if it is possible to reduce the amount of agar used to reduce production costs 
and still make a viable label.
Container Improvements

During the agar plastic production process, the 3D-printed container swelled, causing the swelling to 
puncture the agar plastic. In addition, the sides of the container were caving inward, causing the bottom to 
bulge out (Figure 11). As a result, flat and clean agar plastic could not be produced from this kind of container.

Future Prospects: The process of producing agar plastic involves temperatures of over 100 , so the 
material must be able to withstand such temperatures. In addition, the containers must not be made of 
plastic.
Accuracy of production

During the drying process, the agar plastic would bend, develop holes, and mold. Therefore, it was difficult 
to produce agar plastic in the desired shape. The 3D-printed container allowed the cooking sheet to float on 
the melted agar, which became a lid, and flat agar plastic could be produced.

Future Prospects:  From this, I thought that it might be possible to produce agar plastic flatly by using a lid.
Ink

When agar plastic is washed into the ocean or rivers, the ink itself must also be environmentally friendly 
because of the ink's impact on the water.

Future Prospects: Investigate inks that do not affect the environment.
Adhesive

After completing this research, I realized that it is also important that the agar plastic adheres to the PET 
bottles. It is important that the material used for this adhesion does not impact the environment either.

Future Prospects: I would like to research an adhesive that can be used on the adhesive side of the label.
Prevention of mold growth

During the drying process, mold grew on the agar plastic.
Future Prospects: To prevent this, I would like to use sterilized containers, change the temperature at 

which they are dried to 50°C, and change the drying time.
References 

*1. Fuji-no-ito (Yamanashi Chuo Bank, Ltd.): Microplastics and ocean plastics - Trash that will not 
decompose for hundreds of years. Causes and countermeasures

https://www.yamanashibank.co.jp/fuji_note/fuji/microplastic.html
*2. My previous research

https://docs.google.com/presentation/d/1WaqsF-QaAyvBgOEezfsAA-PT858bDKfQ/edit#slide=id.p8
*3. TABI LABO: The world is looking to "natural materials" to replace plastics!

https://tabi-labo.com/260749/agar-plasticity
*4. Cost survey of plastic bottles, cans, and bottles

http://ishintai.up.seesaa.net/image/CA67MDHZ..pdf
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Fig. 1 Container Comparison 
 

   

Fig. 2 
Agar plastic produced in 

Container 1 

Fig. 3 
Agar plastic produced in 

Container 2 

Fig. 4 
Agar plastic produced in 

Container 3 

Fig. 5 3-point bending test   Fig. 6 Cost comparison of agar plastic and PET 
bottle label
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 Fig. 7 Oil-pen Fig. 8 Water-pen  Fig. 9 Printer ink 

Bleeding No bleeding Little bleeding Non bleeding

Friction 
resistance Indelible Indelible Indelible

Table 1 Bleeding and friction resistance comparison 
 

Fig. 10  Printed on agar plastic 
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Fig. 11 Distorted 3D printed container 
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Abstract of the Presentation
Title

Effect of fractal structures on tsunami

Outline and its First Inspiration
In the oceans, tsunamis cause severe damage(1).
Tsunami causes particularly big damage in complex topographies such as the rias coast. Rias coast has
fractal structures(Fig. 1), and it is known that superhydrophobic and superhydrophilic phenomena appear on
fractal surfaces due to their infinitely large surface area(2). Thus, fractals can cause intriguing behavior.
Therefore, we hypothesized that there might be some connection between the mechanism of increased
tsunami damages and the fractal nature of the rias coast, and we will investigate the interaction between
tsunamis and fractal structures. First, we will computer simulate what the difference would be when waves hit
fractal and non-fractal figures. We also wanted to investigate the differences in the wave effects of fractal
dimensions, a mathematical index for characterizing the level of complexity and self-similarity of a fractal(3).
In addition, it is known that shallow water waves, such as tsunamis, can be described by the KP equator. The
KP equator can describe nonlinear waves, and superposition does not work for nonlinear wave motion. It is
known that unpredictable behavior such as sudden giant waves can occur under certain conditions.
Therefore, we wondered if there might be other effects such as a reduction in the momentum of the waves
depending on the shape of the coastlines where the tsunamis hit. Thus, we thought that studying the
interaction between tsunamis and fractal structures could be applied to disaster prevention, such as
attenuation of wave momentum, for example, wave blockers placed on beaches and levees that control the
momentum of the water in the case of a tsunami.
Furthermore, we thought about how to control the momentum of the water when tsunamis approach the coast
so far, but we thought that it is also important to reduce the damage of tsunamis by reducing the power of
tsunamis before they approach the coast.
Since it is difficult to fix a device on the ground offshore, far from the coast, where the water is deeper than
near the coast, we thought it would be good if we could make a stand-alone device that could float on the
water and stop the stream of the waves. By floating a device with a fractal structure in the ocean and breaking
it out of wave shapes before waves become large, it could be expected to prevent tsunamis from becoming
huge. For example, there is a device that generates power from waves as an example of floating objects in
the ocean(Fig2), and we thought that the combination of this device and a fractal could also be used to control
the momentum of waves and generate wave power at the same time.
In other words, we thought that investigating the interrelationship between tsunamis and fractals might have
a possibility to help mitigate tsunami damage ultimately as well.

Goal
To research the interaction between tsunami and fractal structures in order to clarify the
mechanism of the increase in tsunami damage

Novelty and Creativity
There have been studies of the reaction of water to the surfaces of fractal structures(4) and on the
relationship between gas turbulence and fractals(5), but few studies have focused on the relationship
between waves, such as tsunamis, and fractals.
The mechanism by which tsunami damage increases on the rias coast is thought to be the increase
in wave height caused by the sudden narrowing of the bay(6), but there are few precedents for
analysis from a physical point of view using numerical calculations.
Experiments have shown that the fractal structure amplifies waves(5), but few studies have aimed
to confirm whether the opposite is true for wave attenuation.

Feasibility and its Prospect Report of progress can also be 
acceptable
We will choose one way to use numerical analysis to research. In addition, analysis using graphs is
sometimes used for nonlinear phenomena for which it is difficult to find a direct solution. This is a
method in which the modeling equation is analyzed at fixed points and the behavior of the solution
is represented directly as a graph. Even when analytical solutions cannot be obtained, this method
can be used to investigate the divergence and convergence of solutions, and we are considering
using this method.
Specifically, we plan to model the case of a wave hitting each of the various cases with and without
fractal structure and fractal dimension, and analyze numerically by computer using the Crank-
Nicholson method and so on.
Studies have also been done on the effect of fractal structure on turbulence(4), and although this is
a gas flow, we believe that a similar analysis can be done for water waves.
This study can lead to a fundamental understanding of the interaction between tsunamis and
fractal structures in tsunami disaster prevention.

Future potential and its plan
• Compare and evaluate the methods of analysis
• Research the relation between fractal structures and waves like tsunami

References 
1.

viewed 19 January 2023
2.

, 44 , 2011 viewed 19 January 2023
3. ”Ht-Index for Quantifying the Fractal or Scaling Structure of Geographic Features”, Bin Jiang,

Junjun Yin, May 2013, viewed 19 January 2023
4. “Physics of Wettability and Water Repellency of Fractal-Structure Surfaces”. Tomohiro

ONDA. 2015, viewed 19 January 2023
5. “Modeling turbulent flow over fractal trees with renormalized numerical simulation”, Stuart

Chester, Charles Meneveau, Marc B. Parlange,2006, viewed 19 January 2023
6. “Turbulence Enhancement by Fractal Square Grids: Effects of Multiple Fractal Scales”,

Alexis Omilion, Jodi Turk and Wei Zhang, 2018, viewed 19 January 2023

Fig1 An example of fractal
( 1.26 1.58 https://www.nli-
research.co.jp/report/detail/id=68116?site=nli (viewed 19 January 2023))

Fig2 Wave power generator floating on the sea
(Sea Wave Energy Ltg ”Research” https://swel.eu/research/ (viewed 19 January 2023))
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Title The Application of DSSCs

Outline and its First Inspiration

Hong Kong is a Special Administration Region of the People’s Republic of China and one of the most 
developed cities in the country. Although Hong Kong has good potential for solar, wind, and 
waste-to-energy, the development of renewable energy in the region has been lagging. 

According to China Light Power Limited ( CLP ), at present renewable energies remain a negligible 
player in the city’s energy system, contributing to less than 1% of total energy consumption (CLP, 
2020). The figure reflects that the significant adoption of solar energy is insufficient in Hong Kong.

Two main factors contribute to making it Hong Kong difficultly utilise solar energy. 

Firstly, the shortage of land and space is the critical factor limiting the deployment of renewable energy 
systems. Within the 1,098 square km area of Hong Kong’s territories, about 184 km 2 (17%) are 
developed lands, and most of Hong Kong is hilly (Dr. Sam C. M. Hui, 2003). The land use conditions and 
building density often present difficulties in designing and installing solar energy collectors or panels. 
Although the incoming solar radiation is favourable, in practice, the collectable solar energy is affected by 
specific site conditions.

Secondly, when we examine the available land in urban areas like those on Hong Kong Island and 
Kowloon, it is difficult to find suitable locations for large-scale solar energy projects because there is a 
significant number of high-rise buildings or skyscrapers accommodating the highly- densely population 
and office commuters. This architectural style and the feasible lack of land in the territories are 
considerable barriers to applying solar energy.

Considering Hong Kong’s geographic structure, it is difficult to use solar power widely here since 
traditional solar panels require large open areas for instalments, while Hong Kong is relatively 
mountainous. As a result, it is not easy to find available and flat spaces to place large-scale solar panels. 

Moreover, Hong Kong’s high population density and scarce land make it more urgent to build public 
housing. We cannot possibly try to solve one problem if it gives rise to a worse one.

Other than that, the towering architectures in the territories will also affect the efficiency and 
effectiveness of the adoption of traditional solar panels, which are installed in low-storeyed buildings.

Compared to traditional power cells, dye-sensitized solar cells (DSSCs) represent an effective alternative 
to provide clean energy from the sun. Dye-sensitized solar cells can offer an efficient and easily 
implemented technology for future energy supply at affordable manufacturing costs. Additionally, DSSCs 
perform better under lower light intensities, which makes them an excellent choice for indoor applications 
(Freeman & Sridhar, ). DSSCs are semi-transparent, multi-coloured and multi-shaped, resulting in a 
broader range of its applications. Currently, many manufacturers are studying how to develop new energy 
products with DSSCs (Current table 2.0, 2023). It is believed, no doubt, DSSCs will play a vital role in 
future solar energy composition.  

Goal

1. To investigate the feasibility of the applications of DSSCs at our school.
2. To study the possibility of adopting DSSCs in an area with a high density of architectures.

Novelty and Creativity

Though DSSCs is not something new, but consider designing and developing new innovations in comply 
with the real situations at our school is the new idea of our study.

Feasibility and its Prospect Report of progress can also be acceptable

DSSCs mainly absorb visible light with a wavelength of 300nm-700nm. Therefore, it can be used 
indoors. Although the technology of DSSCs nowadays is more advanced than that 20 years ago, there is 
still a long way to go to become the major source of power generation in future. It is because when 
DSSCs are installed indoors, the energy source of their electricity generation comes mainly from the light 
emitted by light bulbs. Essentially, the architectures still need to be powered by the conventional fuels 
like oil and coal. However, the use of DSSCs can certainly reduce the dependence on fossil fuels to a 
certain extent. Needless to say, the installation of DSSCs has a value of long-term development.

Our solar-powered cabinets are designed according to the needs of users. For instance, the school 
implements BYOD, students often have to charge IPADs, Apple Pencils, mobile phones, and any other 
digital gadgets, DSSCs cabinets can reuse light resources to charge students’ digital devices.

We will use 3D printing technology to make a model to introduce to you. It is hoped that the device can 
promote green energy and as a result, it can reduce the consumption of non-renewable energy.

Future potential and its plan

To analyze if the new innovation can be widely promoted to more places other than in Hong Kong. 
In addition, to optimize the ratio of the use of renewable energy to generate power. Lastly, we hope to 
promote green energy in the society and to achieve the ultimate goal of decarbonization.

References 

1. Electricity Output by Gerneration Fuel Type in 2020 (no date) Power generation. Available at: 
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Market Reform. Available at: http://ibse.hk/cmhui/icemrip-samhui_paper.pdf (Accessed: January 15, 
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METHODS TO ADDRESS MAXIMUM POWER POINT TRACKING. Available at: 
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xas_instruments.pdf (Accessed: January 15, 2023).  
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Abstract of the Presentation
Title

/study backgrond  
In the bicycle code,it is mentioned that riding at night should have front and rear lights, wear bright 
and reflective clothing to improve riding safety. However , one of our friends once rode a bicycle at 

night and a traffic accident still occurred, in the above- mentioned condition. 

Analysis of the reason is mainly due to the blind spot problems. Therefore, we hope to study a set that 
can actually reduce or even eliminate the blind spot vision when making a turn, allowing cyclists to 
avoid traffic accidents due to blind spots when riding at night. 
Our idea is to change the single headlight into double headlight, and design a sensor that can detect the 
turning angle so that one of the headlights can turn to the blind spots of the vision, extended 
illumination and make the cyclists get wider vision and reduce the accident rate. 

Goal  
1. Create an environment that leads to a safer night-time cycling environment. 

2. When turning the direction, the headlight can adjust the position to perfect irradiation angle so that 

things within the sight can be clearly seen. 

3. When turning the direction, the direction light will flash along with the position turned. 

4. Combined with flickering of the taillights to warn the vehicles coming from behind. 
Novelty and Creativity  

There are five innovative parts of our work  
1. Dual lighting system : Different from general bicycle headlights our works adopt dual lighting 
system to increase the lighting field of view to make the front view clearly visible and can effectively 
reduce the blind spots to reach safer lighting conditions for night riding. 
2. Headlight steering system: In ordinary bicycles, the headlights are fixed on the front of the bike, 
because of the insufficient lighting range, they cannot effectively illuminate the blind spots on the left 
and right sides for the cyclists, so the accidents happen easily. Therefore, our work adopt the headlight 
steering system. 
When turning, our system will detect the direction of the turn, and the angle of the headlight on the 
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side of the turning direction will gradually increase according to the rotation angle, while the headlight 
on the other side will remain. 
3. Turn signal system: In order to make sure the cars coming from behind will notice the direction of 
the cyclist, we have added direction lights on both sides of the bike, when turning, the direction lights 
will flash up , according to direction of the turn. 
4. Ambient light sensing system: Due to the rising of the public awareness of environmental protection, 
we have installed the ambient light sensing system, when the system senses that brightness of the 
environment is dim, our system will automatically turn on. On the contrary, when the system detects 
that brightness of the environment is sufficient, our system will not start. 
5. Bluetooth taillight system: We've installed a taillight system on the rear of our bike and on the 
helmet respectively. The taillight on the helmet uses Bluetooth, and the taillight will always flash when 
riding. 

Feasibility and its Prospect

This research implements and discusses that by improving the traditional lighting of bicycles to 
dual lights and automatic steering, it can make up for blind spots in the field of vision and improve 
the safety of cyclists at night. The main research framework is shown in Figure 1. 

 

Research architecture of smart LED lights 
1. Discussion on Improvement of Bicycle Lighting Field of View 
(1) Traditional lighting: Most bicycles are equipped with a headlight in front of the handle bar, 
which can illuminate limitedly, and it may create bigger blind spots especially when making a turn 
instantly. For bicycle riders, it may be one of the factors that causes traffic accidents and affect 
riding safety. 
(2) Double lamp lighting: If two lamps are used for lighting, compared with the traditional single 
lamp lighting, it can have a larger irradiation range, widen the irradiation field of vision when 
going straight, but still have a small part of the field of vision when turning blind spot. 
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(3) Turnable dual-light lighting: In order to expand the field of vision as much as possible and 
reduce the range of blind spots, one of them is turned on when turning. 

Table 1. Comparison of the blind spot of steerable dual headlights and other headlights 
traditional lighting Dual lighting Steerable double lamp 

lighting 

   
There is a large blind spot 

when turning 
There is still a small blind 

spot when cornering 
Make up for blind spots by 

turning around 

2.

(Before)                                     (After)                        
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Figure 2. Schematic diagram of steering control device architecture 
 
3. Control the steering of the headlights according to the steering detection: integrate the steering 
detection of the variable resistor and the steering control of the servo motor, and provide the PWM 
value of the angle signal to the Arduino control board to drive the servo motor by detecting the value of 
the variable resistor Drive the headlights to turn to the corresponding angle. 

 

Figure 3.  
Future potential and its plan  

1. Add a mechanism that can adjust the brightness in different brightness environments to 
increase the sight when riding at night. 
2. Add the driving recorder function to record the brightness, line of sight and road conditions of 
each ride and upload the data to the database for analysis. 
3. In the normal steering process, not only the handle is used to steer, but the center of gravity 
may also be used to steer, so we consider adding a gyroscope or a tilt sensor to make our device 
measure more precisely, increase safety and increase Accuracy when turning the device. 
4. Increase the function of the Internet of Vehicles, so that riders can understand the location and 
direction of the vehicle, and can also understand the riding
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Title
Discussion on Building Infrastructure in High Liquefaction Potential Area – Take the Example of The new 

Construction Project of the Shilin Paper Mill Hotel, Taipei Shilin MRT Station

Outline and its First Inspiration
Located at the junction of the Eurasian Plate and the Philippine Sea Plate, Taiwan has caused many 

catastrophic earthquakes in history, such as the Chi-Chi earthquake on September 21st, 1999, with a 
magnitude of 7.3, which caused the largest soil liquefaction disaster in Taiwan's history(Figure.1).

For a long time, compared with other disasters caused by earthquakes, disasters caused by soil 
liquefaction have not been taken seriously by the Taiwanese people, and soil liquefaction will not cause 
casualties, but it will damage the building structure of the entire area on a large scale, causing property losses 
and severely damaging local economic activities.

The Meinong earthquake in Kaohsiung on February 6th, 2016, pushed the Central Geological Survey to 

publish the soil liquefaction potential maps in Taiwan due to the tilting of buildings with no foundation or poor 
earthquake resistance(Figure.2).

Thinking of my grandfather saying that Jihe Road next to our school and Shilin Night Market was an 
abandoned river channel in the early days. I thought that such a tall building next to Jihe Road was safe to 
build in the river? How can the building withstand strong earthquakes and soil liquefaction? After we inquired 
the potential map of the ground investigation institute, we found that the potential map of Jihe Road and 
Shilin MRT Station changed from 2020 to 2022, whether it was a change in geological characteristics or an 
error in the measuring instrument, which opened a milestone in our research.

Figure.1: Chi-Chi earthquake made huge soil liquefaction.   Figure.2: Soil liquefaction potential in Taipei area.

Goal
1. Make a model of the diaphragm wall, cross wall and barrettes of the foundation of the Shilin Paper Mill 

Hotel, and observe the resistance of the building structure to liquefaction when a strong earthquake causes 
soil liquefaction [1]. 

2. Analyze the seismic and liquefaction strength of different infrastructure structures, and explore the 
differences [2][3].

3. Use Self-developed simple APP on cellphone to measure the inclination of buildings, for buildings that are 
more than 30 years and located in a high soil liquefaction potential area, when the tilt occurs under the 
influence of earthquakes or other external forces, self-detect the appearance inclination of the house 

through the mobile phone APP, and regularly record the measurement value as a reference information for 
the repair or reconstruction of old buildings [9]. 

Novelty and Creativity
In this study, the old buildings located in the high liquefaction potential area for more than 30 years are 

also the research object, and the self-developed APP is used to measure whether the building has tilt 
problems, and when the inclination rate reaches the structural construction standard, it is recommended that 
the site improvement and reinforcement can be carried out to make the building infrastructure more stable 
and greatly reduce the disaster risk of soil liquefaction caused by earthquakes (Figure.3) [7][8]. 

Slope measurement for buildings that have been affected by earthquakes, soil liquefaction, or buildings 
older than 30 years old [5]. 

Figure.3: Introduction of the self-developed APP. The formula we use and the example.
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1. Development of a Simple APP – Measure Inclination(Figure.4,5) [4]
(1) Easy to learn
(2) Easy to conduct
(3) Anytime & Anywhere
(4) Spend less money

Figure.4: The code of the self-developed APP.

Figure.5: The proto-type APP.

Feasibility and its Prospect Report of progress can also be acceptable
After detailed geological investigation and analysis, due to the different soil geological characteristics of 

the foundation, the underground structure of the building has to adopt appropriate foundation construction 
methods according to each geological characteristic. It is necessary to consider the different loads of the 
superstructure, respectively, using the raft foundation, pile foundation and diaphragm walls to separate the 
liquefied layer or carry out site improvement to ensure the overall structural safety of the building (Figure.7) 
[6]. Self-made simulate model shows in Figure 8, using acrylic to finish our experiment to examine the 
resistance of soil liquefaction.

1. Research flowchart (Figure.6)

Figure.6: Research flowchart.

2. The Configuration Floor Plan of the Diaphragm Wall, Cross Wall and Barrette:

Figure.7: The design diagram of Shilin Paper Mill Hotel.

Figure.8: Self-made model of Shilin Paper Mill Hotel.

We will control the level of soil liquefaction. To observe which foundation we use will resist soil 
liquefaction efficiently. 

Future potential and its plan
    Develop an app to regularly detect changes in the inclination rate of old buildings, in order to prevent 
disasters and take preventive measures.
    To show our modeling experiment of Shilin Paper Mill Hotel against soil liquefaction, and check if it is 
consisting with the construction in the real world.
    Arouse public's attention to the building structural safety and foundation designs of buildings in high 
potential areas.
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Abstractt off thee Presentation
Title Joyful about green building---From Weiwuying National Center for the Arts to 

school library

Outline and its First Inspiration
We have seen Weiwuying National Center for the Art Fig.1. in the magazine, and we were curious to 

explore its relationship of green buildings. We also participated in the green building camp and discovered 
the beauty of nature. These two activities let us know more about green buildings. Since then, we will find 
more different problems of our lives. Recently, we found that the school library is very hot no matter in summer 
or winter. We want to explore problems of the nearest building, school library.

Purpose/Goal
1. Weiwuying National Center for the Art and the green building camp 
2. Investigate on environmental factors of library
3. Making and completing forms
4. Formulate solutions based on research data

Novelty and Creativity
We found that due to poor ventilation in the library, very few people stayed in the library for a long 

time. Although the air conditioner can be turned on, it consumes a lot of energy. After discussions 

with professional teachers, we believe that if the green building concept is introduced into the library, 
it will not only improve comfort, but also bring students closer to green. After our discussion, we 
propose an improvement plan, hoping to achieve the desired effect. This kind of investigation and 
experiment on the library can discover more different environmental factors in the process.

Feasibility and its Prospect (Report of progress can also be acceptable) 

1.Weiwuying National Center for the Art and the green building camp 
  Weiwuying National Center for the Art is fluctuating shape, smooth arc, and irregular shape of the white 
waves are ingeniously, and the banyan trees around are flourishing, so that the public can also immerse 
themselves in the natural. It complies with the nine green building indicators: green volume indicator. It has 
the green performance of the architectural surface and also pursues the concept of sustainable development.

We participated in the green building camp, which we learned about the land under our feet, the 
appearance of nature, and many greens building materials

69 The Affiliated Senior High School of National Chi-Nan University

2. Investigate on environmental factors of library
  We investigate many environmental factors, such as temperature Fig.2. , wind speed, wind direction, 

sun altitude...etc., these are the reasons for the stuffiness in the library.
3. Making and completing forms

Survey item:
  1 Do you often go to the library to borrow books? Less frequented.
  2. Have you ever been in the library for a long time? Only 1/5 of people has   
  3. Feel the stuffiness of the library? 80% feel hot. 
  4. In a year, which season with the library makes you feel the most uncomfortable? In summer, feeling 
stuffy and uncomfortable. 

  5. Which places make you feel stuffy and you don't want to go the most? The second floor 
4. Formulate solutions based on research data

1. Planting trees outside: We plant trees outside the windows of the library. The leaves of the trees can 
provide shade and block the entry to / into heat radiation.
  2. Hanging vines on the exterior wall: Planting vines on the roof, the plants grow down to form a natural 
curtain, which can not only reduce heat radiation, but also get close to nature.
  3. Open the windows on heat accumulate layer: replace the windows with openable ones to 
increase the air convection between indoor and outdoor, so that hot and cold air can circulate and 
reduce the indoor temperature.

Future potential and its plan
The importance of green building is not only to emphasize the architectural design of coexistence and co-

prosperity with the earth's environment, but also to reduce environmental pollution and provide a safe and 
healthy living environment. We will design the simulated house to test whether our retrofit plan will reduce the 
temperature of the building. We want to make two simulated house, one for the experimental group and the 
other for the control group

References/References
1.The Weiwuying National Art and Culture Center page 
https://www.npac-weiwuying.org/about

Fig.1. Weiwuying National Center for the Arts

69 The Affiliated Senior High School of National Chi-Nan University

Fig.2. Overall Temperature Sheet
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Check only one appropriate area.

Guoguang Laboratory School, NSYSU
Tsai Chia-Yun

Cai Tian-Zhu,  Lu Wen-Si,  Huang Tzu-Yun,  Lin Min-Hung

    
: Foraminifera

The species of foraminifera are flourishingly numerous and can be divided into three major categories by 
the material of test: organic substance (also known as chitin), particle cement, and calcareous. 
Foraminiferas have been existing at length, from the Cambrian Period of the Paleozoic Era to the present. 
Many types of foraminifera are macroscopic, some of which even reach up to 15 cm. However, we don’t 
usually pay much attention to the little creature in our daily lives. Foraminifera varies itself due to the ocean 
environment; for instance, foraminifera will change the composition of its shell given the salinity in the 
ocean. Moreover, foraminifera is widely spread around the globe, whether in a polar region or the equator, 
shallow sea or deep sea, high oxygen areas or low oxygen areas, the imprint of foraminifera covers almost 
all waters, and the feature makes it an excellent model for an indicator of the marine environment change. 
Therefore, we came up with an idea, trying to find the most suitable environment for foraminifera.

1. The most influential factor of the variation of particle size on foraminifera.
2. Figuring out the factor of quantity suitable for the survival of foraminifera.
3. The number of foraminifera as an indicator of environmental changes.
4. Practicing on SDGs 13: Climate Change and SDGs 14: Life Below Water.

The writers compare the various values in the particle size change with foraminifera, trying to find out the 
factors of particle size analysis that are most related to foraminifera. In addition, because foraminifera is a 
food source for many marine creatures and a significant basis of the marine environment changes, the 
writers also want to find the most suitable environmental norm for the survival of foraminifera, to know in 
which waters there is more foraminifera survival, and further understand the environment when marine 
creatures are more helped by foraminifera.

I. Procedures

1. Sieving 

The specimens are sieved first, and the writers use a 250mm sieve to sieve out the small gravel 
and unformed foraminifera so that when picking foraminifera, the researchers can more accurately 
find out the required foraminifera that can be used in the following experiment. After washing the 
foraminifera, put the remaining substances (larger gravel, impurities ,and foraminifera) into the 
vacuum-dried instrument for drying.

2. Picking

Use a dissecting microscope to observe each group of dried specimens, and look for foraminifera, 
and then use a very fine brush to pick out the foraminifera the writers found under the microscope, 
and finally put the foraminifera taken out into the sorting trays.

3. Categorizing

Foraminiferas are subdivided into two types: benthic foraminifera and planktonic foraminifera. 
Classification basis: the shell of benthic foraminifera is roughly in the shape of a spiral, and some 
of them are cemented; while the shell of planktonic foraminifera is roughly in the shape of a ball. 
The writers can classify them to pick the foraminifera they want on a basis.

4. Comparing

Compare the results of foraminifera and particle size analysis, and discuss the influence of particle 
size changes in sediments on the survival of foraminifera.

II. Particle Size Analysis

Table 1: results of particle size analysis

       
Figure 1: distribution map of specimens (approximate)    Figure 2: distribution map of specimens (precise)

III. Analysis and Results

1. Sorting
a.Linyuan:   1.24 (2020)
b.Qieding:   1.19 (2008) -> 0.86 (2016) -> 0.70 (2020)
c. Fangliao:  1.45 (2008) -> 1.14 (2020)
d.Qigu:        1.19 (2008) -> 1.28 (2016) -> 0.99 (2020)
e.Gaoping:  1.17 (2008) -> 1.01 (2016)

All of the above are well-sorted sediments.

2. Coefficient of Skewness

a.Linyuan:   0.07 (2020) : It can only be known that the local sand particle size tends to be 
coarse-grained

b.Qieding:   0.18 (2008) -> 0.17 (2016) -> 0.69 (2020)
c. Fangliao:  1.33 (2008) -> 1.95 (2020)
d.Qigu:        0.02 (2008) -> 0.17 (2016) -> 2.63 (2020)
e.Gaoping:  0.00 (2008) -> 3.12 (2015)

No.2 to No.5 are all biased toward coarse-grained, and the coarse-grained sediment source is 
caused by addition or erosion.

3. Kurtosis

a.Linyuan:   2.37 (2020) :  It can only be known that the kurtosis is very leptokurtic.
b. Qieding:   2.35 (2008) -> 2.76 (2016) -> 7.29 (2020) : The kurtosis turns from very  

leptokurtic to extremely leptokurtic.
c. Fangliao:  5.28 (2008) -> 7.18 (2020) : The situation of extremely leptokurtic is getting 

obvious.
d.Qigu:        2.49 (2008) -> 2.35 (2016) -> 14.51 (2020) : The kurtosis turns from very  

leptokurtic to extremely leptokurtic.
e.Gaoping:  2.29 (2008) -> 16.22 (2015) : The kurtosis turns from very leptokurtic to extremely 

leptokurtic

4. Total Organic Carbon, TOC

a.Linyuan:   0.276  (2020) : The information is too little to be discussed.
b.Qieding:   0.194 (2008) -> 0.216 (2016) -> 0.235 (2020) : The amount of TOC increases by 

years.
c. Fangliao:  0.332 (2008) -> 0.529 (2020) : The amount of TOC increases by years.
d.Qigu:        0.206 (2008) -> 0.152 (2016) -> 0.237 (2020) : The amount of TOC increases and 

then falls.
e.Gaoping:  0.322 (2008) -> 0.329 (2015) : The amount of TOC slightly increases.

IV. Comparison Among Five Locations

1. Linyuan:  Based on the existing data, it can be known that the sand particle size at that time 
(2020) was biased to be coarse-grained, and the kurtosis is very leptokurtic.

2. Qieding:  It can be known that the local river is getting better, the sand particle size is biased to be 
coarse-grained,  the situation of the coarse-grained sediment caused by addition or erosion is 
getting obvious, the kurtosis turns from very leptokurtic to extremely leptokurtic, and the amount of 
TOC increases by years.

3. Fangliao:  It can be known that the local river is getting better, the sand particle size is biased to 
be coarse-grained,  the situation of the coarse-grained sediment caused by addition or erosion is 
getting obvious, the situation of extremely leptokurtic is getting obvious, and the amount of TOC 
increases by years.

4. Qigu: It can be known that the local river got worse but then turns better, the sand particle size is 
biased to be coarse-grained,  the situation of the coarse-grained sediment caused by addition or 
erosion is getting obvious, the kurtosis turns from very leptokurtic to extremely leptokurtic, and the 
amount of TOC increased but then falls.      

5. Gaoping: It can be known that the local river is getting better, the sand particle size is biased to be 
coarse-grained,  the situation of the coarse-grained sediment caused by addition or erosion is 
getting obvious, the kurtosis turns from very leptokurtic to extremely leptokurtic, and the amount of 
TOC slightly increases.

V. Conclusion

Based on the above data analysis, we can compare the values of total organic carbon in different 
regions: Fangliao>Gaoping>Linyuan>Qigu>Qieding. There are discrepancies in the arrangement 
of the ratio of grams of foraminifera. Therefore, the writers speculate that the TOC has the greatest 
impact on foraminifera, and we can see from the data that the ratio of total organic carbon to 
foraminifera grams is positively correlated (TOC can be observed from the following chart is closest 
to the slope of the foraminifera ratio).
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Table 3: results of particle size analysis                 Table 4: ratios of grams of foraminifera in each location 

1. SDGs 13 Climate Change:
We can use foraminifera, a relatively sensitive creature, to know the changes in the marine 
environment more immediately, and because the changes in the marine environment are closely 
related to climate change, it is convenient for us to take early preparations and preventive 
measures.

2. SDGs 15 Life Below Water:
Foraminifera is an essential food source for many marine creatures, and when the amount of 
foraminifera decreases because of changes in the marine environment, it will also indirectly lead to 
a decrease in the type or quantity of marine life. When we measure the decrease in the number of 
foraminifera, it can be further speculated that marine ecology may be negatively affected in a few 
years, so that we can take early improvement and restoration actions to achieve the goal of ocean 
conservation.

3. The writers hope that in the future, more samples can be collected at the same location to collect 
more foraminifera and conduct oxygen isotope analysis, or do more research on the relationship 
between foraminifera and the environment, making a more complete environmental change report, 
so that we can better understand the changes in the marine environment.

4. Because both Taiwan and Japan are countries surrounded by the sea, changes in the marine 
environment are inseparable from our lives, we should pay more attention to the sustainable 
development and conservation of the marine environment. The writers also hope that we can use 
foraminifera to be more accurate and timely in grasping the information about the waters and to 
make the most appropriate and rapid response measures.

—
https //www.ylib.com/ws2008/images/18_b.pdf
2.
https://cdmd.cnki.com.cn/Article/CDMD-80068-1021726635.htm
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Abstract of the Presentation
Title The Industrial Development of Hal

Outline and its First Inspiration
  When we were studying in elementary school, there was a ditch flowing across it. It makes us wonder where it is 
from. After several months of research, we found that the water in the ditch is from the Dajia River. When we 
investigated there, we saw factories beside the river called “Haluton”. Most of them are machinery and processing 
industries. Besides, there are lots of environmental problems. For example, there are some factories just in residential 
areas or in farmland, which can affect people's health. When we observed the river, we saw that the river was polluted, 
there was lots of plastic trash floating on the river and the water looked a little bit turbid. If the pollution flows down to 
the Taichung City and Taiwan Strait, there will be serious problems.

Goal
  We will investigate the origin of the pollution and analyze the change of the industries in more detail, and gain a deeper 
understanding of the Haluton River.

Novelty and Creativity
1.After investing the factories in Fengyuan, we had separated them into different categories(chart 1). We found 
that half of the factories are industry and mechanical. In addition, when we were observing in Fengyuan, there 
were some factories that were working, however, their factory buildings didn’t show out their names. We 
guessed they were the illegal factories, which were still working without permission. 

2.Analyzing the history beside Haluton Canal(chart 2), we organized the historic events and drew them into a map(fig1). 
By using the different layers, the overlapping maps can make people learn history and geography at the same time. 
Nevertheless, on the top layer, we had marked the location of the factories nearby Haluton Canal. According to the 
distribution on our  map, we can contrast the use of lands in Fengyuan and the Haluton Canal, and find out the development 
of it. 

Feasibility and its Prospect Report of progress can also be acceptabl
   With the rapid development of industry and the construction of traffic, the pollution of Haluton Canal will get worse if 
the government doesn't take any actions(fig 2). Our prediction, considering Taichung public constructions in the future, 
the water as well as the farmlands beside the canal will be polluted by heavy metal. If we don’t handle it, the next layer 
of the map will turn completely black.

Future potential and its plan
  We hoped our map could alert the government that illegal problems need to be fixed. After field investigation, we also 
found out the pollution of the canal was terrible. To make our homeland cleaner, it is necessary to appeal to the government 
to face the problems and solve them.

References 
A.
B.

C.
D.

Chart 1 The category of factories

Chart 2 The history of Fengyuan

Fig 1 The Industrial Development of Haluton River
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Fig 2 the imagination of Haluton Canal
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Abstract of the Presentation
Title Discussion on the Maximum Number of Edges of Lattice Polygon and Its 

Graphing Method

Outline and its First Inspiration
In previous research, properties of specific lattice (grid) polygon like squares and rectangular triangles on

Cartesian coordinate plane had been discussed [1][2][3][4], but few had used mathematical methods to extend
this topic to arbitrary polygons. Properties of lattice polygons have always been classified into computer
information study [5], and their purpose turns to estimate the numerical solution of different shapes or largest

area which contain.

The purpose of this study is to find mathematical ways to calculate the maximum edge number of lattice
polygons. The researcher proposed the “Symmetry Graphing Method (SGM)”, and successfully derived and
proved that the maximum number of edges of lattice polygons in arbitrary rectangle range. A special case of
edge length four was also discussed.

This study features on general solutions of concave and convex lattice polygons, but it doesn’t contain non-
simple polygon [6]. The maximum number of edges of polygon in the area determined by , , -

axis, and -axis  let without loss of generality  can be expressed as follows.

Using the result of this study, we can easily find the maximum and minimum number of edges of arbitrary
lattice polygons among specific range. It helps us to find the best way, shortest path, or lowest cost, to make 
design or construction in limited space such as the integrated circuit design, the driver training center, or a
maze.

Goal
1. Explore the feasibility of different graphing methods.

2. Discuss the operational steps and special cases of the graphing method.

3. Rigorously prove the feasibility of the graphing method.
4. Deduce the formula solution of the formula for the maximum number of edges of a polygon.

Novelty and Creativity
Different from the previous use of procedural approximation, the direction of mathematical research and an

original graphing method: “symmetry method” to explore research are proposed.

Feasibility and its Prospect Report of progress can also be acceptable
1. Explore the feasibility of different graphing methods.

In the previous study, the researcher proposed the “inside-out method” [7] to infer the maximum number of
edges of lattice polygon, but because the graphing method is too complicated, and there isn’t correlation
between graphics in the graphing method, so it may not be provable.

  Considering many aspects and guidance of the professor, I began to study “symmetry method”. The goal is
to derive the maximum number of edges from a smaller graph to a larger graph. In this way, the maximum
number of edges of larger graphs can be deduced by mathematical induction, and there is a better chance of
derivation and proof.

2. Discuss the operational steps and special cases of the graphing method.

Definition: 
If the four corners of the lattice polygon  are (Figure 1) in clockwise order from the upper right

corner, and the number of edges is equal to the number of lattices ,then the polygon is said to have the 

property.

Figure 1: property

There are two combining methods:

Figure 2: -unit combining method Figure 3: -unit combining method

Basic cases and its’ compositions of symmetry method:

Table1: Basic cases and its’ compositions of symmetry method

Because we predict that  , and   have different type of maximum number of edges,
therefore we must check cases that theoretically should be combined with basic case are conform to 

property.

:

Figure 4: graphing method

:

Figure 5: graphing method when is odd Figure 6: graphing method when is even

:

Figure 7: graphing method when is odd Figure 8: graphing method when is even

 (Except ):

Figure 9: graphing method when is odd  Figure 10: graphing method when is even

can be composed of and  (Except , or ):

Figure 11: graphing method Figure 12: graphing method Figure 13: graphing method
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can be composed of (Except , or ):

Figure 14: graphing method Figure 15 graphing method

can be composed of .

3. Rigorously prove the feasibility of the graphing method.

Let without loss of generality
Assume that when ,  symmetry method is applicable to  area.
When :
If    is true
If    is true

can be composed of , therefore is true and mathematical induction is true.
 symmetry method is applicable to  area .

4. Deduce the formula solution of the formula for the maximum number of edges of a polygon.

General case:
From symmetry method and mathematical induction, we know that the maximum number of edges of lattice
polygon equal to the number of lattices, that is .

:
Because a rectangle is a quadrilateral, therefore .

A pentagon has five vertices. For a rectangular area of n×1:

If there are five vertices on a long side of area, then the coordinates of five vertices are same. A pentagon
cannot exist because more than three vertices are collinear.

If there are four vertices on a long side of area, then there are four vertices with the same y coordinates in
five vertices. We can find that if we arrange coordinates of five vertices in a circular arrangement, then there

are  arrangement, so four vertices that coordinates are same will adjacent. A pentagon cannot exist

because more than three vertices are collinear.

If there are three vertices on a long side of area, then there are three vertices with the same y coordinates
in five vertices. Without loss of generality let five vertices be 

 . There are   arrangement while we arrange five vertices in a circular

arrangement. Because there are  arrangement when  are collinear, and every single

polygon can be graphed from two clockwise, therefore there are only arrangement may exist a

pentagon. Name the six polygons in vertex graphing order starting from :

: Since vertex is to the right of vertex and vertex is to the left of vertex , edge intersects

edge , so it is not a simple pentagon.

Figure 16: Polygon schematic diagram

: Since vertex lies on , it is not a simple pentagon.

Figure 17: Polygon schematic diagram

: Since vertex is to the right of vertex and vertex is to the left of vertex , edge intersects
edge so it isn’t a simple pentagon.

Figure 18: Polygon schematic diagram

: Since vertex lies on , it isn’t a simple pentagon.

Figure 19: Polygon schematic diagram

: Since vertex is to the right of vertex and vertex is to the left of vertex , edge intersects
edge , so it is not a simple pentagon.

Figure 20: Polygon schematic diagram

: Since vertex is to the right of vertex and vertex is to the left of vertex , edge intersects

edge , so it isn’t a simple pentagon.

Figure 21: Polygon schematic diagram

Therefore, for any rectangular area, it is impossible to construct a simple lattice pentagon, and a
polygon with more edges is naturally impossible, so the maximum number of edges is always four, that is

.

:
From the graphing method in figure 22, it can be found that no matter how much is, there are two lattice

points that are not the vertices of the rectangle, and the subsequent graphic is the previous graphic extending

a trapezoid to the right. Currently, the number of edges of the polygon is always equal to the number of lattices
minus two, that is, , therefore .

Figure 22: graphing method (red lines are deleted, green lines are added)

Consider the increase in the number of edges after a lattice triangle with area 1/2 unit is cut:

If the location of the triangle like Figure 23, the graph becomes a non-simple polygon because the vertices

of the graph overlap.

Figure 23: Schematic diagram of cutting off three vertices of a triangle into two lattices inside the graph and 
one lattice on the edge of the graph

If the three vertices of the triangle are the three internal lattices of the graph, and the number of edges
increases by three. However, when , all the internal lattice points within the range are collinear, and this
study excludes flat angles, so it cannot be cut in this way.

If the location of the triangle like Figure 24, then the number of edges increases by three.

Figure 24: Schematic diagram of cutting off three vertices of a triangle into one lattice inside the graph and 
two lattices on the edge of the graph

If the location of the triangle like Figure 25, then by truncated corner, the number of edges increases by
three.

Figure 25: Schematic diagram of cutting off three vertices of a triangle into one lattice inside the graph and 
one lattice on the edge of the graph

 Therefore, the maximum number of edges of polygon at most equal to three times the number of lattices
inside the graph plus four, that is  . We can prove that   by
squeeze theorem.

:
We predict that by the graphing method in figure 26, still trying to prove it rigorously.

Figure 26:  graphing method
Formula solution:
We predict that the formula solution of the maximum number of edges of polygon like:

Future potential and its plan
Future work aims to derive the other properties of lattice polygons, and for reality, we will try to apply our 

results into the design of longest traveling route in limited space such as integrated circuit design, the driver 
training center, or a maze.
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Abstract of the Presentation
Title Find My Pet

Outline and its First Inspiration
The product is designed to help people to look for lost pets. The product consists of a cage, an AI camera 
(HuskyLens) controlled by a microcontroller and a webcam. If a stray animal goes in the cage, the AI camera
can detect it and a message will be sent to users’ device. Users can watch the livestreaming image of the 
cage from the link in the message. Users can also remotely control the cage to capture the strays.

Goal
This product aims to help pet owners find their lost pets in a more efficient way. Cages can be placed in
different places without continuously monitoring them. 

Novelty and Creativity
Traditionally, if pet owners lose their pet, they tend to place cages outside their homes and keep monitoring
the cages from the livestreaming video. The process is time-consuming. Also, if an unwanted stray is caught
by the cage, the owner needs to release it. Our product uses an AI camera to automate the monitoring process.
A remote-control system can avoid capturing unwanted strays. 

Feasibility and its Prospect Report of progress can also be acceptable
The system can recognize dogs and cats. Notifications are sent to users after detecting a stray animal. Users

can also remotely control the cage.

Future potential and its plan
AI model will be trained to recognize different breeds of dogs and cats which can improve the monitoring 
system. 

References 
https://wiki.dfrobot.com/HUSKYLENS_V1.0_SKU_SEN0305_SEN0336

A pet volunteer create an App to help people find their lost pets, Ming Pao Weekly
https://www.mpweekly.com/inner/beauty/innerwoman-%e7%8b%97%e7%be%a9%e5%b7%a5-%e9%a0%98%e9%a4
%8a-189243

Analysis and planning of stock selection strategies for fundamental factors in Taiwan stock market.

There are many investment strategies in the market, and I found the "factor stock picking" strategy, which does not
require complicated calculations and daily monitoring, which made me curious about its performance and led to 
this research. I was curious to see how it would perform and whether it could be optimized to create a new 
"Factor strategy 2.0". The factors used in this study are some indicators from fundamental analysis, namely ROE, ROA, 
PE, PB, and EPS, which are not yet found in the factor selection literature. The annualized returns of different factor 
combinations with different weights are compared to find the best factor combination and weighting for this strategy.

1. To investigate the performance of different indicators (ROE, ROA, PE, PB, EPS) in the Taiwan stock market as 
a single-factor stock selection model.

2. To investigate the performance of a two-factor stock selection model with equal weightings for different 
indicators (ROE, ROA, PE, PB, EPS) in the Taiwan stock market.

3. To investigate the performance of the two-factor model in the Taiwan stock market with different weightings 
and whether it has aggregate effect.

1. Backtesting time includes two major events are Lehman Brothers incident and covid-19 outbreak.
2. Add different factor of EPS. 
3. Use different weights of different factors to score and find the best stock selection model.

This study ranks investment targets in the Taiwan stock market by five different indicators (ROE, ROA, PE, PB, EPS). 
From 2008Q1 to 2022Q2, the quarterly investment and transaction costs are taken into account, and the 15-year period 
is tested. As these five factors are common fundamental indicators, they are publicly available information in the stock 
markets of various countries. No matter single factor or multi-factor with any weighting, this study uses the above-
mentioned public information to calculate and rank the top 30 targets for backtesting. Therefore, this method is applicable
to any country's stock market.
    This study uses a backtesting method to investigate the combination of various factors and their different weights from 
2008 to 2022. The optimal ratio of ROA to EPS is 2, and the annualized return after backtesting is 7.40%, outperforming
the 4.07% of the broad market. In the future, this study will adopt a dynamic tracking approach to revise the weighting 
of each factor quarter by quarter in order to maintain the best return on investment for the multi-factor structure.

1. This study currently uses only two-factor scores for weighting, and in the future, we will consider three-factor, i.e., 
scoring and weighting with three factors at the same time, in the hope that the three-factor can optimize this research 
result.

2. We hope that in the future, we can find information on the stock markets of other countries to explore the performance 
of this study in different countries such as the Japanese stock market and the U.S. stock market, and to compare their 
indices such as the Nikkei Index and the NASDAQ Index.

[1] (2021) 19.9% + + 3

[2] CMoney CMoney https://www.cmoney.com.tw/search.asp
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Feasibility and its Prospect Report of progress can also be
acceptable
Binaural audio is the technology whose development is notable in the world. With the increase in the
number of content of ASMR, which applies binaural recording, the attention toward the possibility of
binaural audio is increasing. In addition, the Digital transformation of educational field should be in
the limelight. The Japanese government is trying to conduct the policy called “Giga School”, which 
promotes the introduction of digital devices in secondary schools, and therefore, schools will have 
stable internet connection and students will have each their devices. Given these backgrounds, it’s
possible that binaural audio or the products, which technically use the technology, can be introduced 
for technology-enhanced learning.

Future potential and its plan
This project evaluated the effect of the presence or absence of binaural audio on English vocabulary 
learning. In future, we will evaluate the effect of learning over a longer time period and develop 
learning software. Also, seeking for the possible adoption of binaural audio, such as surveying 
compatible words with binaural audio, in vocaburaly learning.
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Abstract of the Presentation
Title Solve the apple snail device

Outline and its First Inspiration
Among the United Nations Sustainable Development Goals, the second goal is to "ensure food security, 
eradicate hunger, and promote sustainable agriculture." It can be seen that agricultural issues are issues that
everyone attaches great importance to because they are related to the most important ,food, in human life.
From the literature, we can know that apple snails ( ) like to eat the young and tender

parts of plants. Rice seedlings or water chestnut buds, lotus, water spinach, etc. will be harmed by it. The 
annual damage area is as large as several hundred thousand hectares. The purpose of this work is to 
exterminate apple snails and prevent harming crops from them.

Goal
The modified remote control boat is combined with a high-pressure water gun that can swing up and down,
and the camera is used to capture the image. Once the apple snail eggs appear on the screen, the frame 
selection action is made through the program to identify the eggs of the apple snails with AI, and then drive
the water gun to spray a powerful water column. it knocks off the eggs of apple snails.

Novelty and Creativity

This work uses AI technology to effectively identify apple snail eggs and shoot them down accurately, which 
can effectively remove the eggs attached to the crops. The work itself has a high degree of stability, which can
reduce the burden of farmers' agricultural work. The required water comes from paddy fields, which can
effectively use and recycle water resources without causing environmental pollution. This work is one of the 
most important inventions for farmers in paddy fields, because several apple snails can be born in one egg
mass, and the apple snails will bite the crops and cause serious losses, which has become the biggest problem 
for farmers. Therefore, this work can effectively solve the problem of apple snails, and at the same time solve
the problems of farmers.

Feasibility and its Prospect Report of progress can also be acceptable

Using the principle similar to the maze robot, place the boat in the bamboo shoot field, the boat will 
automatically move forward and turn when encountering obstacles. In addition, it is equipped with solar panels,
which can extend the endurance of the hull, and capture images through the lens. Use AI to identify whether 

78 The Affiliated Senior High School of National Chi Nan University

it is apple snail eggs, do frame selection through the program, and then drive the water gun to extract water

from the bamboo shoot field, and start the water gun to remove the apple snail eggs without destroying the 
bamboo shoots. This clearing operation can save a lot of labor costs, and can also reduce the agricultural 
damage of the bamboo shoot field, which is very helpful for farmers.( Fig.1 and Fig.2)
(1) Circuit design
Use tinkercad software to draw circuit diagrams, perform program simulation, and then implement it with 
breadboard after the simulation action is successful, and then perform circuit welding after the above actions 
are successfully operated. (Fig.3)
(2) Program writing
The program on the analog system is transferred to the Arduino IDE for program compilation, and the program

is burned to the Arduino UNO, after which the circuit test can be carried out, that is, the servo motor is smoothly
rotated at a precise angle. (Fig.4)
(3) APP design
MIT's appinventor software is used for APP program writing, and objects such as image recognition function 
and Bluetooth signal transmission function are first built. In the APP programming part, we must first consider
the relationship between the components and their logical relationships, so that we can program, of course,
this part must spend a considerable amount of time testing and repeated correction. (Fig.5 and Fig.6)
(4) Teachable Machine model training
We actually took a number of photos of the bails and eggs, taking them from various angles, hoping to collect

enough samples, and also collected photos of the bamboo shoot field, and used two different types of photos
for model training, hoping to find out the planting with the eggs of the bamboo shoots sticking to the bamboo
shoots through the lens. After completing the model training, we randomly load the picture with apple apple
snail eggs into the system, let the system recognize, and can smoothly identify the apple snail eggs and the
white bamboo shoot fields without apple snail eggs. (Fig.7 and Fig.8 and Fig.9)
The feasibility of this work is very high, and the progress has been almost completed. However, the water 
pressure problem has not been solved. Because the water pressure is too low, it may not be possible to shoot
down the apple snail eggs. This part will be solved by other methods.

Future potential and its plan
For the development of the work, we hope to successfully apply for a patent and sell it in the store, so that 

farmers affected by the apple snails can use this machine to eliminate the apple snails, reduce the use of 
pesticides, achieve the effect in the economic benefits of agricultural products, successfully eliminate the apple 
snails, and increase the crop yield. After that, a fishing net can also be installed on this device, which can be 
enough to pick up the apple snail eggs floating on the water to achieve the effect of immediate removal. 

References 
Lin, C. S. 1986. Ecological Studies on Water Snail, Pomacea lineata Spix
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Figure 1 Flood Fill Algorithm (Maze Robot)

Figure 2 3D map of works
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Figure 3 Circuit simulation

Figure 4 Firmware programming screen
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Figure 5 APP layout configuration settings

Figure 6 APP programming

Figure 7 Sample picture of Fushou snail eggs

Figure 8 Sample picture of a field of white bamboo shoots
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Figure 9 Image recognition verification screen

Table. 1 Effect of submergence on the duration and hatchability of egg

https://www.tdais.gov.tw/upload/tdais/files/web_structure/583/13-9.pdf
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Abstract of the Presentation
Title Rush & Flush (An automatic toilet sterilization system)

Outline and its First Inspiration

The difficulty in cleaning a toilet frequently promotes bacteria growth. Without putting a toilet lid 

down, toilet flushing may splash germs and bacteria, such as Escherichia coli, Staphylococcus 

aureus, and Salmonella, as far as 6 feet away, polluting the surrounding environment. According 

to the survey, only 56% of interviewers would put down the toilet lid after using, and only 20% 

have the habit of putting down the lid every time. A smaller area might contain even more Germ 

and bacteria than a larger one. This project aims to make a low-cost, effectively sterilizing, 

automatic device for toilet disinfection to protect public health.
Goal

Our device uses ultraviolet light and titanium dioxide's photocatalytic effect to sterilize the toilet 

and reduce germ and bacteria growth. It has equipped multiple sensors to collect data of toilet 

real-time usage in order to determine whether a toilet has been sterilized automatically.
Novelty and Creativity

With using our device, sterilization time can be reduced by utilization of ultraviolet light and 

titanium dioxide coating. The durability and bacterial efficacy of titanium dioxide coating are 

higher than normal bactericidal coatings on the market; thus, the replacement of infected toilet 

seats can be largely decreased. 

Furthermore, our device has an infrared sensor and a magnet sensor. An infrared sensor 

detects whether the user leaves the bathroom, and then the toilet lid will be automatically 

closed, followed by disinfection process. A magnet sensor ensures the toilet lid is closed, which 

means the toilet is unused when the ultraviolet light is activated, and the germs and bacteria 

will not be splashed out while flushing and sterilizing. 
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Abstract of the Presentation
Title Rush & Flush (An automatic toilet sterilization system)

Outline and its First Inspiration

The difficulty in cleaning a toilet frequently promotes bacteria growth. Without putting a toilet lid 

down, toilet flushing may splash germs and bacteria, such as Escherichia coli, Staphylococcus 

aureus, and Salmonella, as far as 6 feet away, polluting the surrounding environment. According 

to the survey, only 56% of interviewers would put down the toilet lid after using, and only 20% 

have the habit of putting down the lid every time. A smaller area might contain even more Germ 

and bacteria than a larger one. This project aims to make a low-cost, effectively sterilizing, 

automatic device for toilet disinfection to protect public health.
Goal

Our device uses ultraviolet light and titanium dioxide's photocatalytic effect to sterilize the toilet 

and reduce germ and bacteria growth. It has equipped multiple sensors to collect data of toilet 

real-time usage in order to determine whether a toilet has been sterilized automatically.
Novelty and Creativity

With using our device, sterilization time can be reduced by utilization of ultraviolet light and 

titanium dioxide coating. The durability and bacterial efficacy of titanium dioxide coating are 

higher than normal bactericidal coatings on the market; thus, the replacement of infected toilet 

seats can be largely decreased. 

Furthermore, our device has an infrared sensor and a magnet sensor. An infrared sensor 

detects whether the user leaves the bathroom, and then the toilet lid will be automatically 

closed, followed by disinfection process. A magnet sensor ensures the toilet lid is closed, which 

means the toilet is unused when the ultraviolet light is activated, and the germs and bacteria 

will not be splashed out while flushing and sterilizing. 
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We hope that our device can be widely used in public toilets.
Feasibility and its Prospect Report of progress can also be acceptable

We discovered that a longer UVC lamp irradiation time decreases more significant numbers of 

cultivated colonies of bacteria. The longer UVC light is used, the better impact on bactericidal 

efficacy. The sanitizing time of the device is set to four minutes after every use to promote toilet 

cleanliness. According to the study results, titanium dioxide impacts bactericidal efficacy. No 

matter under a one-minute or a four-minute UV-C light exposure, the number of the cultivated 

colony of the experimental group which does not use atomization of titanium dioxide solution is 

relatively higher than that of the experimental group which use a 30-second atomization of 

titanium dioxide solution. 

However, no matter under a one-minute or a four-minute UV-C light exposure, the experimental 

group with a 60-second atomization of titanium dioxide solution, has a higher numbers of the 

cultivated colony of bacteria than that of the experimental group which use a 30-second 

atomization. It reflects the photoreactivation in DNA repair may occur in the experimental group 

with higher titanium dioxide content so that the number of cultured colonies increases.  It 

shows the best method to promote photocatalysis and achieve the best bactericidal effect is to 

use a 30-second atomization of titanium dioxide.
Future potential and its plan

Our device can only kill bacteria without removing stains. We will dedicate to design an 

additional component for removing stains, so that stain cleaning and sterilization can be 

achieved at the same time. Besides, we hope we can utilize the ozone generator to sterilize the 

toilet inside. Finally, we would like our disinfection device to be installed in public toilets with a 

screen showing the Bacterial level in the toilet.
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Abstract of the Presentation
Title Discussion on the Generality of All-Ones Problems

Outline and its First Inspiration
In the lamp lighting game, every lamp is regarded as a node. If two lamps are adjacent, we connect the nodes 
corresponding to the lamps with edges, thus forming a graph. In the past, most of the lighting problems only 
discussed the lamps on a lattice. When lighting one of the lamps, the status of the lamp and its adjacent 
lamps will be changed from lit to unlit or from unlit to lit. This rule is called the -rule. The goal of the game 
is to turn all the lamps from unlit to lit, which represents the fact that the graph satisfies the all-ones problem. 

Under the -rule, we extend the lighting problem to lamps in perfect n-ary trees, cycles and tessellations, 
and discuss their all-ones problems. At the same time, we extend the lit-and-unlit lighting status to lamps 
changing sequentially into more than three different colors, using matrixes to represent the relations between 
the lamps connected and find solutions to different graphs.

Goal
1. Under the sigma plus rule, find out all properties of two-color lamps in different shapes.
2. Under the sigma plus rule, find out all the properties of the three-color lamps in different shapes.
3. Under the Three-color lighting rules, find out all the properties of the three-color lamps in different 

shapes.

Novelty and Creativity
This study starts from the problems in the literature [1]. Imagine that each square on a lattice is a lamp with 
two states: on and off. Press a lamp on lattice point, then its state changes, along with the states of its 
vertically and horizontally aligned neighbors.
If the graphs of different shapes can change all the points to the desired color after a finite number of state 
changes, then the graph G is said to have the property of oneness. If the graph G has the all-one property 
when the number of lamp colors is k, then G is said to have k-all-ones property.
This study will further explore the all-one nature of dendrograms, cycle and tessellation in -rule under k-
color lights.
We take a perfect binary tree (Figure 1) with a layer number of 2 as an example. We use matrix A (Figure 2), 
which is an adjacency matrix plus an identity matrix, to represents the relationship between points. When the 
relationship between the pressed point and the affected point represents 1 in the matrix A, and 0 otherwise.

Let a matrix C be the final state of each lamp, a matrix M be the number of presses corresponding to each 

node, and AM=C. In the case of two-color lamps, the result we seek is that all lamps are changed to the 
second color. We know that pressing the node twice in the two-color light will restore the original unlit state. 
Similarly, pressing the node once and pressing the node three times will have the same result, both are lights. 
In this way, the result obtained by AM is congruent to C (mod 2) (Figure 3), the calculation is shown in Figure 
4.

Feasibility and its Prospect Report of progress can also be acceptable
1. Perfect n-ary trees satisfy the k-all-ones problem.
2. Perfect n-ary trees satisfy the n-all-ones problem.
3. Cycle satisfies the k-all-ones problem when the quantity of the nodes equals 3n, 3n+1, or 3n+2.

4. Tessellation satisfies the k-all-ones problem when the quantity of the nodes on every edge equal 2(mod3).
5. Triangular tessellation and hexagonal tessellation satisfy the k-all-ones problem when the quantity of the 
nodes on every edge congruent to 0 (mod3).

Future potential and its plan
We applied the matrix into the lamp lighting game, found that the solution can be determined by determinant. 
Using determinant and inverse matrix, we find out the solution of lighting problem. However, if the
determinant is zero, we cannot use inverse matrix to solve the equation, As a result, the further research will 
be find another method to solve to the all-ones problem.
In the future, we will study the relationship between the determinant and the solution of the matrix 
represented by the connection relationship of the graph nodes. Starting with three-color lamps, further 
discuss the development of the lighting problem in k-color lamps and study the influence of the change of C

matrix in matrix operations. In the end, we want to find the general solution of all-ones problem in arbitrarily 
graphs. Furthermore, we want to improve the solution to the simplest solution.
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The water-pouring puzzle is also known as the three-jug problem. The topic is as follows: There are three jugs whose capacities are 3, 5, and 8 liters 

respectively. The largest is full of water. Then, how to measure 4 liters of water with these three jugs.

This problem can also be obtained through Barycentric coordinates (also called trilinear coordinates).

There is a similar water-pouring mobile game called Sort Water Puzzle, which changes water into a variety of immiscible color water. The player can 

only pour if the two jugs have the same color on the top and have space to hold more water. One needs to keep pouring colored water among the jugs until 

each has one color. The amount of colored water cannot be the same as the amount of the jug because there must be an empty jug at the end before proceeding, 

and it cannot be more than the amount. Otherwise, there is no place to put the excess water. [1]

For example, there are three 3-liter jugs, two of which contain 1 liter of blue water and red water. The result is one jug of blue water, one jug of red 

water, and one empty jug. We need two barycentric plots to represente the moving process, and the answer can be obtained through these two diagrams.

This article explores whether Sort Water Puzzle can be solved using trilinear coordinates.

1. Can the Sort Water Puzzle be solved using Barycentric coordinates?

2. In the water-pouring puzzle, if the liquid used is no longer limited, can it be solved with Barycentric coordinates?

Novelty and Creativity
Water-pouring puzzle

There are three jugs called X, Y, and Z, and the capacity of these three jugs is x, y and z. Since the total volume of water is 8 liters, we have 

8,  0 3,  0 5,  0 8x y z x y z . Initially,  0 ,  8x y z ; finally, 0,  4x y z . Now x, y and z

can be taken as the trilinear coordinates of a point with respect to an equilateral triangle of altitude 8. Because of the above restrictions, all the 

possible positions of the point lie between the pairs of lines  0,  3;  0,  5;  z 0,z 8x x y y . The set of parallel lines 

0,  1,  2,  3x corresponds to the different possible amounts of water in X, and the lines 0,  1,  ...,  5y correspond to the possible 

amounts in Y. The lines for Z are a set of lines passing through the intersections of the lines for X and Y, the quantities they represent being 

determined by the equation     8x y z . The diagram is shown in Figure 1. [2]  

The path to the final result is shown in Figure 2:

(0,0,8) (3,0,5) (0,3,5) (3,3,2) (1,5,2) (1,0,7) (0,1,7) (3,1,4) (0,4,4)

A G E H I J K L M

The first step is point A G, which is to pour 8 liters of water from jug Z into the jug X, but the content of the jug X is only 3 liters, so 

the remaining 5 liters of water will stay in jug Z, that is , pick up The following steps are also analogized.

Sort Water Puzzle

According to the rules of the Sort Water Puzzle, suppose there are three jugs (labeled a, b, and c) and waters of two colors. The water distribution of 

the two colors is shown in Figure 3. There are two solutions:

( ) The steps of the first solution are

Step1 Pour the blue water in jug a into jug c.

Step2 Pour the red water in jug b into jug a.

Step3 Pour the blue water in jug c into jug b, or pour the blue water in jug b into jug c.

( ) The steps of the second solution are

Step1 Pour the red water in jug b into jug c.

Step2 Pour the blue water in jug a into jug b.

Step3 Pour the red water in jug c into jug a, or pour the red liquid in jug a into jug c.

The trilinear coordinates represent the changes in the amount of water in the three jugs. But there is more than one color of water in the Sort 

Water Puzzle, and different colored waters don't mix with each other. If the dots move, it means the amount or location of the blue or red water in the 

jug for each diagram is changing. Assuming that there is no solution in bottle c at the end, Figure 4 shows the amount of blue water in different jugs

and the amount of red water in different jugs.

Figure 4 is a solution to Figure 3. However, the trilinear coordinates can be used to show the solution, when the number of colors and jugs

increases, the trilinear coordinates may not be suitable for the solution of the Sort Water Puzzle. Because the trilinear coordinates will draw more 

and more, a trilinear coordinates are no longer trilinear coordinates, it will become a diagram of other polygons. Therefore, the trilinear coordinates

can only be used when there are few colors, and the number of jugs is three. The water-pouring puzzle is different from the trilinear coordinates in 

Figure 4. It is possible to stop in the middle of the diagram after starting from the point. Different from the water-pouring puzzle, not all the amount 

of water poured out in the Sort Water Puzzle depends on how many liters of water the same color on the top layer of the current jug. Therefore, the 

path will not reach the end of the diagram at one time.

There are two ways to increase the difficulty of the Sort Water Puzzle, one is to increase the number of jugs, and the other is to increase the number of water

colors. However, the trilinear coordinates can only solve the problem with three jugs and cannot have too many waters of different colors because the final 

result only have one color of water in each jug. The solution can be obtained if there are fewer than three jugs and water colors in the Sort Water Puzzle.

The three sides of the trilinear coordinates represent the direction of movement when the water volume of the three jugs increases or decreases. Therefore, 

when there are more jugs, there must be another side triangle that is not parallel to the length of the original three sides, and the figure of the triangular figure 

may change from a triangle to a quadrilateral. Also,use three-dimensional Barycentric coordinates might be another method to solve the problem..

[1] Water Sort - Color Puzzle Game – Appson Google Play

https://play.google.com/store/apps/details?id=com.gma.water.sort.puzzle&hl=en_US&gl=US&pli=1

[2] M. C. K. Tweedie. (1939). The Mathematical Gazette: A Graphical Method of Solving Tartaglian Measuring Puzzles. Vol. 23, No. 255 (Jul., 

1939), pp. 278-282 (5 pages). Retrieved November 30, from https://doi.org/10.2307/3606420



－103－

Areas

Participant’s Information
Taipei Municipal Yong Chun High School

Tsai, Chieh-Yu

Supervising Teacher

Abstract of the Presentation
Using machine learning to predict the trajectory of ping-pong balls

In recent years, the development of deep learning and computer vision has led to the emergence of sports science.

Among them are many studies that analyze table tennis tournaments , which play an important role in sports science 

because they can analyze various data of tournaments more accurately and quickly than collecting data manually.

     Spin is one of the techniques used in table tennis, but because of the extreme speed of the ping-pong ball, the speed

of rotation is difficult to measure. Therefore, I would like to use physical models to deduce the rotational velocity of table

tennis balls in order to predict the ball path and drop range, which can help in the analysis of sports events and improve 

athletes' performance.

1. Reconstruction of 3D coordinates and 3D point positions of ping pong balls by camera calibration

2. Using parametric curves to fit the motion trajectory of a table tennis ball

3. Simulation of trajectory shifts caused by the Magnus effect

1. In contrast to the deep model to track ping-pong balls, this study takes a physical approach to modeling through the

Magnus effect (rotational speed).

2. The analysis of motion trajectory by rotational velocity is beneficial for force analysis, which is expected to quantify

the player's body motion to predict the motion trajectory.

1. For the data collection part, we used the OpenTTGames dataset [1]. Since this dataset was used in [2], each video 

was annotated with a specific frame, as shown in Fig. 1. Therefore, we can reconstruct the coordinates of these data

by camera calibration. The mathematical expression is given by (1) and the schematic diagram is shown in Fig. 2. 

The implementation method obtains all parameters of the camera by marking specific coordinates, as shown in 

Fig. 3 and Table I, according to the cv2.calibrateCamera() function [3], all parameters of the camera calibration can

be found.

2. For the part of parametric curves, I refer to the polynomial curve fitting method [4]. The goal is to find the parameter

curve with the smallest total error value through parameter iteration. The mathematical expression of the error value

is given by (2). The result of the six polynomial fit is shown in Fig. 4, Fig. 5, and Fig. 6.

3. In order to investigate the effect of speed on trajectory, I refer to Kutta Joukowski Theorem [5], which describes the

relationship between speed and force. Through python simulation, I can get the position coordinates of each time

point to compare the trajectory with different speed, as shown in Fig. 7 the red trajectory is the downward rotating
trajectory with rad/s), the yellow is the trajectory without rotation speed, and the black is the upward rotating

trajectory with rad/s), taking into account the air resistance.

Designing a motion model for table tennis based on the Magnus effect

Analyze the relationship between a player’s body motions and ball trajectory

[1] OpenTTGames Dataset. https://lab.osai.ai/

-time temporal and spatial video analysis of

-885 

[3]

[

https://meshlogic.github.io/posts/jupyter/curve-fitting/parametric-curve-fitting/

[ Youtube.

(2)

Fig. 1. A part of data events and ping-pong ball coordinates

Fig. 2. schematic diagram of camera calibration

Fig. 3. Video screen and specific points marking

K represents the internal parameters, projecting the camera 

coordinates to the image coordinates, fx and fy are the focal 

lengths, and Cx and Cy are the offsets of the main axes. [R|T] 

represents the external parameter, which handles the 

coordinate transformation from the world coordinate system 

to the camera coordinate system, and consists of a rotation 

matrix and a translation matrix.

Table I Relative position of coordinates (upper right is image 

coordinates system, lower left is world coordinates system)

(1)

Fig. 4. 2D View

Fig. 5. Parametric Convergence Process

Fig. 6. Table tennis trajectory and parameter curve
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Abstract of the Presentation
Discussion regarding the Moving Line Analysis of Finding a Parking 

Spot in the Parking Lot

The subject of the research is the mathematical analysis of the moving line analysis of finding a parking spot in a parking

lot We have designed a parking method mathematical model for "Double-Row Two-Way Combined with 
Floor-Level Single-Row One-Way Parking Lots." Eventually, four different parking routes were designed,
and a comparison was made between them. And among the driving behavior mathematical models of 
these four different parking routes, find the parking route model for parking towers and conduct a 
comprehensive discussion.
From topology analysis, it can be known that the majority of the parking tower structures can be viewed
as 2D two-way parking within a floor level and single-row one-way parking between floor levels. 
Therefore, the rational assumption will be the driver will drive to the next level to park, definitely because
there are no more spaces on that particular level; therefore, between the levels will be viewed as 
weighting parameters, which can rationalize the reason why most drivers would only park in the nearest
floor level and not search for spaces in the level below (or above).
The research is aimed at exploring the moving lines of parking and applying them in life. In the literature,
most of them discussed the success or failure of parking numbers and their numbers for success[4–10]; 
moreover, these only discussed single-row one-way scenarios. We hope to use the integration of parking 
functions and expected values, as well as related parking function research, to improve parking lot routes 
and parking rule discussions in parking towers and to observe a variety of different conditions [11-12]. 

This research will be using parking functions as fundamental concepts for "single-row one-way parking 
lots"(Fig. 1) and "double-row two-way parking lots." (Fig. 2) In addition, the parking method of the driving
behavior mathematical model of "Double-Row Two-Way Combined with Floor-Level Single-Row One-Way
Parking Lots" came about to discuss parking towers. The plan is to simulate, calculate, and compare the 
situations, and we hope to come up with an innovative way to look at parking problems in parking towers.

83 Taipei Municipal Dazhi High School , Taiwan (R.O.C.) 
The purposes of the study are listed below.

A mathematical model is used to represent the various situations in "double-row two-way" 
parking. 
Combining "double-row two-way" (note: the parking routes of each floor level) and "single-row one-
way" (note: the situation in the connection between floor levels) to design parking towers and using 
weighting parameters to design the probability of drivers parking at each floor level
Discussing the differential analysis between the models of parking towers and 2D parking lots

Novelty and Creativity

The main results are listed below.

A. “Only Driving Straight” Situation:

In the situation of “Only Driving Straight,” the number of successful parking sequence is

1 ( ) 1 !
( 1) (( ) 1)

!( )!
r n r n

r n r
r n r

 [11], where n   is the number of drivers (number of parking spaces) and 

1
2

nr .

Theorem 1: n is the number of drivers (number of parking spaces), then the success ratio nStr is decreasing.

That is, if 

1 ( ) 1 !( 1) (( ) 1)
!( )!

r n r

n n

nr n r
r n rStr

n
, then 1 , 1n nStr Str n .

B. “Only Turning” Situation

In the situation of “Only Turning,” the number of successful parking sequence is !2n rn , where n is the number of 
drivers (number of parking spaces).

Theorem 2: n is the number of drivers (number of parking spaces), then the success ratio turn
nS is decreasing.

That is, if 
!2n r

turn
n n

nS
n

, then 1 , 1turn turn
n nS S n .

C. “2D Floor Level Route of Store” Situation:

Let ( )d iF be the number of drivers who have not found a parking space at floor i, and iF be the number of sequence 
of parking functions for floor i in this study.

Proposition 1: Under the rules of “2D Floor Level Route of Store,” if 
1

2

1

( )
r

i
i

r i F r r , then it is a “definitely 

failure” parking sequence, where 
1

2
nr  and n is the number of drivers (number of parking spaces).

Proposition 2: The number of successful parking sequences in the situation of “2D Floor Level Route of Store” is

1 2( , , , ) 1 2

!
( ) 2

! ! !
r

n

x x x A r

n
f n

x x x, )r A, ) !r

 , where n   is the number of drivers (number of parking spaces) and 

1

1 2 1 1 2
1

{( , , , ) | 2, 4, , 2( 1)}
r

r i
i

A x x x x x x x r, ) | 2 4 2( 1)}r i1 1 2) | 2, 4, ,1 1 2, ) | 2) | 1) | 2,1 1 2(4, , 2(4, , 2(2 4, ,22, 12, 1 2(2(
.

a. These and “Randomly Turn or Drive Straight” all correspond with Propositions 1 and 2.
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b. Their success ratio is ( )
n

f n

n
.

D. “Randomly Turn or Drive Straight” Situation

Proposition 3: For the sequence with a success ratio of 1 in the “Randomly Turn or Drive Straight” situation, there are 
!n number of sequences, where n is the number of drivers (number of parking spaces).

Proposition 4: If n   is the number of drivers (number of parking spaces), then in the situations of “Only Driving 
Straight” and “Only Turning,” we can have lim 0nn

Str  and lim 0turn
nn

S .

E. Comparison

Proposition 5: The number of failure parking sequences of “2D Floor Level Route of Store” is equal to the number of 
definite failure parking sequences of “Randomly Turn or Drive Straight.”

Proposition 6: The success ratio of finding a parking space in “2D Floor Level Route of Store” is greater than or equal 
to the success ratio of finding a parking space in “Randomly Turn or Drive Straight.”

F. Parking Tower Floor Level Route Analysis (Extended to 3D)

Proposition 7: In a parking tower, the number of drivers that failed to park on each floor level is 
1

( )
1 1

1 ( )( 1)
2 2

s s

d i s i
i i

s iF n F F , where iF is the number of successful parking on each floor level.

Proposition 8: In a parking tower, lim 0nn
Str  and lim 0turn

nn
S (refer to Proposition 4) does not hold.

New route planning and design, such as "2D Floor Level Route of Store," etc.,(Fig. 3) can raise parking
efficiency, decreasing the amount of time wasted for the drivers while also decreasing the situation of not
being able to find a parking space. If this type of route is applied to common parking lots or even the
larger-scale parking tower zonings, this will contribute to the improvement of parking situations.

This study incorporates the floor expectation value and can discuss the drivers' willingness and 
situation to park their cars on each floor level, with the goal of designing a parking tower plan that 
costs the least amount of parking time.

Parking Tower Design[13] : Assume a driver wants to park in a space on the level; if a parking space 
cannot be found on this level, then he leaves the parking tower. This situation is similar to the "Only 
Driving Straight" situation; as a further extension, the formula is as follows( Fig. 4): 

1 2 11 1 1
1 2

1 2

!
( 1) ( 1) ( 1)

! ! !
n

n

i
aa a i

n

n

a
a a a

a a a
( 1)n(( 1)(

!n

The following figure is the success ratio of n  from 1 to 6 in the various situations in a 2D parking lot(Fig. 5). From  
the previous theorems, we discover that for 5n , the success ratio, from the largest to the smallest in
order, is

a. “2D Floor Level Route of Store”

b. “Single-Row Parking”
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c. “Randomly Turn or Drive Straight”

d. “Only Driving Straight”

e. “Only Turning”

In the situation of double-row parking, only "2D Floor Level Route of Store" can surpass "Single-Row Parking," 

and the success parking ratio of "2D Floor Level Route of Store" is still higher than "Single-Row One-Way 

Parking." This conclusion proves that with parking spaces, the successful parking ratio of double-row parking 

spaces is higher than the parking ratio of single-row parking spaces; therefore, planning and changing the one-

way parking path into a "2D Floor Level Route of Store" will be the best design.

In a narrow car path, the "Only Turning" route is preferable to the "Only Driving Straight" route ( 6n ).

"2D Floor Level Route of Store" is the upper limit of "Randomly Turn or Drive Straight." 
Therefore, the management of parking traffic flow shall try to ensure the driver has already 
confirmed that both the left and right spaces have been taken before driving forward to search for 
a parking space.
Analysis Result of Parking Towers: From topology analysis (Fig. 3), we can know that the 
majority of the parking tower structure can be viewed as 2D two-way parking within a floor level
and single-row one-way parking between floor levels. As a result, the rational assumption will be 
that the driver will drive to the next level to park, almost certainly because there are no more 
spaces on that level; thus, the levels will be viewed as weighting parameters, which can explain 
why most drivers will only park on the nearest floor level and will not search for spaces on the 
level below (or above).

[1] Hsu, Zhi-nong (2012). High School Mathematics Textbook Volume II. New Taipei City: Lungteng Cultural

[2] Tsai, Tsong-ming (1993). Talks About Stirling Formula. MATHMEDIA, 17(2).

[3] Lai, Jun-Ru (2005). Parking is Flicking Coins. Taiwan 2005 International Science Fair Description Manual.

[4] Armstrong, D., Eu, S.-P. (2008). Nonhomogeneous Parking Functions and Noncrossing Partitions. Electronic Journal of 

Combinatorics, 15(1), 1-12 .

[5] Beck, M. (2010). Parking Functions. Stanford Math Circle. Retrieved March 9, 2013, from 

http://math.stanford.edu/circle/2010fall.php.

[6] Cameron, P.J., Johannsen, D., Prellberg, T. (2008). Schweitzer, P., Counting Defective Parking Functions.

[7] Eu, S.-P., Fu, T.-S., and Lai C.-J.(2005). On the Enumeration of Parking Functions by Leading Terms. Advances in 
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Combinatorics, 26, 345-360.
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http://www.mathcircles.org/files/parkingsequences_handout.pdf.
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Fig 1. Single-Row One-Way Parking Rule

    

                                                         

    
Fig 2. Double-Row Two-Way Parking Rule

Fig 3. Parking Towers

1 2 3 n…

2 4 6 2k…

1 3 5 2 k - 1…
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Fig 4. Similar to “Single-Row One-Way Parking”

Fig 5. Success Ratios

Success Ratios

Only 
Turning

Only 
Driving 
Straight

Randomly Turn or 
Drive Straight Store Route Single-Row
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The Problem of the Scale Ball

I saw a problem on the internet, there are 8 balls, 7 of them have the same weight, only one ball is heavier, 
please use a balance to try to find this ball in the least number of times.

1. Find an inferior product (known to be heavier) in N balls at least as many times as it takes.
2. Find two inferior products (known to be heavier) in N balls, at least as many times as needed.

Looking for two or more poor quality products

Mathematical induction was used to solve the case of only one inferior product and is currently trying to 
solve the case of two inferior products.

Find one or more inferior products (unknown lighter or heavier) in N balls, at least as many times as needed.
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Abstract of the Presentation
The Number of People Standing and Sitting Down

We were interested in a question that we saw in the school level math contest. We changed the rules 

of the original question, observed the law of change, and found the general solution. After studying an

article about Josephus problem, we found that there are many similarities between the article and our 

research, but we have not used the solution to Josephus problem. In order to facilitate the observation of 

the laws, the description of the problem is presented in the form of a graph. The graphical variation is 

used to find the calculation method and then the arbitrary number is entered for verification, and finally 

the general solution is derived.

Change the original question to the case of unlimited number of people and the rest of the rules are 
the same. Explore the general formula for the number of people standing at the t-th second.

None

the number of people standing.

1.Explore the general equation that limits the number of people standing at the t-th second when k people 
are present.

2.Explore the general equation for the number of people standing at second t in a circular arrangement of 
k people.

Research Stage   Idea  Preliminary  Res lt
Field Check only one appropriate field.

Physics   Chemistry   Biology    Earth Science
Mathematics Information    Others specifying

Participant’s Information
School Name

Representative’s Name

Member

Supervising Teacher
Name Hsieh, Sheng-Hung

Abstract of the Presentation
Title Image Recognition Play Mobile Games

Outline and its First Inspiration
There are many places in life that require a lot of manual operation. However, due to the declining birth rate in
the world, more and more places cannot rely on manpower. Therefore, computer vision image recognition is 
indispensable. We simulated human control by playing Shot Zombie. Realize automatic control computer.

Goal
1. Automatic control operation through Windows Subsystem Android.
2. Track object location and coordinates through visual recognition.
3. Discuss the changes of FPS, threshold, and accuracy under tracking objects.
4. Simulate human control of electronic products through automatic judgment of computer vision.

Novelty and Creativity
1. Automatically operate machinery through image recognition.
2. Use different recognition methods to judge objects.

Feasibility and its Prospect Report of progress can also be acceptable

We use the Windows Subsystem Android of Windows to install the game Shot Zombie. And capture the 
window of the game through the Win32gui function library, so as to analyze the window screen. As an example
of a figure, consider Figure 1. Slide through the template image in the detected image to compare the matching
degree of each position. By adjusting the threshold, the position of the image coordinates can be detected for 
automatic control. Specify an object or template through the Matchtemplate function in OpenCV. Compare the
matching degree of each position color from the detection image. And adjust the threshold size by sweeping 
every position of the graph in this way. We use a single-color zombie detection with a threshold of 0.7. Works
well, but only on monochrome zombies. Later we used black and white zombie detection with a threshold of 
0.3. Can successfully detect zombies of different colors. The purple swastika is the center point of detection.

As an example of a figure, consider Figure 2. But there are also unexpected situations. Because the detected
zombie template is composed of large areas of black and white blocks, and the threshold is low. So prone to 
false detection range. As an example of a figure, consider Figure 3. There are currently many images of

unexpected ranges. The parameters need to be improved to reduce the possibility of misidentification.

Because we are using Pyautogui to automate the control. However, it has lag, which leads to poor autoplay 
performance. Will be changed to use the faster Pynput or Mouse library instead. We are currently tracking
objects from the Windows Subsystem Android on the computer. The tracking method must be changed to
Webcam tracking.

Future potential and its plan
1. In the future, targets will be found through contour detection. Let the visual identity be used in different 
situations without limitation.

2. In the future, the label data will be trained through the Yolov5 algorithm. Study the fields of deep learning 
and computer vision.
3. It is hoped that through the automatic control of the clicker and the webcam, the game can be played 
automatically.

References 
https://ahaan.co.uk/article/top_stories/google-play-store-windows-11-install
https://learncodebygaming.com/blog/tutorial/opencv-object-detection-in-games
https://stackoverflow.com/questions/59014894/screenshots-taken-with-pywin32-some-times-get-a-
black-imgaes-i-think-that-handl

https://docs.opencv.org/4.x/d4/dc6/tutorial_py_template_matching.html
https://ithelp.ithome.com.tw/articles/10277668
https://reurl.cc/gQjVrN
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Outline and its First Inspiration

We’ve seen many serious engineering catastrophes on the news, these engineering catastrophes often cause 
casualties of members. Ex:loosen screw(as shown in Fig 1.), scaffolder collapse(as shown in Fig 1.), cable fracture...etc. 
Thus, we want to design a buckle with an early warning device. The data will be returned by IoT, compiling every nodes, 
which problems occur easily, and then we can analyze and predict the possibility of danger. To lower engineering 
disaster’s possibility.

Fig 1. Loosening events of railroad track bolt Fig 2. The Nanfang'ao Bridge fracture accident

Goal

1. Apply IoT to fasteners.
2. Use the web to display data and warning text. Line Notify would send warning messages to improve the safety of 

various buckle auxiliary projects at the same time. 
3. Establish a buckle related early warning system.

Novelty and Creativity

1. Stretch and extrusion Fasteners’ pressure sensor convert value by conversion value wafer.
2. After converting, the value will be sent to the Wi-Fi wafer.
3. Wi-Fi wafer would upload the value to online database and the web.
4. If there is something abnormal with the value, Line Notify would send a warning message.
5. Screws buckle will send Line Notify warning messages by Wi-Fi wafer when the screws are loosen.
           (as shown in Fig 3 )

Fig 3: Operation process

Feasibility and its Prospect Report of progress can also be acceptable

1. Combine Wi-Fi wafer with pressure sensor and conversion value wafer to fabricate IoT buckle.
2. The sensor will detect the value and judge if the value is over the range by Arduino code. If the value is unusual, it 

will send an alarm message to relevant units and upload the data to online database and web at the same time.
3. Upload data to the database then the database would store the data and upload to the web for engineers to monitor 

and also be analyzed by the relevant scholars.(as shown in Fig 4 )

Fig 4:The database of IoT Fasteners

Future potential and its plan
1. We hope that the IoT Fasteners can help the engineering monitor, and also can use the solar energy to be the 

operating energy.           
2. IoT Fasteners can be combined with blockchain technology to improve information security in the future.

References 
[1] Update data on a page without refreshing. Retrieved from 

https://stackoverflow.com/questions/22577457/update-data-on-a-page-without-refreshing
[2] Arduino with Load Cell and HX711 Amplifier. Retrieved from  

https://randomnerdtutorials.com/arduino-load-cell-hx711/
[3] So Easy MicroPython - LINE Notify. Retrieved from  

https://www.instructables.com/So-Easy-MicroPython-LINE-Notify/
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Title Pet training machine that combines thermal imaging and behavior recognition
Outline and its First Inspiration

This research is based on a pet training machine that combines thermal images and behavior recognition. First, 
thermal images are used to confirm the temperature of specific items, and YOLO is added to track and identify 
the targeted items. After the combination of the two, they are analyzed whether the pet has performed a specific 
action.
We have designed this project because keeping  pets has become a trend and owners will encounter the problem 
of training pets. Training pets to go to the toilet is one of the most important. Pets can be compared to people and 
they all need to learn to hold back urine until they reach toilets. Yet, pets without training are not able to control 
themselves. Therefore, a lot of cleaning will be done by the owners after they arrive home. The best age to train 
pets is around  6 to 8 weeks old. However, some owners do not have time to train pets. Due to the fact that 
keeping pets takes a lot of time and effort, we have designed this machine to train the pets to use the toilet 
without the owner's help.

Difficulties in training pets by manpower:
1.Inadequate time of taking pets outdoors. 
2.Lack of time and effort in training pets.
3.Space limitation for pets.
4.Recommending a specific age for training pets.
5. Positive feedback for pets when correct performances are done.
6. Reducing owner’s patience and anger when pets are not in control.

Fig.1 System architecture diagram
Goal

1.Life Behaviors of pets and Discussion
2.Thermal images analysis
3.How to use differential differentiation to identify pets and excrement
4.Track pets with YOLO
5.Automatic voiced reward mechanisms 

Novelty and Creativity
1.In the thermal image screen, the pet and the excrement will have the same temperature, and the pet's temperature 
is stable. When the excrement is detected, the color changes from red to blue based on its temperature. Therefore, 
the difference can be distinguished by differential methods.
2.Due to the fact that insufficient training files are on the Internet and that files do not meet our needs, we then used 
our own designed training file to identify the specific object.
3.Behavior patterns and discipline principles of pets in the household are discussed

Feasibility and its Prospect Report of progress can also be acceptable
1. Life Behaviors of pets and Discussion
2. Capturing and analyzing Thermal image 
3. Identifying pets and excrement through thermal images
3-1 YOLO principle
3-2 Using  CNN to construct identification module of pets and excreta 
4. Voiced feedback rewarding design

Future potential and its plan
In the future, we will use YOLO to identify and track pets, and combine voice feedback and feeding snacks to give 
positive feedback to pets, so that pets know what they are doing is right.

References 
1.Yolo object tracking and training
(1) How to Train YOLOv4 on a Custom Dataset in Darknet
(2) GitHub - niconielsen32/ComputerVision
(3) YOLOv7 Paper Review in 13 Minutes
(4)https ://pjreddie.com/darknet/yolo
2.Opencv thermal image analysis
(1) How to Detect Colors in OpenCV [Python]
(2) Object Counting by Color | OpenCV
3.Read thermal images
(1)High Resolution Thermal Camera with Raspberry Pi and MLX90640
(2)MLX90640 IR Thermal Camera Working With Raspberry Pi 4

Fig.1 System architecture diagram
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Analysis of the relationship between skin, hair color and personal color using MATLAB

Outline and its First Inspiration
Between personal color and skin color hair color, they have a deep relationship.
I want to research it.

Goal
Clear the relationship.
And use them for discriminating my personal color.

Novelty and Creativity
No one researched personal color by MATLAB as far as I’ve researched.

Feasibility and its Prospect Report of progress can also be acceptable
I only researched 100 pictures. So the consideration is inaccurate.

Future potential and its plan
Research more pictures.
More precise.

References 
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Title New Reinforcement Learning Method with Sparse Modeling

Outline and its First Inspiration
On April 10, 2019, the Event Horizon Telescope, an international project, captured the world's first image of 

a black hole, attracting a great deal of attention [1] (Fig. 1). The technique used to achieve this was called 
sparse modeling. This is a method of converting observation data taken from radio telescopes into images. 
The code used in the project has been published as the SMILI library [2], and anyone can use it in Python. 
Since sparse modeling is such an effective technique, we wanted to apply it to reinforcement learning.

Sparsity refers to a property when only a small amount of information in a given data set is intrinsically 
important, while most of the data equals zero. The method of assuming sparsity and learning only based on 
the remaining elements is called sparse modeling. This study uses one approach to sparse modeling, LASSO
(Least Absolute Shrinkage and Selection Operator) regression [3]. This is a method that allows for automatic 
variable selection because the coefficients of some terms in the model are zero. 
Reinforcement learning was performed using OpenAI Gym, a platform by OpenAI [4]. Two games, Cart Pole 

(Fig. 2) and Mountain Car (Fig. 3), were chosen for reinforcement learning by approximating the action value 
function with sparse modeling.
Cart Pole is a game in which players must balance a stick on a cart moving from side to side, so that the 

stick does not fall. The longer a player can keep the pole from falling, the more rewards they receive.
Mountain Car is a game in which a car climbs a hill between two mountains, gaining momentum back and 

forth. The faster the player can reach the goal on the right mountain, the more rewards they receive.
This study used sparse modeling to approximate the action value function and reinforcement learning in 

these two games. The difference between them is whether the reward increases (as in Cart Pole) or 
decreases (as in Mountain Car). The experiment’s results showed that the suitable calculation methods for 
each game were as follows:
(1) Games with increasing rewards (e.g., Cart Pole):

Where is the reward received in state , is the discount rate, and is the value of action  in 
state that transitions when action is performed in state .
This formula does not reflect the prediction of action value by the model created by sparse modeling. The 

90 Junior High School Attached to Yokohama Science Frontier High School

calculation is performed from the most recent state using once-played data.

(2) Games with decreasing rewards (e.g., Mountain Car):

Where , , and are the same as in (1), is a discount rate different from , and  is 

the behavioral value predicted by the model created by sparse modeling)
This formula is (1) plus model-based forecasts.
An example of the study results can be expressed in the form of an equation, as shown in Figure 4. The 

overall result was a successful learning experience for both games (Figs. 5 and 6).

Goal
In recent years, there has been a growing demand for learning using drones, robots, and other low-power 

devices that can operate independently. With this in mind, we wanted to apply reinforcement learning with 
low power consumption and cost; this should be possible using sparse modeling. We wondered if it would be 
possible to use reinforcement learning with sparse modeling.

Novelty and Creativity
Although deep learning is often used for reinforcement learning, it takes an enormous amount of time, 

because deep and complex calculations must be repeated. In addition, it is not possible to learn without a 
huge amount of data. However, sparse modeling can be used to learn from a small amount of data. It can 
also be trained on low-power CPUs, due to its low computational cost. Currently, sparse modeling is being 
used practically in certain fields, such as medicine and space, but not much research has been done to apply 
it to reinforcement learning. Reinforcement learning with sparse modeling would likely be a revolutionary 
technology, given its low cost and power consumption.

Feasibility and its Prospect Report of progress can also be acceptable
Simple learning, such as cart polls, can be performed 100 times as fast as deep learning. Since simple 

reinforcement learning can be learned with only a slight rewriting of a computer’s program, there is a high 
possibility that these results can be put to practical use immediately; however, complex learning is not yet 
possible — this is a future challenge.

Future potential and its plan
Due to the small variety of games used in the study, the relationship between rewards and the calculation 

method is likely incorrect. For this reason, we want to clarify the relationship using more games. We will also 
clarify how to learn using more complex games.

References 
[1] Event Horizon Telescope International Team (2019), https://eventhorizontelescope.org/, 2023/01/20.
[2] Kazunori Akiyama, Imaging the Schwarzschild-radius-scale Structure of M87 with the Event Horizon 
Telescope Using Sparse Modeling, The Astrophysical Journal, Vol. 838, Issue 1, article id. 1, 13 pp. (2017).
[3] Robert Tibshirani, Regression Shrinkage and Selection via the Lasso, Journal of the Royal Statistical 
Society. Series B (Methodological) , 1996, Vol. 58, No. 1 (1996), pp. 267-288
[4] Greg Brockman and Vicki Cheung and Ludwig Pettersson and Jonas Schneider and John Schulman and 
Jie Tang and Wojciech Zaremba, OpenAI Gym, arXiv:1606.01540 (2016).
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Figure 1: World's first image of a black hole

Figure 2: Cart Pole

Figure 3: Mountain Car



－110－

90 Junior High School Attached to Yokohama Science Frontier High School 

Figure 4: An example of an action value function learned in Cart Pole

Figure 5: Learning progression in Cart Pole (sparse modeling)

Figure 6: Learning progression in Mountain Car (sparse modeling)
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Future potential and its plan

5cm×5cm5

References 

1 (2008). . ,p1-2

2 (2020).
. 58, .(8), p486-91

3 (2008).

4 Suzuki Ken, Masako Tsujimoto Noguchi, Yukiko Shinozaki, Motoo Koitabashi, Yuka Sameshima-
Yamashita, Shigenobu Yoshida, Takeshi Fujii, Hiroko K Kitamoto (2014). Purification, characterization, and 
cloning of the gene for a biodegradable plastic-degrading enzyme from Paraphoma-related fungal strain 
B47-9. Appl Microbiol Biotechnol. ;98(10):4457-65

5 (2021). .
59,(10), p527-30

A B

1. (A) (B)
B A

A B

2.
(A)

(B)

Research Stage  Idea Preliminary Result
Field

Participant’s Information

Supervising Teacher             

Abstract of the Presentation

◎日本語ポスターセッション



－112－－ 112－

Research Stage Idea Preliminary Res lt
Field Check only one appropriate field.

Physics Chemistry Biology    Earth Science 
Mathematics Information    Others specifying

Participant’s Information
School Name

Representative’s Name
Member

Supervising Teacher
Name

Abstract of the Presentation
Title

Outline and its First Inspiration

g

2g g g
g

g
( A

g g
g

g

B

C

g g g D

Goal

Novelty and Creativity

Feasibility and its Prospect Report of progress can also be acceptable

Future potential and its plan

References 

jounal of wound care awards 2018)



－113－－ 113－

Research Stage  Idea Preliminary Res lt
Field

Participant’s Information

Supervising Teacher

Abstract of the Presentation



－114－－ 114－

Research Stage Idea Preliminary Res lt
Field Check only one appropriate field.

Physics   Chemistry   Biology   Earth Science
Mathematics Information   Others specifying

Participant’s Information
School Name

Representative’s Name
Member

Supervising Teacher
Name

Abstract of the Presentation
Title

Outline and its First Inspiration

25 UV-
vis 

5
650nm

SD

Goal

Novelty and Creativity
25%

80%

1

Feasibility and its Prospect Report of progress can also be acceptable
Experiments1
MS 4.4g Kinetin0.1mg BA10mg IAA10mg 30 5

    0.3
6 3 LED

UV-vis
Experiment2
    Experiment

24 6

Result&Discussion
450nm 650nm Q

650nm
450nm

650nm

SD

Future potential and its plan
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Experiment UV-vis Experiment2
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1)

2)

DNA

DNA
DNA DNA

3)

DNA

0.1% 30% 4)

2015

SDGs 14
2011

5)

Goal
DNA
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DNA
DNA

1 6)

7)
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DNA

2
8) 3 9)

DNA DNA
DNA

DNA DNA DNA

DNA

DNA

Future potential and its plan
DNA

DNA

DNA

References 
1) . (2017). “ ”. . 2018-01-18. 

https://www.pref.okinawa.jp/site/kankyo/shizen/hogo/sangohozensaisei.html., ( 2023-01-17)
2) . (2008). “ ”. , 

10, 73-84. 
3) Minamoto, T., Miya, M., Sado, T., Seino, S., Doi, H., Kondoh, M., et al. (2021). An illustrated manual for 

environmental DNA research: water sampling guidelines and experimental protocols. Environ DNA, 3(1), 
8-13.

4) Knowlton, N., Brainard, R. E., Fisher, R., Moews, M., Plaisance, L., and Caley, M. J. (2010). “Coral reef 
biodiversity,” in Life in the World’s Oceans: Diversity, Distribution, and Abundance, ed. A. D. McIntyre 

(Chichester: Wiley-Blackwell), 65–79.
5) Cesar, H. (2003). “ ”. WWF . 

https://www.wwf.or.jp/activities/lib/pdf_marine/coral-reef/cesardegradationreport100203_Ja.pdf., (  
2023-01-17)

6) Oka, S., Doi, H., Miyamoto, K., Hanahara, N., Sado, T., Miya, M. (2020). Environmental DNA 
metabarcoding for biodiversity monitoring of a highly diverse tropical fish community in a coral reef 
lagoon: Estimation of species richness and detection of habitat segregation. Environmental DNA, 3(1), 
55-69.

7) Yamano, H., Sugihara, K., Nomura, K. (2011). “Rapid poleward range expansion of tropical reef corals 
in response to rising sea surface temperatures”. Geophysical Research Letters. 38(4). 

8) . (2022). “ 2022
”. . https://kyushu.env.go.jp/okinawa/content/000082553.pdf., ( 2023/01/17)

9) . (2022). “ The 2nd report”. . 
https://hitoumi.jp/library/report/2021-simposiumu-houkoku06.pdf., ( 2023-01-17)

10) . (2004). “ ”. . 
https://www.env.go.jp/nature/biodic/coralreefs/reference/mokuji/9934j.pdf., ( 2023-01-17)
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1) Abee T, Krockel L, Hill C(1995). Bacteriocins:modes of action and potentials in food preservation 
and control of food poisoning. Int J Food Microbiol. (2):169-85.

2)Stevens KA, Sheldon BW, Klapes NA, Klaehammer TR, Nisin treatment for inactivation of 
Salmonella species and other gram-negative bacteria. Appl Environ Microbiol. 1991 Dec;57(12):3613-5.

(2013)
2013 51(12) 845-847.

8
,2016 
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Fagopyrum esculentum

2015

2017

2011
1995

SDGs

Goal

Novelty and Creativity

105 2 2
50

10
PDA 30

N:2kg/10a P:6kg/10a K:6kg/10a
N:1.3kg/10a P:4.0kg/10a K:4.0kg/10a N:2.0kg/10a

P:6.0kg/10a K:6.0kg/10a N:3.0kg/10a P:9.0kg/10a K:9.0kg/10a
1 5

1 10 3
2 1 30

25 35 25
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RF3F2B 0.0641g/10ml RF3F8A 0.0663g/10ml
1 4ml

- /

Feasibility and its Prospect Report of progress can also be acceptable

100
RF3F8A RF3F2B

1 3
RF3F8A

RF3F2B
RF3F2B

RF3F8A RF3F2B

RF3F8A
RF3F2B

RF3F8A RF3F2B

RF3F8A
RF3F2B

RF3F8A
RF3F2B

RF3F8A
RF3F8A

RF3F8A
0.7kg/10a 2.0kg/10a

5100ha
867t 255t 255t 66600ha
113.2t 3330t 3330t

Future potential and its plan
RF3F2B RF3F8A

RF3F8A
RF3F2B

References
1. (1995) Mycotoxins No.41-19
2. (2015)
3. 2011 Vol.49 No.9
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10

2017

10
8

10
8

8

Goal
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8 3

5
10

8

8

9
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Feasibility and its Prospect Report of progress can also be acceptable
1

2
L L

Future potential and its plan
77

References 
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2~4kHz(=2000~4000Hz) 12,000 16,000Hz
 

 
2,000 4,000Hz

12,000 14,000Hz 14,000 16,000Hz  
 

 

12,000~14,000Hz 14,000~16,000Hz
 

11 15

 
12,000~16,000Hz 12,000~14,000Hz

 

 

 
1. ,1995.11.1 
2. ,2014.7.31 
3. ,2005.4.10 
4. BOOK ,2001.5.10 

 
1.Farabaugh, SM, Dent, ML, & Dooling, RJ Hearing and vocalizations of wild-caught Australian 
budgerigars (Melopsittacus undulatus). Journal of Comparative Psychology 1998 
2.Brittan-Powell, Elizabeth F Dooling, Robert J Development of auditory sensitivity in budgerigars 
(Melopsittacus undulatus) The Journal of the Acoustical Society of America 2004.6.3 

 
1. for  
https://psnews.jp/small/p/53731/#:~:text=%E4%BA%BA%E9%96%93%E3%82%88%E3%82%8A%E5%8
F%AF%E8%81%B4%E5%9F%9F%E3%81%AF,%E8%81%9E%E3%81%93%E3%81%88%E3%81%A6%
E3%81%84%E3%82%8B%E3%82%88%E3%81%86%E3%81%A7%E3%81%99%E3%80%82,
2022.9.26 
2.  
https://inko.exp.jp/2019/10/24/post-9501/, 2022.11.13 
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[1] BALM
[2][3] BALM

Goal

Novelty and Creativity
2 BALM [4]

Feasibility and its Prospect Report of progress can also be acceptable
1

2
1 2 2

3 50
50 3

1

1cm ( 6)
5

1 12 38
76%

2

1 ( 8)
7 1 2

2 9 41
82%

1 26

1 26

1 2 6%

Future potential and its plan

[6][7]

1 2
2

[8]
1

References 

[1] :
Cognitive Studies,12(3), P207-220  2005

[2]
53 2 P130-132 2015

[3] :
Cognitive Studies,12(3), P207-220  2005

[4]
53 2 P130-132 2015

[5] PTSD
2014

[6] 8 p57-62
1958
[7] :

Cognitive Studies,12(3), P207-220  2005
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TS10

[4]
TS10 3 (TS02, TS03, TS19)

Feasibility and its Prospect Report of progress can also be acceptable
TS02,TS03,TS10,TS19

Future potential and its plan

[5]

References 
[1] 
[2]

 2014 52 10  P685-692
[3] 2013
[4] 
[5] 
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1)2)
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A

4)5)

Feasibility and its Prospect Report of progress can also be acceptable

1 2
[ ] 

1 (Escherichia coli)AB1157 (E.coli (Bacillus  
subtilis)NBRC13719 LB 100

- (Ap)
2 (E.coli)AB1157 100%
100 100 100% Ap

[ ] 
20

37 30 LB
Ap Ap

20
(1)

[ ] Ap Ap
Ap

×100
(1)

1 T 2
U

0.05
[ ]

Ap
0 cm (E.coli)AB1157 11%

(E.coli) 25% NBRC13719 -6.9%
2 2 3 (E.coli)AB1157

10% 2.4% 5.0%
1.9 (E.coli) 12%

-0.4% 4.8% 4.0%
[ ]

T

(E.coli)AB1157
(E.coli)

U

100 g 418.8 mg7) 58.6 mg8)

130 mg9) 55 mg10)

[ ]

Ap
37 Ap

Future potential and its plan

References 
(1)J-SIPHE 2019 (2)IASR 2021 5
(3)Schäberle TF , Hack IM (2014) Overcoming the current deadlock in antibiotic research.Trends 
Microbiol,22:p165 167.
(4)Mathias Gallique, Kuan Wei, Vimal B. Maisuria, Mira Okshevsky, Geoffrey McKay, Dao Nguyen 
Nathalie Tufenkji, ASM Journals 87 10 2021
(5) .KAKEN .2017 (6) , , , , , 2000
(7) 2017 08 25
(8)J-STAGE, 68 3 1999 (9) ,
(10) , et al. 
( 27 ). In: 56.

, 2015. p. 44-45.

1

[%]

2 AB1157

[%]

3
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13

13

13

1. R. E. Hungate.1939. Experiments on the Nutrition of Zootermopsis. III. The Anaerobic Carbohydrate Dissimilation by the Intestinal Protozoa

2. Yamaoka, I., Sasabe, K. and Terada, K. 1986. A timely infection of intestinal protozoa in the developing hindgutof the termite (Reticulitermes 
speratus). Zool. Sci.,3: 175-180.

3. J. A. Breznak: Annu. Rev. Microbiol., 36, 323 (1982).

4. Cleveland, L. R. 1924. The physiological and symbiotic relationships between the intestinal protozoa of termites and their host, with special 
reference to Reticulitermes flavipes. Koller. Biol. Bull.

0.5mm0 5mm

11  

 

3  

4  

0.5mm0 5

A

B 0.45 % 20 l

C 10 l

D
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Future potential and its plan

IAA

IAA

References 

( )

(c
m

)

C

B

A
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Future potential and its plan

References 
/

23
https://school.gifu-net.ed.jp/ena-hs/ssh/H26ssh/sc3/31407.pdf

/Ethylene Signaling in Rice and Arabidopsis:
Conserved and Diverged Aspects(

)
ChaoYang, XiangLu,BiaoMa,Shou-YiChen,Jin-SongZhang
https://reader.elsevier.com/reader/sd/pii/S1674205215000908?token=D22891C49B6F891A996DB25
23FF4EEA20E50BD9BFBD7637C15887E439BE8D60F3DEF12BED45540BC0F07F22B86250884&
originRegion=us-east-1&originCreation=20220301061716
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30 [1] 

[2]

Goal

Novelty and Creativity

Feasibility and its Prospect Report of progress can also be acceptable
Uniprot

( 1)

BRCA2,BRCA1 (
1) 2 DNA [3][4]

[5]
MLH1,MSH2 ( 2)

2 2~3% ( Hereditary Nonpolyp 
ColonCancer: HNPCC) DNA

[6] 2
( 2)

( 2,3)
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Future potential and its plan

References 
[1] , ( ) ,https://www.mhlw.go.jp/seisaku/24.html( 2022-10-17)
[2] ,Wikipedia,https://ja.m.wikipedia.org/wiki/ ( 2022-10-02)
[3]BRCA1,Uniprot,https://www.uniprot.org/uniprotkb/P38398/entry  ( 2022-10-25)
[4]BRCA2,Uniprot https://www.uniprot.org/uniprotkb/P51587/entry ( 2022-10-25)
[5]HiroyukiSasamura.BRCA1 ensures genome integrity by eliminating estrogen-induced 
pathological topoisomerase II–DNA complexes. Proceedings of the National Academy of Sciences 
of the United States of America.115(45).10642-10651.(2018)
[6] ,https://shikoku-cc.hosp.go.jp/hospital/learn/results38/ ( 2022-10-20)

            1. 2. 3.

                                                         

                                                       

                                  1.                                                                       2.
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[1]
(Fusarium Fujikuroi)

[2]

Goal

Novelty and Creativity

6

Feasibility and its Prospect Report of progress can also be acceptable

1 
8

(Table 1) 2
7

(Fig. 1)

2 
6 1

(Table 2, Fig. 2)
4

Future potential and its plan

8 4

(Aspergillus 
oryzae) (Aspergillus kawachii) (Aspergillus luchuensis)[3] (Monascus 
purpureus) 2

References 

[1] . . . 2001 . 42 1 . pp1-5
[2] . . JSEC 2021
[3] . Aspergillus luchuensis . 2015 . 110 . 2 . pp64-67
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( 1)
30%

80
WHO

( 1)

 

 

2000  

( 2)

( 3) 350nm
( 2) 350nm

( 3)
 

 

114ppm
100ppm

0.3ppm
2000

 

90%

1 Global_Scorecard of iodine nutrition in 2021, 
https://www.ign.org/cm_data/IGN_Global_Scorecard_MAP_2021_SAC_-_7_May_2021.pdf, 
(2021-06-09). 
2 34 81 (1985)  
3 https://ja.wikipedia.org/wiki/%E6%B5%B7%E6%B0%B4 
4 https://fiu-iodine.org/ 
5 52 10 p.117  
6 , 
https://www.nestle.co.jp/media/newsandfeatures/20160219_micronutrient_iodine (20 
16-02-29). 
7 2020 2
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1 2021

3

2 350nm

3
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3M 10%(0.56M)
0.25mM

pH

Goal
pH

Novelty and Creativity

10 pH 5

Feasibility and its Prospect Report of progress can also be acceptable
2.5mmol/L 0.10ml 10

1.0mL 0.10 L
40 25

3M 3M pH13

Glc-3M Fru-3M Fru-pH13
Ea[kJ/mol] 45.5 9.76 46.1
A[ 105] 5.2 1.74 24.5

H[kJ/mol] 42.9 7.19 467.4
S[J/(mol K)] -144.1 -248.9 -150.8
G[kJ/mol] 86.2 81.9 512.7
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Future potential and its plan
60 25 pH

References 

T. Mukai, et. al., Hiyoshi Review of Natural Science Keio Univ., 48, 11-30.
K. Maehashi, A Basic Knowledge of Sweetness, 2011, 106, 12, 818-825.
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,
,

[1] ,

100 C

[2]
200

C

Novelty and Creativity
15

Feasibility and its Prospect Report of progress can also be acceptable

3cm
-1 -2

100 150°C

,
-3 ,

,

-4
-

5

 432mV
30 

-6 100 150°C

-7
, 100 150°C 150°C

4
-8

I-V -9

Future potential and its plan

[1]a) , · https:/tenbou.nies.go.jp/
science/description/detail.php?id=4 (2022/9/20 ), b) ,

( ) https://www.enecho.meti.go.jp/about/specialjohoteikyo/ 
nenryodenchi_01.html (2022/9/20 )
[2]a)N. Tanifuji, T. Shimizu, H. Yoshikawa, M. Tanaka, K. Nishio, K. Ida, A. Shimizu, Y. Hasebe, ACS 
Omega,7,12448(2022), b)N. Tanifuji, T. Shimizu, K. Ida, K. Nishio, M. Tanaka, Y. Tsukaguchi, K. Tsubouchi, 
A. Shimizu, E. Hino, Y. Date, K. Aoki, H. Yoshikawa, Membranes,13, 115(2023)

-1 

-2 
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-3 

-4 

-5 

-6 

-7 

-8 

(V)

-9 I-V (4 )
150°C Pt 30 g/cm2

0

5

10

15

20

25

0 0.05 0.1 0.15 0.2 0.25

(
A)
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2) 46 1 2011   pp.3-6 
3) (9) 2010.7 
4) 2   pp.3
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1( ) pH3
10 15 20 25

30 435 nm 440 mm 50 W
4

15 20 25 30 1
pH3

4%
37°C pH5 ( ) 24

GoD

20
25

RR 1 1 g (mg)       

10 43.83

15 105.85 93.35

20 113.64 107.5

25 97.9 103.2

30 120.52

Future potential and its plan

References 
1)

(http://www.jwrs.org/woodience/mm007/watanabe.pdf )
2)
3)

(https://www.jstage.jst.go.jp/article/siej/15/1/1527/pdf/-char/ja )
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ZnCl2(aq)

ZnCl2(aq)

Goal
ZnCl2(aq)

1. ZnCl2(aq)
2. ZnCl2(aq)
3. 

Novelty and Creativity
1. ZnCl2(aq)
1 8 mol/L ZnCl2(aq) ZnCl2(aq)

ZnCl2
2

- [1]

2. ZnCl2(aq)
110 ZnCl2(aq) 1

-

3. 
110 ZnCl2(aq) 3,4

TG

DTG [2]

Feasibility and its Prospect Report of progress can also be acceptable
1. ZnCl2(aq)

100 ZnCl2(aq) 5
6 7

100 8
480 nm

110 ZnCl2(aq) 9
[3],[4]

100 10 110 
11 ZnCl2
2. ZnCl2(aq)
12 480 nm 11

ZnCl2
3. 
13 DTG

ZnCl2(aq)

Future potential and its plan
ZnCl2(aq) 8 mol/L

ZnCl2(aq)
CuCl2(aq) Zn2+

Cu+ Ca2+

ZnCl2(aq) 11

ZnCl2(aq) Zn2+

References 
[1] , , , 2001, 

, 103.
[2] , , (4)TG,DTG , , 
1980, , 80.
[3] , , 

, 1996, 49(12), 45. 

[4] Amarasekara, Ananda S.; Ebede, ChidinmaC. Zinc chloride mediated degradation of cellulose at 200 

and identification of the products. Bioresource Technology. 2009, 100(21), 5301.

1: 2: (UV-1280, SHIMADZU)

3: 
DTG-60, SHIMADZU

4: FC-60A, SHIMADZU, 
TA-60WS, SHIMADZU, 

5: 6: 
1

7: 1
100 

10: 

8: 9: 110 
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[2] N.Morita, M.Nakayasu, Y.Kawabata, and H.Nakagome.“Influence of Molecular Sieves Is Added in the Thermal 

Decomposition of Rice Husk”,International Journal of Environmental Science and Development,Vol.8,No.5,2017.

[3] R.Hanazawa, K.Nakamura, H.Kawaraya, R.Shimizu, and N,Morita, “Effect of Additives on Gasification by 
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[2] N. Morita, T. Wajima, and H. Nakagome, "Reduction in Content of Bromine Compounds in the Product Oil of 

Pyrolysis Using Synthetic Hydrotalcite," International Journal of Chemical Engineering and Applications, Vol. 6, 

No. 4, pp. 262-266, 2015.

[3] T. Kameda, M. Nakamura, T. Yoshioka, “Removal of antimonate ions from an aqueous solution by anion exchange 

with magnesium–aluminum layered double hydroxide and the formation of a brandholzite-like structure.” Journal 

of Environmental Science and Health, Part A, Vol. 47, pp.1146-1151, 2012.
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Engineering and Applications vol. 7, No. 4, pp. 23-27, 2016.
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