
Science Fair Logbook

August 12, 2023 
I have noticed that my dad will eat carrots before most of his meals.  I asked him why he does that.  He then explained to me that he has been worried about his blood sugar levels for the past few years.  He says that his HbA1c is at 6.0 and is worried it will increase.  HbA1c is the amount of glucose attached to hemoglobin in the bloodstream. In healthy people, this number is less than 5.7%.  If you are between 5.7% and 6.4%, then you are prediabetic and over 6.5% indicates you have diabetes.  My dad is 6.0 (prediabetic) and has been trying to eat very healthy, so this number won’t increase. He has been listening to a podcast that says if you eat fibre before a meal, that your blood sugar won’t spike as much. This is where I got my idea for science fair. I wondered if eating fibre before a meal can help control your blood sugar level.  And I wondered how does it do this? I also wondered if exercise would help manage his blood sugar level as well. My question is: Will consuming fiber before meals minimize the intensity of the glucose spike?

August 13, 2023
Today I started my background research.  Here are the topics I researched today. I wrote them in point form in a separate Word Document.
1) What is Type 2 Diabetes?
2) Why is Diabetes Significant?

August 14, 2023
I continued my background research today.  Here are the topics I researched:

1) How can Diabetes be prevented?
Diabetes can be prevented by eating fibre and exercising. Fiber is part of a healthy diet and can provide a range of health benefits. It can be especially important in preventing or managing diabetes. Another way diabetes can be prevented is by being active. If you want to minimize the chance of developing diabetes, you should start slow and build up.

2) How can Fibre affect blood glucose?
We all need fiber to keep our internal plumbing humming like a fine-tuned engine. But most US adults only get about half the fiber they need each day. Fiber is a type of carbohydrate found mainly in fruits, vegetables, whole grains, and legumes. It helps keep you regular, but it offers many other health benefits as well, especially for people with diabetes or prediabetes. There are many health benefits of fiber. If you have diabetes or prediabetes, fiber is your friend because it helps with blood sugar control and weight management. It can also lower your risk of heart disease and some cancers. Specifically, fiber can help control your blood sugar. Because the body is unable to absorb and break down fiber, it doesn’t cause a spike in blood sugar the way other carbohydrates can. This can help keep your blood sugar in your target range. It can also protect your heart. Fiber prevents your body from taking in some fat and cholesterol, lowering your triglyceride and cholesterol levels to help reduce your risk of heart disease. Furthermore, it can maintain your digestive health. Fiber acts like a scrub brush, cleaning your digestive tract. It helps clean out bacteria and other buildup to improve gut health and help reduce your risk of colon cancer. Finally, it can keep you feeling full and help with weight management. Since fiber can’t be digested, it moves slowly through the stomach, making you feel fuller for longer. And many foods high in fiber tend to be low in calories, which can help with weight loss. In conclusion, to have a fiber-friendly breakfast, you should choose whole grains, focus on non-starchy vegetables, add beans or other legumes, and finally snack on fruit, vegetables, nuts, and seeds. 

3) How can Exercise affect blood glucose?
You need to keep it positive, and instead of focusing on how tired you are, focus on the progress you are making. To do this, you need to make physical activity more fun, and try new things. Second, you should encourage kids to join a sports team. Finally, limit screen time to 2 hours a day. Instead of watching tv, do biking, or take walks.

August 15, 2023
I began writing my background information today. I began a list of Bibliography and added my sources as I went along.

August 16, 2023
I continued writing my background information.

August 18, 2023
I finished writing my background information today. I then used my background information to form a hypothesis. Through research, I found that fibre before a meal can decrease blood sugar levels after a meal. I also found that exercise can potentially decrease blood sugar levels after a meal. With this information, my hypothesis is:
If one ingests fiber before a meal and exercises after a meal, then the intensity of the postprandial blood glucose spike should be lessened.
The significance of my research is that short term control of blood glucose levels can help long term.  This could potentially reduce the risk for the onset of Type 2 Diabetes.
I thought about my experimental design.  I thought it would be fun to do this experiment as a family, because the results would be very helpful for my dad.  I also thought it would be easier to do it as a family because we all would be eating the exact same thing that my cooks.  Here are my variables:
1. Manipulated Variables:
· Fibre intake before a meal
· Exercise after a meal
2. Responding Variable: 
· The blood glucose spike. A glucose spike is the postprandial blood glucose subtracted by blood glucose before a meal
3. Controlled Variables: 
· Type & Quantity of Meal consumed,
· The Type & Quantity of Fiber consumed prior to the meal
· Type & Length of Exercise done after the meal
· The Continuous Glucose Monitor used
· Blood Glucose Levels prior to the meal by restricting food/drink intake 2 hours before the meal
· The time you wait to exercise after a meal (15min) 

August 19, 2023

Today I created a rough plan for my procedure.  I decided I will have 4 subjects: My dad, my mom, my sister, and myself.

Group 1: Days 1-3: I will measure our blood glucose before and after each meal. For these three days, I will not be doing fibre and exercise. Every group will have 3 sets of data or trials to increase reliability. These measurements in Group 1 act as the control for the experiment.

Group 2: Days 4-6: I will measure our blood glucose before and after each meal. However, here I eat fibre before each meal. These measurements in Group 2 include the fibre variable only.

Group 3: For 7-9 Days, I will measure my blood glucose before and after each meal.  However, here I have no fibre and only exercise after each meal. These measurements in three days include the exercise variable only.

Group 4: For 10-12 Days, I will measure our blood glucose before and after each meal.  However, here I have fibre before each meal and exercise after each meal. These measurements in three days include both the fibre and exercise variable.

Altogether, each subject will have 12 data points, giving me a total of 48 data points in the experiment.

I decided on our meal plan. We would have to eat the exact same dinner for 12 days straight to keep the experiment controlled. I also chose a meal that we normally eat. I don’t want to alter our meals because I wanted to keep it as practical and realistic as possible.  All I am testing is to see if adding fiber and exercise can help in reducing the post-prandrial glucose spike.
I would also use the Accu-chek finger poke glucose monitor that my family already owns to do the measurements. After research, I found that most post-prandrial spikes occur around 75min after a meal. That is when I will take the final measurement.
August 20, 2023

The type of fibre to consume?

I did research to find that blood sugar levels are best controlled by soluble fibre (as opposed to insoluble fibre). I added information to my background information regarding this. I also did research to figure out which source of fiber I will use for my experiment. I ultimately decided to use Metamucil powder. This is a good source of fibre but also contains no carbohydrates and is sugar-free. All of the other sources of soluble fiber I researched (black beans, oats, vegetables, etc.) contain carbohydrates or sugars that will prevent my experiment from being controlled.

What type of exercise to do?
After doing research, I found that if we do intense exercise, that could release a hormone called cortisol.  Cortisol is a stress hormone that can prevent insulin from being secreted by the pancreas. This could then prevent blood sugar levels from decreasing after a meal. Therefore, I decided that “exercise” in this experiment will consist of a brisk 20 min walk outdoors which is still considered low-intensity.
 
November 21, 2023
Submitted my Ethics Safety Form to CYSF.

November 23-27, 2023
Received an email from CYSF saying that I could not use the finger poke method for measuring blood sugar levels because using human blood is against the rules of CYSF. I emailed asking if a continuous glucose monitor would be okay since it does not use blood, but uses interstitial fluid to measure the glucose levels in the body.  I received an okay to go ahead and my project was approved by the Ethics Committee. 
I decided to use a CGM that my family already owns – the Dexcom G6.

November 28, 2023
My mom connected the CGM into her belly and begun measurement today. 
Today, she tested:
· No Fibre, No Exercise.
November 29, 2023
Today, my mom tested:
· No Fibre, Yes Exercise.
November 30, 2023
Today, my mom tested:
· No Fibre, Yes Exercise.
December 1, 2023
Today, my mom tested:
· Yes Fibre, No Exercise.
December 2, 2023
Today, my mom tested:
· Yes Fibre, No Exercise.
December 3, 2023
Today, my mom tested:
· Yes Fibre, No Exercise.
December 4, 2023
Today, my mom tested:
· No Fibre, No Exercise.
December 5, 2023
Today, my mom tested:
· No Fibre, Yes Exercise.
December 6, 2023
Today, my mom tested:
· No Fibre, No Exercise.
December 7, 2023
Today, my mom tested:
· Yes Fibre, Yes Exercise.
After dinner tonight, she had to replace the insert of her CGM since it only lasts 10 days.
December 8, 2023
Today, my mom tested:
· Yes Fibre, Yes Exercise.
December 9, 2023
Today, my mom tested:
· Yes Fibre, Yes Exercise.
She is officially done the experiment.

January 7, 2024
Today was my dad’s turn to do the experiment. 
Today, my dad tested:
· Yes Fibre, Yes Exercise.
January 8, 2024
Today, my dad tested:
· Yes Fibre, Yes Exercise.
January 9, 2024
Today, my dad tested:
· Yes Fibre, Yes Exercise.
January 10, 2024
Today, my dad tested:
· No Fibre, No Exercise.
January 11, 2024
Today, my dad tested:
· No Fibre, No Exercise.
January 12, 2024
Today, my dad tested:
· No Fibre, No Exercise.
January 13, 2024
Today, my dad tested:
· No Fibre, Yes Exercise.
January 14, 2024 
Today, my dad tested:
· No Fibre, Yes Exercise.
I also started my experiment today too.  My mom helped me put the sensor into me. For children, the sensor is put in the lower back/upper buttocks. 
Today, I tested:
· No Fibre, No Exercise.
January 15, 2024
Today, my dad tested:
· No Fibre, Yes Exercise.
Today, I tested:
· No Fibre, Yes Exercise.
January 16, 2024
Dad recorded Day 10 of results. He placed a new sensor on today.
Today, my dad tested:
· Yes Fibre, No Exercise.
Today, I tested:
· No Fibre, Yes Exercise.
January 17, 2024
Today, my dad tested:
· Yes Fibre, No Exercise.
Today, I tested:
· No Fibre, Yes Exercise.
January 18, 2024 
Today, my dad tested:
· Yes Fibre, No Exercise.
He is officially done the experiment.
Today, I tested:
· Yes Fibre, Yes Exercise.
January 19, 2024
Today, I tested:
· No Fibre, No Exercise.
January 20, 2024
Today, I tested:
· No Fibre, No Exercise.
I also finished proofreading and completed the Background Information section for my project.
January 21, 2024
Today, I tested:
· Yes Fibre, Yes Exercise.
I also began creating a spreadsheet for my results and started thinking about the graphs I would create to display my results.
January 22, 2024
Today, I tested:
· Yes Fibre, Yes Exercise.
January 23, 2024
Today, I tested:
· Yes Fibre, No Exercise.
I also placed a new insert into my CGM today.
I also started a list of Sources of Error, Further Experimentation and Real Life Applications.
January 24, 2024
Today, I tested:
· Yes Fibre, No Exercise.
My sister also started her experiment today. My mom inserted a CGM into her lower back/upper buttocks.
Today, she tested:
· No Fibre, No Exercise.
January 25, 2024
Today, I tested:
· Yes Fibre, Yes Exercise.
I’m officially done the experiment.
Today, my sister tested:
· Yes Fibre, No Exercise.
January 26, 2024
Today, my sister tested:
· No Fibre, No Exercise.
January 27, 2024
Today, my sister tested:
· Yes Fibre, No Exercise.
January 28, 2024
Today, my sister tested:
· No Fibre, Yes Exercise.
January 29, 2024
Today, my sister tested:
· Yes Fibre, Yes Exercise.
January 30, 2024
Today, my sister tested:
· Yes Fibre, Yes Exercise.
January 31, 2024
Today, my sister tested:
· Yes Fibre, Yes Exercise.
February 1, 2024
Today, my sister tested:
· No Fibre, Yes Exercise.
February 2, 2024
Today, my sister tested:
· No Fibre, Yes Exercise.
She inserted a new sensor.
February 3, 2024
Today, my sister tested:
· No Fibre, No Exercise.
February 4, 2024
Today, my sister tested:
· Yes Fibre, No Exercise.
I have now obtained all of my results for the Science Fair!
February 5, 2024
Today I finished the spreadsheet for my results and began constructing my graphs for my results section.
February 6, 2024
Today I analyzed my data and completed by conclusions.
February 7, 2024
Today I completed my Sources of Error, Further Experimentation and Real Life Applications Section.
























August 2024

During the summer, we wondered if we could extend last year’s idea further and create an app to actively help prediabetics control their sugar levels. We thought a realtime application with recommendations could be accepted by the user and he/she could follow them to see if the recommendations helped. Eventually, all the data could be used by AI to propose proper recommendations to users.

We came up with our Scientific Question: Can a real-time software-enabled recommendation engine reduce postprandial glucose spikes?

Summary of Background Research: Diabetes is a disease in which blood glucose levels in the human body are not properly controlled. After a diabetic eats a meal, they usually encounter a high glucose spike, known as a postprandial glucose spike. We find it very crucial to help people experiencing diabetes reduce these glucose spikes, and in this project, we want to test this out using a real-time software-enabled recommendation engine. We already have some ideas as to what pre and post-meal recommendations we will include in this app:

Pre-Meal
· Consume Protein
· Consume apple cider vinegar
· Meditation for 15 minutes before meal
· Consume Fiber
Post-Meal
· 15 minutes of yoga
· 20 minutes of walking
· 20 minutes of weightlifting
· Consuming green tea
· Consuming apple cider vinegar

Our main goal is to motivate users to adopt these recommendations and promote a healthier glycemic index. We are excited to help pre-diabetics and diabetics with this app.

September 1, 2024

We did research on premeal and postmeal recommendations to see if there was scientific evidence showing that they could improve blood sugar levels. Here is the final list we came up with:
· Consume protein before a meal
· Consume fiber before a meal
· Consume apple cider vinegar before a meal
· Meditate before a meal
· Go for a walk after a meal
· Do yoga after a meal
· Do weight lifting after a meal
· Consume green tea after a meal
· Consume apple cider vinegar after a meal

September 2, 2024
Started working on the wireframes of the app. We started by creating a powerpoint to help explain our vision. See following pages.

September 9, 2024
The Science Fair club meeting was led by Dr. Garcia, Mrs. Gierus, and Ms. Ghanem. They introduced the club and encouraged students to join the Google Classroom. Key dates and timelines were discussed, with the next meeting on September 18th at 11:30 AM in Room 230. A new mentorship program for JH students was also introduced (however, we will not be participating in this mentorship program). Students should fill out the Google Form by September 17th, bring their logbooks, and start brainstorming project ideas.

September 11, 2024 - We already have some ideas as to what we want this app to look like. However, my sister and I cannot code, so asked our uncle who is a computer programmer to help. 

September 13, 2024 - Today we had a second call with my uncle AI who we introduced our project. He tasked us to:

· Create wireframes
· Figure out how to acquire a Dexcom API so we could take the incoming readings from our Dexcom app and transfer them into our app.

September 14, 2024 - Today, we emailed our lawyer to start an incorporated business. We also used Upworks to hire a patent agent to see if our idea was patentable. 

September 15, 2024 –  We completed rough drafts of our wireframes to pitch to our uncle.

September 17, 2024 -  Today, we’re now ready to delve into the first phase of the project, which is to test the Dexcom API’s connectivity with the app. It is important to figure out how we can connect the sensor to this app to detect changes in glucose levels, provide smart recommendations, etc.

September 28, 2024 - We have successfully tested and validated the real-time capability of the Dexcom API connectivity today. We were able to connect our app to the Dexcom app by finding a loophole in Dexcom’s system, and thus, scrape the data off of Dexcom and use it in our app. This marks a huge milestone because it is very difficult to do this in realtime.

October 1, 2024 – Our uncle was successfully able to create four working wireframes out of the drawings we sent them. The following is a DESCRIPTION of each of the wireframes, and below are further CHANGES that need to be made in each. We sent this feedback to my uncle, and he told us that he would send us the improved versions later:

Wireframe #1
· Focused on making the app professional
· Create an Account process
· Filling out initial information (date of birth, gender, weight/health, meds) → not affecting the recommendations JUST YET
· Adding your personalized pre-meal recommendations to evaluate how good they are

Wireframe #2
· In this wireframe, a notification is being sent to ask if someone is going to eat. They say no in this case.
· When your blood glucose is getting higher/lower or time of day from historical data (when they usually eat)

Wireframe #3
· In this wireframe, a notification is being sent to ask if someone is going to eat. They say yes in this case. 
· Then there’s a notification that says “Here are your pre-meal and post-meal recommendations”. At first, it’s going to be random, but after we train the model and collect a bunch of data, it will be smarter.
· We don’t want to annoy the person with a bunch of pop-ups, so we add the pre and post-meal recommendations in one pop-up.

Wireframe #4
· Asking if they followed the pre-meal recommendation → when did you have your pre-meal (timing of this is important.)
· After you eat, three prompts will come up: did you do pre-meal, did you eat your meal, and did you do your post-meal
· There are also notifications that you haven’t answered.




MANY CHANGES NEED TO BE MADE:
· Manually enter additional pre-meal/post-meal recommendations that you would prefer to test instead of Manually enter pre-meal/post-meal options that fit your taste (keep personalized options to 5)
· My Recommendation Follow Rate instead of the Rate at which recommendations are adopted.
· Put the percentage behind the number.
· Change range for mmol/L (0-20)
· Add the little speech bubble (time & glucose reading) on the corresponding line graph when the historical recommendation graph icon is clicked.
· Be specific when asking if you followed the pre and post-meal recommendations in case they forgot.

(See following slides)

October 11, 2024 - Today, with our parents, we talked to an accountant to receive government grants, as the Dexcom CGMs will get expensive and we need them to test.

October 26, 2024 - We also talked about our patent results that came in today - the patent agent said that there is no patent around detecting hunger and providing real-time recommendations that allow you to drop your glucose levels. We also cannot patent the alarming/notification system that is used whenever your sugar level goes up and down. This has already been patented by Dexcom. Moving forward, we have decided to continue building the app. We will patent once we are done and we will only patent once we truly understand each of our app’s processes, to make an educated patent.

October 27, 2024 - After taking a look at more of our wireframes, our uncle has finally finished the user authentication module, as well as all the settings and profile pages! This, essentially, is the first part that users will see of our app including user information, preferences, login information, etc. Even though this is the first fully completed part of the app, we are getting lots done for our project and things are going very well. The next step is to get the Glucose Monitoring Interface and actual recommendation notifications done.

November 12, 2024 - We finally finished the front-end development for the Glucose Monitoring Interface! This means that the part that tracks the glucose levels through the CGM, and the part that shows the data chart in the home screen is all done. Now, we need to finish the actual recommending part that analyzes this data and actually transfers it into useful recommendations. 

November 29, 2024 - Vizio finished the front-end development for meal logging and recommendation interface. This is the part where users can type in what food they’re using and receive these notifications afterwards, the most important part of our app! Now, debugging of the application can begin!

December 12, 2024 - The push notification system for the app is done, which is the button in the bottom right corner of the home screen that users can click to log in when they are hungry. This is a very crucial part of our app. They were also able to fix some bugs that we had with the automatic notification system (where the app sends out notifications during specific parts of the day for breakfast, lunch, and dinner). The notifications weren’t sent at the correct times or weren’t sent at all. However, thankfully, my uncle was able to fix this after nearly two weeks of testing. We are so excited!!!!!!!!!!!!!

January 20, 2025 - We have received the final application! We did some further testing and debugging to make sure that there were no bugs that had huge effects. Most of the bugs and problems that we had at the beginning of this project were finally gone! My entire family put on sensors to begin the final debugging phase!

*All the bugs fixed during the testing period (Nov 2024-Jan 2025) are attached on a separate document*

January 20, 2025 – February 20, 2025 – Our family completed testing of the app and all results were obtained by Feb 20.

March 21, 2025 - April 3, 2025 – We invited 3 more users to test our app. 

August 2025 – We started thinking about how to improve our app. Two things we want to work on:

1) Take photos of our food – this would be far easier than typing in what we eat.

2) How we were calculating our glucose spikes. During the experiment, we did observe that with some foods had low spikes, but were prolonged for longer. So we wondered whether calculating the area under the curve would be more accurate.

a. We think that if we calculate the area under the curve for 2 hours after eating the meal, that should be sufficient as most people’s spikes occur within an hour. We also don’t want to go over 2 hours, as most people will tend to snack quickly.
b. We also don’t users to “cheat” – while using the app, they could eat healthier meals. A salad would have less of an increase in blood glucose than pasta. To prevent this from happening, we decided take the area under the curve and divide that by the grams of carbohydrates in the meal (AUC/g carb). That way, we are purely looking at the increase in blood sugar per gram of carb.
September – October 2025

During this time, we changed our app to:

1) Take photos of our app and use AI to calculate the grams of carbohydrates in the meal.
2) The app would now measure the area under the curve per gram of carb for 2 hours after eating a meal. Those values would be recorded for each meal, along with the recommendations (followed or not followed). This “dashboard” can be available to users to see.
November 14, 2025

Our ethics approval has finally happened with CYSF. They have stated only people who already use the Dexcom can be subjects in the experiment. Therefore, we will not be able to test it. However, we will be able to get more users, as we do know of people who already use this device.

November – January 2026

Testing of the app by 4 users: 

My parents and my grandparents.

February/March 2026:

Preparing our report and Trifold presentation for Science Fair.
