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Foreword on the Reflective Process

We are constantly faced with problems and decisions to make everyday. Many times, the solutions are not obvious and we have to come up with our own ways to solve the problems. There is no one solution to each problem and different people will have different problem-solving strategies. What then constitutes an intelligent behavior that would solve a problem effectively? How should you think in order to exhibit these desirable behaviors?
The problem-solving process is especially important in experimental research where students are often faced with problems that surface at the various stages of research, from the conceptualization of the idea to the execution of the project and the finalization of the results. It is thus essential that students make a plan of how they would want to approach the project before embarking on it. It is here that the Habits of Mind provides a mental guide to the type of questions and thinking processes that one should be prepared for, that would provide a clear direction as to the progress of the project thereafter.
The Habits of Mind are a set of 16 skills and thinking dispositions that yield good decisions and intelligent behavior during problem-solving situations. These include

1. Persistence

2. Managing impulsivity

3. Listening with empathy and understanding

4. Thinking flexibly

5. Metacognition

6. Striving for accuracy

7. Applying past knowledge

8. Questioning and posing problems

9. Thinking and communicating with clarity and precision

10. Gathering data through all senses

11. Creating, imagining and innovating

12. Responding with wonderment and awe

13. Taking responsible risks

14. Finding humor

15. Thinking interdependently

16.  Remaining open to continuous learning

For this booklet, we will be focusing on one habit of mind only – metacognition. Metacognition is being aware of our own thinking, how it leads to a particular behavior and how the behavior eventually affects the others or the environment. To prevent us from working or following others blindly, we need to be conscious of what we already know and what we do not know. We also need to continuously evaluate our actions and their outcomes. Only then can we make better judgments that will guide our decisions on further actions to take.
[image: image2.wmf]
Instructions
Each of you will enter your individual reflections in the next few pages. The following questions will help you to evaluate the level of metacognition that you have displayed during the course of your project.

In the space provided, write your responses that show evidence of the use of metacognition in the problem-solving process. There are 3 parts to the responses: (1) Identifying the problem (2) Developing and implementing the strategies that form the plan of action (3) Evaluating the plan of action. 
Besides the scientific aspects of the project, you may also look into other areas relating to teamwork, change in working attitude and way of thinking, task delegation, development of leadership skills etc. Every problem is worth exploring, some more memorable than others. Choose 1-2 problems that you feel worth sharing in your reflections. You may use the rubrics found on the Projects Competition website to help you plan your responses. A sample write-up has also been uploaded in the same website for your reference.
Only groups that enter Finals need to submit a reflection booklet.

The reflection booklet is submitted as part of the web-report. Create a link for your reflection booklet in your web-report.  The reflection booklet will be graded by your teacher-mentor and will constitute a certain proportion to the final project grades.
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MY REFLECTIONS

Student #1  name: Reynold Tan Chin Yuan
	Identifying the problem

	· What problem(s) did I face?

· During the course of the experiment, we had several cases of contamination of the agar plates we used for the experiment by bacteria. This greatly affected the results as it affected the growth of the fungus in the agar plates.
· For the first colony diameter test our group did, the fungus was spot inoculated without any pretreatment on the plates in its initial state (spores). However, as the spores are light and are easily dispersed, spores flew to the other parts of the plates and we got results that showed many fungal colonies, which was not what we wanted as we only wanted one fungal colony to measure its diameter.



	Developing and executing the plan of action

	· What plan of action did I take to help me solve the problem?

· For the contamination problem, we took precaution of our subsequent experiments following the error that occurred. Before we conducted the experiment, we wore gloves and spray ethanol on our hands to kill bacteria. Also, we sprayed ethanol on the surface of the lamina hood to kill 99.9% of the bacteria that may be accumulated from the surrounding when it was not in use. We made sure that all our experiments were strictly done within the boundary of the laminar flow cabinet as bacteria from the outside air could enter the exposed agar plates while we are conducting our experiments. Also, we made sure that apparatus and materials were flamed before and after use to kill bacteria and prevent contamination of the experiments. Also, during the course of the experiment, we conducted it near the flame as the fire could kill bacteria. 
· For the colony diameter test problem, we edited our procedure a little. Instead of spot inoculating the fungal spores directly while the plates are on the lamina hood, we held it up and inversed it and we spot inoculated the fungal spores while the plates were upside down. 



	Evaluating the plan of action

	· How effective were the strategies that I used? Why were they effective? Why were they not effective?
· What could I have done differently?
· How can I apply these strategies in other situations?

· The strategies I used to reduce contamination were very effective as our subsequent experiments had little or no contamination that greatly affected the results of the experiment. They were effective because the steps that we took (spraying ethanol, flaming of materials and experimenting near the flame) helped prevent bacteria from entering our plates. Although we cannot kill 100% of the bacteria, at least we minimize the chances of contamination. I think that these are the basic and only ways of killing most of the bacteria and preventing contamination. However, precaution must always be taken and we must take care of the experiment we are doing. Sometimes, I have noticed that people from other groups accidentally knock their agar plates out of the lamina hood and onto the ground, which will cause contamination and will waste that particular plate. Thus, care should always be taken. I think we can apply these strategies in real life situations, such as preventing bacterial infection of an open wound. If an open wound is not properly taken care of, infection can occur and will cause further damage to the wound. Precautions such as applying anti-septic cream on the open wound can be taken to prevent bacterial infection.  

· The strategy I used to prevent the growth of other unwanted fungal colonies were very effective. As the spores fall due to gravity, by inverting the plates, this greatly prevents spores from flying to the other parts of the plates. Also, this strategy also has an additional advantage. As the plates are held up and inverted, it also prevents bacteria from our hands from falling onto the plates and greatly prevents bacterial contamination as well. I feel that we also could have grown the fungus in broth before spot inoculating it. As it is in a liquid, the spores would not fly around. I feel that this strategy can be applied to various situations, as we are not able to see the movement of microorganisms such as bacteria, fungal spores, viruses; we have to take precaution to not let any unwanted microorganism affect the results. Even in our regular science experiments, especially for chemistry, we should take precaution in allowing these unwanted materials in our experiments as it will greatly affect the results.


Student #2  name: Liang Jun Yuan
	Identifying the problem

	· What problem(s) did I face?

In the process of doing experiments to test for the antifungal properties of different plants, we did different tests for antifungal properties, such as the well diffusion test and colony diameter test. One problem was that the results were not signficantly obvious, although the tests were positive for antifungal properties. Another problem was that the specimens tested were very easily contaminated by fungi and bacteria.

 

	Developing and executing the plan of action

	· What plan of action did I take to help me solve the problem?

· Before experimenting, I would always switch on the ultra violet lamp in the laminar hood with the plastic covers sealed to ensure that the laminar hood was clean to work in and so that the specimens will not be contaminated by bacteria or viruses present in the laminar hood. After that, I would spray ethanol into the laminar hood and wipe with a paper cloth to ensure that the laminar hood is clean to work in. Also, when experimenting, I would always wear gloves so that dirt from my hands would not enter the agar plates. When opening the agar plates, I would not touch the inside of the covers, in case the specimen gets contaminated, and would not place any object above the uncovered agar plates because dirt might fall into the agar plates and contaminate it. I would also always experiment close to the fire from the lamp, and when opening or closing objects like centrifuge tubes or bottles, I would flame it to ensure that the bacteria and viruses present are eliminated so that the specimen would not be contaminated easily. After finishing the experiment, I would seal the agar plates with ‘Parafilm’ to ensure that the agar plates would not be exposed to the outer environment and be contaminated by air-borne bacteria, spores or dirt. 

· To ensure that the results would be more visible and more obvious, when creating the different plant or fruit extracts, I would create extracts of higher concentrations, around 8g in 10 ml of ethanol or Phosphate-buffered saline solution, as compared to the previous concentrations of 5g in 10 ml of ethanol or phosphate-buffered saline solution. With a stronger extract in a higher concentration, the results would be more obvious and the zone of inhibition (for the well diffusion test) of the fungi (Aspergillus Niger, Trichophyton Rosaceum) would be bigger, the colony diameter (for the colony diameter test) of the fungi would also be smaller, the antifungal properties of the plant extract would be more obvious.



	Evaluating the plan of action

	· How effective were the strategies that I used? Why were they effective? Why were they not effective?

· What could I have done differently?

· How can I apply these strategies in other situations?

· It is very effective in preventing contamination of the specimens, this is because by switching on the ultraviolet lamp in the laminar flow cabinet for 15 minutes while the covers are closed, the bacteria and viruses in the laminar flow cabinet are eliminated, providing a clean environment for me to work in, and the chances of the specimen becoming contaminated would be lower. By spraying ethanol in the laminar hood and wiping it, it would also help to rid the laminar flow cabinet of any other dirt, bacteria or viruses. Wearing gloves, as well as refraining from touching the inner side of the plates  or placing any object above the uncovered areas of the agar plates, help to ensure that no dirt, bacteria or virus would fall into the agar plates and as a result, contaminate the agar plates. Working near the flame and flaming objects before opening and closing them were also very effective in ensuring that the specimens would not be contaminated that easily. Sealing the agar plates with ‘Parafilm’ also ensured that the agar plate was not exposed to the outer environment and would not be contaminated by viruses, bacteria or dirt present in the air. All these measures were very effective in preventing the contamination of agar plates. However, what could have been done differently was that when experimenting, I should experiment further inside the laminar hood instead of working near the end, which increased the chances of the specimens becoming contaminated by bacteria, viruses or dirt. This strategy can be applied to situations where we are experimenting with sterile objects, this would effectively prevent the contamination of objects. I have learnt that the sterility of the experiment’s specimen is very important and contamination might cause you to have to repeat the experiment because it would cause the experiment’s results to be very inaccurate.

· Increasing the concentration of the plant extracts used (5g in 10 ml of ethanol or phosphate-buffered saline solution to 8g in 10 ml of ethanol or phosphate-buffered saline solution) was also an effective solution in making the results more visible and obvious. However, what I could have done differently was that for the well diffusion test, I would treat the fungus with the plant extract directly before adding it to the agar plates. I have learnt that the concentration of the plant extract used would affect the results of the experiment greatly.




Student #3  name: Stephen Chow
	Identifying the problem

	· What problem(s) did I face?

· Every step and procedure requires specification and accuracy. One challenge was to accurately come up with the right concoction/concentration of the ethanol-extract suspension, so as to ensure that during the experiment, the concentration of the extract will remain constant. Also, it is highly important that the extracts used in the experiment do not contain any unwanted chemical compounds, bacteria or fungi, which may eventually affect the condition of inhibition of fungus Aspergillus niger tested. 


	Developing and executing the plan of action

	· What plan of action did I take to help me solve the problem?

· I have to ensure that the extracts from the plants are somewhat bacterial-free, and there should not be any foreign chemical compounds. Hence, the plant is washed thoroughly with deionised water before slicing it open, to remove any substances on the surface on the plant. Also, after slicing the plant open, the internal parts and organs must be carefully handled to ensure that there is no direct bacterial contamination, and the extracts are carefully handled. Apparatus used in contact with the extracts like the scalpel, board, mortal and pestle, are cleansed well before contact, as these items might be used in previous experiments and not well cleansed.


	Evaluating the plan of action

	· How effective were the strategies that I used? Why were they effective? Why were they not effective?

· What could I have done differently?

· How can I apply these strategies in other situations?

· The strategies employed were rather effective.By well cleaning the exterior environment of the plant, many substances might well be removed. Also, the well cleaning of the apparatus used would ensure that there is a great reduction of chances of direct bacterial contamination between the apparatus and the extracts. These would help in a better, accurate experiment with less chances of bacteria contamination that would affect the fungus.

· However, the strategy may not be effective. This is because there might already be certain bacteria or unwanted chemical compounds within the plant that might affect the results. Yet, the extract should not be washed or well cleaned as these might remove the chemical properties the plant has which we would like to test. Hence, these compounds cannot be removed, and might affect the experiment later.




