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Abstract
The purpose of the research is to help pupils with low test scores to gain higher levels of understanding and confidence in biological concepts as well as to actively involve and empower them in their own learning. This study captured the details of two research cycles.
This research used the Potential Academic Measurement Software (PAMS) to monitor students’ performance by calculating the potential Mean Subject Grade (MSG) for Biology. The MSG is a numerical value obtained from PAMS. This software is able to generate a projected grade that each pupil may achieve in future examinations based on his previous achievements. From the projected grades of all students in a particular class, an average of the pupils’ grades or MSG is generated. A smaller numerical value would translate into better performance and vice versa. 
A Thinking Routine was developed which embedded a Structured-Reading-Technique, generation of a pool of questions and answers (Q&A) and structured-peer-interactions to improve the MSG of the pupils. The research was focused on the use of Visible Thinking Approach in documenting evidences of learning in the pupils. The pupils were also given opportunities to practice constructing questions of various difficulty levels using the Q-matrix (developed by Dr Chuck Wiederhold). 
Research Cycle 1 aimed to collect substantial data to explain the low test scores obtained by pupils as well as to gather pupils’ responses towards the chosen strategies as an appropriate intervention measures put in place. Research Cycle 2 aimed to address areas for improvement that were identified in Research Cycle 1. It also aimed to gather inputs on how the strategies put in place impacted the test scores of pupils.
The pedagogies used in this research have been proven to enhance students understanding of concepts in Biology as well as increased their level of confidence in the subject. 


Introduction
Learning of Pure Biology in Ngee Ann Secondary School has always been the privilege of pupil who achieved academic excellence making up a population between 20% – 25% of the cohort. However, in the last five years, as part of the school’s efforts to encourage greater autonomy and flexibility for the pupils to opt for various subjects of their interests, Biology was offered to any students who achieve a pass in science at secondary two. As such, we are faced with challenges associated with teaching heterogeneous groups of pupils who have a great diversity in learning habits and abilities together with a great passion for the subject. Certainly, passion on its own is not enough to perform reasonably well in the subject. In order to sustain the target set for national examinations, the teachers transform their teaching resources to that which incorporates Visible Thinking Approach as well as differentiated instructions with the infusion of InfoComm Technology (ICT) to pique students’ interest. However, the results have not been encouraging since the past two years.
There are four final-year classes taking Biology – 4R1, 4R4, 4R5 and 4R6. This research involved two classes 4R5 (42 students) and 4R6 (32 students) who were engaged in the activities assigned for a period of three months (April, May & July 2010).  These pupils showed on average, a lower than expected potential Mean Subject Grade (MSG) for Biology. The MSG is a numerical value obtained from Potential Academic Measurement Software (PAMS). This software is able to generate a projected grade that each pupil may achieve in future examination based on his previous achievement. From the projected grades of all students in a particular class, an average of the pupils’ grades or MSG is generated. A smaller numerical value that a class or a pupil has would translate into better performance and vice versa, Grades 1-6 indicate that pupils have successfully passed the exams while grades 7-9 indicate failure. Chart 1 and Chart 2 show the distribution of pupils in each class and their respective potential biology grades. The charts simply shows the major exams conducted in 2009 but the changing trends are actually observed quarterly with the same results distribution pattern. It is obvious that for both classes there have been a great deviation from the PAMS generated grades as many students fall in the failure range. In fact, Chart 1 shows 46 students from 4R5 and Chart 2 shows 33 students from 4R6 who fall in the range of grades 6-9. It clearly points out that the existing pedagogical approaches used may not be suitable for engaging and increasing the test scores of pupils of these two classes. 

Chart 1

Chart 2



Rationale
Biological concepts are mostly presented in lengthy paragraphs which frequently relates to previously learnt concepts. Unless a pupil is decently proficient in the language used for communicating these concepts and coupled with good study habits, it is very difficult to stay motivated to learn the subject. It is also less valuable for teachers to use mainly summative types of assessment to review students work to evaluate their understanding and confidence in the subject. Daily assignments (a form of assessment for learning) given to students function to increase students understanding but more so to familiarize them on similar types of questions that they may encounter during tests or examinations. (This strategy has proven results in Ngee Ann Secondary School for many years previously.) However, this strategy hardly solved the problem at its core which is to empower students to be motivated to learn biology through understanding. Furthermore, it is difficult for teachers to know what goes on in the minds of the pupils while they are thinking to attain understanding of biological concepts.
To empower our students to be motivated to learn biology through understanding, three main pedagogies were chosen: structured-reading-techniques, the generation of a pool of questions and answers (Q&A) by students themselves through the use of Visible Thinking Approach as part of assessment for learning and structured-peer-interaction platform using the Social Constructivism Learning Theory. The above mentioned pedagogies were chosen after analyzing preliminary data obtained through a written survey.
Pedagogy: Structured-Reading-Technique
According to the survey results (refer to Chart 3), it is obvious that the students in both classes have reading problems to a certain extent which inevitably impair their level of understanding of biological concepts and retention of information. Although 19 students in 4R5 may be able to understand after reading the same content only twice but according to chart 5, 73% of the students only read the topics because they had to while 15% rarely read at all. This is consistent with the results obtained from Chart 1 which shows 46 students who fall in the range of grades 6-9 in contrast to only 33 students from 4R6 in Chart 2. 
	
Chart 3
	
Chart 4



Chart 5
According to Stabile, C (2009), teachers suffer through lesson plans because of students’ lack of reading the material necessary to make their lesson successful which is indeed the case in Ngee Ann Secondary School too. As such, both classes were briefed on the Structured-Reading-Technique which begins with compulsory reading through summaries, key ideas, tidbits (containing authentic examples) as well as revision questions before proceeding to read the actual content of the topics. The order of carrying out the suggested reading technique put in place is not critical. These are desirable steps necessary to help the brain to make early connections of biological concepts that will emerge in the topic. Chart 6 shows the alarming numbers of students who were not familiar with conditioning their brain to accept new knowledge. However, it is interesting to note that from Chart 6, it seemed that the students were more familiar at formulating questions after their readings. 

Chart 6
Pedagogy: Assessment for Learning & Visible Thinking
(Generation of a pool of questions and answers (Q&A) by students using Q-Matrix) 
Assessment is the key to ensure that understanding has taken place. The Brighton & Hove AfL project (2003) revealed that according to Black & Wiliam (2002), assessment for learning is any assessment for which the first priority in its design is to serve the purpose of promoting pupils’ learning. An assessment activity can help learning if it provides information to be used as feedback, by teachers and by their pupils, in assessing themselves and each other, to modify the teaching and learning activities in which they are engaged in. Questioning is an integral part of assessment for learning. Hence, it is necessary for students to learn to question what is worth asking about and how to phrase it to lead to desired responses rather than communicating only recall and comprehension type of questions only. 
Visible Thinking is a model developed by Project Zero, Harvard University Graduate School of Education which emphasizes on the use of thinking routines and documentation. The goal of the Visible Thinking project is to develop a systematic research-based approach to help teachers cultivate the habit of thinking in students and at the same time deepen students’ learning of the subject matter (Perkins, 2003). This helps to make concrete what a thoughtful classroom might look like such that at any moment, we can see students explaining things to one another and recording down their thoughts about the biology topics under discussion. Visible Thinking involves several thinking routines and resources. Thinking routines are short and easy-to-learn structures made up of a set of questions or simple series of steps that can be applied repeatedly in the classroom. 
In this study, the thinking routines can be simplified into 9 steps which are usually carried out in a 1 or 2 hour lesson:
1. Read a chosen text (usually from their textbook or a short article from the internet).
2. Construct questions using the Q-matrix (developed by Dr Chuck Wiederhold).
3. Prepare answers to questions set by the students.
4. Exchange questions with a classmate. 
5. Answer questions set by classmate.
6. Discuss questions set and answers with classmates (think-pair-share, one to many etc.)
7. Review of concept learnt with teacher (as a class).
8. Teacher will review all questions and answers provided by students (after lesson).
9. Teacher will review misconceptions with students (in the next lesson).
The more detailed instructions list of the thinking routines and the modified Q-matrix used can be found in Table 1 and Figure 1 respectively. 
Q-matrix was chosen as the model is widely used to help students develop their own questions in totality. These same questions are used to guide learning in pre-schoolers to those in tertiary education. Other disciplines, such as journalism call these set of questions ‘interrogative questions’ which helps them to churn a complete report.  The simplest form of question is in the upper left such as “Who is considered the father of genetics?”.  The more complex the question is, the further it moves down and the further it moves right so that the most complex questions are in the bottom right-hand corner.  For instance, “How might a mother have felt when she gave birth to a Down Syndrome baby?” or “Why will the farmers favor genetic engineering?”. 
Getting the students to write down the questions and their responses would make their thinking visible to the teacher as well as to their classmates so that they can improve it. Teacher can then assess level of understanding of biological concepts in the students.
(Please tick in the squares  provided as you go along.)
	
	1.
	Read the article given / textbook page ___-___ for ___ mins.

	
	2.
	Prepare 2 foolscap papers. Write your name on both sheets and label one sheet as Q and the other as A.

	
	3.
	With your eyes closed, randomly point to the Question Matrix given (your partner will observe your actions) to select the keywords for constructing your question. 

	
	4.
	Repeat item no. 3 again in order to get a total of ____ questions.

	
	5.
	Begin constructing ___ questions using the keywords and write them on sheet Q. Remember to leave some space in between. (ALL questions set must focus on the content of the reading material provided.) 

	
	6.
	Identify the answers to your questions and write them on sheet A. Do not reveal the answers to your partner. Do items 5 and 6 in about ___ mins only.

	
	7.
	Exchange sheet Q with your partner. 

	
	8.
	Your are required to write down your name on your partner’s sheet Q.

	
	9.
	Attempt ALL the questions posed to you by your partner and write in the spaces provided in sheet Q. Do this activity for about 15 minutes.
You must consider the following items stated in 11.2 – 11.4 when completing the questions set by your partner.

	
	10. 
	Return the completed sheet Q to your partner.

	
	11.





	Discuss with your partner the following items: 
11.1 	compare the degree of accuracy of answers given using answers written 	on sheet A that you have created.
11.2 	phrasing of questions created
11.3 	clarity of questions created
11.4 	level of difficulty of questions created.

	
	12.
	Staple your sheet Q and sheet A together. 

	
	13.
	Write a reflection about the impact of process that you just went through about your understanding on the contents of the reading material given at the back of sheet A.


Table 1
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Figure 1
Q-Matrix taken from Introductory Workshop on Assessment for Learning by Professor Kobus Lombard, School of Educational Sciences, Northwest University, South Africa, 2010. An adaptation of Q-Matrix created by Dr. Chuck Wiederhold’s in his book entitled Cooperative Learning & Higher Level Thinking, (1991).

Pedagogy: Structured-Peer-Interaction
It is not surprising that students do not participate in group discussions often although they would call a friend in times of need as shown in Chart 7. 

Chart 7
This is because of their hectic schedule in school itself. In Ngee Ann Secondary School, curriculum time begins as early as 0800 hours and ends as late as 1530 hours with recess and lunch break of half an hour each. These breaks are more often than not used for socializing besides eating and drinking. Although we are a School of Excellence in InfoComm Technology (ICT) where teaching and learning are greatly facilitated with the infusion of many interactive platforms such as the use of social networking applications, traditional teaching still prevails in the classrooms due to many challenges and constraints which are inevitable. Thus, it is imperative to bring collaborative learning consciously into the classrooms as according to Social Constructivism by Vygotsky, knowledge is socially constructed when students are integrated into the learning community. There is a constant assimilation and accommodation of new information and thus, greater understanding. Lesson delivery is facilitated by a teacher while students interact with one another and a world of resources. It is based on the theory that structured-peer-interaction is embedded in the thinking routines as shown in Table 1 (see item 11). This is collaborative learning at a slightly elevated level as the students are guided to discuss the relevant issues and helps in better time management as well.
Measurement of Understanding in Biological Concepts
The benchmarking of grades obtained from class tests against PAMS will be used as a means to measure understanding. This approach is taken considering one of the assumptions that although contents of topics may vary in terms of difficulty levels, given that all tests on those topics are of the same level of difficulty requiring similar skills. Therefore, the results should be relatively acceptable in a research of this nature. There are other assumptions such as all students having sufficient time for revision and are intrinsically motivated to study for the tests. After all, tests are examples of summative assessment in which the teacher uses the information obtained to measure how much content the students have learnt but not necessarily have understood. However, there is no doubt that some elements of understanding of biological concepts are required to answer questions in the tests. Students written reflections (qualitative results) will also be used and presented in a quantitative manner to show evidence of increased understanding of biological concepts.

Measurement of Level of Confidence in the Biology
In this research, confidence is translated as the ability to perform a task easily or enjoyably, repeatedly with increasing ease without much guessing or achieving a certain predetermined target with greater retention of knowledge learnt. The chosen indicators are used as according to Adams, T (2008), in Confidence-Based Learning CBL), level of confidence is linked to correctness with retention. The framework for CBL Methodology is based primarily around the research of Darwin Hunt, Dieudonne LeClerq, Emir Shuford, and James E. Bruno. CBL is used in learning and training that measures a learner's knowledge quality by determining both the correctness of the learner's knowledge and confidence in that knowledge. Additionally, the CBL process is designed to increase retention and minimize the effects of guessing. This combination yields a profile of the individual's knowledge base, and identifies the difference between what the individual thinks they know and actually know. 
Research Cycles
Action Research was adopted for this study because of the belief in “learning by doing” where one identifies a problem, does something to resolve it, sees how successful the effort was, and if one is not satisfied, one will try again. Action Research also allows both the primary researcher and those involved in the study to be researchers themselves, conforming to the belief that people learn best and are more willing to apply what they have learnt, when they do it themselves. 
According to O’Brien, R (1998), Gerald Susman (1983) has developed a simple model of the cyclical nature of a typical action research progress. Each cycle has five phases to be conducted in each research cycle: problem identification, data collection for a more detailed diagnosis, brainstorming for several possible solutions from which a single plan of action emerged. Implementation of action chosen and analysis of observations or data collected to be used in the next research cycle. 
There are four final-year classes taking Biology – 4R1, 4R4, 4R5 and 4R6. This research involved two classes 4R5 (42 students) and 4R6 (32 students) only that showed, on average, a lower than expected potential Mean Subject Grade (MSG) for Biology.
In Research Cycle 1, all students from both classes were involved. However, in Research Cycle 2, for each class, the students were divided into two groups at random with a mixture of boys and girls. The research group was made up of students having odd numbers in the register book while the other group comprises of those with even numbers (the control group). The control group was left to carry on with their own study techniques during this research. These students were engaged in the activities assigned for a period of three months (April, May & July 2010).
Research Cycle 1: The cycle begins with 
1. Identifying the problem – as shown in Chart 1 and Chart 2, the students’ results from both classes were far from expected. This information was shared with the students and subsequently, the first attempt was made to gather information on the possible causes that led to the problem at hand. 
2. Brainstorming for several possible solutions - Evidence gathered as shown in Chart 3 to Chart 6, shows how the lack of reading and reading effectively contributed to the problem. Coupled with the evidence shown in Chart 7, where students did not often conduct group discussions for the purpose of knowledge building, it was decided that 3 pedagogies will be used to solve the problem. The 3 pedagogies were structured-reading-techniques, the generation of a pool of questions and answers (Q&A) by students themselves through the use of Visible Thinking Approach as part of assessment for learning and structured-peer-interaction platform using the Social Constructivism Learning Theory. 
3. Action Plan – All students from both classes were informed of the intent of the pedagogies put in place before the research began. They were also informed of implications and verbal permission was sought for photo-taking and use of their responses in surveys and tasks to showcase the results of the research. The research activity was carried out on a much smaller scale in terms of providing the students with a simplified instructions list of the tasks.  The instructions were written on the board and a demonstration of how to use a simplified Q-Matrix presented in a pie-chart (instead of that shown in Table 1) was carried out. Teacher also used students’ textbook to familiarize them with the types of questions ranging from knowledge-based to comprehension types and higher order questions. Teacher also decided to control students grouping by allowing students to choose their own partners as far as possible while having the rights to change anyone in the group should the group dynamics were at stake.  The research activity was carried out using the topic of Human Reproduction.
4. Analysis of Data Collected – A qualitative data was obtained through written reflections gathered from all students. The data was then represented in a quantitative manner. Teacher observations were recorded in a journal. The observations focused on students’ behavior as well as comments that were made and on the clarity of instructions given to students. 
5. Interpretation of Success of Approaches used – Teacher concluded that the approaches used have very positive impact on the students although there were specific areas that the students were having problems with especially in the construction of questions of the required difficulty based on the usage of Q-Matrix given. Thus an improvement was made to the instructions to increase its clarity and more in-depth research was done to make the results of the research more reliable.
Research Cycle 2: The cycle begins with 
1. Identification of Problem – Several problems were identified in this cycle. Teacher realized that the instructions list needed modification to make it more explicit in terms of tasks that needed to be done so that it would be easier for teacher to do a review of students’ work. A few students were having problems in constructing questions of the relevant difficulty level. The research activity, depending on the length and difficulty level of reading material given may require more than an hour to complete. A few students were passive participants and issues of group dynamics also emerged when students do not want to be assigned to partners/group members chosen by the teacher. A suitable assessment mode is needed to measure students understanding and confidence level in the subject.
2. Brainstorming for several possible solutions – Teacher made final modifications of the instructions list as shown in Table 1. The use of Q-Matrix in the grid form was also used. A laminated instruction list and Q-Matrix were given to students for easy referral during research activity. Teacher gives the rationale of why and how construction of questions is important in increasing understanding of biological concepts. A more detailed explanation on examples of questions of each category was also provided. Teacher chose a suitable section of the topic under discussion to fit a one-hour lesson. Alternatively, teacher instructs students to complete items 1 – 6 only of the instructions list should time do not permit completion of the research activity. However, a slight change in implementation was adopted. For each class, the students were divided into two groups at random with a mixture of boys and girls. The research group was made up of students having odd numbers in the register book while the other group comprises of those with even numbers (the control group). The control group was left to carry on with their own study techniques during this research. The aim of this step is to ensure that the results of the survey is largely influenced by the techniques put in place and to minimize the expected impact of “birds of the same feathers, flock together” type of social interactions.
3. Action Plan – The above improvements made were carried out as planned. The research activity was carried out on the topics of Heredity and Molecular Genetics. Tests were carried out to assess students’ level of understanding and confidence in the subject.
4. Analysis of Data Collected – A qualitative data was obtained through a survey. The data was then represented in a quantitative manner. Teacher observations were recorded in a journal. The observations focused on students’ behavior as well as comments made by the students.
5. Interpretation of Success of Approaches used – Teacher concluded that while the derived solutions were successful to solve the problems identified in this research cycle, new information was gathered to further improve the implementation of the approaches put in place.
Results
Research Cycle 1: The results of the reflections received from students are summarized in Chart 8. Chart 8 was obtained by collating all 71 responses. By interpreting and classifying the responses into 7 categories as shown in Table 2, we can see clearly see how the approaches put in place have benefitted them. In particular, there were 64 students who think that they have to think deeper when they followed the thinking routine used. (The responses shown have not been edited.) More examples of responses are recorded in Table 3.

Chart 8
	No.
	Reflections
	Use of Metacognitive  Skills
	Increased Retention
	Increased understanding 
of concepts
	Able to Learn from Peers
	An Interesting  Activity/Fun
	Better Time Management
	Increased Level of  Confidence

	1
	I find that we have to infer from the textbook to get a better answer. I think that we can learn more as when we debate with each other, we will know which one is correct and remember it better.
	1
	1
	1
	1
	 
	 
	 

	2
	I feel that this exercise has benefited me and I learnt quite a lot today. This is because by setting questions and answering them, this process requires me to read and re-read the information again and again. Hence, I can remember and understand some of the information in such a short time. This exercise also requires me to think further and it is fun.
	1
	1
	1
	 
	1
	1
	1



Table 2



	No.
	Reflections Made by Pupils of 4R5 & 4R6 (Post Research Cycle 1)

	1
	This activity is beneficial to me as I am able to get an idea of the sort of questions that can be posed to me. Coming up with questions also requires me to think harder. This activity is enjoyable, but, I think it is too time consuming. Very effective in utilizing new learned topics.

	2
	I feel that it enables us to think deeper based on the information in the textbooks compared to answering only as you have to identify the answers too, that need you to be very clear of your concepts.

	4
	I am required to read the textbook again and again to come out with questions. It is easy to read but not easy to come up with a question. There will be many interpretations of the same questions and it is not easy to agree on the same answer.

	5
	I feel that the questions should be discussed in a group so that we can provide more quality and in-depth questions of a higher order.

	6
	Some questions seem simple but require a long answer. People are able to cheat. They do not follow the steps.

	7
	I feel that this exercise has benefited me and I learnt quite a lot today. This is because by setting questions and answering them, this process requires me to read and re-read the information again and again. Hence, I can remember and understand some of the information in such a short time. This exercise also requires me to think further and it is fun.

	8
	I feel that this exercise has helped me process my thoughts better and see the information better. It has also helped me understand how difficult it is for teachers to come up with a test paper.

	9
	I feel that this activity is very efficient. It induces a thought process in my mind. The thinking then etches information in my mind. It takes just one flip through the textbook for me to memorize keywords and complicated names.

	10
	The questions asked have to be specific and coherent. Allocation of marks really helps to give you pointers on answering the question as you may keep writing and spend too much time on a particular question.

	11
	Since almost all questions require me to copy information, around 70% of information is in my brain already. And I begin to understand deeper. The questions posed by classmates and partner evoked a lot of curiosity and makes me questions "Why did I not think of that?"

	12
	Questions are very hard to think of. As without the content, there is not much question to question about.

	13
	This activity allows me to put myself in the shoes of the exam setter. It has helped me analyze the types of questions most likely to come out with regards to syllabus. As my friend sets content-based questions, I find myself revising the content of the topic, thus helping me understand the topic better.

	14
	I feel that my friend question could be more clear. For example, she ask 'where and when the zygote develop?' I think it will be more clear if she state ' where and when the zygote develop into an embryo?' The question she ask are consider high level as it requires the content of the chapter.

	15
	I now know that setting questions require more knowledge than answering them. I have decided not to be a teacher. Ella's questions look like they stepped out of the ten year series. I think Ella is Mdm Ashikin in disguise.


Table 3
It is important to note that the reflection exercise was not restricted to any format as we do not want to give guidance or exert any influence in their thought process so that only spontaneous thoughts are visible.  These thoughts form authentic responses in the reflection process. As such, the quantity of responses shown in Chart 8 is only meant to give a sense of how many students are thoughtful enough to think of them. It is evident that students have become conscious about their own thinking and they are thinking deeper which translate into an increased level of understanding of biological concepts. It is also justified to state that students generally achieved a higher level of confidence after going through the research activity. This is because Chart 8 revealed that at least 34 students indicated that they are more confident in studying Biology as a subject. There was also evidence to propose that the research did increase knowledge retention and showed that the activity is interesting as well. At least 26 students indicated that the structure-peer-interactions did help them to improve their level of understanding and correct their misconceptions.
Research Cycle 2: The results of comparing MSG of assessments conducted against PAMS are shown in Chart 9(a) and Chart 9(b) below. Term 2 Test 1 was conducted after Research Cycle 1 and showed that students from both classes were still not performing as expected. Results for Mid-Year Exams showed an even further deviation from PAMS because it tested on many more topics during the exams although this should not pose any problems as many of the biological concepts in the earlier topics have been revisited several times before. Other factors such as studying at the last minute, not attempting sufficient exercises, poor answering techniques and other related skills may contribute to the deviation away from PAMS. By the time Term 3 Test 1 was conducted, the students have carried out Research Cycle 2 twice. They were more familiar with the approaches put in place and thus a closer alignment with PAMS can be observed. 
	
	

	Chart 9(a)
	Chart 9(b)


It is interesting to note that the students in the control groups from both classes also generated similar improvement as the research group. This is because as the control group was allowed to use any method during their readings, they have chosen to use the approaches used in the research study, although they did not implement it fully. 100% of students from 4R5 and 81% from 4R6 indicated in the survey that they have adopted the research methods to a certain degree. As such the results in Chart 10 (a) and Chart 10(b) are based on the collated data of the control and that of the research group as well. 
One of the survey question asked about students level of confidence and the results are shown in Chart 10(a) and Chart 10(b) below. For both graphs, there is a shift towards the right of the graph indicating an increased level of confidence in the students towards studying Biology as a subject.
	
	

	Chart 10(a)
	Chart 10(b)


As such, if the suggested reading habits are continuously carried out and retention is increased through generation of questions and answers, it is more likely that the level of confidence in studying Biology as a subject will be greater. 
It was also noted that 81% of students from 4R5 and 87% of students from 4R6 recorded that the short discussions they had with their peers on the questions or answers routine has helped them correct some of the misconceptions that they initially had about the topic that they read. This is a strong indication that students should interact with one another to increase their level of understanding in Biology. The thinking routine put in place have ensured that structured-peer-interactions can be carried out repeatedly in order to empower the students to have fruitful discussions with their peers. Table 3 showed the survey questions that were given to both groups of students in both classes at the end of Research Cycle 2.
	Dear Students (ODD INDEX NUMBERS), 
Allow me to thank you from the bottom of my heart for your kind participation in this research project. Your most sincere feedback is most appreciated.

Dear Students (EVEN INDEX NUMBERS), 
Allow me to thank you for allowing me to conduct the research program with your classmates. As I have introduced the method to you earlier in the year, I am requesting that you give your responses to the survey items below if you have adopted the same strategies as your ODD index numbers classmates. 
If you have NOT adopted the same strategies, please indicate in item 13 - why you chose not to and stick to your own study methods. 

Thank you very much.

	No.
	POST SURVEY ITEMS
	Strongly 
Agree
	Agree
	Disagree
	Strongly 
Disagree

	1
	Reading the contents of the required pages in the Biology textbook prior to class discussions are helpful in understanding of key concepts/ideas before it is introduced by your teacher.
	 
	 
	 
	 

	2
	It is challenging to create questions using the question matrix provided.
	 
	 
	 
	 

	3
	The number of questions that you were required to construct is too many.
	 
	 
	 
	 

	4
	You were able to differentiate between the 3 different types of questions that you were required to construct e.g. knowledge, understanding & application type.
	 
	 
	 
	 

	5
	Creating questions to the specified level of difficulty is challenging.
	 
	 
	 
	 

	6
	You followed the procedure in the instructions list very closely.
	 
	 
	 
	 

	7
	After creating the questions, you are also required to prepare the answers as well. You find this step important for your discussion with your peers.
	 
	 
	 
	 

	8
	The short discussions you had with your peer on the questions or answers posed has helped you correct some of the misconceptions that you initially had about the topic/pages read. 
	 
	 
	 
	 

	9
	By following the procedures in the instructions list, you were able to understand the content of what you have read better.
	 
	 
	 
	 

	10
	By following the procedures in the instructions list, you were able to retain the content of what you have read better.
	 
	 
	 
	 

	11
	By following the procedures in the instructions list, you were able write answers to your own question more confidently.
	 
	 
	 
	 

	12
	You are more confident in Pure Biology after going through the procedures.
	 
	 
	 
	 

	13
	Please pen down any other things that you wish to bring up about this project:




Table 4
From survey item 13, only 8 students contributed their responses which are shown in Table 5. 
	Responses for Survey Item 13 (4R5)
	Responses for Survey Item 13 (4R6)

	1. Alternate the groups doing the research.
2. Should have been done earlier in the year.
3. Change group during research.

	1. Inefficient for final year student.
2. Effective but should have been done earlier in the year.
3. Still don't understand the topic after the research.
4. The teacher is still important. We should not have been doing self-study during class but nevertheless it helped a lot.
5. The progress timeline of the project was rather long. It could have been staged within a shorter timeline.



Table 5
Although the responses were few nonetheless it is very valuable for evaluation of the success of the action plan put in place for this research cycle. The responses are considered for the next research cycle. It seems that if the intervention measures have been carried out earlier, it could show more positive results. 
Benefits and Limitations
The students gained other skills along the way, such as the skills in identifying and setting questions of different level of difficulties. Introduction to Q-Matrix has given the students another tool they can use to seek as well as to communicate and transfer new knowledge learnt with their peers. They have discovered that they can construct, assimilate and accommodate new knowledge through interactions with peers. The review of students’ written work allowed for improvement in learning of both the students and the teacher involved in the research. These actions translated into a modified subsequent lesson plan and the teacher no longer disseminates to the students the predetermined set of knowledge to be taught. The same pedagogies behind this research can be applied to other subject areas. An English teacher can help struggling readers to comprehend passages and do summary writings. The same can be done for the learning of History and Geography as well. 
This research has some limitations too. As the primary researcher is the classroom teacher in which the study took place, the research could have possibly produced varied results. This is because the teacher could not give undivided attention to focus on observing and recording of students’ behavior during the research activity. 
Another limitation that could have affected the students’ experience was their own classmates. If the classmates did not come prepared with the textbook or reading material or for some reasons are not motivated to participate in the research activity, this could have a direct effect on the quality of the discussion that took place during the structured-peer-interactions. According to Maureen, N (2008) in her book entitled Peak Performance for Smart Kids, she states that people work or train with people who are at least as talented as they are and even better. Working with others with more talent improves our own performance. This claim was clearly visible in the social interactions of both classes. However, this led to the weaker students congregating together and not much progress was seen in their ability to set questions or a change in their negative outlook on learning biological concepts.
4R5 and 4R6 are final year students and they may be already quite set in their study habits. They are also preparing for exams in the midst of the research. Perhaps there is a bit of skepticism which went undetected and discovered only at the end of research cycle 2. Should the research be conducted at the beginning of the year, a varied result would probably be collected. 
Lastly, the mode in which questions and answers were recorded might hamper the progress of the research. The students being IT-savvy may prefer using ICT-based interactive platforms instead of writing on papers. This was evident in Research Cycle 2 where a small group of students simply indicated the page number or the paragraph of where answers can be found for their questions. They wanted to skip the crucial step of construction of answers to the questions given. This observation is certainly less than desirable as they are not following the thinking routine put in place which prepares them to write comfortably under a time limit. 
Summary, Conclusions and Research Cycle 3
Summary: This study captured the details of two research cycles. The purpose of the research is to help students with low test scores to gain higher levels of understanding and confidence in biological concepts as well as to actively involve and empower them in their own learning. This study employed three main pedagogies: structured-reading-techniques, the generation of a pool of questions and answers (Q&A) by students themselves through the use of Visible Thinking Approach as part of assessment for learning and structured-peer-interaction platform using the Social Constructivism Learning Theory. This research involved two classes 4R5 (42 students) and 4R6 (32 students) that showed, on average, a lower than expected potential Mean Subject Grade (MSG) for Biology. Research Cycle 1 involved all students from both classes and analysis of pre-survey data and reflections obtained at the end of the cycle were analyzed. Positive results were obtained which led to improvements made in Research Cycle 2. In Research Cycle 2, students in each class were divided into 2 groups and a post-survey data was collected and analyzed. The analyzed results in both research cycles have indicated that the pedagogies used have indeed increased students understanding of biological concepts and in increased their level of confidence in studying the subject.  
Conclusions: Integrating reading habits, thinking routines and structured-peer-interactions in the classroom activities as part of assessment for learning is largely beneficial. Firstly, in Research Cycle 1, Chart 8 shows evidence of students increased level of understanding and confidence in studying Biology as a subject. There was also learning from peers and the students enjoy the research activity. Secondly, in Research Cycle 2, Chart 9(a) and Chart 9(b) clearly show that students increased level of understanding of biological concepts minimized the gap between PAMS and their test scores. Chart 10(a) and Chart 10(b) indicated that there is a shift towards the right of the graph indicating an increased level of confidence in the students towards studying Biology as a subject. Lastly, it was also noted that 81% of students from 4R5 and 87% of students from 4R6 recorded that the short discussions they had with their peer on the questions or answers routine have helped them to correct some of the misconceptions that they initially had about the topics they have studied. This is indeed an encouraging result considering that the students were not able to engage in discussions as shown in Chart 7, for the purpose of improvement in studying Biology as a subject.
Research Cycle 3: In retrospect, the findings of this research will be used to accelerate the process of empowering the students studying Biology as a subject at Secondary Three so that they can perform at least as expected or if not better than indicated by PAMS. The use of social networking sites of ICT will take centre stage whereby thinking routines will be introduced to the students in the initial stages of the academic year. This is to ensure that students remain motivated and are inspired by the use of the already proven effective measures in increasing students’ level of understanding and confidence level in studying Biology as a subject. On top of that, sharing of questions and answers amongst the students can be done on a paperless basis for greater ease. 
It is hoped that by using these pedagogies, there will be a shift in classroom culture towards a community of enthusiastic and engaged thinkers and learners who have deeper understanding of content and a greater motivation to study Biology as a subject.
(word count: 7464)
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Individual Pupil's Grades  for Pure Biology against PAMS for 4R6 2009
PAMS	
Grade 1	Grade 2	Grade 3	 Grade 4	Grade 5	Grade 6	Grade 7	Grade 8	 Grade 9	0.0	10.0	9.0	8.0	5.0	1.0	0.0	0.0	0.0	2009 Mid Year Exams	
Grade 1	Grade 2	Grade 3	 Grade 4	Grade 5	Grade 6	Grade 7	Grade 8	 Grade 9	0.0	4.0	0.0	5.0	5.0	6.0	9.0	2.0	1.0	2009 Final Year Exams	
Grade 1	Grade 2	Grade 3	 Grade 4	Grade 5	Grade 6	Grade 7	Grade 8	 Grade 9	1.0	6.0	4.0	3.0	5.0	5.0	6.0	3.0	0.0	

Chart of Reading Frequency to Achieve Understanding of Biological Concepts
4R5	
Once	Twice	Thrice	More than Thrice	6.0	19.0	9.0	8.0	4R6	
Once	Twice	Thrice	More than Thrice	3.0	10.0	10.0	10.0	

Chart of Inability to Retain Biological Information after Reading
4R5	
Strongly Agree	Agree	Disagree	Strongly Disagree	1.0	18.0	21.0	2.0	4R6	
Strongly Agree	Agree	Disagree	Strongly Disagree	5.0	14.0	10.0	4.0	

Chart of Reading Frequency
4R5	
1-3 times 
a week  	only if there is homework to be completed
  	only if there is a test coming  
	rarely  	16.0	18.0	20.0	8.0	4R6	
1-3 times 
a week  	only if there is homework to be completed
  	only if there is a test coming  
	rarely  	12.0	14.0	13.0	4.0	

Chart of Reading Habits for Revision in Pure Biology
Always  	
4R5
Frequency of reading Summary / Graphic Organizer	4R6
Frequency of reading Summary / Graphic Organizer before reading	4R5
Frequency of reading key ideas / titbits sections before reading	4R6
Frequency of reading key ideas / titbits sections before reading	4R5
Frequency of browsing questions before reading before	4R6
Frequency of browsing questions before reading 	4R5
Frequency of formulating questions after reading	4R6
Frequency of formulating questions after reading	1.0	2.0	1.0	1.0	0.0	1.0	2.0	2.0	Often  	
4R5
Frequency of reading Summary / Graphic Organizer	4R6
Frequency of reading Summary / Graphic Organizer before reading	4R5
Frequency of reading key ideas / titbits sections before reading	4R6
Frequency of reading key ideas / titbits sections before reading	4R5
Frequency of browsing questions before reading before	4R6
Frequency of browsing questions before reading 	4R5
Frequency of formulating questions after reading	4R6
Frequency of formulating questions after reading	1.0	2.0	4.0	3.0	0.0	0.0	7.0	8.0	Sometimes  	
4R5
Frequency of reading Summary / Graphic Organizer	4R6
Frequency of reading Summary / Graphic Organizer before reading	4R5
Frequency of reading key ideas / titbits sections before reading	4R6
Frequency of reading key ideas / titbits sections before reading	4R5
Frequency of browsing questions before reading before	4R6
Frequency of browsing questions before reading 	4R5
Frequency of formulating questions after reading	4R6
Frequency of formulating questions after reading	15.0	15.0	5.0	8.0	5.0	7.0	20.0	14.0	Rarely  	
4R5
Frequency of reading Summary / Graphic Organizer	4R6
Frequency of reading Summary / Graphic Organizer before reading	4R5
Frequency of reading key ideas / titbits sections before reading	4R6
Frequency of reading key ideas / titbits sections before reading	4R5
Frequency of browsing questions before reading before	4R6
Frequency of browsing questions before reading 	4R5
Frequency of formulating questions after reading	4R6
Frequency of formulating questions after reading	25.0	14.0	32.0	21.0	37.0	25.0	13.0	9.0	

Chart of action taken by students when faced with problems while studying for Biology
4R5	
Call a Friend	Ask my Teacher	Surf the Internet	Participate in Group Discussion	Read Again 
on my Own	Give Up	25.0	6.0	18.0	0.0	40.0	10.0	4R6	
Call a Friend	Ask my Teacher	Surf the Internet	Participate in Group Discussion	Read Again 
on my Own	Give Up	16.0	10.0	14.0	7.0	27.0	11.0	

Chart of Students Reflection on Activity carried out in Research Cycle 1
Number of students responses (A total of 71 responses were received)	
Use of Metacognitive Skills	Increased Retention	Increased Understanding of Concepts / read more than once	Able to Learn from Peers	An Interesting Activity/Fun	Better Time Management	Increased Level of Confidence.	64.0	8.0	41.0	26.0	8.0	6.0	34.0	

Chart of Mean Subject Grade for Biology after Intervention Activities (4R5) in 2010
MSG 4R5 (ODD numbers)	
PAMS	Term 2 Test 1	Mid-Year Exams	Term 3 Test 1	3.0	4.9	5.85	3.95	MSG 4R5 (EVEN numbers)	
PAMS	Term 2 Test 1	Mid-Year Exams	Term 3 Test 1	2.809523809523804	4.619999999999996	5.57	3.04	

Chart of Mean Subject Grade for Biology after Intervention Activities (4R6) in 2010
MSG 4R6 (ODD numbers)	
PAMS	Term 2 Test 1	Mid-Year Exams	Term 3 Test 1	3.4375	4.18	5.18	3.0	MSG 4R6 (EVEN numbers)	
PAMS	Term 2 Test 1	Mid-Year Exams	Term 3 Test 1	3.5625	5.0	5.119999999999997	3.309999999999999	

Chart of Percentage of Confidence Level of 4R5 in Biology
4R5 (Research Cycle 1)	
0%-25%	25%-50%	50%-75%	75%-100%	10.0	26.0	57.0	7.0	4R5 (Research Cycle 2)	
0%-25%	25%-50%	50%-75%	75%-100%	5.0	17.0	63.0	15.0	

Chart of Percentage of Confidence Level of 4R6 in Biology
4R6 (Research Cycle 1)	
0%-25%	25%-50%	50%-75%	75%-100%	0.0	34.0	53.0	13.0	4R6 (Research Cycle 2)	
0%-25%	25%-50%	50%-75%	75%-100%	0.0	7.0	80.0	13.0	

Individual Pupil's Grades  for Pure Biology against PAMS for 4R5 2009
PAMS	
 Grade 1	 Grade 2	Grade 3	Grade 4	 Grade 5	Grade 6	Grade 7	Grade 8	Grade 9	2.0	16.0	12.0	8.0	4.0	0.0	0.0	0.0	0.0	2009 Mid Year Exams	
 Grade 1	 Grade 2	Grade 3	Grade 4	 Grade 5	Grade 6	Grade 7	Grade 8	Grade 9	0.0	2.0	2.0	9.0	5.0	11.0	5.0	3.0	5.0	2009 Final Year Exams	
 Grade 1	 Grade 2	Grade 3	Grade 4	 Grade 5	Grade 6	Grade 7	Grade 8	Grade 9	2.0	3.0	3.0	4.0	8.0	6.0	6.0	4.0	6.0	

