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Abstract 

This paper describes the application of the team-based learning (TBL) approach as a 

distinctive pedagogy for developing 21 st century competencies in the Higher 2 (H2) Biology 

classroom at Hwa Chong Institution. TBL is widely used by medical schools around the 

world including the Duke-NUS Graduate Medical School (Parmelee, Michaelsen, Cook, & 

Hudes, 2012). Central to TBL is the concept of "team" and the tenets of active collaborative 

learning and communication, which are encapsulated in the contextualization of syllabus 

content in real-world settings to cultivate 21 st century competencies. The TBL approach 

hinges on both students ' self-directed learning as well as collaborative teamwork through 

team-based assignments. Students also receive frequent and immediate feedback. In this way, 

students are no longer passive recipients of information, but are active, engaged learners 

responsible for their own learning through collaborative interactions with their peers. Our 

findings show that the TBL approach is indeed an effective classroom pedagogical strategy in 

fostering students ' deep understanding of biological concepts, engaging students' interest and 

participation, and motivating students to take ownership of their learning. More importantly, 

it also develops students' capabilities in critical thinking, creative thinking and caring 

thinking. These three cognitive and affective domains are the cornerstones of the Hwa Chong 

Global Literacies Matric that is aligned to our school ' s mission of defining holistic education. 

Keywords: team-based learning, 21st century competencies, cognitive domain, affective 

domain 
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An Approach to Holistic Education - Cultivating 21 st Century Competencies using 

Team-based Learning (TBL) in the Teaching of Higher 2 (H2) Biology 

Introduction 

The Hwa Chong Holistic Education Model and Global Literacy Matrix 

The Hwa Chong brand of holistic education is articulated by the Hwa Chong Holistic 

Education Model which in turn, is informed by Harvard University's Professor Howard 

Gardner's 5 Minds for the Future (2008). As shown in Figure 1, we aim to foster in our 

students three key cognitive capacities - Critical Thinking, Creative Thinking and Caring 

Thinking (the 3Cs)- capped with an Entrepreneurial Mindset. 

Hwa Chong Holistic 
Education Model 

Foresight 
Optimism 
Courage 

Figure 1: An illustration of the Hwa Chong Holistic Model 

HCI's Global Literacies (GL) Matrix was formulated in 2013 to define and drive 21 st 

century key competencies. It serves to provide teachers in our school with a shared meta

language, to function as a working document to guide our work in fostering desired capacities 
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and dispositions in students (refer to Appendix I). While the importance of imparting a core 

understanding of each subject discipline cannot be undermined, intellectual curiosity has to 

be stimulated for the acquisition of knowledge, so that students will be transformed from 

passive receivers of force-fed knowledge to active producers of new knowledge. Students 

will be more adept at novel, adaptive thinking so that they can be lifelong learners capable of 

developing innovative solutions to problems presented by an ever-changing world. As 

technology and work practices evolve, the "distributed work" culture based on shared 

responsibility, team effort and open communications will permeate companies and 

organisations. It is imperative that we equip students with excellent interpersonal skills that 

allow them to read social cues, respond adaptively and build relationships and teams. As 

such, the fostering of soft skills like sensitivity to diverse experiences and emotions, as well 

as cross-cultural competencies and effective communication skills, will ensure that our 

students become valued team players who can contribute in different real-world settings and 

contexts. 

Lecture-tutorial system 

The conventional teaching approach adopted in junior colleges in Singapore consists 

of a lecture series followed by tutorial and/or laboratory sessions. The effectiveness of 

knowledge transmission is then assessed by assignments, continual assessments and 

examinations administered to students. 

Lectures serve as the main platform for mass transmission of information to a large 

number of students. Despite mixed criticisms of lecturing as a pedagogical method, junior 

colleges have yet to find practical alternative teaching methods for most GCE A-level 

teaching subjects. Critics have pointed out that lecturing is essentially one-way 

communication that does not involve significant student participation, and therefore fails to 

promote active learning (Allen and Tanner, 2009). 
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In a typical lecture, the lecturer explains the material and asks the students to copy 

important points. Students are expected to be cognitively active but physically inactive. Most 

students of any age cannot maintain such behaviour for an extended period of time 

(Cangelosi, 2003). Although this traditional method of teaching may produce students with 

excellent academic results, it neither engages them actively (Steinhorst and Keeler, 1995) nor 

equips them with the skills required for successful collaborative work and group assignments. 

The ability to question, reflect, persevere, take responsibility for one's own learning, 

contribute actively, work effectively in teams, exercise initiative and be innovative are skills 

that our students need to master in order to thrive in a fast-changing world. Hence, in the age 

of globalisation, changing demographics and technological advancements, educators need to 

adopt a teaching pedagogy which allows students to develop these 21 st century competencies 

(Saavedra and Opfer, 2012). 

Team-based learning 

Team-Based Learning (TBL) is an instructional approach first developed in the early 

1990s by Dr L. Michaelsen who wanted the benefits of small group learning within large 

classes for business school students (Parmelee and Michaelsen, 2012). It has since been 

adopted in many United States and international health science professional schools. In 

Singapore, the TBL approach has been used by the Duke-NUS Graduate School of Medicine. 

We visited the Duke-NUS Graduate School of Medicine in February and March 2014. 

Through subsequent communication with and kind assistance from Professor Robert Kamei, 

Associate Professor Sandy Cook and Associate Professor Scott Compton, we adopted this 

approach as a distinctive pedagogy for developing 21 st century competencies in the Higher 2 

(H2) Biology classroom at Hwa Chong Institution. 
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The pilot study consists of selected JCl and JC2 students. In our study, we aim to 

evaluate the effectiveness of the TBL approach in fostering students' deep understanding of 

biological concepts, enhancing their engagement, and promoting their ability to undertake 

self-directed learning. More importantly, the study endeavors to investigate if TBL develops 

students' competencies in critical thinking, creative thinking and caring thinking - the three 

cornerstones of the HCI' s GL matrix. The overarching motivation of this study is the 

fulfillment of our school's mission of defining holistic education. 

Method 

Participants 

Junior College Year 1 (59 students) and year 2 (40 students) (JCl and JC2) H2 

Biology students from the Hwa Chong Institution's Gifted and Talented Education (GATE) 

Programme and Science and Mathematics Talent Programme (SMTP) were recruited in this 

study. Their age group is between 16 years to 18 years of age. 

The landmark tenets of the GATE and SMTP Biology instructional programme are: 

(1) through an integrated and enriched curriculum, the use of a compendium of classroom 

pedagogies that contain self-directed learning components, stimulate students' critical 

thinking and develop students' creative thinking. 

(2) provision of a diversity of learning experiences, in a stimulating environment, that 

promote collaborative learning, teamwork and communication. 

(3) adoption of a theme-based approach which addresses caring thinking by relating syllabus 

content to real-world contexts. 
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Materials and Procedure 

Structure of Team-based Learning (TBL) lessons 

Students were grouped into teams of 4 or 5 students. Once the teams have been 

formed, it is then followed by the implementation of the Team-based Learning (TBL) 

instructional strategy. A TBL topic follows a standard framework involving a Readiness 

Assurance Process (RAP), Team Application Activity (tAPP) and tutor feedback (Parmlee, 

Michaelson, Cook and Hudes, 2012). The RAP has 4 main components, in the following 

chronological order: 

Advance Assignment - Students receive a list of learning activities accompanied by a set of 

learning goals. Students study the list of pre-assigned readings (including lecture notes) in 

preparation of the TBL session and submit questions they have via an online school portal. 

Individual Readiness Assurance Test (iRAT) - Each individual student completes a set of 

multiple-choice questions (MCQs) that focus on the concepts they need to master in order to 

be able to solve the tAPP problems. 

Team Readiness Assurance Test (tRAT) -The same set of MCQs given to each individual 

student is subsequently given to the team but the team must now answer them through a 

consensus-building discussion. They use the scratch card provided to submit their answers. 

Tutor Clarification Review - Tutors provide feedback on any queries that the students have 

and students can submit questions they have after the lesson via the same online school 

portal. These questions will be used by tutors to address any further concerns that the students 

have. 

On the whole, the learning objectives within the core curriculum are thoroughly 

covered in the pre-reading assignments, video animations and lecture notes, and are 

subsequently tested in the iRA Ts and tRA Ts. 
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Once the students complete the iRA T individually, they will turn in their answers to 

their tutors before proceeding to the 3rd component of the RAP immediately - the tRAT task. 

Teams will discuss their answers within the group and reach an agreement to their perceived 

correct answer to each test question. They will then scratch-off the covering of one of the 

four boxes on the scratch-card (Figure 2), in search of a mark indicating that they have found 

the correct answer. They will receive full credit if they uncover the mark on their first 

attempt, and their score is reduced with each unsuccessful scratch. 

The scratch-cards scoring method is as follows. When the correct answer is scratched 

in the first try, the team receives 4 marks. On subsequent attempts, the score obtained for the 

particular question decreases correspondingly. Specifically, for the 2nd try, the team will 

receive 2 marks and for the 3rd and final try, they will receive only 1 mark. 

IMMEDl~E~~BACK ASSESSMENT TECHNIQUE (IF AT) 
Name .. I ~ II I md _, I Test # _J_ 

I • 

Subject_________ Total 
SCRATCH OFF CO V E R I NG TO EXPO SE ANSW ER 

A B C D Score 
............... 

1. 

2. 
3. 
4. 

5. 
6. 

7 . 

Figure 2: Illustration of scratch-cards used. Scratch-cards were purchased from Epstein 
Educational Enterprises. 

The scratch-off sheets provide 2 key benefits to students (Michaelsen and Parmelee, 2009): 

Real-time, immediate feedback on their performance allows team members to correct their 

collective misconceptions on the spot, as students are informed of the validity of their choice 

instantly. 
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It promotes both the motivation and ability of the team. 'Pushy' members are one-scratch 

away from embarrassing themselves with their impulsive behaviour, whilst ' quieter' , 

knowledgeable members will feel validated as a valuable source of information when their 

contributions tum to be valuable. 

The iRA T and tRA T scores will be recorded and locked as students' individual and 

team scores respectively. Students were asked to present their choice of answers for the 

individual questions and they were challenged on the rationale behind their choice of options. 

Tutors will conclude the session by discussing challenging questions noted by most teams. It 

should be noted that this is a focused review of only the most challenging aspects of the pre

reading assignments, as well as the tougher iRA T / tRA T questions which are anchored on 

concepts in the H2 Biology syllabus and could be based on context beyond the H2 Biology 

syllabus. This helps to ensure that students have mastered the basic content, fundamental 

concepts and learning objectives as stipulated in the A-level curriculum. The aforementioned 

structure of the TBL instructional strategy is essential in creating an underlying thread which 

seamlessly weaves together the disparate teaching tools employed to interest and nurture our 

students in the TBL instructional strategy. 

The tAPP session involves an activity where teams will work on the real-life 

application of their content. It has three main components: 

Completing case-study material 

Discussion of answers / solutions to case-study material 

Wrap-up by content experts/ tutors 

A total of three questions were presented for the students to discuss and solve within 

their group. For the one-hour long tAPP session, 30 minutes is allocated to completing the 

application worksheet, 15 minutes is given to the discussion with the facilitators, and the 
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remaining 15 minutes is spent wrapping-up the discussion and clarifying their queries with 

the content expert. 

Completing case-study material 

Students are given a folder each which contains the TBL case study and the first 

question. They start by reading the case individually and making the appropriate annotations. 

Teams are given information on the mark allocation of each of the questions to allow them to 

manage their time. In summary, they receive the following: 

Case study material 

The question(s) to attempt 

Breakdown of mark allocation for each question 

The tAPP case study material has been carefully designed in accordance to the '4-S ' 

guideline (Parmlee, Michaelson, Cook and Hudes, 2012): 

Addresses a significant problem that demonstrates a concept' s usefulness . 
Makes a specific choice among clear alternatives (Which of the following is the best example 

of X? What is the most important piece of evidence in support of Y?) 

Works on the same problem as other teams, so each team will care about the conclusions and 

rationales of other teams 

Reports their decisions simultaneously, so differences among teams can be explored for the 

most instructional effect (Accomplished by holding up notecards, having team 

representatives wrote on boards, using 'clickers 1
' etc.) 

After reading the case material individually, a discussion ensues where the team 

answers the question given. At appropriate junctures within the case study material provided, 
1 Clickers are an interactive technology that enables instructors to pose questions to students and immediately collect and view the 
responses of the entire class. 

prior to <break> before they can approach the facilitator to collect the next question(s) on the 

list. The chief reason for this is to preserve the integrity of the question context, thus 
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preventing the information provided at the later stage of the case study to influence the 

decision made for the current set of questions. 

Once they agree on an answer (or answers, depending on the number of questions 

prior to the insertion of <break>), a representative will submit their response(s) to MCQs via 

an online platform, while free response questions will be written on small post-its. In 

exchange, they will receive the next question from the facilitator. 

This process repeats until they complete all questions. 

Discussion of answers / solutions to case-study material 

Once the students have completed all the questions, the chief facilitator (one teacher) 

will host the tAPP discussion session. The facilitator uses a team's answer to kick start the 

discussion, and directs a particular team member to provide the relevant justifications. 

Students are asked to comment on an explanation provided by his peer, and whether he 

agrees or disagrees with the justification given. For certain questions, the facilitator provides 

students with a 'double-or-nothing' option, where students are provided the opportunity to 

change their answers after hearing the explanations provided by the content expert and their 

peers from previous questions. Students are allowed to convince their peers of their choice 

within the allocated time frame. 

Wrap-up by content experts / tutors 

After the facilitation process, the context expert (another teacher with a deep 

understanding of the topic) is invited to present his or her views on the answers given by 

students. The content expert will provide general comments on the performance of the cohort, 

identify certain weaknesses of students e.g. conceptual errors, insufficient understanding of a 

particular content area, provide opportunities for collaboration with interested students etc. 

Upon completion of TBL for a particular topic, students will be required to complete 

an online survey that requires them to choose and elaborate on at least three capacities from 
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the Global Literacy Matrix to describe how the TBL lessons have engaged them. They are 

also asked if they like this TBL instructional strategy and have to substantiate with the 

reasons with reference to particular segments of the lessons, i.e. pre-lesson, iRA T, tRA T and 

tAPP. 

Results and Discussion 

The H2 Biology syllabus in Singapore is designed with the aim of developing 

students with strong fundamental concepts, skills and knowledge in the subject so that they 

are prepared for their roles in a technologically driven world. Students should be able to 

understand matters of scientific import, recognise the usefulness and limitations of the 

scientific method and understand how biological concepts can be applied in other disciplines 

and in everyday life. The following discussion pertains to topics in five H2 Biology themes 

namely (Appendix 3): 

Biomolecules - proteins and enzymes 

Cell and Nuclear Division - mitosis and meiosis 

Energetics - photosynthesis and respiration 

Homeostasis - endocrine system and nervous system 

Molecular and Cell Biology - cell signalling 

In order to develop the required deep understanding of Biology, it is necessary to 

bring students through the various stages of the cognitive domain of Bloom's taxonomy 

(Anderson, et al. 2001): 

Stage I: Knowledge - Recalling of data and information; 
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Stage 2: Comprehension - Understanding the meaning, translation, interpolation and 

interpretation of instructions and problems; 

Stage 3: Application - Using a new concept in a new situation or unprompted use of an 

abstraction; 

Stage 4: Analysis - Separating material or concepts into component parts so that its 

organizational structure may be understood; 

Stage 5: Synthesis - Building a structure or pattern from diverse elements; and 

Stage 6: Evaluation - Making judgments about the value of ideas or materials (Bloom, 1956). 

The use of the TBL approach in HCI allows the student to go through these various stages of 

the cognitive domain of Bloom's taxonomy in three different applications, namely the iRAT, 

tRA T and tAPP through carefully designed lessons. 

(Note: In the following discussion, the boxed text pertains to students' feedback specific to 

the respective topics (in bold print). For details, please refer to Appendix 3.) 

Benefits of iRA T and tRA T 

iRA T and tRA T serve as a foundation for building content knowledge, as they allow 

students to apply biological content and concepts students have learnt in class to solve 

problems. In this study, for the topic of Proteins, students were given a set of 10 MCQs 

(iRAT) to assess their individual readiness for the topic. These questions were designed such 

that students were required to recall and apply biological content and concepts they have 

learnt in order to accomplish problem-solving tasks. This exercise was further reinforced 

when the students were allowed to discuss the same set of 10 MCQs (tRA T). It was observed 

by the Biology tutors that during this process of peer teaching, many students gained a better 

understanding of a wide range of biological concepts and were able to achieve higher MCQ 

scores as a group. The tRA T task also allowed students to learn from one another and provide 
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the opportunity for peer learning and teaching. In addition, tRA T also impart Caring 

Thinking to the students as they must learn to be patient and sensitive to one another while 

working on the tRA T. For example, a student wrote that although she was sure some of her 

answers were correct at first, she decided to listen to her teammates' explanation of their 

answer and how they arrived at their conclusions. It turned out that her teammates were right 

- she was careless and their explanations have convinced her of the accuracy of their 

answers. 

Homeostasis 

Individual Readiness Assurance Test (iRA T) and team Readiness Assurance Test (tRA T) was 

conducted for the first and second session. The first session involves a case study where 

students were posed questions following a scenario - a doctor had a meal of puffer fish and 

experienced several symptoms. The context helped to engage students' interest as it was 

relevant to real-life situations (imagines, empathizes). 

By having iRA T and tRA T, students felt it was necessary for them to study the lecture notes 

before coming to class. Many liked how iRA T and tRA T allows them to check for errors in 

conceptual understanding, as commented, "I liked the concept of building up our knowledge 

through the different modes of assessment (from iRA T to tRA T to tAPP)." And another 

commented, " It (iRA T and tRA T) allows for the individual to check his knowledge first 

before group discussion to correct one's conceptual errors." (reflect, critical thinking) 

Benefits of tAPP 

The tAPP task was designed with the intention of allowing students to engage in the 

higher cognitive domains of Bloom' s taxonomy: Application, Analysis, Synthesis and 

Evaluation (Stages 3 - 6). In the tAPP task for the topic of Proteins, students were tasked to 
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investigate the effect of changing pH on milk through self-planned experiments. By 

identifying and controlling various experimental variables such as temperature, students were 

able to better appreciate the finer points of planning a good experiment. Further sharing was 

conducted via the creation of group posters, which provided opportunities for inter-group 

discussion and peer evaluation. Another tAPP task for the same topic required students to 

investigate the viability of improving the skin condition via the consumption of collagen, a 

recent fad. Students had to present their findings and analysis on the feasibility of this 

approach. This helps them to relate the tAPP task to the biological concepts they have 

covered in the H2 Biology syllabus. 

Qualitative feedback received from students showed that many experienced deep 

learning of biology, found the process of learning enriching and interesting, and were 

motivated to take ownership of their learning by doing additional research required to answer 

the tasks given. For instance, a student wrote that the tasks given challenged him to draw on 

his content knowledge and apply it to the interpretation of real-life scenarios. The collagen 

task prompted him to find out about the effectiveness of various methods of collagen intake 

as well as medical conditions that could arise from collagen deficiency. It also helped him 

make connections between what he had researched online with his prior knowledge about the 

structure of collagen. 

Several students also highlighted the need to resolve conflicting information from 

different sources during their self-directed research. This entails critical evaluation of the 

information they have access to which is missing in the traditional lecture tutorial system 

where students are 'force-fed' information. This is evident from a student who wrote that she 

had to engage in online research and cross-reference different information sources in order to 

determine which was the most reliable. This provided her with a good learning experience 

with data analysis. She has also become more cognizant of the need to evaluation information 
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presented and not simply accept information at face value. Hence, it is evident that using the 

TBL pedagogy in the teaching of H2 Biology syllabus allows for the development of skills 

such as the ability to comprehend, interpret, analyse, apply, question and predict information. 

These skills fall under the broad umbrella of the capacity to engage in critical thinking. 

Biomolecules 

"The presentation we had to do on the significance of enzymes required me to search for 

information online and analyse the data, before deciding what we could include in our 

slides." 

As TBL is premised on group cohesiveness, it is therefore imperative that for the 

instructional strategy to work, groups are effectively formed and managed. We adhered as 

closely as possible to the key guiding principles expounded by Dr L. Michaelsen: that groups 

must be properly formed and managed such that each group consists of students with 

different skill sets, students must be made accountable, team assignments must promote both 

learning and team development, and students must receive frequent and immediate feedback. 

Students were given the autonomy to form their own teams. The teams were kept intact, with 

students in each team working with one another for the rest of the academic year. 

Another major notable point is that through the tAPP tasks, students found much 

value in collaboration. Many students highlighted that they found team work more 

advantageous to them as the task assigned could be overwhelming for one student to handle. 

They also noted positively that through working synergistically as a group, they could rely on 

collective wisdom to research on and piece separate information into a coherent solution to 

solve a problem. In addition, it was observed that during the question-and-answer sessions 

after presentations, students further consolidated their understanding of the content by 

learning from viewpoints contributed by their peers. In general, it was found that students had 
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significant development in their ability to reflect, empower oneself and others, contribute 

actively, consider multiple perspectives, collaborate, empathise and cultivate relationships. 

These skills fall under the broad umbrella of the capacity to engage in caring thinking. 

Taken together, the students' feedback provided strong evidence for the effectiveness 

of the iRA T and tAPP tasks in engaging students to take ownership of their work and 

learning to address gaps in their knowledge. 

While many may view the development of critical, creative and caring thinking in 

education in isolation, an in-depth perspective of these thinking domains can be gained by 

examining the relationship of each dimension of thinking in relation to one another. There is 

a close and constant relationship between Caring, Creative and Critical thinking. Caring and 

Creative thinking are necessary characteristics of critical thinkers, for ideas and arguments 

are generated by people. What a knower brings to the knowing and how a knower relates to 

the knowing is as important as the knowing itself (Thayer-Bacon, 2014). Having a Caring 

thinking dimension produces a more precise and in-depth perception of problems while a 

Creative thinking dimension allows one to find new solutions to problems. 

These three thinking domains: Critical thinking, Caring thinking, Creative thinking 

were developed using specific lessons on H2 Biology topics. 

For the topic on Biomolecules - proteins, students were tasked to investigate the 

effect of changing pH of milk through self-planned experiments. They were required to 

identify and control for various factors that could affect the experiment and share their 

knowledge via the creation of group posters. Groups were also allowed to discuss and 

critique each group' s findings as presented in the posters. Feedback from students reflected 

that many students found the process of learning enriching, benefitting holistically as they 

often had to discuss actively and collaborate with each other. These observations show that 

the lesson was successful in helping to develop the students' capacities in Caring thinking. 
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For the topic on Biological molecules - enzymes, the students were required to solve 

two tasks. In the first task, they were required to design a toothpaste that would grow the 

fastest. This experiment required students to apply their knowledge on how factors such as 

temperature, pH, enzyme concentration and substrate concentration would affect the rate of 

enzyme catalyzed reactions. They were also required to take into consideration of risk 

hazards and limitations of the physical environment. Students commented that they learnt 

how to think with agility and consider the problem holistically. These observations show that 

the lesson was successful in helping to develop the students' capacities in Creative thinking. 

In the second task for the topic on Biomolecules - proteins, students were asked to 

present their funding of an enzyme or enzyme inhibitor that was highly relevant to their daily 

lives. The students were given the autonomy to propose, research and learn more about any 

enzyme(s) or enzyme inhibitor(s) of their interest. Many groups demonstrated their heart for 

the community and the environment by researching and presenting on topics involving 

human diseases, medical research and leather processing. This is indicative that the task 

chosen was successful in helping to develop the students' capacities in Caring thinking. 

For the topic on cell and nuclear division, students were given a novel scenario 

investigating how the relatedness of DNA in a chimeric woman and her daughter differed 

from that in a normal mother-daughter scenario. Students were required to discuss how the 

chimeric woman and her daughter were different, further explaining how chimeric DNA 

could have resulted in this woman, how such an anomaly could have arose naturally and 

discussed the social implications of being a chimera. While they were engaged in the task, 

students commented that the task led them to further question how chimerism would affect 

other spheres of life and it also made them realize that conventional understanding of genetic 

concepts (i.e. one set of DNA per person) could be violated with no distinguishable trait in 

the adults and thus had further implications in spheres such as law or policy drafting. One 
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student also compared the parallels in the genetics of chimeras with that of fraternal and 

paternal twins, demonstration that she had understood the similarities in the scenarios and 

was able to extend her knowledge to other meaningful scenarios not listed in the task. These 

observations show that the lesson was successful in helping develop the students' capacities 

in Critical and Creative thinking. 

For the topic on Energetics - photosynthesis, students were tasked to read lecture 

notes on the light-dependent and light-independent reactions. Upon which, they completed 

two concept checks as advance assignment. In class, they were subsequently given 

worksheets on experimental evidence for both light-dependent and light-independent 

reactions to complete, following which they were required to answer a case study. Students 

commented that the tasks assigned to them allowed them to extend beyond the A-level 

syllabus and encouraged both independent and individual thinking, followed by group 

collaboration that allows them to clarify misconceptions and improve understanding by peer 

tutoring. Many others also mentioned that TBL allowed them to interact with their peers 

more, to respect each other's opinions and discuss constructively within a limited period of 

time. These observations show that the lesson was successful in helping to develop the 

students' capacities in Critical and Caring thinking. 

For the topic on Energetics - cellular respiration, three one-hour long lessons were 

conducted. The first lesson addressed concepts in glycolysis and anaerobic respiration and the 

second lesson addressed concepts on aerobic respiration. The third lesson required students to 

discuss the effectiveness of a respiratory poison which is also commonly used as a weight 

loss drug. In the first two lessons, upon completion of the tRA T, students were immediately 

tasked to solve related problems in their teams. The tAPP questions in the first lesson were 

based on a scenario that relates to their everyday life, namely the making of soya sauce. In 

the second lesson, a demonstration was carried out and students had to explain the scientific 
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principles behind the demonstration using content knowledge gained through the RA Ts. This 

was done to break from the routine iRA T & tRA T and to give students the opportunity to use 

visual observations from laboratory experiment to make sense of what they have learnt in 

cellular respiration. The tAPP implemented in the third lesson required students to compare 

different sliming products in the market and use their knowledge to assess the effectiveness 

and possible side effects of the products. Through the series of lessons, it was observed that 

besides developing a sound understanding of the concepts behind cellular respiration, 

students were able to apply the concepts in real life applications such as the fermentation of 

soy beans to become soya sauce, suggest practical means to store and transport soya sauce 

and explain the working of DNP, a respiratory poison. In addition, they were also able to 

propose links between health supplements such as tea cathecins and magnesium to cell 

metabolism. Students commented that they were most engaged in the domain of Creative and 

Caring thinking as they were not allowed to use Internet resources in the first and second 

lessons and had to rely on their imagination and innovation to solve the problems given. They 

also appreciated varied solutions that were presented by different groups. Students also 

realized that their knowledge could be applicable to issues in society as pointed out in their 

reflection " ... contribution to society as we learn to apply scientific knowledge to social 

problems." As yet another student puts it "the content of the tAPP challenged me to think 

from the point of view of a health advisor, in effect engaging my ability to see things from 

different perspectives since the presentation would need to be geared towards members of the 

public and should not be complicated". These comments show that the lesson was successful 

in helping to develop the students' capacities in Creative and Caring thinking. 

For the topic Homeostasis - Nervous system, students were required to read their 

lecture notes, complete concept checks and post at least 1 response for discussion on Moodie 

(an online learning management platform) before engaging in TBL. The Moodie discussion 
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motivated students to take ownership of their learning (empowers), encouraged students to 

articulate well thought out questions (reflects) and encouraged students to peer tutor each 

other (collaborates), helping them to reinforce their knowledge. It also enables tutors to gauge 

the students' understanding for the topic, and to address the good questions and the 

misconceptions during class. In the first session of TBL, iRA T and tRA T was conducted 

using a case study where students were posed questions following a scenario - a doctor had a 

meal of pufferfish and experienced several symptoms. The context helped to engage students' 

interest as it was relevant to real-life situations (imagines, empathizes). This also helps to 

develop the students in caring thinking. In the second session, iRA T and tRA T consisting of 

10 challenging MCQs were used to assess the students' deep understanding of the biological 

concepts. Many appreciated the case study used for tAPP, "allowing them to draw links 

between the content in their lecture notes and real life issues" (synthesis). These comments 

show that the lesson was successful in helping to develop the students' capacities in Critical, 

Creative and Caring thinking. 

For the topic Molecular and Cellular Biology - cell signaling, students were required 

to do the iRA T and tRA T in the first session. Ninety percent of the Multiple Choice 

Questions employed require Application and Analysis (AA) with easy to moderate difficulty 

level. During the design of the questions, it was intended that some of MCQ options were 

very similar to each other, or that students are required to choose the best option out of 

several factually correct options. Apart from that, in 40% of the questions students had to 

choose a combination of correct statements instead of only choosing one answer. These were 

done to allow students to apply their knowledge, as well as to give a platform for a robust 

team discussion during the tRA T session. With multiple correct answers within one MCQ, 

team members had more opportunities to defend their choices and explain their views to each 

other. In the second lesson, students are given a novel scenario involving G-protein Coupled 
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Receptor (GPCR) in the context of yeast mating response for their tAPP. After they were 

given a brief write-up on yeast-mating response and experimental results from different yeast 

strains, students had to deduce the molecular mechanism of G-protein signaling as well as 

predict experimental results given new yeast strains. During the lesson implementation, it was 

observed that students were rather taken aback by the novel scenario, with several students 

giving feedback that the tAPP task seems daunting at first. However, at the end of the lesson 

7 out of the 8 groups managed to get the correct answers to the tAPP. As the questions were 

modified from a second-year university level textbook, the result shows that the team 

discussion allowed students to solve problems well beyond the demand of H2 A-level 

Biology. Upon lesson delivery, student's feedback suggests that they were engaged in all 

three thinking domains, namely Critical, Creative, and Caring thinking. For Critical thinking, 

the capacities that most often cited by students are 'application' and 'analysis'. Students 

appreciated the fact that they had to use their knowledge from the A-level syllabus to 

understand a novel scenario and then apply the learnt principles to solve the problem given. 

While analysing the problems through their logical reasoning, students are engaged in the 

'Caring thinking' domain at the same time, as they have to consider multiple perspective from 

their team members during tRAT & tAPP discussion. As one student puts it " ... iRAT/tRAT 

allows more time for discussions, in which we challenge each other's understanding and 

logical reasoning ... ". Yet another student commented that 'the tRA T gives an excellent 

opportunity for students to debate their points of view .... , opens up the possibility of multiple 

interpretations of the issues at hand as well as a compromise of these divergent stands, which 

broadens one's perspective'. The team discussion that took place every lesson also served as 

an excellent platform for students to hone their creative thinking ability. The team approach 

forced student to be more open-minded and to consider multiple perspectives other than their 

own, which promotes agility in thinking. Students gave feedback that the lessons allowed 
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them to ' ... be more flexible in our approach to answering the questions' and ' ... think 

flexibly and divergently, considering each case and evaluating the validity'. 

Critical thinking 

Homeostasis 

For critical thinking, the capacities that most often cited by students are 'application' and 

'analysis'. Students appreciated the fact that they had to use their knowledge from the A-level 

syllabus to understand a novel scenario and then apply the learnt principles to solve the 

problem given. (Quote: we had to apply what we learnt on cell signaling to a relatively 

unfamiliar signaling pathway of yeast cell mating). 

Caring thinking 

Homeostasis 

While analyzing the problems through their logical reasoning, students are engaged in the 

'caring thinking' domain at the same time, as they have to consider multiple perspective from 

their team members during tRAT & tAPP discussion. As one student puts it ' .. . iRAT/tRAT 

allows more time for discussions, in which we challenge each other's understanding and 

logical reasoning ... '. Yet another student commented that 'the tRAT gives an excellent 

opportunity for students to debate their points of view .... , opens up the possibility of multiple 

interpretations of the issues at hand as well as a compromise of these divergent stands, which 

broadens one's perspective'. 

Biomolecules 

Both the students and the tutors felt that the seminar was an enriching experience to extend 

our knowledge of enzymes. Besides, many groups demonstrated their care to the community 

and the environment, by researching and presenting on topics involving human diseases, 

medical research, and leather processing. Students feedback that their rich was extended 

beyond passive absorption of facts. In TBL they had to actively seek and synthesis 
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knowledge. 

"/ have learnt to apply the concepts we have learnt to real life applications through the 

Significance of Enzymes task to understand the world around us. " 

Creative thinking 

Homeostasis 

The team discussion that took place every lesson also served as an excellent platform for 

students to hone their creative thinking ability. Compared to individual task, the team 

approach forced student to be more open-minded and to consider other arguments other than 

their own, which promotes agility in thinking. Students feedback that the lessons allowed 

them to ' .. . be more flexible in our approach to answering the questions' and ' .. think flexibly 

and divergently, considering each case and evaluating the validity'. 

Energetics 

There were students who preferred the challenging questions that were posed to them. One 

student preferred the questions for Nervous System compared to the ones in Photosynthesis, 

which stimulated their thinking and the necessity to work as a team, while another like to 

have more questions. ( creative thinking) 

Biomolecules 

In one of the tAPP tasks, students were to participate in a "contest" in which the teams were 

asked to "grow" the fastest "elephant toothpaste". Students were challenged to apply their 

knowledge of the learning outcome to "investigate and explain the effects of temperature, pH, 

enzyme concentration and substrate concentration on the rate of enzyme catalysed reactions". 

In addition to rationalize the manipulation of factors to improve the rate of reaction, students 

also needed to take into consideration of risk hazards and limitations of physical 
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environment. Besides fun, students feedback that they learnt to think with agility, and to 

consider the problem holistically. 

"The elephant toothpaste experiment trains us to think flexibly as the outcome is not just 

limited to a single factor but is due to the combined effect of all the factors. " 

" We had to think out of the box and consider some of the less common factors that could 

affect the outcome of the elephant toothpaste experiment. " 

Students' feedback on whether they were positive about TBL: 

Respondents 
Percentage who indicated they were positive about 

TBL 

JC 1 students 89.5% 

JC2 students 
88.7% 

Figure 3: Percentage of students who indicated they were positive about TBL. 

Overall, when asked if they enjoyed this mode of learning, approximately 89.5% and 

88.7% of the JCl and JC2 students were positive about TBL (Figure 3), as one student 

expressed that "the team application activities do indeed bring the lesson to life by 

challenging students to ascertain what issues are relevant". Generally, they noted that the 

TBL pedagogy enabled them to extend their learning beyond the A-level syllabus, 

encouraged them to take ownership of their learning, and developed their capacity to think 

independently in a critical, caring and creative manner. Students particularly enjoyed the 

iRA T and tRA T process as they could ascertain if their self-learning was accurate, as 

commented, "I liked the concept of building up our knowledge through the different modes 

of assessment (from iRA T to tRA T to tAPP)" and "It (iRA T and tRA T) allows for the 

individual to check his knowledge first before group discussion to correct one' s conceptual 

errors". 
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They also indicated that it was easier and more efficient to consult their peers rather 

than their tutors, as some students were afraid of making mistakes or asking silly questions in 

front of the whole class. They also enjoyed the group collaboration during tAPP that allowed 

them to clarify misconceptions and enhance assimilation of important concepts. It also 

allowed them to establish strong communication skills and honed their ability to discuss 

differing opinions in a respectful manner. 

Energetics 

Overall, when asked if they like this mode of learning, 88% of the respondents expressed 

they like it and enjoyed learning using TBL, as one student expressed that, "the team 

application activities do indeed bring the lesson to life by challenging students to ascertain 

what issues are relevanf' . 

It is interesting to note that the number of students who felt positive about TBL increased 

from 84% to 88% from the topic Photosynthesis to HECS/Nervous System, which could be 

contributed by the more challenging tAPP question employed in HECS. 

Tutor's feedback 

Tutors also observed that the long-term use of TBL helped students in their thinking 

processes. Many tutors noted that new ideas often emerged from these collaborative 

processes. This is in agreement with a prior study done by Vera John-Steiner (1985) which 

reported that individual creativity was built upon the scaffolding of collegial interactions. 

Many tutors found the TBL pedagogy very powerful because it provided students with many 

opportunities to make visible their train of thought, hear alternative perspectives and reflect 
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on their thinking processes. Consequently tutors were able to question assumptions and 

correct misconceptions when necessary. 

Improvements 

When the HCI Biology unit (College) embarked on TBL in January 2014, the initial 

intention was to foster students' deep understanding of biological concepts, engage students' 

interest and participation, and motivate students to take ownership of their learning. 

Concomitantly, there was the larger aim of developing students' capabilities in critical 

thinking, creative thinking and caring thinking. It was noted that for the first few topics such 

as Photosynthesis and Cellular Respiration, the tAPP proved to be rather inefficient if the 

students in a team could not agree on a common answer so that an endless argument may 

ensue, or if the questions have a straightforward, definite answer with limited room for 

discussion. Therefore, it is important to structure the tAPP task carefully, ensuring that while 

the question is crafted based on fundamental concepts, and it must be sufficiently challenging 

and open-ended to allow for discussion of alternative solutions. Students also commented 

that they were unsure about the salient points at the end of the tAPP and how tAPP is relevant 

to the H2 syllabus. Therefore, we suggest the tAPP activity could be structured such that 

tutors would ask the whole class to suggest a one-liner take home message for the tAPP. This 

would help students relate the tAPP activity to their current syllabus. Although this may 

require a little more time, it could provoke critical thinking and higher retention of 

understanding. It was also note-worthy that a smaller group size of 4 - 5 students is 

advantageous in facilitating more fruitful discussions since every student would have the 

opportunity to share their thoughts and ideas. 

Homeostasis 

To further enhance the lessons, one of the improvements that can be made is to allow for 
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open-ended answers to tAPP questions. The two questions posted during tAPP were in the 

MCQ format, hence students have a boundary and had to make their choices within the given 

boundary. Subsequently when all groups reveal their answers, students tend to lose interest 

to defend / question popular answers because majority assumed that the popular options are 

correct. Hence, it is possible to give the question in a short answer format. This will enhance 

the students' creative thinking ability as they have to synthesize the answers on their own. 

This will also allow for more engaged and robust class discussion, as different groups are 

likely to come up with different answers and students have more motivation to elaborate on 

their answers. 

Energetics 

Some students have also pointed out that due to the nature of the open-ended question, they 

were sometimes unsure regarding the salient points of the question. Therefore, after the tAPP 

session, teachers could ask whole class to suggest a one-liner as the take home message for 

the tAPP. That sentence should help students relate the tAPP question to their current 

syllabus. Although this may require more time, but it would be provoke critical thinking and 

higher retention as compared to the teacher providing the answers. 

In the course of our study, it was also observed that depending on the topic taught, 

there were a small group of students (approximately 11 % to 12 %) who reflected that they did 

not enjoy TBL. They commented that the use of this pedagogy in the teaching of H2 Biology 

syllabus was not efficient and there could be better use of the time in the classroom especially 

for JC2 students who would be taking their national examinations at the end of the year. They 

recommended that this pedagogy be used for JCl students instead. A minority of students 

also gave feedback that the pre-lesson tasks were time-consuming and stressful and the 

salient points of the topic were not clearly defined after the tAPP, hence they felt insecure 

whether they have indeed learnt the necessary concepts. This group of students suggested 

536 



Team-Based Leaming (TBL) In The Teaching Of Biology 

having a prelesson session before iRA T, tRA T and tAPP to go through the salient points at an 

accelerated pace to ensure they had a strong foundation in the topic. We will take note of 

these concerns and strategise our lessons accordingly in the next academic year. We also 

intend to review our results from this study and fine tune our TBL pedagogy and standardise 

the use of the TBL pedagogy across the a greater selection of H2 Biology topics. 

Energetics 

Only 12% of the students did not feel positive about TBL, as they expressed that the mode of 

learning was time-consuming and felt that there could be better use of the time since they will 

be taking their A-levels this year, and recommended that TBL may be more suitable for JCI 

students instead. Another student commented that the prelesson tasks were time-consuming 

and stressful. In addition, without attending lecture together with the students from 

mainstream, another respondent felt that the salient points of the topic was not clearly defined 

after the tAPP, resulting in the student having lower confidence for topics that were taught 

with TBL. These two students suggested having a prelesson session before iRA T, tRAT and 

tAPP to go through salient points at a faster pace to ensure the foundation of the students are 

anchored. 

Conclusion 

In conclusion, the TBL pedagogy, applied in the teaching of the H2 Biology syllabus, 

allows students to embrace a more holistic view of a problem at hand, hence allowing for a 

more precise perception of the problem. This encourages students to find innovative solutions 

to the problem. The collaborative process involved also allowed students to consider the 

opinions of others and assemble together snippets of information contributed by each 

individual in order to achieve a holistic view of the problem and generative creative 
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solutions. Our findings show that if applied appropriately using a carefully designed tAPP 

task, the TBL approach is an effective classroom pedagogy that encourages the students' to 

think in depth about biological concepts taught and take ownership of their learning. This 

pedagogy also increases students' interest in the subject hence increasing their participation 

in class. More importantly, this pedagogy also helps students to develop 21 st century 

competencies: critical thinking, creative thinking and caring thinking. These competencies 

will hold them in good stead as they move on to pursue their tertiary education and eventually 

the workforce. 
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Appendix 1: Hwa Chong Institution's Global Literacy Matrix 

3 Cs Capacities Description 5+1 Dispositions 

Comprehends Lists, summarizes, paraphrases, restates content in your own words 
Shows understanding of main ideas 
Perceives intention and significance 
Understands multi-media information (Digital Literacy) 

Interprets Decodes in the light of individual belief, judgment or circumstance 
Makes meaning in relation to local and global cultures and contexts across time 

t::I .... 
r:,., 

~ 
("l .... 
-= Analyzes Makes inferences and draws implications from information provided t"" 

t::I .... 
Determines argument and intention in the text ~ C, Determines the logic and structure of the text t::I 

~ Discusses the connotation of key words 
Identifies connections and relationships and how they are relevant 

= ~ 

~ u Applies Organizes information and ideas .... 
~ Uses knowledge to solve problems 
cil Transfers abstract or theoretical ideas to practical solutions u 

Questions Asks essential questions that enhances understanding 
Explores conceptual/ abstract, philosophical underpinnings 

r:,., 
Asks questions to address the breadth and depth of problems ~ 
Interrogates / investigates existing practices / status quo and identifies gaps :l 

-,l 

~ 
r:,., .... 
i'.'(l 

z 
Predicts Generates possibilities/ outcomes/ ideas/ issues based on observations, patterns, conclusions, data or other relevant information 

~ 

~ 
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Synthesizes Identifies important and relevant information and finds connections among different sources of information that may cut across 
disciplines 
Selects and integrates crucial information from the different sources that makes sense, to complete a task/ form a unique product 

Evaluates Provides an informed opinion about a topic supported with evidence and argument 
Makes decisions based on supporting evidence 

Imagines Explores environments and manipulate resources 
Experiments with processes of problem-solving 
Suspends real world consequences by taking risks and appreciating trial and error 

Observes Holistically Sees the tangibles and intangibles with all the senses and heart 
Considers both breadth, depth 
Notices connections 

C ~ 

~ Experiments Seeks new experiences / methods / solutions =~ z Tests new theories I models I hypothesis ~~ = :.,,: 
E-< C') 

'"" ;, -E-< 
< Innovates Sees potential and explores possibilities ~ u Produces something new and better 

Designs and modifies to improve existing practices or products 
Embraces risks and sees failure as a mean to improve 

Thinks with Agility Thinks flexibly and divergently 
Open-minded and suspends judgment 
Tolerates ambiguity 
Engages in multiple literacies 
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Perseveres Sustains interest and effort 
Exercises discipline of thought 
Not giving up in the face of obstacles == ('fl 

El ~!li::f .~. '"':t: 
~~ 

Has foresight Envisions possibilities and anticipates challenges Cll ~ 
~--= 

Reflects Understands self, situation, humanity & environment 
Arrives at new insights about self , humanity & environment 

Empowers Enables self and others (raises awareness, builds knowledge, develops skills) to attain individual and collective goals that ('fl 

maintain dignity and respect for self and others. ~ 

= Strikes a balance between autonomy and responsibility ~ 

~ 

C, ~ 
I Contributes Actively Believes and participates in a higher cause 

Acts as an ethical citizen and social agent who takes proactive measures to benefit the world 
Has the moral courage to stand up for what is right 

f--< Pays it forward 
C, 

~ u Considers Multiple Considers all viewpoints and possible impact when making decisions 
Perspectives Has cultural intelligence 

~ 
Collaborates Engages in knowledge sharing using multi-modalities in real and virtual communities Cll 

e; ~ Draws on different sets of expertise and collaborators to solve problems ~Q Demonstrates ability to work in a team with/towards a shared vision 
~ 

Encourages ownership of work as a group ? 
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Empathizes Builds trust and confidence by understanding others' situation 
Respects others 
Puts oneself in the shoes of others 
Appreciates diversity 

Cultivates Relationships Communicates with sensitivity and sincerity 
Seeks win-win (mutually beneficial solutions) in thoughts and actions 
Networks to build rapport 
Builds a strong sense of community 
Respects intellectual property 

[Adapted from Studies in Educational Innovation, Teachers College, Columbia University/Scarsdale Public Schools' Global Capacities Framework and Singapore Ministry of 

Education's 21st-Century Competencies] 
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Appendix 2: Selected Responses from JCI and JC2 Students on TBL on Critical Thinking 

Student 
A 

B 

Interprets 

I have learnt how to 
interpret questions and 
the tasks given in order 
to come up with an 
answer to that question. 

Analyses Applies 

Through the TBL 
approach, I was able to 
apply knowledge and 
concepts taught (such 
as the various levels of 
organisation of 
.collagen molecules) to 
real-life situations, such 
as collagen-related 
disease. For instance, I 
could apply my 
knowledge of the 
primary structure of 
collagen ( containing 
glycine, hydroxylysine 
and hydroxyproline) to 
explain how deficiency 
in Vitamin C causes 
scurvy. I felt this was 
very meaningful and 
allowed me to make 
connections between 
curriculum content and 
real-life situations, 
which furthered my 
understanding of the 
topic. 
The tasks, e.g. The task 
on collagen, allows us 
to apply what we know 
about collagen as a 
protein on the various 
tasks and questions 
given, allowing us to 
understand the 
connection between the 
facts in our notes and 
how to apply them. 

Capacities 

Questions 

During the course of the 
programme, I was given 
opportunities to ask 
many questions to my 
fellow classmates who 
presented on the 
various topics at hand, 
and I could easily 
clarify my doubts. In 
addition, I could 
challenge them on 
certain theories that 
they had and this 
promoted healthy 
discussion in the class. 
Overal 1 I felt that I 
learned how to ask 
better questions that cut 
to the bone and struck 
at key points to yield 
deeper insight into the 
topic. 
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Predicts Synthesises 

The tasks made us 
come up with answers 
to questions that do not 
have definite answers, 
allowing us to 
synthesize solutions 
from what we know and 
from our research. 

Evaluates 

TBL gave me 
opportunities to 
evaluate concepts, such 
as the theories that 
eating collagen could 
reverse the effects of 
aging on skin (a theory 
that we agreed was 
wrong.) I also learnt to 
use concepts to evaluate 
proposed arguments 
and theories brought 
forward by my 
classmates in a better 
way. 



C 

D 

E 

For the milk curdling 
exercise, instructions 
given were a bit vague, 
so we had to interpret 
the question ourselves 
and decide on the best 
course of action, for 
example for the dilution 
of vinegar. 

In the collagen task, I 
have to analyse the 
reliability of sources on 
what information the 
sources are telling me 
or tries to hide from me. 

Team-Based Leaming (TBL) In The Teaching Of Biology 

For the collagen in 
daily life task, I really 
got to apply what I have 
learnt to real-life 
scenarios. Without it, 
collagen would just be 
some protein found in 
our body. However, 
through this exercise, I 
learnt how collagen can 
be used in daily life and 
some of the diseases 
related to it. 
The lessons have 
definitely enabled me to 
sharpen my application 
skills. We were 
constantly given 
examples of different 
applications of collagen 
in real life and were 
given tasks to research 
on the usefulness of 
collagen supplements 
and products in our 
daily life. 
I was able to I ink 
changes in the shape of 
collagen fibre or 
breakdown of matured 
collagen with changes 
in skin texture, such as 
the formation of 
wrinkles 

When listening to 
others' presentations on 
the collagen in daily life 
task, I learnt to question 
others' opinions as well 
as my own opinions. 
Also during the tRAT, I 
got to clarify my doubts 
and correct my 
misconceptions by 
asking questions. 
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During the sessions, we 
were constantly asked 
to predict certain 
patterns based on a 
given trend/ situation. 
For instance, to predict 
the foetal haemoglobin 
affinity to o2 graph 
based on the normal 
haemoglobin and 
myoglobin graphs. 

The tasks required us to 
combine what we have 
done in the milk 
curdling experiment 
with the principles 
behind it. I think that if 
there is time it would be 
beneficial to conduct 
some tests on the 
curdled milk mixture to 
test its composition. 
More time should be 
given for the class 
discussion so that we 
have time to form a 
better understanding of 
milk curdling 

During one of the 
sessions, every group 
came up with a plan on 
carrying out a milk 
curdling experiment. 
We then read the 
different groups' plans 
and compared their 
plans with ours, 
evaluating our own 
plans as well as the 
others' . 



F 

G After having done the 
first team-based 
learning activity on 
proteins, which 
required us to work 
together in groups, I 
have actually learnt 
more about analysing 
data. We split up the 
work to do individually, 
and to answer the 
questions given, I had 
to do online research. 
There were, of course, 
different sources 
claiming different 
things on! ine, and in 
order to determine 
which was most 
reliable, I had to cross
refer to different 
sources, which taught 
me more about 
analysing what is given, 
instead of simply 
accepting it. 

Team-Based Leaming (TBL) In The Teaching Of Biology 

The milk curdling 
experiment allowed us 
to apply the knowledge 
we have to find the 
answers to the 
questions posed to us. 

The things I've learnt 
from the activities are 
not only in theory, but 
also can be applied to 
real life e.g. collagen 
fad - is the hypothesis 
that the consumption of 
collagen can help 
increase collagen levels 
in the body true? (there 
is no evidence to show 
that it does help more 
than any other proteins, 
and in fact will most 
likely just be broken 
down into amino acids). 

Posting questions 
related to the topic on 
Proteins in the Moodie 
discussion forum 
allowed me to learn to 
think through holes in 
my understanding of 
the topic and ask 
meaningful questions. 
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From learning about the 
collagen fad , I have 
learnt to predict the 
effectiveness of other 
claimed products when 
consumed e.g. 
glucosamine - may not 
be effective as claimed, 
after all consumption 
will lead to digestion as 
per normal, into its 
monomers. 

The presentation about 
Collagen allowed me to 
synthesise answers to 
the various tasks using 
my knowledge about 
the topic. 



H 

J 

When we were taking 
the iRAT, many of us 
interpreted the question 
a certain way and based 
on that gave a certain 
answer, however, once 
we were allowed to 
discuss the same 
questions as a group, 
many different 
interpretations of the 
same question were 
brought up and we had 
to choose one we 
thought was the most 
likely one to base our 
answer on. These 
discussions helped me 
understand that 
questions can be 
interpreted multiple 
ways and to think from 
different perspectives. 
The lessons helped us 
appreciate experimental 
evidence for the light 
and light independent 
reaction of 
photosynthesis and 
allowed us to gain a 
better understanding of 
the thought process that 
went into these 
experiments 
Graphs, data and 
figures of 
photosynthesis and its 
evidences require us to 
interpret and bring two 
parts of the topic, light 
dependent and 
independent together, 
to understand and 
figure out what the data 
is trying to show. 

For the last question of 
the iRAT, our entire 
group did not fully 
understand the concept 
of the question, 
however, we managed 
to analyse the diagram 
and from there decide 
on one of the options 
for our answer. Even 
though we had not read 
about the exact question 
in our notes, we were 
able to come to a 
conclusion still via 
analysis of the diagrams 
and choices provided. 

The questions helped in 
our analytical thinking 
by helping us break 
down the problems into 
simpler steps through 
guided questions and 
the answers showed us 
the correct answering 
technique 

Based on what we 
learnt about proteins we 
were able to evaluate 
the reliability of real 
life claims made in real 
life such as about eating 
collagen. I found this 
very interesting as not 
only was it teaching us 
to apply the knowledge 
gained in class, but into 
a situation that many of 
us have faced or at least 
heard about which 
made it even more 
personal. 

The lessons and 
questions asked helped 
us apply the theoretical 
concepts we have learnt 
to everyday problems 

Different team based 
activities are carry out 
and we apply 
knowledge into novel 
situation such as the 
one in the team based 
learning and also apply 
what we have learnt 
into experimental 
evidence which further 
strengthen our 
concepts. 

Team-Based Learning (TBL) In The Teaching Of Biology 

The session allows us to 
question the process of 
photosynthesis and the 
purpose of each step. It 
also allows us to 
question others and 
accept questions from 
our peers through group 
work and let us think a 
level deeper into the 
topic. 
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Appendix 2: Selected Responses from JCI and JC2 Students on TBL on Critical Thinking 

Student 
A 

8 

Interprets 

I have learnt how to 
interpret questions and 
the tasks given in order 
to come up with an 
answer to that question. 

Analyses Applies 

Through the TBL 
approach, I was able to 
apply knowledge and 
concepts taught (such 
as the various levels of 
organisation of 
.collagen molecules) to 
real-life situations, such 
as collagen-related 
disease. For instance, I 
could apply my 
knowledge of the 
primary structure of 
collagen ( containing 
glycine, hydroxylysine 
and hydroxyproline) to 
explain how deficiency 
in Vitamin C causes 
scurvy. I felt this was 
very meaningful and 
allowed me to make 
connections between 
curriculum content and 
real-life situations, 
which furthered my 
understanding of the 
topic . 
The tasks, e.g. The task 
on collagen, allows us 
to apply what we know 
about collagen as a 
protein on the various 
tasks and questions 
given, allowing us to 
understand the 
connection between the 
facts in our notes and 
how to apply them . 

Capacities 

Questions 

During the course of the 
programme, I was given 
opportunities to ask 
many questions to my 
fellow classmates who 
presented on the 
various topics at hand, 
and I could easily 
clarify my doubts. In 
addition, I could 
challenge them on 
certain theories that 
they had and this 
promoted healthy 
discussion in the class. 
Overall I felt that I 
learned how to ask 
better questions that cut 
to the bone and struck 
at key points to yield 
deeper insight into the 
topic . 
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Predicts Synthesises 

The tasks made us 
come up with answers 
to questions that do not 
have definite answers, 
allowing us to 
synthesize solutions 
from what we know and 
from our research. 

Evaluates 

TBL gave me 
opportunities to 
evaluate concepts, such 
as the theories that 
eating collagen could 
reverse the effects of 
aging on skin (a theory 
that we agreed was 
wrong.) I also learnt to 
use concepts to evaluate 
proposed arguments 
and theories brought 
forward by my 
classmates in a better 
way. 



C 

D 

E 

For the milk curdling 
exercise, instructions 
given were a bit vague, 
so we had to interpret 
the question ourselves 
and decide on the best 
course of action, for 
example for the dilution 
of vinegar. 

In the collagen task, I 
have to analyse the 
reliability of sources on 
what information the 
sources are telling me 
or tries to hide from me. 

Team-Based Leaming (TBL) In The Teaching Of Biology 

For the collagen in 
daily life task, I really 
got to apply what I have 
learnt to real-life 
scenarios. Without it, 
collagen would just be 
some protein found in 
our body. However, 
through this exercise, I 
learnt how collagen can 
be used in daily life and 
some of the diseases 
related to it. 
The lessons have 
definitely enabled me to 
sharpen my application 
skills. We were 
constantly given 
examples of different 
applications of collagen 
in real 1 ife and were 
given tasks to research 
on the usefulness of 
collagen supplements 
and products in our 
daily life. 
I was able to link 
changes in the shape of 
collagen fibre or 
breakdown of matured 
collagen with changes 
in skin texture, such as 
the formation of 
wrinkles 

When listening to 
others' presentations on 
the collagen in daily life 
task, I learnt to question 
others' opinions as well 
as my own opinions. 
Also during the tRAT, I 
got to clarify my doubts 
and correct my 
misconceptions by 
asking questions. 
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During the sessions, we 
were constantly asked 
to predict certain 
patterns based on a 
given trend/ situation. 
For instance, to predict 
the foetal haemoglobin 
affinity to o2 graph 
based on the normal 
haemoglobin and 
myoglobin graphs. 

The tasks required us to 
combine what we have 
done in the milk 
curdling experiment 
with the principles 
behind it. I think that if 
there is time it would be 
beneficial to conduct 
some tests on the 
curdled milk mixture to 
test its composition. 
More time should be 
given for the class 
discussion so that we 
have time to form a 
better understanding of 
milk curdling 

During one of the 
sessions, every group 
came up with a plan on 
carrying out a milk 
curdling experiment. 
We then read the 
different groups' plans 
and compared their 
plans with ours, 
evaluating our own 
plans as well as the 
others' . 



F 

G After having done the 
first team-based 
learning activity on 
proteins, which 
required us to work 
together in groups, I 
have actually learnt 
more about analysing 
data. We split up the 
work to do individually, 
and to answer the 
questions given, I had 
to do online research. 
There were, of course, 
different sources 
claiming different 
things online, and in 
order to determine 
which was most 
reliable, I had to cross
refer to different 
sources, which taught 
me more about 
analysing what is given, 
instead of simply 
accepting it. 

Team-Based Leaming (TBL) In The Teaching Of Biology 

The milk curdling 
experiment allowed us 
to apply the knowledge 
we have to find the 
answers to the 
questions posed to us. 

The things I've learnt 
from the activities are 
not only in theory, but 
also can be applied to 
real life e.g. collagen 
fad - is the hypothesis 
that the consumption of 
collagen can help 
increase collagen levels 
in the body true? (there 
is no evidence to show 
that it does help more 
than any other proteins, 
and in fact will most 
likely just be broken 
down into amino acids). 

Posting questions 
related to the topic on 
Proteins in the Moodie 
discussion forum 
allowed me to learn to 
think through holes in 
my understanding of 
the topic and ask 
meaningful questions. 
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From learning about the 
collagen fad , I have 
learnt to predict the 
effectiveness of other 
claimed products when 
consumed e.g. 
glucosamine - may not 
be effective as claimed, 
after all consumption 
will lead to digestion as 
per normal, into its 
monomers. 

The presentation about 
Collagen allowed me to 
synthesise answers to 
the various tasks using 
my knowledge about 
the topic. 



H 

J 

When we were taking 
the iRA T, many of us 
interpreted the question 
a certain way and based 
on that gave a certain 
answer, however, once 
we were allowed to 
discuss the same 
questions as a group, 
many different 
interpretations of the 
same question were 
brought up and we had 
to choose one we 
thought was the most 
likely one to base our 
answer on. These 
discussions helped me 
understand that 
questions can be 
interpreted multiple 
ways and to think from 
different perspectives. 
The lessons helped us 
appreciate experimental 
evidence for the light 
and light independent 
reaction of 
photosynthesis and 
allowed us to gain a 
better understanding of 
the thought process that 
went into these 
experiments 
Graphs, data and 
figures of 
photosynthesis and its 
evidences require us to 
interpret and bring two 
parts of the topic, light 
dependent and 
independent together, 
to understand and 
figure out what the data 
is trying to show. 

For the last question of 
the iRAT, our entire 
group did not fully 
understand the concept 
of the question, 
however, we managed 
to analyse the diagram 
and from there decide 
on one of the options 
for our answer. Even 
though we had not read 
about the exact question 
in our notes, we were 
able to come to a 
conclusion still via 
analysis of the diagrams 
and choices provided. 

The questions helped in 
our analytical thinking 
by helping us break 
down the problems into 
simpler steps through 
guided questions and 
the answers showed us 
the correct answering 
technique 

Based on what we 
learnt about proteins we 
were able to evaluate 
the reliability of real 
life claims made in real 
life such as about eating 
collagen. I found this 
very interesting as not 
only was it teaching us 
to apply the knowledge 
gained in class, but into 
a situation that many of 
us have faced or at least 
heard about which 
made it even more 
personal. 

The lessons and 
questions asked helped 
us apply the theoretical 
concepts we have learnt 
to everyday problems 

Different team based 
activities are carry out 
and we apply 
knowledge into novel 
situation such as the 
one in the team based 
learning and also apply 
what we have learnt 
into experimental 
evidence which further 
strengthen our 
concepts. 

Team-Based Leaming (TBL) In The Teaching Of Biology 

The session allows us to 
question the process of 
photosynthesis and the 
purpose of each step. It 
also allows us to 
question others and 
accept questions from 
our peers through group 
work and let us think a 
level deeper into the 
topic. 
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Appendix 2: Selected Responses from JCl and JC2 Students on TBL on Creative Thinking 

Student Imagines 

A 

8 

C 

Observes Holistically 

I was able to make 
connections between 
the structure and 
function of collagen and 
its role in causing 
diseases. For instance, 
defects in the structure 
of collagen will affect 
the function of collagen, 
and non-functioning 
collagen can cause 
diseases in humans as it 
is an important 
structural protein in the 
body. 

The questions given to 
us I the task about 
collagen allows us to 
relate what we know 
previously about 
proteins and the 
digestive system to 
collagen, to determine if 
the consumption of 
collagen is beneficial to 
us. 
For the collagen in daily 
life task, I learnt to 
observe ho! istically. 
During presentations, 
people will ask things 
that I may not have 
noticed before, and 
sometimes when I read 
information, I just 
accept it without asking 
why. So, this task has 
spurred me to consider 
both breadth and depth 

Experiments 

For the milk curdling 
experiment, we were 
asked to dilute the 
vinegar but there was 
not direct instructions 
for this step. As such 
we had to experiment a 
bit before finally 
realising that we had to 
do serial dilution. 

Capacities 

Innovates 

The tasks given to us 
makes us think of novel 
solutions and answers to 
questions given in order 
for us to answer the 
questions. 
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Thinks with Agility 

I was able to practice 
agile thinking as I had 
to listen to and critique 
other groups' 
presentations, some of 
which had differing 
theories from mine. So I 
had to remain open
minded and suspend 
judgment until the Q&A 
session, where I could 
ask questions to clarify 
my doubts about the 
other group's theory to 
evaluate whether it was 
really correct. 

Group members may 
have conflicting views 
and the tasks given to us 
made me more open 
minded to other people's 
answers and their 
thoughts. 

For the collagen in daily 
life task, there were no 
definite answers to 
certain questions and 
they differ from person 
to person. So I learnt to 
think divergently and be 
open-minded towards 
different opinions and 
tolerate ambiguity. 

Perseveres 

The group presentation 
required us to conduct 
research on the claims 
that eating collagen 
would help rejuvenate 
aged skin, and also 
investigate 3 more 
collagen-related 
diseases. In spite of the 
heavy research required, 
we persevered and put 
in the required amount 
of effort. It paid off as 
we were one of the 
better groups on the day 
of presentation. 

Has foresight 



D 

E 

F 

of the 
question 
accepting. 

topic and 
before 

The sessions have 
enabled us to be more 
sensitive towards the 
various connections 
between topics, for 
instance, the connection 
between the topic of 
genes and proteins. 

Holistic observation is 
required to figure out 
factors that affect milk 
curdling such as 
concentration, time 
taken for curdling to 
take place, and combine 
it with the theories 
behind the precipitation 
of casein to reason what 
happened in the process 

The collagen 
presentation allowed us 
to find our own answers 
to issues about which 
different people may 
have differing opinions. 

The experiment 
challenges us to figure 
out ambiguous sections 
of the instructions, 
forcing us to find out 
more about the principle 
behind milk curdling 
beforehand. While we 
still did not get the 
result, we did learn a lot 
more from this 
experiment 

The milk curdling 
experiment did not 
explicitly state the steps 
we had to take to 
complete the practical 
and this improved our 
experimental and 
planning skills. 
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We were more open
minded towards 
different opinions and 
learnt how to tolerate 
ambiguity, for instance 
there is no absolute 
clear answer as to 
whether collagen skin 
products applied 
externally have positive 
effects. 
Opinions about the 
effectiveness of 
collagen is mixed. 
Hence while trying to 
find out the truth about 
collagen we have to 
remain open minded 
and do not jump to 
conclusions that 
collagen is entirely 
useless and try to find 
out why some experts 
maintain that collagen 
supplement pills have 
some benefits. 
Discussing the answers 
to the iRA T allows us to 
see different viewpoints 
and be more open
minded to new ideas. 

Our group faced some 
difficulties trying to 
obtain the correct pH 
values during the milk 
curdling experiment. 
Although it was 
frustrating, we pressed 
on. 



G 

H Even though we have 
not had the chance to 
see the protein structure 
and amino acids up 
close in real life before, 
the ideas of the primary, 
secondary, etc. structure 
were very interesting 
especially when we had 
to imagine the structure 
of certain proteins and 
how it affects the 
proteins properties and 
function . 

The lessons helped us 
think of creative ways 
to solve the problems 
and imagines possible 
outcome or pathways 
for photosynthesis and 
it's inhibition 

I have been able to 
observe how fads may 
not be scientifically 
proven, but popular all 
the same due to more 
and more people 
choosing to follow the 
fad, due to peer pressure 
etc. 

We had to work 
together to carry out an 
experiment for milk 
curdling, and we learnt 
to work better with each 
other after that. Though 
we realised we messed 
up halfway through the 
experiment, that is what 
learning entails 
sometimes, especially 
when it is hands on, and 
we redid the 
experiment. 

We had to conduct the 
experiment to curdle 
milk and from there 
observe certain 
happenings. What I 
really enjoyed was not 
only being able to 
conduct the experiment 
ourselves but we were 
also giving a chance to 
plan a similar 
experiment on our own 
and it was interesting to 
see how a similar 
experiment could be 
conducted many ways 
(thought of by our own 
group and others) 
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Even though there 
weren't any "correct" 
answers on the internet, 
I realised that there is 
no definite in the area of 
science, and new 
discoveries are being 
made every day. 
Though there are 
currently no cures for 
some of the diseases 
e.g. osteogenesis 
imperfecta, this is only 
temporary and though 
for now the solutions 
are not clear, there will 
come a day where these 
diseases will be cured. 

Like mentioned above, 
our group thought of 
different ways to 
interpret the same 
question and even 
though in the end there 
was a provided 'correct' 
answer, we were told 
that our interpretation 
could be correct as well 
and that it was not 
considered 'wrong' . In a 
sense, there were 
multiple 'correct' 
answers for that one 
question which I think 
was interesting as we 
are normally used to the 
fact that out of 4 
options, only 1 is 
correct. 
Answering the 
questions given 
required an open mind 
because we had to guess 
e.g. how Aetrex 
inhibited photosynthesis 
but I felt that some of 
the questions could 

The team based 
approach allowed us to 
work together to come 
up with a solution and 
keep on discussing to 
come up with a solution 
even when the questions 
are tough 
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have been more open 
minded such that each 
group can give different 
answers 

J In the notes, there is the The experimental Think fast in situation 
processes of light results are only data and and adapt to novel 
dependent and it doesn't tell much with situation is required in 
independent process. imagination of what is the session. We were 
And there are other happening in the given experimental 
details such as etc. and molecular level. We evidences and never 
chemiosmosis. To link think and deduce of seen it before and think 
everything up, one have creative answer the fast and apply is crucial 
to think creatively to explain the to figure out the 
understand the process phenomenon with the solution to the question. 
and its relation. help of preexisting Time limit that is given 

knowledge. Without is not long, so 
creative thinking, an application of 
answer could not be knowledge rapidly is 
devised for a novel part of the thinking. 
situation 
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Appendix 2: Selected Responses from JCI and JC2 Students on TBL on Caring Thinking 

Student 

A 

B 

Empowers Reflects 

The activities allow me to 
reflect on the discussions 
we had during the lessons 
and allows me to be more 
accepting of other views. 

Capacities 

Contributes Actively 

To prepare for the team 
presentation, I was able to 
contribute actively in my 
group to create a cohesive 
presentation with smooth 
transitions between 
speakers. This allowed me 
to invest more effort in 
creating the PowerPoint as 
we wanted to make a 
high-quality end product. 
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Considers Multiple 
Perspectives 

During the tRAT segment, 
our group members had to 
engage in discussion to 
arrive at a final answer. 
This forced me to consider 
multiple perspectives as I 
compared the varying 
ideas and theories that we 
had, and I was able to try 
to see the question from a 
variety of angles. 

There may be multiple 
answers and points of 
view to a question and 
hence, one must consider 
the problem from many 
perspectives to determine 
the best one. 

Collaborates 

I was able to collaborate 
with my team members in 
creating the group 
presentation. We 
coordinated our efforts 
and divided the work, so 
that we could achieve the 
same with less effort. We 
also had to collaborate in 
crafting the slides to 
ensure smooth transition 
between speakers. 

Teamwork is important 
for the tasks in order to 
come up with satisfactory 
answers to the task given 
to us and to determine 
what the best answer to 
the question is. 

Empathises 



C 

D 

E 

F 

The task allows me to 
have a better 
understanding of collagen 
supplement pills, allowing 
me to inform my parents 
when they buy the pills 
which they used to think 
to be very effective in 
improvin11: skin condition. 

Sometimes, when I read 
information, I just accept 
it without asking why. So 
after the pre-lesson 
questions on Moodie, the 
tRAT and !APP, I 
reflected about this aspect 
and decided to improve 
my learning by 
questioning before 
accepting. 

We constantly reflected 
upon our work and though 
about what could be 
improved throughout the 
sessions. 

The group work allowed 
us to learn to contribute 
meaningfully to group 
discussions. 
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For the collagen in daily 
life task, there were no 
definite answers to certain 
questions and sometimes, 
my opinions differ from 
that of others. Therefore, I 
learnt to consider 
problems from multiple 
perspectives and accept 
that there may be more 
than one answer to a 
problem. 

I have learnt to consider 
different perspectives as 
when discussing the 
various cases in class, 
many people have 
differing opinions. 

We have to consider 
multiple perspectives 
while judging the 
usefulness of collagen. 

The discussions we have 
as a group allowed me to 
see various perspectives to 
the same issue. 

For the !RAT, !APP 
segments, I really 
understood the importance 
of collaboration. For these 
2 sections, we discussed 
and work together as a 
group to complete the 
tasks we were given. 
Some may be better in 
certain areas while others 
may be better in other 
areas, so by collaborating, 
we were able to learn from 
each other. 
Much collaboration was 
needed among the group 
to complete the tasks on 
evaluating the 
effectiveness of collagen 
products and identifying 
diseases related to 
collagen. 

My ability to work as a 
team has improved as we 
learn in groups. 



G 

H 

Though there is no 
apparent leader in our 
group, I feel that we all 
take charge when needed, 
and every one of us co
operates well with one 
another, taking 
responsibility for our own 
share of work. 

Within our group there 
was no one outstanding 
leader and we all were 
equal leveled, taking turns 
to take charge of many 
little things including 
arranging how we wanted 
to complete our group 
tasks etc. 

After the procedure 
writing activity, we went 
around in our groups to 
see what other groups had 
written for theirs. Through 
this, we were able to see 
where our shortcomings 
were in the other groups' 
good points - we realised 
we missed out some 
steps/details, and reflected 
upon where we could have 
done better. 

All of our group members 
contributed actively and 
equally in group 
discussions and group 
work, and were willing to 
point out any differences 
they might have had in 
group discussions, which 
helped make the 
discussions more 
interesting and fulfilling. 
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Through the entire team
based learning approach, I 
felt that we learnt to 
collaborate with each 
other, even though we 
haven't known each other 
for very long. Working as 
a team still requires us to 
split the job and work 
separately at times though, 
which is necessary in 
order to complete the task 
in the most efficient 
manner possible. 

When completing our 
group task, we had 
differing opinions on what 
the conditions might have 
been. However, as all of 
us were not sure, we 
collaborated to piece 
together bits of 
information we were quite 
sure about and from there, 
we got a better 
picture/idea of the 
condition and could form 
a conclusion better from 
there. 



J 

Group discussions allowed 
us to listen to other 
member's views and keep 
an open mind about it. 

Listening to other 
members also forces us to 
look at the problem at 
another perspective and to 
reflect on what we may 
have missed out or do not 
see where our friends do 

The discussion session 
allow me to voice my 
opinion and to express my 
point of view. It is a 
platform for me to train 
myself to contribute my 
suggestions to a group of 
community and allow then 
to reflect again what can 
be done to improve the 
situation. 
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Sometimes, the solution 
that are devised has 
compromise the feeling of 
others such as the one in 
team based applications 
case study. We have to 
consider different angles 
and point of view and 
choose the best for 
everyone. 

Lessons helped us to 
understand our team 
member's reasoning and 
learn where they are 
coming from as they argue 
our point 

Question often given have 
context and this allow me 
to understand that the 
knowledge that I have is 
useful and can be applied 
to help other. When others 
are in trouble, I can 
understand the situation 
and the hardship they are 
going through. 
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Appendix 3: Brief Lesson Description and Design for Topics in TBL 

Biomolecules: Proteins 

Lesson description and design: 
For the proteins tAPP task, students were tasked to investigate the effect of changing pH of milk through self-planned experiments. By 
identifying and controlling for various factors ( e.g. temperature) which could also affect the experiment, students were better able to appreciate 
the details required in planning for a good experiment. Further sharing was conducted via creation of group posters, allowing student to discuss 
how each group planned their experiments. This provided the opportunity for students to discuss and identify critical factors or planning steps 
omitted in their own experiment through peer-learning. Another task provided to students was the research task investigating the viability of 
improving skin condition via consumption of collagen, observed in recent fads. Students then presented their findings and analysis on the 
feasibility of this approach. 

Results: 
Qualitative feedback received showed that many students found the process of learning enriching, benefitting holistically (CARING 
THINKING) as they often had to consolidate the knowledge gained through self-directed learning with experimentation and further discussion 
with peers. 

Student 1 Observes The tasks usually draw upon our knowledge on the syllabus and 
Holistically challenges us to apply our understanding of the biology concepts 

into real life scenarios. For instance, we recently concluded a task on 
collagen that had us research on the effectiveness of various methods 
of collagen intake as well as the conditions that could arise from 
collagen deficiency. The task required us to make connections 
between what we have researched online and what we already know 
about the structure of collagen. 

Student 2 Observes Since we all presented on the same topic, all of us had the pre-
Holistically requisite knowledge to judge the content of another group's 

presentation. Hence, keen observation skills were needed to 
scrutinise the other group's content and we noticed how most of us 
came to the same conclusion with the given evidence. 
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Furthermore, through question and answer during presentations, students further consolidated their understanding of the content further, 
sometimes realizing the advantage of viewpoints provided by their peers. Through self-directed research, several students also highlighted the 
need to resolve conflicting information from different sources, further emphasizing the need to critically evaluate information presented to them. 

Student 3 Observes After having done the first team-based learning activity on proteins, 
Holistically which required us to work together in groups, I have actually learnt 

more about analysing data. We split up the work to do individually, 
and to answer the questions given, I had to do online research. There 
were, of course, different sources claiming different things online, 
and in order to determine which was most reliable, I had to cross-
refer to different sources, which taught me more about analysing 
what is given, instead of simply accepting it. 

Student 4 Observes It has allowed me to raise questions on concepts which I had a 
Holistically misunderstanding on and lets me strengthen my understanding on it. 

it let me analyses the whole structures of collagen and haemoglobin 
before coming to conclusions. 

Student 5 Thinks Although I was sure some of my answers were correct at first, I 
with decided to listen to my teammates explain their answers and how 
Agility they arrived at their conclusions. It turns out that they were right - I 

was careless, and their explanations have led me to derive the correct 
answers. 

A very notable point was that through these tasks, students found much value in collaboration. Many highlighted the additional advantage of 
breaking up work which may have been overwhelming for a single student. They also noted positively that through working as a group, students 
could rely on the collective wisdom to research and piece separate information into a coherent scenario, enhancing their ability to function as a 
unit greater than the sum of parts/ solve difficult tasks with incomplete information. This demonstrates that the task was sufficient in engaging 
students to take ownership of their work and learning to address gaps in knowledge. 

Student 5 Collaborates I We had to work with each other and thus had the chance to know 
each other better, especially since most of us were new to one 
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another, so at first there was a certain awkwardness among us which 
we had to dissolve gradually while collaborating with each other. 

Student 6 Collaborates Sometimes although we might choose the same answer, but we 
might not fully understand why, but when everyone knows at least a 
little, and when we piece up all the information we have we will be 
able to achieve the correct explanation or answer. 

Student 7 Collaborates When completing our group task, we had differing opinions on what 
the conditions might have been. However, as all of us were not sure, 
we collaborated to piece together bits of information we were quite 
sure about and from there, we got a better picture/idea of the 
condition and could form a conclusion better from there. 

Improvements: 
Possibly extend the investigation of consuming proteins to additional proteins not in H2 syllabus. Main reason this is not feasible would be that 
it would result in numerous proteins being discussed, reducing the depth the lesson could reach. 

Biomolecules: Enzymes 

Lesson description and design: 

The Team-Based Leaming lessons on the topic of enzymes spanned through three one-hour lectures. During the first lecture, students completed 

iRA T and tRA T to consolidate their fundamental knowledge on the topic. Misconceptions would be surfaced and corrected during the peer

teaching process. Students were then allowed to proceed to two more challenging tasks in tAPP, where they need to apply their knowledge on 

enzymes to real-life context and to solve problems. 

In one of the tAPP tasks, students were to participate in a "contest" in which the teams were asked to "grow" the fastest "elephant toothpaste". 

This task was modified based on the traditional elephant toothpaste experiment to show that enzyme catalase catalyses the breakdown of 

hydrogen peroxide to release oxygen. This would allow foam formation when mixed with soap. The experiment allowed enzyme reactions to be 

presented visually to help students to "see" the reactions that were usually microscopic and invisible. The modifications incorporated the factors 

affecting the enzyme reactions. Therefore, students were challenged to apply their knowledge of the learning outcome to "investigate and 

explain the effects of temperature, pH, enzyme concentration and substrate concentration on the rate of enzyme catalysed reactions". In addition 
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to rationalize the manipulation of factors to improve the rate of reaction, students also needed to take into consideration of risk hazards and 

limitations of physical environment. Besides fun, students feedback that they learnt to think with agility, and to consider the problem holistically. 

Results: 

"It opened my eyes to experiments and their real-life uses not just in textbooks and encouraged me to be interested through the experiment on 

elephant toothpaste." - Student 4 

"The elephant toothpaste experiment trains us to think flexibly as the outcome is not just limited to a single factor but is due to the combined 
effect of all the factors." - Student 8 

"We had to think out of the box and consider some of the less common factors that could affect the outcome of the elephant toothpaste 

experiment." - Student 1 

"When we are asked to design an experiment or modify some steps, we need to consider multiple factors such as potential risks associated, 

possible problem in execution, etc."- Student 9 

In another tAPP task, students were asked to present their funding of an enzyme or enzyme inhibitor that was highly relevant to their daily lives. 

The question was open-ended, and the teams of students were free to propose, research and learn more about any enzyme(s) or enzyme 

inhibitor(s) of their interest. Given autonomy, the range of enzymes and enzyme inhibitors students presented was amazing, with many not 

taught in the entire H2 syllabus. Both the students and the tutors felt that the seminar was an enriching experience to extend our knowledge of 

enzymes. Besides, many groups demonstrated their care to the community and the environment, by researching and presenting on topics 

involving human diseases, medical research, and leather processing. Students feedback that their rich was extended beyond passive absorption 

of facts. In TBL they had to actively seek and synthesis knowledge. 

"I have learnt to apply the concepts we have learnt to real life applications through the Significance of Enzymes task to understand the world 

around us." -Student 10 
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"The presentation we had to do on the significance of enzymes required me to search for information online and analyse the data, before 

deciding what we could include in our slides."- Student 3 

"I like it as it is a new and innovative way of learning as it encourages us to ask why and to find the answers ourselves instead of being spoon fed 

by the teachers and regurgitating it for exams." - Student 4 

"My group's research on luciferase showed many real-life applications in the use of luciferase that I found very interesting. 

Classmates ' presentation on HIV reverse transcriptase and the inhibition of HIV reverse transcriptase made me wonder why it cannot be 

completely inhibited to result in the complete cure of HIV. And it made me wonder if the 4-hour old baby that was cured of HIV received such a 

treatment." - Student I 0 

"We had to apply our knowledge on enzymes to real-world applications such as in trypsin, an enzyme found in the digestive tract, and in alpha-I 

antitrypsin, an inhibitor. 

We had to synthesise knowledge of enzymes in order to gain a better understanding of trypsin and its mechanisms. For example, we had to use 

our contextual knowledge that enzymes have active sites in order to figure out what a catalytic triad was and how it functioned." - Student I I 

Cell and Nuclear Division: Mitosis and Meiosis 

Lesson description and design: 
For the Cell and Nuclear Division tAPP task, students were given a novel scenario investigating how the relatedness of DNA in a chimeric 
woman and her daughter differed from that in a normal mother-daughter scenario. The case study was scaffolded to first allow discussion on 
how the chimeric woman' s and her daughter differed, developing to further explain how chimeric DNA could have resulted in this woman. The 
case study also went beyond the syllabus to explain how such an anomaly could arise naturally and discuss the social implications of being a 
chimera, in this case the difficulty in validating genetic links with the woman' s daughter. 

Results: 
Students found the extra knowledge engaging with some students commenting that the task led them to further question how chimerism would 
affect other spheres of life. It also made them realize that conventional understanding of genetic concepts (i.e.: one set of DNA per person) could 
be violated with no distinguishable trait in the adults and thus had further implications in spheres such as law or policy drafting. One student also 
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compared the parallels in the genetics of chimeras with that of fraternal and paternal twins, demonstrating that she had understood the 
· ·1arities in the scenarios and was able to extend her knowledge to other meaningful scenarios not listed in the task. 

Student 5 Applies We had to apply our new knowledge of chimerism to the context of 
the case study, and use what we have just learnt to answer questions 
such as why the client could appear normal despite being a chimera. 

Student 5 Questions We had to question our knowledge of genetics and DNA as it is 
common knowledge that each person has a unique set of DNA, but 
in this case we realised that a person can actually have 2 different 
sets of DNA existing in their body. 

Student 5 Imagines We had to imagine how fraternal twins and identical twins can 
come about due to the presence of different sets of DNA and how 
the presence of 2 sets of DNA would affect the real world. 

Student 5 Thinks Although we did not completely understand the concept of 
with chimerism, we just to fit what we had learn to the context of the 
Agility case study as much as possible. 

Student 7 Thinks The idea of chimerism was shocking at first, however we kept an 
with open mind for all possibilities and from that learnt about chimerism. 
Agility 

Improvements: 
The lesson aims to provide an exceptional scenario which is not directly applicable in everyday lessons. Potential improvement to this lesson 
would be that students could be further tasked to evaluate the relatedness 

Energetics: Photosynthesis 

Lesson description and design: 
The lesson was carried out over three one hour long sessions. Session 1 was mainly on the LO: light dependent reactions. Pre-lesson consists of 
1) reading of lecture notes on light dependent reaction 2) completion of concept check 1. A worksheet on the experimental evidence for light 
dependent reactions was performed as iRAT and tRAT. For session 2, the LO on the three phases of the Calvin cycle was covered. Pre-lesson 
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required the students to read the lecture notes on light independent reaction (Calvin' s cycle) and completion of concept check 2. A worksheet on 
the experimental evidence for light independent reactions was given as iRA T and tRA T. The third session was a consolidation session, where the 
previous two LOs will be required as foundation for students to answer the Case Study which is used as tAPP. 

Results: 

iRA T and tRA T 
Overall, when asked if they like the mode of learning, 84% of the students were positive about TBL. They noted that TBL allowed them to 
"extend beyond the A-level syllabus", "encourages independent learning as well as the individual thinking, followed by group collaboration that 
allows one to clarify misconceptions and improve understanding by helping each other (sic)", and "allowing us to remember concepts better". 
Many others also mentioned that TBL allowed them to interact with their peers more, to respect each other' s opinions and discuss constructively 
within a limited period of time. 

Students particularly enjoyed the iRA T and tRA T more as they could ascertain if their self-learning was accurate using iRA T and the ability to 
clarify with peers on the spot as a student noted that "easier and time-saving to consult your friend rather than the teacher in front of the class as 
some people are afraid of making mistakes or are scared to appear silly in front of others" . 

tAPP 
However, being the first few topics to be used for TBL and due to the nature of the tAPP question, many students noted that TBL "can get 
inefficient (sic) when discussing questions if team members cannot agree on a common answer and the argument may drag on and on," and 
"some of the questions may have too fixed an answer, so students end up writing the same things, . .. as a result, there isn't much room for 
discussion." Hence, some students responded that they prefer more challenging and open-ended questions. Students also commented that a 
smaller group size would make discussion more productive. 

Improvement: 
Therefore, in this research study, adjustments were made accordingly for HECS and Nervous System to ensure that the tAPP questions are open
ended yet requires basic fundamentals, and comprising of novel situation to ensure that the students will be challenged. For photosynthesis and 
cellular respiration, students had access to the internet, but not for HECS and Nervous System to encourage students to imagine and think 
creatively within the given time. In view of the recommendations by the Duke-NUS, smaller group size may be employed to allow every student 
to have a chance to share their answers. 
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Lesson description and design: 
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Three one-hour lessons were conducted for the topic of Cellular Respiration. The first two lessons focused on the H2 A-Level syllabus content, 
with the first lesson addressing glycolysis, Krebs cycle, and anaerobic respiration and the second lesson addressing oxidative phosphorylation. 
The third lesson was an extension from the A-level learning outcome where students use their knowledge on cellular respiration to discuss the 
effectiveness of a respiratory poison which is also commonly used as a weight loss drug. 

In the first two lessons, upon completion of the tRAT, students were immediately tasked to solve related problems in their teams. The tAPP 
questions in the first lesson were based on a scenario that relates to their everyday life, namely the making of Soya Sauce. This indeed left and 
deep impression on the students and piqued their curiosity. One student commented that 'if soy sauce, something that I consider to be 
insignificant and take for granted, is produced via the mechanism of cellular respiration, I wonder what else is. This reflection certainly prompts 
me to be more willing to find out more' . 

In the second lesson, a demonstration was carried out and students had to explain the scientific principles behind the demonstration using content 
knowledge gained through the RA Ts. This was done to break from the routine iRA T & tRA T and to give students the opportunity to use visual 
observations from laboratory experiment to make sense of what they have learnt in cellular respiration. 
The tAPP implemented in the third lesson was designed to infuse the caring thinking component, as students had to compare different slimming 
products in the market and use their knowledge to assess the effectiveness and possible side effects of the products. It was hoped that students 
will be able to use their scientific knowledge to make sound judgment in their daily lives, or to advise others who are less scientifically literate. 

Results: 
Through the series of lesson, it could be observed that students have developed a sound understanding of the concepts behind cellular respiration 
that often goes beyond the A-level syllabus. In the first lesson, students were able to use their knowledge on glycolysis and anaerobic respiration 
to explain the fermentation of soy beans to become soya sauce. Furthermore, there were able to suggest practical means to store / transport the 
soya sauce. In the last lesson, students were able to explain the working of DNP, a respiratory poison as shown in the figure below. On top of 
that, they were able to propose links between health supplements such as tea cathecins and magnesium to cell metabolism. 
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In terms of thinking capacity, students gave feedback that they were most engaged in the domain of creative and caring thinking. As they were 
not allowed to use internet resources in the first and second lesson, student remarked that they had to rely on their imagination and innovation to 
solve problems given. For example, they noted that ' .. the 'Bean Brew' questions were more open to interpretation, allowing us to train our ability 
in divergent thinking'. They also appreciated varied solutions presented by different groups: 'the way my classmates came up with unique 
solutions as to how soy sauce could be preserved during transportation to different lands really opened up my perspective as to how creative 
solutions can be produced for equally unique problems'. 
Students also realized that their knowledge could be applicable to issues in society, as pointed in their reflection ' ... contribution to society as we 
learn to apply scientific knowledge to social problems'. As yet another student puts it 'the content of the team application question challenged me 
to think from the point of view of a health advisor, in effect engaging my ability to see things from different perspectives since the presentation 
would need to be geared towards members of the public and should not be complicated'. 

Improvement: 
There were 2 sets of Team Application questions as well as one demonstration for this module. Therefore, there was little time to hear answers 
from the different groups or for in depth discussion for each of the tAPP questions. Therefore, it will be more ideal if the first two sessions were 
dedicated solely to iRA T & tRA Ts. Although iRA T & tRA T is supposed to give students a good grounding in the content area before moving on 
to extension in tAPP, it might be possible to infuse case study/ laboratory experiment into the iRAT & tRAT segment (e.g. craft iRAT/tRAT 
questions based on them). 

General comments about TBL: 
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Based on students' feedback across topics, the following capacities were most often cited: 
Critical thinking: Interprets, analyses, applies 
Creative thinking: Thinks with agility 
Caring thinking: considers multiple perspectives, collaborates. 
Possible points for discussion: 
- Whether the ability and level of motivation of the students are a determining factor for the success of TBL. 
- Whether the success of the TBL is mainly due to the pedagogy (the routine of iRAT, tRAT, and tAPP), or depends more greatly on the choice 
of questions / case studies used. 

Homeostasis: Nervous System 

Lesson description and design: 
Three one-hour lessons were conducted on the topic for Nervous System. Two learning outcomes (LOs), 1): Describe and explain the 
transmission of an action potential along a myelinated neuron and 2) describe the structure of a cholinergic synapse and explain how it functions, 
including the role of Ca2

+ ions, were covered in session 1 and 2 respectively. 

For both sessions, for.pre-lesson students are required to 1) reading of lecture notes on the first LO, 2) to complete concept check 1 and 2, and 3) 
to post at least 1 response on Moodle discussion. 

The Moodle discussion was done with a few intentions, but mostly to motivate students to take ownership of their learning. Firstly, students have 
a venue where they could voice out their queries. Their responses in the forum were visible to other students as well to remind them to articulate 
their questions well. This also eliminates the possibility of students asking irrelevant questions or questions which answers could be found in the 
lecture notes. Secondly, this promotes cooperative learning where other students can help to address one another's questions, helping them to 
reinforce their knowledge. Thirdly, this helps the teachers to gauge the students' understanding for the topic, and to address the good questions 
and the misconceptions during class. In this way, students can do their self-study at home, and spend curriculum time on classroom discussion 
and clarification. 

Results: 
iRA T and tRA T 
Individual Readiness Assurance Test (iRA T) and team Readiness Assurance Test (tRA T) was conducted for the first and second session. The 
first session involves a case study where students were posed questions following a scenario - a doctor had a meal of pufferfish and experienced 
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several symptoms. The context helped to engage students ' interest as it was relevant to real-life situations. This also helps to develop the students 
in caring thinking. Students were tasked to work on the case study independently (iRA T) and the score was noted, then they were allowed to 
discuss in a team to clarify their answers (tRAT). To obtain the answers, they had to have deep understanding of the concepts underlying the two 
LOs. In session 2, iRAT and tRAT consists of 10 challenging MCQs which fall within the H2 syllabus. This is to ensure that students are 
comfortable with the H2 syllabus and have the ability to answer the more challenging questions which displays their deep understanding of the 
biological concepts. Many appreciated the case study used for tAPP, "allow[ing them] to draw links between the content in [their] lecture notes 
and real life issues." 

Overall, when asked if they like this mode of learning, 88% of the respondents expressed they like it and enjoyed learning using TBL, as one 
student expressed that, ''the team application activities do indeed bring the lesson to life by challenging students to ascertain what issues are 
relevant". With a more open-ended tAPP, students enjoyed having the opportunity to interpret and analyse interesting situations from the 
stimulus materials. By having iRA T and tRA T, students felt it was necessary for them to study the lecture notes before coming to class. Many 
liked how iRA T and tRA T allows them to check for errors in conceptual understanding, as commented, "I liked the concept of building up our 
knowledge through the different modes of assessment (from iRA T to tRA T to tAPP)." And another commented, " It (iRA T and tRA T) allows for 
the individual to check his knowledge first before group discussion to correct one's conceptual errors." 

Only 12% of the students did not feel positive about TBL, as they expressed that the mode of learning was time-consuming and felt that there 
could be better use of the time since they will be taking their A-levels this year, and recommended that TBL may be more suitable for JCl 
students instead. Another student commented that the prelesson tasks were time-consuming and stressful. In addition, without attending lecture 
together with the students from mainstream, another respondent felt that the salient points of the topic was not clearly defined after the tAPP, 
resulting in the student having lower confidence for topics that were taught with TBL. These two students suggested having a prelesson session 
before iRA T, tRA T and tAPP to go through salient points at a faster pace to ensure the foundation of the students are anchored. 

Despite this, there were students who preferred the challenging questions that were posed to them. One student preferred the questions for 
HECS/Nervous System compared to the ones in Photosynthesis, which stimulated their thinking and the necessity to work as a team, while 
another like to have more questions. It is interesting to note that the number of students who felt positive about TBL increased from 84% to 88% 
from the topic Photosynthesis to HECS/Nervous System, which could be contributed by the more challenging tAPP question employed in HECS 
(-use this for HECS, because Nervous System had no tAPP). 

Improvements: 
As mentioned by many students, they preferred open-ended questions, which encourage them to apply their creative thinking. However, some 
students have also pointed out due to the nature of the open-ended question, they are sometimes unsure regarding the salient points of the 
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question. Therefore, after the tAPP, teachers could ask whole class to suggest a one-liner as the take home message for the tAPP. That sentence 
should help students relate the tAPP question to their current syllabus. Although this may require more time, but it would be provoke critical 
thinking and higher retention as compared to the teacher providing the answers. 

Molecular and Cell Biology -- Cell Signalling 

Lesson description and design: 
Three one-hour lessons were conducted for the topic of Homeostasis, Endocrine, and Cell Signalling (HECS). The first two lessons focused on 
the Cell Signalling concepts, while the last lesson focused on Homeostasis and Endocrine. For the purpose of this paper, we will focus on the 
Cell Signalling component of the topic. 

Individual Readiness Assurance Test (iRA T) and Team Readiness Assurance Test (tRA T) was conducted for the first session. Ninety percent of 
the Multiple Choice Questions employed require Application and Analysis (AA) with easy to moderate difficulty level. During the design of the 
questions, it was intended that some of MCQ options were very similar to each other, or that students are required to choose the best option out 
of several factually correct options. Apart from that, in 40% of the questions students had to choose a combination of correct statements instead 
of only choosing one answer. These were done to allow students to apply their knowledge, as well as to give a platform for a robust team 
discussion during the tRA T session. With multiple correct answers within one MCQ, team members had more opportunities to defend their 
choices and explain their views to each other. 
In the second lesson, all teams were given the same team application questions. Assuming that students have been well grounded in the concepts 
of cell signaling from the first lesson, students are given a novel scenario involving G-protein Coupled Receptor (GPCR) in the context of yeast 
mating response. After given a brief write-up on yeast-mating response and experimental results from different yeast strains, students are to 
deduce the molecular mechanism of G-protein signaling as well as predict experimental results given new yeast strains. The question was 
designed to simulate inquiry process that the researchers went through to construct the current knowledge on G-protein signaling. It was hoped 
that students will be able to appreciate the scientific process behind the facts that they have to learn for H2 A-level syllabus. 

Results: ( obtained from 28 students who responded to the online feedback form, out of 40 students who attended the lessons) 
During the lesson implementation, it was observed that students were rather taken aback by the novel scenario, with several students giving 
feedback that the task seems daunting at first, especially for the tAPP component. However, at the end of the lesson 7 out of the 8 groups 
managed to get the correct answers to both tAPP questions. As the questions were modified from a second-year university level textbook, the 
result shows that the team discussion allowed students to solve problems well beyond the demand ofH2 A-level Biology. 
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Upon lesson delivery, student's feedback suggests that they were engaged in all three thinking domains, namely critical, creative, and caring 
thinking. For critical thinking, the capacities that most often cited by students are 'application' and 'analysis'. Students appreciated the fact that 
they had to use their knowledge from the A-level syllabus to understand a novel scenario and then apply the learnt principles to solve the 
problem given. (Quote: we had to apply what we learnt on cell signaling to a relatively unfamiliar signaling pathway of yeast cell mating). 
While analyzing the problems through their logical reasoning, students are engaged in the 'caring thinking' domain at the same time, as they have 
to consider multiple perspectives from their team members during tRA T & tAPP discussion. As one student puts it ' .. .iRA T /tRA T allows more 
time for discussions, in which we challenge each other's understanding and logical reasoning ... '. Yet another student commented that 'the tRAT 
gives an excellent opportunity for students to debate their points of view .... , opens up the possibility of multiple interpretations of the issues at 
hand as well as a compromise of these divergent stands, which broadens one's perspective'. 

The team discussion that took place every lesson also served as an excellent platform for students to hone their creative thinking ability. 
Compared to individual task, the team approach forced student to be more open-minded and to consider other arguments other than their own, 
which promotes agility in thinking. Students feedback that the lessons allowed them to ' ... be more flexible in our approach to answering the 
questions' and' .. think flexibly and divergently, considering each case and evaluating the validity'. 

Improvement: 
To further enhance the lessons, one of the improvements that can be made is to allow for open ended answers for the team application questions. 
The two questions posted during tAPP were in the MCQ format; hence students have a boundary and had to make their choices within the given 
boundary. Therefore, when all groups reveal their answers, students tend to lose interest to defend / question popular answers because majority 
assumed that the popular options are correct. Therefore, it is possible to give the question in a short answer format. This will enhance the 
students' creative thinking ability as they have to synthesize the answers on their own. This will also allow for more engaged and robust class 
discussion, as different groups are likely to come up with different answers and students have more motivation to elaborate on their answers. 
Results were obtained from 28 students who responded to the online feedback form, out of 40 students who attended the lessons. 
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