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A b o u t  t h e  We b i n a r

Inquiry-based learning (IBL) has been used widely in curriculum and instruction, yet it has proven to be 
challenging to implement effectively. The webinar aims to share some of the challenges with enacting IBL 
in Singapore classrooms, and offer research-based  findings  on  pedagogies  and  classroom  practices  
that promote IBL. After overviews of research findings on IBL and their implications for classroom practice, 
breakout sessions will share classroom practices found to support IBL in primary and secondary Mathematics, 
primary and secondary Science, and Humanities subjects. The webinar consists of two keynote addresses 
and five breakout sessions.
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Resea rch  F i nd i ngs  on  I nqu i r y  i n  C l a ss rooms :  Imp l i c a t i ons  f o r 
Teach i ng  and  Lea r n i ng 

The Case for Inquiry-Based 
Learning

Inquiry-based learning (IBL) is considered 
central to developing 21st century 
competencies necessary for lifelong 
learning and preparing young people for 
work and citizenship. IBL not only supports 
our capacities to learn and methodically 
build knowledge based on sound 
reasons and evidence, it also provides 
a means for collectively addressing 
complex problems to create more just, 
equitable and sustainable futures. IBL 
offers a “method of intelligence” (Dewey, 
1910) for understanding and addressing 
problems we might face in workplaces, 
life and society. 

Creating Inquiry-Based 
Classrooms

Inquiry-based classrooms are 
characterised by climates of trust, 

By Mark Baildon

Mark Baildon is Associate Professor 
with the Humanities & Social Studies 
Education Academic Group at the 
National Institute of Education, 
Singapore. His research and teaching 
interests focus on ways to support 
social studies inquiry practices, global 
citizenship education and 21st century 
literacies in new global contexts.

purpose and belonging intentionally 
created and sustained by teachers 
committed to IBL. IBL classrooms foster 
cultures of questioning, where students 
and teachers ask a lot of questions—
“What does this mean? What should we 
do? Do you agree or disagree? Why? 
What is your evidence for that? How 
might others view this topic?” Teachers 
ask questions to prompt student curiosity, 
to seek clarification, to probe thinking, 
to encourage listening and engaging 
with ideas, to deepen student reasoning 
and to engage students in dialogue and 
deliberation about information sources 
and problems. 

IBL classrooms are also characterised 
by classroom routines and forms of 
scaffolding that support students in 
“doing” inquiry. The teacher designs 
authentic, real-world type tasks and 
provides necessary guidance and 
support to help students manage 
challenges, complete tasks and maintain 
their interest and effort. There is a strong 
sense of purpose in the classroom—
students understand what they are doing 
and why. IBL classrooms are vibrant, 
engaging spaces and students feel safe 
and supported.

Effective IBL Practices

Foremost is that teachers believe 
wholeheartedly in the purposes and power 
of IBL. There is commitment to IBL and 
teachers believe all students are capable 
of and benefit from IBL if adequately 
supported. IBL-committed teachers are 
open-minded and flexible, willing to try 
new approaches and pedagogies, and 
responsive to the learning interests and 
needs of their students. They engage in 
their own inquiry learning (into curriculum, 
student learning, pedagogy, etc.) and 
have belief in their efficacy to manage the 
many challenges that IBL poses. 

A synthesis of research on IBL in 
Singapore (Kwek et al., 2019) found that 
effective IBL is based on the five following 
practices: 

1. Effective use of questioning: 
Teachers were found to use a range 
of questioning strategies, and they 
especially emphasised questions 
to seek clarification of ideas and 
student reasoning or to help students 
develop their own arguments and 
positions (e.g., claims-evidence-
reasoning framing).

2. Scaffolding student learning and 
their emotional needs: Teachers 
scaffolded learning by:

KEYNOTE
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a. Encouraging and helping 
students work through 
ambiguity and challenge 
and to overcome their 
fear of failure and making 
“mistakes”; 

b. Helping students consolidate 
their learning through regular 
recaps and reviews of key 
subject matter, skills and 
learning goals; and

c. Strategically guiding student 
work with authentic data or 
information sources, often 
using specifically designed 
scaffolds, heuristics and ICT-
enabled scaffolding.

3. Emphasis on student-centred 
learning: Effective IBL teachers 
often leveraged students’ prior 
experiences and ideas; they 
encouraged student experimentation 
and exploration (through the design 
of rich tasks that students found 
relevant to their lives);  

4. Perspective-taking and 
synthesising information: 
Teachers encouraged and guided 
students to view problems and 
ideas from multiple perspectives 
(often beyond information in their 
textbooks) and to reflect upon and 
synthesise their learning; and

5. Engage students in core 
social practices of disciplined 
inquiry: Teachers helped students 
understand the disciplinary nature 
of the subject (e.g., how knowledge 
is constructed in the discipline); 
emphasised evidence-based 
reasoning (e.g., evaluation of claims 
and evidence); and made explicit 
these practices, often by providing 
guiding heuristics for reasoning or 
by modelling and making visible 
these practices. 

These findings are consistent with 
international studies of IBL. IBL is more 
effective supporting student learning 
gains than teacher-centred pedagogical 
approaches if students are provided 
guidance, support and scaffolding 
(Costes-Onishi et al., 2021; Lazonder & 
Harmsen, 2016).

Teaching With and For Inquiry

According to Parker (2018), when 
teachers teach with inquiry, it supports 
constructivist forms of learning that 
enable students to build knowledge. 
When teachers teach for inquiry, IBL helps 
students learn powerful ways of reasoning 
that will enable them to understand and 
address problems in their lives (Dewey, 
1910). In this sense, IBL can provide 
students with the necessary learning 
capacities, thinking skills, knowledge and 
dispositions to enable lifelong learning.

While inquiry is a “method” for learning 
and thinking (used in disciplinary 
communities, for example, to build 
knowledge and support rigorous forms 
of reasoning), it cannot simply be 
reduced to techniques and strategies 
easily employed in classrooms. This is 
the paradox and challenge of IBL. While 
inquiry is a method, IBL requires creating 
an ethos of inquiry that permeates 
classrooms and schools where teachers 
and students are engaged in rigorous 
forms of questioning, reflection and 
collaboration to figure things out for 
themselves (both individually and 
collectively). This ethos requires an inquiry 
stance or set of commitments on the part 
of teachers and students to be curious, 
open to new ideas and experiences, 
to question and challenge yet respect 
others’ ideas and ways of thinking. It 
means valuing inquiry as a process, as 
participation in inquiry practices that 
support learning, knowledge building 
and rigorous forms of thinking that are 
much needed in the 21st century.
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Co re  3  Resea rch  P rog r amme F i nd i ngs  on  I nqu i r y -Based 
Teach i ng  and  Lea r n i ng  and  Imp l i c a t i ons  f o r  C l a ss room P rac t i ce 

Introduction

The CORE Research Programme (CORE) 
began in 2004 and has since spanned 17 
years of tireless data collection, research 
and analysis. CORE is primarily about the 
investigation into the nature of teaching 
and learning in Singapore schools on a 
large scale. It surfaces answers to the 
questions of “How do our Singapore 
teachers teach?”, “Why do they teach the 
way they do?” and “How do Singapore 
students learn?”. 

Through the use of a multitude of research 
methods to triangulate the research 
data—from classroom observations to 
surveys to interviews—the programme 
aims to ascertain what really is happening 
in schools. Importantly, CORE is based 
on everyday classroom pedagogies, and 
we have been studying how teaching and 
learning has evolved over time as a result 
of policy initiatives, curriculum reforms 
and pedagogical innovations. 

By Dennis Kwek

Dennis Kwek is Centre Director of 
Centre for Research in Pedagogy and 
Practice at the National Institute of 
Education, Singapore. He also heads 
the CORE Research Programme funded 
by the Education Research Funding 
Programme at the Office of Education 
Research. 

As a result, our work involves working 
closely with partners from the Singapore 
Ministry of Education (MOE) to support 
policy development and thinking so 
that our findings on actual classroom 
practices can result in improvements for 
the system, teachers and students.

The Instructional Core Framework

Embedded within CORE is the principle of 
Instructional Core—a simple framework 
with an underlying complex idea that 
says that learning occurs whenever we 
have teachers (or knowledgeable others) 
interacting with learners in the presence 
of content. 

The key lies not only in teachers, learner 
and content, but also in the relationship 
between the three cornerstones in this 
framework: the enactment of teacher-
student interactions and relationships; 
the design and delivery of content to 
students; and students’ engagement and 
learning of that content.

Progression of CORE

CORE has gone through three waves of 
data collection and research refinement, 
and is now heading towards the 4th 
iteration in 2022–2023. Since its first 
3 iterations (CORE 1 to 3), it has seen 
an increase in MOE’s involvement to 

enhance utility, rapid expansion on 
curriculum areas and grade levels as well 
as improvements to the timely reporting 
of findings to the ministry. 

The sampled classroom lessons have 
increased from 600 to over 3,000 lessons 
at the end of CORE 3. Refinements were 
also made to the instruments used whilst 
looking at the nature of knowledge, 
interactions, classroom talk, assessment 
for learning and visible learning strategies. 
CORE 3 comprehensively explored all 
school subjects, which allowed us to 
design subject-specific pedagogical 
indicators to capture what teachers in the 
various subjects do in classrooms.

From the big picture perspective, we aim 
to talk about the following two research 
questions:

1. What have we found out about 
how classroom pedagogies have 
changed since 2004?

2. What have we found out about 
inquiry-based pedagogies in CORE 
3, drawing from the SkillsFuture for 
Educators’ Inquiry-based Learning 
Areas of Practice?

Our data collection focuses mainly 
at the Primary 5 and Secondary 3 
levels, although we have ventured into 
Secondary 1 for some subjects. Primary 

KEYNOTE
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5 and Secondary 3 were intentionally 
chosen because we recognised that 
while these are close to high-stake years 
in primary and secondary schooling, 
they are important levels for productive 
reforms to impact on.

Findings of CORE 1 to 3

Through a comparison of CORE 1 to 3 
data sets, it is clear that teachers have 
become good at emphasising in terms 
of knowledge focus, drawing from the 
revised Bloom’s Taxonomy model. 
Our teachers emphasise factual and 
procedural knowledge almost all the time 
in their teaching. This forms the basis of 
content acquisition and manipulation, 
important building blocks for further 
knowledge work. 

Importantly, what has improved 
significantly is the emphasis on 
conceptual knowledge, from 2004 to 
the present, a clear evidence that our 
teachers have shifted from a traditional 
“banking” model that Paulo Freire 
(Freire, 1972) has talked about, to more 
higher-order and conceptually deep 
approaches. 

Inquiry-Based Learning

The emphasis on metacognitive 
knowledge has also seen an increase, 
although not as much. The improved 
emphasis on conceptual, and to some 
extent, metacognitive knowledge is thus 
laying the groundwork for inquiry-based 
learning (IBL). 

The pedagogical changes that have 
occurred with the increase in conceptual 
knowledge have arguably paved the 
way for the blending of other knowledge 
types, an expansion in the repertoires of 

interaction structures and classroom talk 
as well as contributed to greater student 
voice and agency overall. We do observe 
a tighter coupling between conceptual 
and metacognitive knowledge as well, 
and a shift towards more varied forms 
of teacher feedback as a means of 
assessment for learning. 

In our observations, we have noted that 
teachers tend to use whole-class lectures 
and quick triadic interactions in which the 
teacher initiates a question, the student(s) 
respond, and the teacher evaluates the 
response(s). This is known in literature on 
classroom talk as IRE sequences. 

While these are staples of our 
Singaporean teacher’s pedagogical 
toolbox, we also saw increases in the 
use of pair work and group work, and 
whole-class discussions. The use of 
whole-class dialogic discussions allow 
for the development of conceptual and 
disciplinary understanding, and provide 
generative opportunities for student voice 
and the surfacing of their thinking to the 
teacher and their peers.

Assessment for Learning

Teachers were also observed to use 
Assessment for Learning (AfL) strategies 
in their classroom teaching. We adapted 
John Hattie and Helen Timperley’s types 
of feedback (Hattie & Timperley, 2007) 
to analyse our video-recorded lessons 
and found teachers increasing the use 
of task-level and process-level feedback, 
although we would have liked to see more 
self-regulation feedback in our lessons. 

Peer and self-assessment strategies 
were deployed less often in the lessons 
observed. At the same time, Hattie’s 

Visible Learning strategies (Hattie, 2009) 
were observed to be enacted by teachers 
who communicated learning goals and, 
to a lesser extent, recapitulating their 
lessons. 

Varying Readiness for IBL 
Practices

Using our comprehensive coding 
instrument, we mapped relevant practices 
to the SkillsFuture for Educators’ (SFEd) 
5 IBL Areas of Practices—selecting 
relevant inquiry; teacher reflections on 
beliefs/values/assumptions; planning 
meaningful and relevant AfLs; applying 
appropriate instructional strategies; 
and gathering, selecting and evaluating 
data. Bearing in mind the presentation’s 
findings are exploratory in nature, we note 
positive but varying evidence of the use 
of IBL in our classrooms across a range 
of subjects. 

Broadly, our findings show that teachers 
in some subjects are engaging students 
in specific IBL practices more so than 
in other subjects. This variation can be 
seen as an indication of the degree of 
readiness for certain subjects to embark 
on IBL practices. 

For example, teachers in Primary 5 
and Secondary 3 Mathematics tend 
to select relevant types of inquiry 
strategies in about 7 out of 10 lessons 
through connecting problem-solving and 
disciplinary understanding to everyday 
contexts. Likewise, Secondary 1 and 3 
Literature teachers tend to select relevant 
types of inquiry in about 8 out of 10 
lessons, especially through connecting 
authentic contexts with other school 
subjects. 
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In the selection of appropriate instructional 
strategies, a greater consistency is seen 
across the different subjects. Through 
strategies such as open questions, 
discussions, visible learning strategies, 
peer critiquing and reflection, teachers 
are able to engage students in IBL 
especially in subjects such as English, 
Mathematics, Science and Literature. 

Teachers were also observed gathering 
and using information about student 
learning to reflect on their own teaching 
and make decisions about student 
learning. This is done through teachers 
using explicit and implicit assessment 
information in at least 7 out of 10 lessons 
across all subjects we observed.

Challenges of IBL

IBL is not without its challenges and 
constraints, despite the improvements 
over time on pedagogical practices 
and increasing opportunities for IBL 
practices. Drawing from our CORE 3 
studies and a synthesis report on inquiry-
based pedagogies (Kwek et al, 2019), 
we recognised that there are challenges 
such as:

 » time constraints;

 » the need to prepare for 
examinations;

 » curriculum coverage;

 » perceived student readiness to do 
IBL;

 » teacher readiness to conduct IBL;

 » classroom management issues;

 » varying degrees of teacher 
resistance to IBL;

 » students’ negative perceptions 
towards IBL;

 » parents’ negative beliefs towards 
IBL.

As Hattie points out, IBL is a powerful 
approach for developing deep learning 
and strong conceptual and disciplinary 
understanding. We believe that many 
of these challenges can be addressed 
through professional development to help 
teachers transform their practices. 
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I n qu i r y  and  P r ima r y  Sc i ence  Lea r n i ng  E xpe r i ences : 
I n s i gh t s  and  Po ten t i a l 

Introduction

This article presents insights about 
inquiry and primary science learning in 
schools. We illustrate students’ ideas 
about science learning as a result of 
experiencing science inquiry in school. 
Through examining students’ perceptions 
about science learning and scientists and 
their daily interactions with their peers 
during science lessons, we illumine 
primary students’ science learning 
experiences in school.

Inquiry Question 1: How do 
students view themselves as 
science learner? 

How we investigate: Using the “Draw-a-
scientist” method, we asked 161 Primary 
Four students to draw what they do in 
science lessons and how scientists 
work. We adopted the drawing method 
as we hypothesised that students might 
have limited vocabulary to describe their 
science learning experiences and hence, 
through drawing, they would be able to 
represent their thoughts more accurately. 
Besides their drawings, the students 
were also given a questionnaire and we 
interviewed them after that. 

What we found: From the analysis 
of their drawings, questionnaire and 
interview, we found that students view 
doing science as: (1) conducting hands-
on investigations; (2) learning from the 
teachers; (3) completing workbook; 
and (4) a social process. Students also 
revealed that the role of a good science 

By Tan Aik-Ling

Tan Aik Ling is Associate Professor 
with the Natural Sciences & Science 
Education Academic Group at the 
National Institute of Education, 
Singapore. She is also Deputy Head 
(Teaching & Curriculum Matters), 
and her research interests deal with 
students’ perspectives and ideas 
about science as inquiry and how they 
construct their learning experiences 
through co-generative dialogues with 
their teachers. 

student and scientist is to be well-behaved 
and to listen to the teacher. This finding 
was surprising for the research team as 
well as the teachers who participated 
in this study. We had expected that 
qualities that pertain to successful 
science learning, such as curiosity and 
perseverance, would be mentioned. 
When we reviewed the videos of the 
science lessons, we found that teachers 
engaged in copious amount classroom 
management talk and activities at the 
start of any hands-on inquiry activities. 
These behavioural talks were constantly 
repeated throughout the lessons and 
across all lessons. These experiences 
were imbued by the students who made 
the connection between good behaviour 
and successful science learning. 

Key take-away: Need for teachers to 
reflect more on behavioural norms and 
its role in school science. As Varelas et 
al. (2011) highlighted “children brought 
up behavioural norms as dimensions of 
doing science may mean that they had 
constructed the view that unless they 
behaved well they would not have access 
to science, and would be invisible, 
outsiders and left out” (p. 846)

Inquiry Question 2: How do 
classroom inquiry activities relate 
to students’ interest in school 
science? 

How we investigate: We invited 425 
Primary Four students to respond to a 
questionnaire. From the questionnaire, 
we invited 27 students for follow-up focus 
group interviews that were conducted 
in 14 classrooms in Singapore. We 
ran statistical analysis on students’ 
questionnaire responses. 

What we found: Self-efficacy and 
leisure-time science activities are 
significantly associated with an increased 
interest in school science. Gender is NOT 
significantly associated with increase 
interested in school science which means 
that both boys and girls are equally 
interested in science. Hands-on activities 
are viewed as fun and interesting BUT 
they need to be connected to real-life 
exampled and opportunities to discuss 
ideas with peers to generate interest 
among students. 

Key take-away: Schools can involve 
parents more with take home kits or 
science newsletter. During hands-on 

BREAKOUT SESSION
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activities, create spaces for students to 
“interact intellectually as well as physically, 
involving hands-on investigation and 
minds-on reflection” (Hofstein & Lunetta, 
2004, p. 49). Spend more time on peer 
discussions in class and intentionally 
make connections to everyday life to 
help learners develop interest in school 
science. 

Inquiry Question 3: What are 
students’ experiences with 
science group work?  

How we investigate: We invited five 
students and their teacher to have a 
co-generative dialogue where they talk 
about a common class experience. A 
short video segment of the previous 
lesson was played to serve as a stimulus 
for conversation. 

What we found: Students spent a lot of 
time within a group with conflict resolution 
as they perceived that there are often 
(un)equal opportunities for everyone 
to be involved during group work. They 
considered some roles as “low class” 
and only the privileged students do the 
“high class” work. They reflected that 
group work can be dominated by specific 
individuals who are domineering. 

Key take-away: Teachers can explicitly 
emphasise inclusivity in group work. 
Time could also be invested for explicit 
instruction of group work skills. Role 
playing could be used to increase 
students’ empathy to different group work 
experiences. 
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Hands -on  and  M i nds -on  Lea r n i ng  o f  Sc i ence  us i ng  a 
M i c r ob i a l  Fue l  Ce l l 

Introduction

Microbial fuel cells (MFC) use the 
biochemical processes of live microbes 
to generate an electric current. 
Understanding how it works requires 
integration of concepts across chemistry, 
biology and physics. MFCs have very 
low power output and thus have limited 
practical applications. However, they 
have many functional parameters 
to manipulate and are thus ideal for 
design-based inquiry (DBI) learning 
activities. Here, students are challenged 
to construct improvised MFCs to meet 
specific goals. DBI can push students 
to apply their knowledge/skills while 
fostering deep understanding across 
STEM disciplines. 

Design-Based Inquiry Learning 
Activities

A key aim in our project was to see 
if students would inform or base the 
design and construction of their MFC 
on “science” or simply make arbitrary 
choices. The project also hopes to find 
out it students will approach the hands-
on iterative experimentation and design 
work systematically or through trial and 
error. 

Another key aim was to examine their 
learning across the conceptual, epistemic 
and social learning domains of science 
education (Duschl, 2008), in the service 
of developing authentic scientific literacy, 
as opposed to merely accumulating 
content knowledge.

By 1Timothy Tan and Lee Yew Jin

1Timothy Tan is a lecturer at the 
Natural Sciences & Science Education 
Academic Group at the National 
Institute of Education, Singapore. His 
interests in both teaching and his 
current research are in the teaching of 
science with an integrated approach 
through STEM integration and the use of 
design-and-make activities.

A total of 77 Secondary Two students 
in 2 cohorts from a government-aided 
co-educational school in Singapore 
participated in a programme of 10 
weekly sessions (1.5 to 2 hours each) 
co-developed by the research team 
and experienced science teachers from 
the school. Students were given an 
introduction to MFCs and then worked 
in small groups to conduct guided, then 
open inquiry experimentation to find 
optimal combinations of reagents and 
conditions. They would then iteratively 
design-and-build MFCs to meet several 
design challenges that were given near 
the start of the programme. 

The inter-group competition inherent in 
such challenges was highly motivating, 
as students sought to attain the highest 
voltage, best longevity, or the ability to 
light up the most light-emitting diodes 
(LEDs) during the “MFC Challenge” 
during the final session. Students were 
also engaged by the context of alternative 
energy sources, environmental and 
sustainability issues.

Independent and Self-Directed 
Learning

With teacher support in the initial stages 
and as scaffolds were progressively 
withdrawn, students were able to formulate 
and conduct their own investigations 
to determine optimum parameters for 
MFC function. With the teachers and the 
research team only acting in advisory 
and supervisory roles, the students could 
cooperatively tinker with, design and 
construct functioning MFCs out of items 
such as drink bottles and disposable 
food containers, that outperformed kit-
based MFCs. A kit-based MFC using the 
standard reagents produces an open-
circuit voltage of around 0.5V, but one 
team in each cohort created single-cell 
MFCs that produced in excess of 0.87V, 
and even more impressive output in 
batteries of MFCs connected in series. 15 

of 18 student groups created improvised 
MFCs that surpassed the reference 0.5V 
from the commercial kit-based MFC.

It was commendable that many of these 
young students were able to apply 
“science” to experimental-design tasks, 
engineering-design tasks, and to solve 
the many complex cross-disciplinary 
problems that were embedded in 
the design of the programme. They 
demonstrated learning and skills 
development, especially in the desired 
epistemic and social domains. These 
included the ability to interpret authentic 
but “messy” data from the collective 
experimentation done, in order to make 
evidence-based decisions about choice 
of and concentrations of reagents for 
optimal output, and the physical design 
of their MFC prototypes. 

Students engaged readily in self-directed 
learning, were actively cooperating and 
collaborating in solving problems, and 
generally acting as student-scientists 
and student-engineers. An overwhelming 
number of students reported that they 
enjoyed the programme, with quite a 
few of them stating that they hoped for 
greater use of such an approach in school 
science. The MFC programme was thus 
able to achieve the desired “minds-on” 
learning and a broader development of 
important aspects of scientific literacy.
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I n qu i r y -Based  Lea rn i ng  i n  Geog raph i ca l  and  Env i r onmen t a l 
Educa t i on :  The  E xamp l e  o f  Wa te r  Qua l i t y  S t ud i e s  i n  t he 
S i ngapo re  Con te x t 

Introduction

“Signature pedagogy” (Shulman, 2005) 
represents a conception of pedagogy 
as a means to induct novice learners 
into disciplinary ways of constructing 
knowledge about the world. It focuses 
on disciplinary literacy and the need 
to help learners understand the nature 
of disciplinary work. Within Geography 
education, field-based inquiry can be 

By Tricia Seow

Tricia Seow is Senior Lecturer with the 
Humanities & Social Studies Education 
Academic at the National Institute of 
Education, Singapore. Her research 
interests include geographical inquiry in 
both the classroom and in the field, as 
well as environmental education.

seen as a defining feature of teaching 
and learning about the subject (Komoto, 
2009, p. 129). In this study, we sought 
to understand the extent to which field-
based inquiry is understood and practiced 
by geography teachers in Singapore as a 
type of signature pedagogy.

The study focused on 6 teachers with 
a range of teaching experience, in 4 
secondary schools, as they carried out 
water quality studies with their Secondary 
1 students. The details of the schools and 
teachers that participated in the study are 
provided in Table 1 below.

The findings indicated strong support 
for field-based inquiry as a signature 
pedagogy that inducts students into 

disciplinary practices. All the teachers 
agreed that it provided students with 
authentic learning experiences which 
connected classroom knowledge to the 
real world. 

However, the study also highlighted the 
divergent emphases of teachers when 
planning and carrying out the inquiry. 
These could be linked to teachers’ subject 
identity, in particular, their past academic 
training and current teaching subjects 
(see Table 2 on the following page). 

For instance, Teacher 1 preferred to focus 
on the scientific method, and referred to 
the importance of scientific rigour in his 
academic training. In contrast, Teacher 
4, a trained geographer who specialised 
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School School 
Type

Teacher No. of 
Classes 
Observed

Teaching 
Experience

School 1 Mainstream Sec Teacher 1 1 1 year

School 1 Mainstream Sec Teacher 2 1 2 months

School 2 Mainstream Sec Teacher 3 1 5 years

School 3 Integrated 
Programme

Teacher 4 2 6 years

School 4 Mainstream Sec Teacher 5 1 7 years

School 4 Mainstream Sec Teacher 6 1 10 years

Table 1. School and respondent details.
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School Teacher Emphasis Academic 
Specialisation

Teaching 
Subjects/

First Subject

Second Subject
School 1 Teacher 1 Scientific 

Method
Biology Biology

Geography

School 1 Teacher 2 Scientific 
Method

Physical Education Physical Education

Geography

School 2 Teacher 3 Relevance of 
Geography/ 
Applied 
Learning

Literature Literature

Geography

School 3 Teacher 4 Disciplinary 
Concepts

Geography Geography

Geography

School 4 Teacher 5 Responsible 
Citizenship 

Sociology Geography

Social Studies

School 4 Teacher 6 Responsible 
Citizenship 

Sociology Geography

Social Studies

Table 2. Emphases of field-based inquiry and teacher subject identity.

only in teaching geography, was less 
concerned with scientific accuracy and 
preferred to focus on geographical 
understanding through disciplinary 
concepts.

Another significant finding related to the 
challenges posed by a lack of knowledge 
about water quality content. For instance, 
Teacher 4 suggested that she was not 
able to explain to the students “why we 
want to test these things. Why these 
chemicals matter. Or what it really means”. 
Another finding was the lack of place-
based knowledge of the field sites which 
could lead to the setting of inappropriate 
inquiry questions/ hypotheses, as well as 
a problematic selection of data collection 
sites. The field-based inquiries were 
also heavily teacher-directed across all 
schools. 

The Sustainability Learning Lab 
(ht tps://knowledgebank.nie.edu.sg/
sustainability-lab.html) was developed 
to provide support to address the 
challenges identified and to encourage 
more student-directed inquiry.  
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Compu te r-Suppo r t ed  Co l l abo r a t i v e  A rgumen ta t i on  i n  S i ngapo re 
C l a ss rooms  

Introduction

Argumentation plays an important role 
in various aspects of inquiry-based 
learning. Much effective argumentation 
happens between multiple participants 
who engage in evaluation, reflection, 
reasoning, and decision making through 
arguments and counterarguments in 
relation to a specific topic. However, 
effective collaborative argumentation 
rarely takes place in inquiry-based 
learning classrooms. One of the critical 
issues is that teachers and students lack 
technological and pedagogical support 
in designing, implementing, evaluating 
and reflecting the argumentation. 

Research Intervention

The research project has developed 
AppleTree, a web-based system 
to support students’ collaborative 

By Chen Wenli

Associate Professor Chen Wenli is Head 
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for more information about the research 
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argumentation in classrooms (https://
appletree.sg). AppleTree supports 
students’ collaborative argumentation 
with graph-based representations 
of argumentation (See Figure 1 for 
the user interface). It incorporates 
mechanisms for scripting collaborative 
argumentation and supporting real-time 
formative (diagnostic) learning analytics 
and assessment that enhance the 
process and outcome of collaborative 
argumentation to improve students’ 
learning and cultivate their 21st century 
competencies. 

As shown in Figure 2, AppleTree embeds 
a pedagogical model called Spiral Model 
of Collaborative Knowledge Improvement 
(SMCKI) (Chen, Tan, Pi, 2021) to script 
the design and implementation of 
collaborative argumentation activities in 
classrooms. This 5-phase pedagogical 
model was developed to strengthen 
the connection between the individual 
and group. It provides the support for 
a smooth transition between work in 
solitude and collaborative learning within 
a class setting. Starting with a phase of 
individual ideation, the model leads to 
phases of intra-group and inter-group 
knowledge improvement and refinement 
through peer critique, which will lead 

to the advancement the knowledge of 
students.

AppleTree provides real time learning 
analytics and assessment of students’ 
collaborative argumentation. The real time 
assessment allows teachers and students 
to have a quick evaluation and reflection 
of their collaborative argumentation 
process and outcome from the aspects of 
social participation and cognitive quality 
(structure completeness). Figure 3 on the 
following page shows the visualisations of 
some automated learning analytics and 
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Figure 1. The screenshot of AppleTree system.

Figure 2. Spiral Model of Collaborative 
Knowledge Improvement (SMCKI).

AppleTree
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Science, Social Study, English and 
Mother Tongue. About 20 teachers and 
400 students participated in at least 3 
cycles of design-based research. 

Key Findings

Pre- and post-tests were conducted for 
each cycle of all classes that participated 
in the research. The Wilcoxon signed-
rank test results show that scripted 
collaborative argumentation with 
automated assessment improved 
students content knowledge (Zhang, 
Chen, Wen, & Looi, et al. 2019). Content 
analysis was employed to analyse the 
quality of the student groups’ artefacts 
at five phases of SMCKI. The results 
show that the quality of students’ 
collaborative argumentation artefacts 
in later phases were significantly higher 
than the artefacts in former phases. The 

Figure 3. Visualisations of some automated learning analytics and assessment.

survey and interview analyses results 
show that students had improved their 
attitudes towards content learning and 
their 21st century competencies such 
as communication, collaboration and 
information skills.

Significance of Findings

Technology-enhanced learning, learning 
analytics, automated assessment and 
Artificial Intelligence for education are 
important research areas. They have 
implications on transforming teaching 
practices into argument-based inquiry 
learning.  Engaging students in scripted 
computer-supported collaborative 
argumentation practices not only helps 
them learn the content knowledge 
deeper, but also develop their 21st 
century competencies.
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Introduction

To prepare students to be future-ready, 
Singapore mathematics educators have 
been encouraged to consider inquiry-
based learning (IBL) as an instructional 
strategy in their practice (Ministry of 
Education, 2020a) and include it as a 
key area of practice in their professional 
development roadmap (Ministry of 
Education, 2020b). Identified as a 
practice that can nurture students’ voices 
in learning while getting them to ask 
meaningful questions and use evidence 
to address complex problems (Ministry of 
Education, 2020b), IBL has the potential 
to create deeper understanding of 
concepts in the problem-solving tradition 
in mathematics. 

In search for tractable and effective 
pedagogical learning designs that could 
fulfil IBL in the mathematics classrooms, a 
Curriculum Specialist from the Curriculum 
Planning and Development Division 
(CPDD) and a few Master Teachers from 
the Academy of Singapore Teachers 
(AST) have partnered with the National 
Institute of Education (NIE) in developing 
and validating suitable learning designs 
for mathematics teachers to leverage.

The Constructive Learning 
Design’s Potential in Supporting 
IBL in Mathematics 

In IBL, teachers are required to shift 
their practices to be more student-
centred, make constructive use of 
students’ prior knowledge structures, use 
probing questions to challenge students, 
encourage discussions of alternative 
viewpoints, and allow for students to 

By Lee Ngan Hoe

Lee Ngan Hoe is Associate Professor 
with the Mathematics & Mathematics 
Education Academic Group at the 
National Institute of Education, 
Singapore. His research interests 
include the teaching and learning of 
mathematics at all levels.

make connections between their ideas 
and mathematics concepts (Cheng et 
al., 2021). These practices harmonise 
with constructivist principles of learning, 
which propose that new knowledge is 
constructed based on current knowledge 
structures, and hence it is important for 
teachers to build upon these and facilitate 
students to see the viability of the new 
knowledge via social negotiation. Current 
direct instructional (DI) approaches, 
where the exposition of mathematical 
concepts is structured by the teacher, 
may not be adequate in supporting the 
aspirations of IBL.

Recognising that fulfilling IBL may be 
challenging for teachers, a learning 
design was developed to afford the 
engagement of inquiry processes when 
learning new mathematical ideas and 
concepts. Coined the “Constructivist 
Learning Design” (CLD), this two-phased 
learning design comprises a (i) problem 
solving phase where students first 
work collaboratively to solve a complex 
problem targeting a math concept that 
they have yet to learn, before (ii) being 
engaged in instruction that builds upon 
their solutions in the teaching of the 
concept, and practices that reinforce 
these ideas (see Figure 1 below for more 
details).
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Figure 1. The Constructivist Learning Design.
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We subject the CLD in the design of a 
mathematical unit on “gradient of linear 
graphs”, a concept that is taught at 
Secondary 1 level (see Figure 2 above 
for the example problem). Although most 
students did not know how to solve the 
problem in the problem-solving phase, 
they were able to produce solutions that 
teachers could build upon to teach the 
targeted gradient concept in the teacher-
led instruction phase. Comparing 
the implementation of the unit in a 
mainstream school in a CLD class to its 
DI counterpart, where students were 
instructed the concept prior to problem 
solving, results indicate that the CLD 
class surpassed the DI class in terms 

of their performance on post-test items 
testing for students’ procedural fluency, 
conceptual understanding, and transfer 
related to the concept of gradient.

Insights from CLD for Better 
Practice

The positive indications from the 
validation of the CLD unit in a mainstream 
school suggests that it can be effective 
and tractable in engendering the deeper 
learning of concepts, and may have the 
potential to support IBL. This has also 
paved the way for the development of 
more curricular units that cover the major 
strands in the secondary mathematical 
syllabus (see Ng et. al., 2020 for 

Figure 2. An example of CLD problem for secondary level.

Figure 3. An example CLD problem for primary level.

examples) and a unit at primary level (see 
Figure 3 below). The AST, with inputs 
from NIE, has also employed the CLD to 
develop a framework—“The Mathematics 
Framework for Inquiry based learning in 
Mathematics”—as a guide to the process 
of inquiry in Singapore Mathematics 
classrooms (see Figure 4 on the following 
page). Findings from a CLD research 
project have also shed light on other 
important mechanisms regarding 
productive learning, such as cognitive 
load, in planning better direct instruction 
lessons.

Taken together, the CLD demonstrates 
that IBL is possible in the mathematics 
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classroom when the processes of problem 
solving to afford meaningful learning 
and the development of mathematical 
habits and dispositions in students are 
emphasised. The partnership between 
AST and NIE also illustrates a concerted 
effort for change from research and 
practice that could slowly help to sustain 
pedagogical approaches that have 
potential for deep learning.
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