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About OER

Research Empowers

The Offi ce of Education Research (OER) at the National Institute of 
Education (NIE), Singapore brings together researchers, educators 
and administrators to provide evidence-based and research-
informed improvements to teaching and learning. 

OER was established on 1 April 2008 to forge an NIE-wide 
programme of education research, development and innovation. 
It administers research funding, such as the Education Research 
Funding Programme, a pool of research funds provided by the 
Ministry of Education (MOE), Singapore. It also supports education 
research on topics of interest to NIE and of importance to MOE and 
the broader education fraternity. 

To fi nd out more about OER, visit:
http://www.nie.edu.sg/offi ce-of-education-research
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Executive Summary

Introduction

This report presents insights derived from a 
synthesis of the funded research undertaken 
by the Offi ce of Education Research (OER) 
during the second (FY2008–2012) and third 
(FY2013–2017) tranches of the Education 
Research Funding Programme (ERFP). Based 
on the analysis, OER is proposing a model 
of Sustainable Teacher Epistemic Shift. This 
report explains the model and concludes by 
proposing future research directions for the 
fourth tranche of ERFP. 

Focus of OER Research 

For over a decade, OER’s research have 
sought to fi nd out how change occurs in 
an education system and how to improve 
classroom pedagogy. The research focus 
is on the Instructional Core, or teachers and 
students in the presence of content. Many OER 
research projects are clustered around six key 
research areas: (i) Curriculum, Assessment 
and Pedagogical Innovations; (ii) Creativity 
and 21st Century Competencies; (iii) Teacher 
Learning and Professional Development; (iv) 
Low-Progress Learners; (v) Leadership; and 
(vi) Scaling and Translation.

OER’s research efforts have borne fruit in 
many areas, progressing from the collecting 

of baseline data to implementing curriculum 
innovations in schools. Based on OER 
researchers’ work on curricular innovations, 
OER has also identifi ed key enablers of change 
at different levels in the education system. 

Three levels of analysis were used to 
synthesise the research efforts: (i) skills and 
competencies development and academic 
outcomes of learners; (ii) teachers as the key 
actors of epistemic shifts and system change; 
and (iii) school leaders and the spreading and 
sustaining of innovation education practices. 

Findings across the research projects 
converge to support a model of sustainable 
teacher epistemic shift. In the report, this 
model is situated within an education system 
that is in fl ux, as it evolves to prepare students 
to be future-ready in a knowledge-based 
economy. 

Teachers as Change Agents

No change in the system can occur without 
the teachers. They are both the pedagogues 
in the classroom and pivotal agents of change 
in education. Epistemic shifts will happen 
only if their core beliefs about teaching and 
learning can be infl uenced. OER has identifi ed 
four enablers that can transform teachers into 
agents of system change.
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Teachers need to master content knowledge 
of their domains and also acquire research 
literacy so that they can interpret, evaluate and 
even gather their own research evidence. Such 
skills can be developed when they participate 
in or co-construct education innovations 
with researchers to change the instructional 
core. The enablers have been shown through 
research to improve adaptability and increase 
pedagogical repertoires, and thereby, 
pedagogical fl exibility in teachers. 

Leaders as Change Agents

For teachers to be change agents, the school 
environment has to be conducive for education 
innovation and teacher learning. 

Schools are often seen as formal and 
hierarchical organisations, but they should be 
thought of more as ecologies that are made up 
of different actors and their relationships with 
one another and the environment.  Leadership 
in an ecology is not just top-down; leaders can 
lead from the middle and spread change in 
multiple directions and across different levels 
in a system. 

The following enablers promote ecological 
leadership:

1. Teachers understand and
assume their roles as 
professionals and experts in 
pedagogical content knowledge; 

2. Teachers share and 
collaborate with their peers in 
an active learning culture in 
schools;

3. Teachers develop a capacity 
to design for positive 
outcomes in teaching and 
learning; and

4. Teachers design and make 
use of resources provided 
within a strong curriculum 
framework. 

1. Leaders are able to balance 
autonomy and empowerment 
on one hand, and 
accountability on the other; 

2. Leaders develop capacities 
for ecological leadership, such 
as understanding how change 
occurs in systems; and

3. Leaders develop collaborations 
with other schools and 
stakeholders, such as NIE. 

The Four Enablers 
transforming teachers into 
agents of system change
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System as Change Agent

Some of OER’s education innovations that 
address designed needs of a school or 
cluster have been successfully implemented. 
However, teachers may sometimes be less 
enthusiastic about innovations imposed by 
external parties. In contrast, emergent needs 
based on concerns shared by other teachers 
may seem more relevant to them. Teachers 
can be encouraged to form Professional or 
Networked Learning Communities (PLCs  or 
NLCs) with their peers to address such needs. 

Through such communities, evidence-based 
innovations can be scaled up or diffused 
across the system. Teacher-leaders can 
also work and even lead at levels beyond 
their schools, such as in clusters or zones. 
To diffuse curriculum innovations across the 
system, the following enablers are needed:

Research has shown that “lethal mutations” 
pose a key challenge to the scaling of 
innovation. They happen when innovations are 
adapted to a point whereby their pedagogical 
essentials are lost. To avoid this, teachers 
should possess the design capacity and 
research literacy to understand the nature of 
the innovations, and the system can support 
this via different leverages. 

Generating Student Outcomes 
in Creativity and 21st Century 
Competencies 

OER’s research on 21st Century 
Competencies (21CC) focuses on balancing 
content mastery and 21CC pedagogy, and 
also developing innovations in three specifi c 
21CC categories: (1) cognitive competencies, 
such as creativity and inventiveness; (2) inter-
personal competencies, such as collaboration 
and communication; and (3) intra-personal 
competencies, such as self-directed learning.

Effective 21CC innovations share two 
characteristics: They create a 21CC learning 
environment, usually by leveraging on 
technology to expand learning spaces; and 
they cultivate discipline-specifi c 21CC that 
requires students to synergise different kinds 
of 21CC.   

The 21CC innovations have created a 
socio-technological ecosystem where both 
teachers and students use information and 
communication technology learning platforms 
to share and learn with others. Because 

1. Develop teacher professionalism; 

2. Leverage on NLCs to foster 
collaborations and share professional 
knowledge;

3. Develop PLCs to promote teacher 
learning within schools;

4. Develop partnerships with education 
stakeholders within (MOE, NIE and 
other schools) and outside the school 
system (e.g., Science Centre); and 

5. Enhance carryover effects and 
feedback channels to aid the diffusion 
of innovations.
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learning spaces have expanded through 
technology, new forms of 21CC assessments 
and even student-generative learning become 
possible. 

A broad range of 21CC assessments may help 
adjust the balance between content mastery 
and 21CC. A visible and persistent dialogue 
on 21CC within education can encourage 
teachers to make an epistemic shift towards 
21CC pedagogy.

Supporting Low-Progress Students

Research on low-progress students (LPS) 
indicate that the support they need often goes 
beyond traditional academic learning and 
teaching.  OER researchers have, over the 
years, looked into specifi c issues that LPS 
encounter, such as their misunderstandings 
in Math, their cognitive processes, such as 
attention and working memory, and their 
special needs. Five enablers for supporting 
LPS have been identifi ed:

Research has shown that the efforts listed 
below may improve learning for LPS:

Learner as Change Agent

OER research have shown that students 
can also function as change agents of 
the education system. OER’s curriculum 
innovations have sought to understand and 
improve these aspects of learning:1. Focus on behaviour management in 

classrooms;

2. Develop a strong student understanding;

3. Develop good teacher-student 
relationships in and outside the 
classrooms;

4. Increase special-needs support for 
teachers; and 

5. Create specialised programmes for 
specifi c LPS needs.
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1. Help students build 
resilience, improve 
working memory, and 
cope with anxieties; 

2. Improve student agency 
as a means for levelling 
up self-esteem; and 

3. Develop “out-of-the-
box” student-generated 
contributions to help 
student learning.

1. Learner-generated inquiry responses 
such as questioning and argumentation; 

2. Intrinsic motivations and confi dence of 
learners;

3. Semi-formal leadership for social 
bonding, community and leadership; and

4. Semi-formal and formal spaces to 
facilitate lifelong, life-deep and life-wide 
learning.
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Such student-oriented research have led to 
changes in teachers’ practices, as they began 
to realise that students can take over of some 
of their own learning.

Teachers at the Heart of System 
Change 

Based on a decade’s worth of research, OER 
is proposing a model of Sustainable Teacher 
Epistemic Shift that puts the teachers at the 
heart of system change. While teachers mainly 
function in classrooms (the micro layer), they 
are connected to the meso and macro layers. 
The meso layer represents teacher-leaders, 
or “leadership from the middle”. The macro 
layer refers to education policies and also 
teacher networks and curricular innovations. 
Teacher-leaders who lead from the middle 
have to reach out to other teachers but also 
communicate with school and system leaders. 
But school and system leaders will also need to 
be in touch with teachers. In this way, the three 
different layers are ecologically connected in 
the education system. 

Leadership from the middle via networks is 
a powerful mechanism for inside-out change 
in education. Through NLCs, teacher-leaders 
can champion innovations by providing 
coherence and capacity from the core of 
the system. Such communities let teachers 
work together to address emergent needs 
identifi ed by themselves or to participate in 
OER innovations that have been proven to 
work. PLCs and NLCs can also bring teachers 
together in their effort to align their practice to 
21CC policies. 

For curricular innovations to be sustainable, 
epistemic change needs to happen. 
Teacher’s epistemic change is the highest 
leverage of change in overcoming the 
tensions between performative pedagogies 
and inquiry-based learning. The use of meta-
language associated with 21CC learning and 
teaching, accompanied by agentic behaviour 
of teachers and apprenticeship with teacher-
leaders, can promote epistemic change in 
teachers. 

Future Directions in Research

Building upon its past research efforts, OER is 
proposing a strategic suite of three signature 
projects for the next tranche. The fi rst will be a 
programmatic proposal that leverage on formal 
and informal learning in schools (including 
STEM Applied Learning Programmes and 
niche programmes) to help learners develop 
metacognitive and socio-regulatory abilities 
and habits of mind. Researchers will also 
trace identity and developmental trajectories 
of learners, and how these lead to interest 
pursuits and career choices. 

The second signature project will focus on 
teachers and teacher leadership, in particular, 

Leadership from the middle 
via networks is a powerful 
mechanism for inside-out 

change in education.
“ ”
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leadership from the middle, which is needed 
for innovations to fl ourish. 

For the third line of research, OER researchers 
will develop formative metrics to understand 
and assess academic performance. Learning 

 » a coherent framework with focused research questions on the 
instructional core programme

 » to understand and measure various shifts: teacher and system shifts 
over time (how change occurs); and metrics for student outcomes

 » basic research conducted in the context of practice, to support and 
create evidence-based interventions

analytics holds the potential for reducing 
homework for students if we can fi nd other 
ways to measure their understanding. 

To summarise, OER’s research will be guided 
by the following tenets for the 4th tranche:

The Three Tenets
guiding OER’s research for the 4th tranche
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Teachers at the Heart of System Change:
A Consolidation of OER Research

Future-Oriented Educators for 
Future-Ready Learners: Teachers at 
the Heart of System Change 

Background

The Singapore education system is historically 
a centralised system with increasing 
decentralisation given to schools. In an effort 
to rapidly equip a growing nation with the 
prerequisite skills required for the economy, 
the system has put into place examinations 
at multiple points to ensure that fair and 
objective feedback can be obtained on 
student performances across their educational 
development. 

Such examinations have become high stakes 
because they not only serve as a system 
evaluation, but they are also placement 
mechanisms for students to gain access to 
schools deemed to be prestigious or capable 
of producing strong academic achievement 
outcomes. 

Given that Singapore society, like many East 
Asian societies, place a signifi cant value on 
the importance of education, the high stakes 
nature of examinations has unintended 

consequences for the system in terms of 
stress and an overemphasis on preparation 
for examinations. 

In addition, our educational context is unique. 
Eastern values such as communalism, 
paternalism and power distance undergird 
many education institutions, creating 
interesting social and organisational dynamics 
while simultaneously building strong tripartite 
relationships between institutions such as NIE, 
MOE and the schools. 

A future-ready education agenda is 
increasingly the order of the day in recent 
years, although the move to preparing future-
ready learners has been in play since 1997’s 
Thinking School, Learning Nation initiative. 

Even while the education agenda is pointedly 
focused on generating a much needed future 
economy, the system is nevertheless mindful 
of students who are increasingly struggling to 
progress up the education pathways. Many 
of these low progress students live in low-
cost public housing and lack a strong English 
literacy, disadvantaging them in an education 
system where English is the medium of 
instruction. In broader terms, learning has come 
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to be seen as not just the sole responsibility of 
schools, but of home, community and society. 
Educational policy roll-outs, once expected to 
be implemented with great fi delity given the 
highly differentiated quality of teachers in the 
early 1960s, now is allowed to be mediated 
and contextualised by schools, teachers and 
leaders due to the increased autonomy of 
schools and rising professionalism of teachers, 
creating variations in policy enactments 
across the system. 

The Singapore system is historically 
a centralised system with increasing 
decentralisation given to schools. On the one 
hand, it embraces a systemic undertaking 
for change towards the 21st century and 
is often perceived to be top-down; on the 
other hand, the system leaves autonomy to 
schools in the support of the teacher change 
process. However, calibrating centralised and 
decentralised forces towards a balance in an 
ever changing 21st century milieu requires 
constant alignments and coherences within 
the system.

Cumulatively, these educational tectonic 
shifts in the system have created tensions and 

opportunities as teachers and schools seek 
to balance between educational dualities 
that emerged as a Singapore education 
system seeks to change direction from a post-
industrial model to a future-oriented one. Such 
dualities confronting teachers and schools 
on a daily basis include the need to balance 
between content mastery and 21st century 
competencies, between surface changes to 
practice and deep substantive pedagogical 
innovations, and between episodic 
improvements and sustainable change. 

Focus of OER Research

Over the past decade or so, since the inception 
of Centre for Research in Pedagogy & Practice 
(CRPP), OER has remained steadfastly 
concerned with the question of how change 
occurs as a system, and how to improve 
classroom pedagogy in the system. Our 
focus is on the Instructional Core, comprising 
teachers and students in the presence of 
content. Research conducted over the years 
have emphasised on three different levels as 
shown on the following page.

These levels of research, as represented to 
varying degrees by the six niche areas, form 
a complex network of interactions across 
all levels, but these substantive research 
converge to support the model of Sustainable 
Teacher Epistemic Shift. 

This report highlights aspects of this model, 
documenting the different levels of analysis 

The Singapore system 
is historically a centralised 

system with increasing 
decentralisation given to 

schools.

“
”
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and the research fi ndings therein. Over the 
past tranches, substantial research progress 
has been made in documenting baseline 
data on schools, teachers, classrooms 
and students, through the Core Research 
Programme and other descriptive studies. 
From these, curriculum innovations have 
been generated that draw from baseline 
understandings of areas of improvements 
and areas of policy importance. Substantial 
progress has also been made, through these 
various innovations, to determine where are 
the key enablers of change at the different 
levels of analysis, and subsequently, action. 

Given the evolving nature of the education 
system as multiple policy initiatives seek 
to move it forward in preparing for a future-
ready agenda, such new local developments 

continue to engage OER researchers in 
re-examining the pathology of schooling, 
especially in terms of how school leaders 
facilitate sustainable change in a fast-
changing knowledge-based economy which 
is increasingly plagued by geopolitical 
uncertainties. The new developments include 
the need to equip students with 21st century 
skills and competencies for future-readiness 
and decentralisation movement to encourage 
endogenous renewals of schools for a future-
oriented learning. 

The rest of this report therefore provides a 
consolidated synthesis of OER research and 
moves from the teacher, the key agent of the 
change agenda, to schools and leaders, both 
equally important ingredients for sustainable 
change to the system. 

Learners are at the 
heart of learning, and 
the empirical task is to 
develop in learners both 
performative and inquiry 
skills, academic and non-
academic outcomes, 
content mastery and 21st 
century competencies. 
From a system’s 
perspective, this is a micro 
level of analysis.

1
Teachers are the 

epistemic authority in 
the classroom, and the 
empirical task is to change 
their beliefs – what we call 
teacher epistemic shifts 
– to enable teachers as 
professionals to be at the 
heart of system change. 
This is a micro level of 
analysis.

2
School-system leaders 

are the movers and 
shakers of their schools 
and beyond, and the 
empirical task has been to 
document, and encourage, 
the spreading and 
sustainability of innovative 
learning and instructional 
practices. This is a meso 
level of analysis. 

3

Three Levels of Research Emphasis 
based on research conducted over the years
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The Teacher as Change Agent

At the micro level, teachers are not only the 
epistemic authority in the classroom, they are 
also the pivotal agents of change in the system. 
To put it simply, if teachers are resistant to 
changing their practice, the entire system will 
not be able to move forward in the future-ready 
agenda. Given the importance of teachers, 
and the fact that international research have 
shown repeatedly that the quality of teachers 
matters, enabling teacher change is crucial. 
We argue that teacher change can only occur 
if their fundamental core beliefs about teaching 
and learning can be infl uenced and hence 
sustainable epistemic shifts can happen. 

Our research synthesis efforts show that four 
intersecting enablers can help to generate 
teachers as agents of system change as 
shown in the image on the following page.

Teachers need to acquire not just disciplinary 
literacy of their own subject domains, 
but research literacy – understanding, 

interpreting, engaging with, and creating 
research evidence – so that they can 
understand whether innovations in their 
practice can work, and if so, how and 
with what evidence they work. Embodied 
participation in innovations can lead to strong 
changes in teacher beliefs which is a crucial 
step in enabling teachers as change agents. 
Innovations and interventions to change 
pedagogy are focused on changing the 
Instructional Core – engaging on teaching, 
teacher learning, student learning, students’ 
curricular engagement, curriculum design and 
innovation, and teacher-student interactions. 
Researchers can help teachers to develop 
these capacities through co-constructing 
changes in the Instructional Core. 

Taken together, these enablers have been 
shown to improve teacher adaptability, which 
in turn lead to an increase in pedagogical 
repertoires for teachers, refl ective of 
pedagogical fl exibility which is a characteristic 
trait of expert teachers.
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Enablers 
Generating 

Teachers as 
Agents of 

System Change

Teachers need to understand, develop and 
embody their role and identities as professionals 
and experts, while acknowledging that they are 
lifelong learners of their own practices. Unlike 
other systems where teachers are increasingly 
devalued and evaluation systems put in place to 
ensure they perform to narrow student outcomes, 
our research have shown that Singapore 
teachers are increasingly seeing themselves 
as professionals, with professional pathways 
available for them to upgrade themselves. 

Teachers have a role to play in enabling an active 
learning culture in schools, through sharing, 
interacting, collaborating and being critical friends 
of their peers’ practices. 

Teachers need to develop a “design capacity” 
to understand how learning and teaching can 
be designed for high value outcomes. This 
entails an embodied-participatory learning 
framework that explains how epistemic beliefs 
are appropriated and enculturated, and actions/
behaviours and cognition are needed in a 
holistic interplay within a social-phenomena 
context. This involves both an embodied (self-
phenomena dialectic) and participatory (self-
reifi cation dialectic) interaction in learning. 

A strong curriculum framework is required to inform 
their practices. Luke, Woods and Weir (2013) 
defi ne curriculum as “the sum total of resources – 
intellectual and scientifi c, cognitive and linguistic, 
textbook and adjunct resources and materials, 
offi cial and unoffi cial – that are brought together 
for teaching and learning by teachers, students 
and in the best case community, in classrooms 
and other learning environments”. As the agent 
that enacts the curriculum in the classroom, 
teachers then have to understand, make sense, 
select, exclude and design such resources to 
facilitate teaching and learning. 
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Leaders as Change Agents 

Our consolidation efforts have also 
recognised that teacher change cannot 
occur or function in isolation from the school 
conditions that engender and facilitate such 
changes. This requires schools to develop a 
socio-technological/technical infrastructure 
that entails building new school cultures 
and organisational routines that are not only 
facilitative of teacher learning and change, 
but allow teachers to overcome the systemic 
dualities mentioned earlier. Building such 
an infrastructure is the role of the school 
and teacher-leaders who enable the socio-
technological/technical conditions necessary 
for pedagogical or curricular innovations. 
By social, we mean the inextricable work 
of school and teacher leaders in support of 
their teachers, and by technical, we mean 
the policies and resources enabling teacher 
learning.

While schools are often seen as formal 
educational organisational structures, our 
research have begun to recognise that 
schools are necessarily ecological in nature. 
That is, schools are sites where relationships 
between individual actors (teachers, students, 
parents, leaders and other stakeholders) 
and their natural and social environments 
are acted out, reifi ed and modifi ed. School 
and teacher-leaders are therefore not just 
people who lead from the top, but more 
importantly, they lead from the middle to 
capitalise on proximal connections and 
enable psychological ownership across micro 
and meso layers. Such ecological leadership 

enables and sustains teacher change through 
vertical percolations up and down layers – 
departments, schools, clusters, zones and 
networks. Through ecological leadership, 
teachers, teacher-leaders and school leaders 
can champion curricular innovations and help 
push them across the system, rather than 
stagnating in isolation. 

To enable ecological leadership so that 
leaders can be change agents requires the 
following distinguishing enablers:

 » Leaders need to have the 
authority and capacity to 
balance between autonomy and 
empowerment on the one hand, 
and accountability on the other. 
The former creates change 
opportunities and the potential 
for percolations, while the latter 
sustains the institutional norms 
that schools must abide by. 

 » Developing ecological leadership 
capacities which include generating 
and understanding evidence-
based school policies and 
systems thinking. For example, 
understanding how change occurs 
within their schools and convincing 
multi-level actors of the effi cacies of 
such policies. 

Enablers of Ecological Leadership
to allow leaders to be change agents
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As will be described later, Networked 
Learning Communities (NLCs) facilitate the 
development of teacher-leaders who can 
champion innovations. As such, “leadership 
from the middle … [is] a deliberate strategy that 
increases the capacity and internal coherence 
of the middle as it becomes a more effective 
partner upward to the state and downward 
to its schools and communities, in pursuit of 
greater system performance” (Fullan, 2015, 
p. 24). Ultimately, ecological leadership is 
necessary for coherence and the instillation of 
moral purpose amid diverse perspectives and 
expertise amongst actors. Ecological leaders 
have a signifi cant role to play in creating a 
cohesive culture of learning that permeates 
across every layer of the system. 

The System as Change Agent 

When teachers and leaders work in tandem 
to change practice through curriculum 
innovations, the system as a whole begins 
to act as an agent and facilitator of change. 
From a systems perspective, for example, 
some of the OER curriculum innovations are 
effi cacious and have been shown to work in the 
school system. We deem these to address the 
designed needs of the school/cluster/system. 
Given that our teachers possess East-Asian 
values, data shows that they might initially 

be unwilling to be imposed an innovation 
from external imperatives but they can be 
encouraged through system infrastructures 
such as Professional (PLCs) or Networked 
Learning Communities (NLCs). In contrast to 
designed needs are emergent needs based on 
specifi c problems or issues that a community 
of teachers wish to work on; many NLCs in the 
extant literature, and certainly the Networked 
Improvement Communities advocated by the 
Carnegie Foundation for the Advancement 
of Teaching, begin with such emergent 
needs. Capitalising on Singapore’s cultural 
characteristics, teachers can use NLCs and 
PLCs to “stand on the shoulders” of other 
teachers. In other words, when curriculum 
innovations have been proven to work in 
classrooms, system infrastructures such as 
NLCs can be set up where interested teachers 
can be encouraged to join into these networks 
and designed needs can be orchestrated. 
Through such system affordances, successful 
curriculum innovations can be scaled up or 
diffused through and across schools.

 » Developing new collaborative 
modes including partnerships 
with other schools or 
stakeholders such as NIE.

When teachers and 
leaders work in tandem to 
change practice through 

curriculum innovations, the 
system as a whole begins 

to act as an agent and 
facilitator of change. 

“
”
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In addition, diffusions have the advantage 
of cultivating autonomy and opportunities for 
teachers to develop agentic professionalism 
as curricular redesigns are necessary and 
they learn to be learning designers in the 
process. These opportunities also enable 
teacher leaders to be positioned at beyond-
school layers (clusters, zones) as testing 
grounds for teachers to become lead and 
even master teachers in the future. 

Such diffusion of curriculum innovations (CIs) 
are dependent on the following system-level 
enablers:

Research also shows that a key challenge in 
scaling is the idea of innovations undergoing 
“lethal mutations” whereby innovations have 
been adapted to a point where they no 
longer capture the pedagogical essentials 
of the innovation. Central to the amelioration 
of lethal mutations are the teachers’ design 
capacity and research literacy to understand 
the essential nature of the CIs. This points to 
the teacher’s agentive learning in the scaling 
process which is necessary to scale CIs. 
Ultimately, across schools, system leverages 
can be further utilised to enable sustainable 
change. 

Generating Student Outcomes 
in Creativity and 21st Century 
Competencies (21CC)

Given the focus on a future-ready agenda, 
21CC-oriented research have focused on 
engaging in changing the Instructional 
Core to not only address a rebalancing of 
content mastery and 21CC pedagogy, but 
develop innovations in three specifi c 21CC 
categories: (1) Cognitive competencies: 

1. Developing teacher professionalism, 
given that teachers are the main carriers 
of CIs across the system.

2. Leveraging on NLCs which are the 
communication channels in which 
knowledge about CIs are exchanged, 
shared, deliberated, varied. Crucial to 
the effi cacy of NLCs is that professional 
collaborations need to be driven by 
a theory-informed design of human 
interactions.

3. Within the school, developing PLCs that 
can enable deep learning to occur within 
specifi c content areas.

4. Developing community partnerships with 
other educational stakeholders (Science 
Centre, National Heritage Board, voluntary 
groups, NGOs, charities). This includes 
capitalising on the tripartite partnerships 
between NIE, MOE and schools.

5. Enhancing strong carryover effects that 
spreads across the system, creating 
reinforcing feedback loops to accelerate 
diffusions systemically. Such carryover 
effects include epistemic, economic, 
sociocultural and structural effects and 
enable school networks to sustain CIs. 
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Includes creativity, inventiveness, critical 
thinking, digital and new media literacies; 
(2) Inter-personal competencies: Includes 
collaboration, communication, civic, global 
and cross-cultural skills; and (3) Intra-personal 
competencies: Includes self-directed learning 
(goal-setting, self-regulation, persistence, 
resilience, growth mindset, mastery 
orientation).

Effective innovations that improve both content 
mastery and 21CC include two characteristics:

Consequently, such 21CC innovations have 
created a socio-technological ecosystem 
where curriculum innovation packages and 
technology-mediated learning platforms are 
shared and utilised by teachers and students, 
and training and workshops given to teachers 
to help improve 21CC learning and teaching. 
In addition to the key teacher, leader and 
system enablers, a distinguishing 21CC 
enabler is leveraging ICT affordances to 
expand curricular spaces to encourage new 
forms of 21CC assessments and to facilitate 
21CC and student-generative learning within 
disciplines. 

The development of 21CC assessments 
are also helping to push the momentum 
on rebalancing content mastery and 21CC 
through developing a broad range of 
assessments, including self-reports, objective 
tests, ICT learning analytics and instruments. 
Ultimately, continuing to make the 21CC 
discourse visible and unwavering within 
the education system can generate new 
discursive practices that have the potential to 
change teachers’ epistemic beliefs towards a 
21CC pedagogy.

Supporting Low-Progress Students

The three levels of change – teacher, school, 
system – are actualised in attempts to support 
low-progress students (LPS) in Singapore 
schools. Research into LPS, particularly those 
with special needs, have shown that these 
students have a tendency to be clustered 
in lower cost public housing and typically 

1. Innovations create a 21CC learning 
environment, particularly, through 
leveraging on the affordances of 
contemporary technologies that “opened 
up” or expanded “new spaces” or 
bridged formal and informal learning 
spaces for rich collaborative-dialogic 
interactions.

2. Innovations build depth into the 
curriculum via discipline-specifi c 21CC 
that synergise interactions among 
categories of 21CC. For example, 
characterising disciplinary literacy in the 
context of STEM to promote inquiry skills; 
merging collaboration and creative skills 
to engage in inventive problem solving 
or student-generative learning (in Maths 
and Science); and strengthening ability 
to negotiate for meaning (cognitive) 
to enhance independent learning (in 
Language).
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do not have English as a home language. 
Furthermore, supporting LPS requires moving 
beyond traditional academic learning and 
teaching. Research over the years have
also shown LPS’s misunderstanding of 
mathematics and highlighted their cognitive 
processes such as attention and working 
memory or special needs which distinguishes 
them from the larger group of learners in the 
system. 

To help teachers better support LPS, the 
consolidation effort have documented fi ve 
enablers that are crucial and embedded 
within improvements to the Instructional Core.

Such teacher changes to support LPS require 
an ecological support approach as well, which 
includes: (a) Engaging school leadership to 
develop school wide support programs; (b) 
Engaging in support in the home environment 
including supporting learning, and changing 
beliefs and expectation of parents, and society 
broadly. 

Learner as Change Agent 

Finally, a key focus and outcome of OER 
research in recent years have been to engage 
learners as agents of change in the system. 
Curriculum innovations that bridge between 
academic and 21CC learning have resulted 
in understanding and improving the following 
aspects of the learner:

1. A focus on behaviour 
management in classrooms;

2. Developing a strong student 
understanding;

3. Developing good teacher-
student relationships in/
outside of classrooms;

4. Increasing special needs 
support for teachers; and

5. Specialised programs 
that focus on developing 
student resilience, working 
memory, and tackling math 
anxieties as these continue to 
disadvantage LPS.

The Five Enablers 
towards better support for LPS

1. Learner generated inquiry responses 
such as questioning, argumentation, 
tinkering, etc.;

2. Intrinsic motivations and confi dence;

3. Semi-formal leadership as a means 
for social bonding, community and 
leadership; and

4. How the semi-formal and formal spaces 
that learners are embedded in can 
facilitate lifelong, life-deep and life-wide 
learning.
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For low progress students, additional research 
has shown improvement gains in terms of:

Cumulatively, these new student-oriented 
research have seen changes in instructional 
practices and norms, as teachers began 
to realise that some form of learning can 
be performed and handled by students 
themselves. 

Teachers at the Heart of System Change

While it takes all parties and stakeholders 
to enact the change process, the teacher is 
at the heart of system change. Informed by 
system improvement theories to guide us in 
the course of system change, the heart of 
teaching and learning reforms lie with the 
teacher. Consistent to OECD reports on high 
quality teachers as critical to any educational 
system, Figure 1 shows OER’s system-ness 
approach to understanding system change, 
and how educational research is part of the 

endeavors. While teachers’ roles in classrooms 
are at the micro layer, it cannot be divorced 
from the meso and macro layers. The meso 
layer is where teachers are supported, and this 
layer of teacher leaders can be a “leadership 
from the middle” (see Figure 1) – the middle 
being the clusters and networks-of-schools 
where teachers and teacher-leaders are able 
to champion curricular innovations. The macro 
layer is where policies support teachers’ 
functions, and also the networks and school-
based innovations or Curricular Innovations 
(CIs).

For CIs to sustain, teacher leaders have to 
not just distribute leadership downwards to 
reach out to other teachers, but they would 
also have to communicate upwards to their 
school leaders and system leaders. There 
is a need for ecological Leadership (vertical 
percolations). Upward percolation by teacher 
leaders is particularly necessary to situate 
“what works” (with evidence to support) 
as a means of achieving alignments and 
coherences for the sustaining of CIs. Similarly, 
school leaders’ intentional reaching-out to 
teachers to bridge “power distance” between 
levels – 2 directional percolations – is also 
another form of ecological leadership for 
alignments between levels (see Figure 2). 

Potentially, NLCs facilitate the development 
of teacher leaders who can champion 
innovations. Teachers are in the center of the 
change process. As such “leadership from 
the middle … [is] a deliberate strategy that 

1. Helping students build resilience, 
improve working memory, and cope with 
anxieties;

2. Improving student agency as a means 
for levelling up self-esteem; and

3. Developing “out of the box” student 
generated contributions to help student 
learning.



20    

increases the capacity and internal coherence 
of the middle as it becomes a more effective 
partner upward to the state and downward 
to its schools and communities, in pursuit of 
greater system performance. …” (Fullan, 2015, 
p. 24). The teacher should be the middle 
in many of the leadership enactments in 
schools for CIs to thrive. From a system-ness 
perspective, some CIs (e.g., the interventions 
from OER) are already effi cacious and have 
shown to work in the school system. We deem 
these to be designed needs of the school/
cluster/system. From the East-Asian values 
our teachers possess, data shows that they 
might initially be unwilling to be imposed 

an innovation from external imperatives but 
can be encouraged through these NLCs. 
In contrast to designed needs is emergent 
needs – which are the original conceptions of 
NLCs as found in extant literature (see Figure 
3). Designed needs are those which have not 
emerged from respective teachers yet the 
east Asian cultures allow for a situation where 
they can be assigned, albeit involuntarily.  
Teachers can ‘stand on the shoulders’ of other 
teachers, instead of starting CIs from “ground 
zero”. In other words, when CIs have been 
proven to work in classrooms, NLCs can be 
set up where new and interested teachers can 
be encouraged to join into these networks and 

Figure 1. The system-ness of educational research. 
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designed needs (i.e., established CIs from 
interventions) can be orchestrated.

Curriculum vision – not just a school vision 
– is needed to steer the direction of schools 
towards inquiry-based learning. School visions 
have to be translated to curricular visions, and 
these would subsequently be followed up by 
teachers redesigning lessons and curricular 
schemes of work. These efforts exist currently 
in professional learning communities and 
NLCs, and they can be further explicated with 
greater alignments between 21st CC related 
policies and curricular innovations leading to 
deeper learning. 

Finally, a system understanding of change 
needs to be grounded on an embodied and 
participatory theory of learning. Consistent 
throughout the CIs is the prominent role of 
meta-languaging in the interaction between 
teachers and students. These meta-
languaging would be according to disciplinary 
genres enabling critical thinking and 
disciplinary ways of seeing meaning. Within 
the learning by students with the designed 
tasks and process activities by teachers, there 
are the i) dialectics between embodiment 
and social construction of meanings; and ii) 
dialectics between intuitive resources and 
embodied explanations, leading to identity 

Figure 2. Alignments needed as a system with ecological and 
apprenticing leadership.
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formations. Such is the process of epistemic 
change consistent to the identify formations 
according to disciplinary forms of thinking 
(e.g., thinking like a scientist). The principle 
of learning aforementioned is also consistent 
to the epistemic change process needed of 
teachers. Meta-languaging accompanied by 
the agentic behavior of teachers, scaffolded 
through the apprenticing leadership by 
teacher leaders, enables the sustainability of 
CIs. Teacher’s epistemic change is the highest 
leverage of change overcoming the tensions 
of performative pedagogies and inquiry based 
learning. Leadership from the middle via 

networks is a powerful mechanism for inside-
out change within the system. Leadership 
for horizontal/lateral apprenticeships and 
leadership for vertical alignments are needed 
for CIs. Figure 4 shows the conceptual 
framework (logic diagram) on teacher change.

Future Research Directions 

Grounded upon a substantive understanding 
of the Singapore education system, OER 
intends to provide a strategic proposition 
on signature projects moving ahead.  On 
the learner front, OER intends to mount a 

Figure 3. Emergent and designed needs arising for NLCs.
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programmatic proposal leveraging on both 
the formal classroom and the informal learning 
opportunities presently afforded by schools 
such as STEM ALP, niche programmes, 
maker spaces, etc. The integrative interplays 
that can be afforded from the perspective of 
the learners can be signifi cantly enhanced 
and conceptually nuanced big ideas can 
be forged for the learners and by the 
learners across the two productive spaces 
for authentic learning that is both embodied 
and participatory. Importantly, teachers are 
at the heart of this interplay between formal 
and informal learning. Through such a 

programme, it is hoped that learners would 
develop metacognitive and socio-regulatory 
abilities and habits of mind. Alongside this 
signature proposal is the need to trace learners’ 
identity and developmental trajectories on the 
formal-informal learning pathways, leading to 
interest pursuits and career choices. Such a 
developmental pathway study will unpack the 
kinds of struggles, tensions, successes and 
failures of our learners and reveal important 
insights into how educative processes can be 
designed for productive cognitive, emotive, 
and dispositional habits of mind, with the 
resiliency and persistence needed to succeed 

Figure 4. Teacher epistemic change.
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in life. Such trajectories are consistent to the 
life-long, life-wide, and life-deep learning 
espoused. 

A second line of signature studies is on teachers 
and teacher leadership. As aforementioned, 
innovations require leadership from the 
middle (of the system). Teacher leaders 
are well poised to take on this instructional, 
curricular, learning leadership role. Figure 5 
shows an explication on how NIE’s education 
of teachers model can be adapted to provide 

a situated and in-situ program “in the wild” 
(see TPD 101, 201, and 301 in Figure 5).

In order to achieve sustainability of inquiry 
interventions in schools, a non-research 
funded model of teacher professional 
development has to be explored with teachers 
themselves taking the lead in consolidating 
the evidence base of their instructional work. 
While the interventions work in schools is 
very much less linear (see IASA workfl ow in 
Figure 5), the mapping to TPD 101, 201, 301 

Figure 5. PD “in the wild”.
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is inevitably more linear. However, because 
of the need to provide PD to a larger pool of 
teachers, some tradeoffs are to be expected. 
Importantly, a structure needs to be developed 
such that the graduates of TPD 301 become 
the apprenticing mentors for TPD 101 in 
subsequent batches. 

A third foreseeable line of signature 
research, which is also blue-skies inclined, 
is the development of formative metrics 
for understanding and assessing learners’ 
performances in their learning experiences, 
particularly in classrooms. In a number of 

OER’s interventions, analytics have been used 
to map and to chart learners’ performances 
both at the classroom and school levels of 
analyses. With these analytics, teachers have 
been able to recognise who is understanding 
the lessons.  As such, there is the potential 
for reducing worksheets and homework as 
students have already displayed conceptual 
and procedural understandings of the 
instructional goals intended. 

Overall, going into the 4th tranche, OER’s 
research would be guided by the following 
tenets:

 » A coherent framework guiding R&D informed by the instructional 
core with focused research questions and its inter-relationships 
around a coherent instructional core programme.

 » An understanding and measuring of teacher and system shifts 
across time; with metrics for student content-process outcomes.

 » A basic research-to-practice approach, and establishing a systematic 
evidence based approach for interventions.

The Three Tenets
guiding OER’s research for the 4th tranche
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