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Foreword
The Office of Education Research (OER) 

as the National Institute of Education’s 
(NIE) key education research arm, has 
been committed for the twelve years it has 
been in existence to leading NIE’s efforts in 
providing research on education that is timely 
and relevant to Ministry of Education (MOE) 
officials, policymakers in government and even 
other ministries working on related issues.

The aim of the Local Evidence Syntheses 
(LES) Series is to make the results of our 
research available in a concise and digestible 
manner to such interested readers in order 
to inform policy formation, programme 
design and pedagogical practice in the 
education realm in Singapore. It does this by 
synthesising our research that is funded by 
the Education Research Funding Programme 
(ERFP) according to key themes of domestic 
interest and according to how they contribute 
to their specific fields of research. Key insights 
are distilled from the jargon and academic-
speak that makes most academic publishing 
opaque and inaccessible. Future directions 
are also sought from authors to suggest what 
we can do or look out for in order to bring our 
education system to the next level.

Professor David Hung
Dean, Office of Education Research
National Institute of Education
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• core values of respect, responsibility, 
integrity, care, resilience, and 
harmony; 

• social and emotional competencies 
namely self-awareness, self-
management, social awareness, 
relationship management and 
responsible decision-making; and

• emerging 21CCs, specifically 
communication, collaboration 
and information skills, critical and 
inventive thinking, and civic literacy, 
global awareness and cross-cultural 
skills.

Several studies have examined the 21CCs in 
MOEF such as socio-emotional competencies 
(e.g., S16) and critical thinking (e.g., S42). 
However, some studies have investigated 
additional 21CCs not explicitly included in 
MOEF. Those studies reference other relevant 
literature, such as self-directed learning (e.g., 
S62), motivation (e.g., S4), and interest (e.g., 
S57). Considering the diversity of concepts 
examined, a broader framework adapted 
from the National Research Council (NRC, 
2012) is used to effectively capture the 
essence of the research studies. The adapted 
framework groups 21CCs into four categories: 
cognitive, intrapersonal, interpersonal, and a 
combination of intrapersonal and interpersonal 
(intra/interpersonal). 

Besides providing a reference frame to MOEF, 
the categories of 21CCs provide a logical 
grouping of related concepts for the diverse 
collective of 21CCs that have been examined 

introduction
What are 21st Century Competencies (21CCs)?

In order to thrive in an unpredictable, fast-
changing and connected world, our students 

require a multifarious range of knowledge, 
skills and attitudes that are collectively referred 
to as “21CCs”. Traditional subject domain 
mastery, while still important, is increasingly 
seen as insufficient to prepare students for 
the challenges ahead. In addition to domain-
specific knowledge, 21CCs are regarded as 
important learning outcomes that can prepare 
and equip all students with what is necessary 
to navigate and do well in the increasingly 
digital, volatile, uncertain, complex and 
ambiguous (VUCA) present and future. The 
move towards developing students’ 21CCs in 
Singapore schools has been encouraged in 
many ways and areas. This LES attempts to 
amalgamate findings from research studies 
from the National Institute of Education (NIE) 
which highlight important ways in which 21CCs 
have been developed in Singapore students.

There is no single, universal definition of 
what constitutes 21CCs. For this synthesis, 
21CCs are “transferable” knowledge, skills 
and attitudes that are increasingly important 
for individuals to succeed and thrive in 21st 
century work and life; they form “dimensions of 
expertise that are specific to—and intertwined 
with—knowledge” (National Research Council 
[NRC], 2012, p. 3) of a particular subject 
domain. Many 21CCs frameworks have 
highlighted related sets of concepts and 
use various lenses and/or contexts. MOE’s 
framework for 21CCs and Student Outcomes, 
hereby termed MOEF, has set the direction 
on key 21CCs for Singapore students with a 
focus on three rings: 
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management, and responsible 
decision-making. They also include 
motivation and self-efficacy.

The studies included in this LES have 
explored, developed or evaluated ways to 
nurture 21CCs among the diverse student 
population in Singapore. Recognising that 
many of these ways relate to the teaching and 
learning of 21CCs (e.g., a study of a particular 
pedagogical approach), and noting that some 
studies have not only investigated 21CCs but 
also subject domain mastery, the following 
questions are used as a guide to present the 
insights gleaned from the Singapore-based 
21CC-related studies examined in this LES:

1. What factors are effective in enabling 
all students to develop their 21CCs?

2. What particular strategies are 
important for the development of 
both 21CCs and subject domain 
mastery?

In the process of addressing the 
abovementioned questions, we also examined 
how 21CC outcomes were characterised 
and assessed. The assessment of 21CC 
is a challenging endeavour internationally 
and locally. Thus, a section of this LES 
below describes the developments of 21CC 
assessment tools among the local studies 
included in this LES.

introduction
What are 21st Century Competencies (21CCs)?

in the studies. The four categories of 21CCs 
that were identified can be mapped to the 
various aspects of the MOEF.

• Cognitive competencies relate to the 
reasoning and thinking of a person. 
Critical and inventive thinking and 
information skills are cognitive 
competencies emphasized in MOEF. 
Other related cognitive competencies 
include interest and curiosity.

•  Intrapersonal competencies refer to 
the internal stances and processes 
within a person of managing one’s 
behaviour and emotions and 
approximate with MOEF’s core 
values. They also include self-
directed learning and self-regulation.

• Interpersonal competencies focus on 
externalising ideas, interpreting and 
responding to messages from others 
and the community. In MOEF, this is 
communication and collaboration, 
civic literacy, global awareness 
and cross-cultural skills1. Additional 
interpersonal competencies include 
leadership.

• Combined intra/interpersonal 
competencies reflect the intertwined 
nature of 21CCs, namely socio-
emotional competencies (SECs) of 
self-awareness, self-management, 
social awareness, relationship 

1 Civic literacy, global awareness and cross-cultural skills are more participative in nature. Global awareness, while embedding aspects 
of knowledge, tends to emphasize interactions with the global community. 
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Current state of research on 21CCs

119 ERFP, MAF and eduLab studies related to 21CCs were mostly completed between 
2009 and 20182. (Refer to Annex A for a summary of all 119 studies.)

69 of these studies were Tiers 2 and 3.

About S$28,464,051 in funding from 2nd and 3rd tranche ERFP, MAF and eduLab 
grants was spent on the 119 studies related to 21CCs research.

12 of these studies were Baseline, 24 were Exploratory, 8 were Explanatory and 6 were 
Evaluation, 66 were Intervention (half of which involved mixed methods approach), 1 
was Proof of concept and 2 were on Scaling and translation (See Figure 1 below).

Figure 1. Type and tier of studies.

introduction

2 These 119 projects were identified from studies that were completed any time between January 2009 to February 2019 based on 
these criteria: a) nominated by the principal investigator (PI) as being relevant to 21CCs or identified as having some aspect of 21CCs 
outcomes by the 21CCs LES authors, b) completed or awaiting closure, c) have at least one NIE member in the team as PI or co-PI. 
Exceptions are S9, S14, S15, and S71 which are still ongoing. Due to the relevance of the studies to the topics in this synthesis, they 
are included.
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Current state of research on 21CCs

22 of these studies included lower-tracked learners, often referred to as low progress 
learners (LPLs) in the Singapore context.

A large majority of studies were in Secondary schools (74) followed by Primary schools 
(53). (See Annex B for more details.) 

Science was the most examined subject (47 studies) followed by English and Mathematics 
(30 studies each; See Annex B). 

76 studies, which were found to be more relevant to the objectives of this LES, were 
examined at greater depth and served as the main basis for this report.

Different aspects of 21CCs are emphasized in the 119 studies; these aspects are grouped into 
four categories: cognitive, intrapersonal, interpersonal and intra/interpersonal. Table 1 below 
shows the distribution of 21CCs examined in the 119 studies3.

Adapted 
NRC 
framework

Cognitive Intrapersonal Interpersonal Intra/Interper-
sonal

=MOEF Critical and 
Inventive 
Thinking

Information 
Skills

Respect, 
Responsibility, 
Integrity, Care, 
Resilience, 
Harmony

Self-
Regulation/ 
Self-Directed 
Learning

Communication 
and 
Collaboration

Civic 
Literacy, 
Global 
Awareness 
and Cross-
Cultural 
Skills

Self-
Awareness, 
Self-
Management, 
Social 
Awareness, 
Relationship 
Management, 
Responsible 
Decision-
Making

Number of 
studies

46 13 10 19 34 7 36

Table 1. Distribution of 119 21CC studies across adapted NRC framework and MOEF.

introduction

3 Studies can investigate more than one specific 21CC. The numbers add up to more than the total number of studies.
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Tools for characterising and assessing 21CCS

A notable feature of the studies examined in this LES was the development of 24 sets of diverse 
tools for the characterisation and assessment of a broad range of 21CCs. These tools were 
adapted, developed and/or validated in local student samples (see Annex C). Table 2 below 
shows how these sets of tools can be grouped according to the different categories of 21CCs that 
they assess or characterise. Although there were more tools, including learning analytics (LA)-
based tools, developed to assess the cognitive aspect of 21CCs, a good number of tools also 
focused on the intra- and inter-personal aspects of 21CCs. 

Of the 24 assessment tools that were developed:

13 assess 21CCs as an outcome and used fixed-response survey items; 

4 serve as a compendium of scales which assess at least eight 21CCs; and

5 leveraged technology and/or LA to provide formative assessment of 21CCs both as 
a process and as an outcome, and involved not only self-assessment but also peer-
assessment.

Current state of research on 21CCs

Table 2. Assessment tools for assessing or characterising the different categories of 21CCs.a

Cognitive Intrapersonal Interpersonal Intra/
Interper-
sonal

Objective/ 
LA-based

Self- 
Report

Rubrics/
Frame-
works

Objective/ 
LA-based

Self- 
Report

Rubrics/
Frame-
works

Objective/ 
LA-based

Self- 
Report

Rubrics/
Frame-
works

Self-re-
port/ LA-
based

7 7 4 3 7 0 4 7 2 8

 Note. aThe total may exceed 24 as some sets of tools cover multiple categories.

introduction
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from 21CCs, helped to promote a supportive 
environment for the improvement in the 
students’ 21CCs. 

The results of S54 show that a sample of 
teachers recognise the potential benefits 
of science inquiry pedagogy to improving 
students’ subject domain outcomes (e.g., 
deeper science concepts) as well as 21CCs 
development (e.g., collaboration, higher-
order thinking skills, self-direction, creativity). 
The teachers involved in the study generally 
had a moderate to strong attitude favouring 
inquiry science teaching, which can help in the 
development of critical thinking, among other 
21CCs. However, teachers struggled with the 
know-how of inquiry teaching and logistical 
arrangements given curricular requirements, 
planning time and classroom management.

On the other hand, many of the studies 
highlighted how students’ opportunities to 
develop 21CCs were hindered by teachers’ 
limited and compartmentalised understanding 
of 21CCs and teachers’ low expectations about 
their students’ capability to develop 21CCs. For 
instance, S28, which explored how secondary 
school teachers’ support the development of 

Based on the overview of all studies, key insights were surfaced. These insights cut across 
the different categories of the adapted NRC framework as they shed light on the factors that 

are effective in enabling all students to develop their 21CCs along with the various strategies 
that support the development of 21CCs or both 21CCs and subject domain mastery. For the first 
question, the key insights are organised according to three themes: teacher dispositions, lesson 
design, and whole-school approaches. 

key insights

Teacher dispositions influence students’ development of 21CCs

Student opportunities for developing 
21CCs are shaped by teacher beliefs, 
especially the relationship between 21CCs 
and subject domain outcomes

Several studies have emphasized that when 
teachers appreciate and value 21CCs, 
especially to improve subject domain 
outcomes, it encourages the development of 
students’ 21CCs (S2, S15, S40, S49, S50, 
S54, S58). Conversely, when teachers see 
21CCs as inhibiting subject domain mastery 
or believe their students are otherwise unable 
to benefit from 21CCs academically teachers 
were observed to hinder the development of 
students’ 21CCs (S14, S28, S68).

For example, S58 highlighted that teachers’ 
(and school leaders’) beliefs in the potential 
of their students affected the development of 
curricular innovations to enhance students’ 
21CCs such as communication skills. Along 
with redesigning a curriculum to enable deeper 
learning through conceptual thinking, learning 
by critique, imagination and problem-solving, 
the study found that teachers’ understanding 
of and confidence in their students, such as in 
their students’ ability to benefit academically 

4 The study examined cross-cultural skills using four categories: intercultural attitudes and beliefs, intercultural discovery and interaction, 
expert knowledge (“cultural references which structures the implicit and explicit knowledge acquired in the course of linguistic and 
cultural learning” and “to know something about other people with other multiple identities”), and skills of interpreting and relating.
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would be challenging for the students. Another 
study (S14) found that teacher pedagogy was 
shaped by teacher beliefs, including those 
characterised by a deficit orientation toward 
LPLs’ ability to benefit academically from 
21CCs. This deficit-based belief was observed 
with the use of simplistic and highly structured 
pedagogical approaches, with little focus on 
21CCs and aversion to utilising digital media 
in the LPL classroom.

Taken together, these studies suggest that 
teacher’s’ beliefs about 21CCs affect why and 
how they will teach students and incorporate 
21CCs. The more teachers believe that their 
students are able to engage in and benefit 
academically from 21CCs, the more teachers 
are inclined to help their students develop 
21CCs.

Teacher’s care and support develops 
students’ 21CCs 

Two large-scale studies demonstrated that 
teachers’ care and support are instrumental 
in the development of students’ 21CCs. When 
students felt emotionally supported and cared 
for by their teachers, their 21CC proficiencies 
tended to improve.

At the primary level, teacher care was found to 
be positively and directly related to students’ 
self-perceived classroom attentiveness, 

students’ cross-cultural communication skills4  
in English writing lessons, found that a lack of 
attention to teaching cross-cultural issues in 
the classroom is related to teachers tendency 
to examine their own cross-cultural attitudes 
and practices in a limited extent, and believing 
that students would not be able to understand 
cultural practices of the world. Many of 
the teachers who participated in the study 
expressed that these cross-cultural skills are 
separate from writing skills in the classroom, 
thereby indicating a counter-productive 
compartmentalisation of 21CCs and academic 
learning, which undermines the benefits that 
21CC development can generate on subject 
domain outcomes.

Moreover, low teacher expectations of 
students, which underpins a deficit view of 
students’ abilities in general and of students’ 
ability to benefit academically from 21CCs, 
seem to especially impact and hinder LPLs’ 
access to 21CCs development. One study 
(S68) detected a misalignment between 
teachers’ beliefs and students’ abilities in 
Science inference tests, which involve critical 
thinking, within the context of teachers 
consistently displaying low expectations of 
student abilities. The teachers predicted that 
the inference test would generally be more 
difficult than what students’ scores showed and 
incorrectly predicted which specific questions 

Teacher dispositions influence students’ development of 21CCs

key insights
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persistence and collaboration (S26). 
This finding was reported in the Primary 
Education Review and Implementation 
(PERI) baseline study which involved the 
2014 cohort of Primary 5 students’ (N=6,934). 
Another key finding reported in this study 
was that students’ perceptions of teacher 
care indirectly predicted students’ curiosity 
(via collaboration), communicative fluency, 
self-directed learning (SDL) and academic 
confidence (via attentiveness). However, 
the teachers’ survey responses also showed 
that teachers’ time listening to their students’ 
personal experiences about schooling, family 
and friends, and sharing relevant experiences 
with students decreased from 2011 to 2014.

At the secondary level, teacher competence 
and relatedness support5 received by 
students was found to be positively related to 
the development of student resilience (S5). 
This finding was drawn from a large-scale 
longitudinal study (N=1305) that examined 
factors that predict academic resilience of 
LPLs. The results of the study also reveal 
that teachers’ relatedness support, along with 
other socio-emotional competencies (i.e., goal 
setting, emotional regulation) were the most 
consistent predictors of student academic 
resilience.

Teacher dispositions influence students’ development of 21CCs

key insights

5 Teacher competence support pertains to teacher actions that enable or help the students’ to master or complete learning task (e.g., 
giving advice on subject area or remedial lessons), teacher relatedness support pertains to cultivation of positive connections with 
students, such as listening to students’ problems, providing care and showing trust.
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Formative assessment strategies used by 
teachers helped students become more agentic 
in their SDL, confident in or articulate about their 
learning, and own their learning. This insight 
was shared by teachers and school leaders 
who took part in the PERI Holistic Assessment 
Programme (S71). The results of this study also 
suggest that teachers and school leaders tend 
to perceive lower achieving students (“low- 
to mid-progress learners”) as more able to 
benefit from formative assessment strategies 
compared to their peers. Furthermore, the 
student participants of this study also shared 
that formative assessment strategies, such 
as the FAST Kit6 and the Parent-Child-
Teacher Conference, helped them primarily 
in identifying areas of improvement needed in 
their learning, reflecting on the feedback they 
received to improve their work, and improving 
on their grades. However, the results of the 
study showed that while students engaged 
more in self-reflection about their learning 
(which is a crucial element of metacognition), 
they tended to focus more on learning to 
improve their grades, instead of learning to 
learn.

The formative assessment strategy of peer 
feedback and assessment is a powerful 
design for encouraging the growth of students’ 
21CCs. The PERI study (S26) found that 
peer assessment (e.g., providing students 
with the opportunity to correct each other’s 
assignments) showed beneficial effects. It 
was positively related with nearly all 21CCs 

Lesson designs have an impact on students’ 21CCs development

Formative assessments create concrete 
handles for developing students’ 21CCs 

A number of studies (S7, S25, S26, S27, S32, 
S37, S56, S71) demonstrated that formative 
assessment designs which make various 
processes of student learning explicit, are 
effective in cultivating students’ 21CCs. These 
designs range from student self-assessment, 
peer feedback and/or assessment, teachers’ 
close monitoring of students’ learning progress, 
to new forms of assessment for learning. 

Pertinently, teachers’ positive beliefs towards 
the use of formative assessment strategies 
was found to positively influence students’ 
21CCs (academic confidence, collaboration, 
communicative fluency, SDL, attentiveness/
engagement, mastery learning goals, 
persistence/effort, problem-solving self-
efficacy). This finding was surfaced from the 
results of the PERI baseline study (S26). The 
results of this study also indicate that teachers’ 
more positive beliefs about formal summative 
assessments (e.g., grades/marks from formal 
assessment) corresponded to lower levels 
of 21CC proficiencies (in terms of academic 
confidence, collaboration, communicative 
fluency, curiosity, and persistence/effort). 
This finding again highlights the importance 
of teachers’ beliefs, as discussed in the 
section on page 9 (Student opportunities for 
developing 21CCs are shaped by teacher 
beliefs, especially the relationship between 
21CCs and subject domain outcomes). 

key insights

6 Formative Assessment Student Tool (FAST) Kit is a set of physical cards (Traffic light cards for level of understanding, and letters 
[A to D] or numbers [1 to 4]) that students can hold up to the teacher to show their understanding. Similar tools used include the mini 
whiteboard and Plicker.



13

analysing the immersive environment and 
shared that collaboration was not just about 
“group work” but involved negotiation with 
people of different views.

Another study created a digital formative 
assessment approach that employs learning 
analytics to develop students’ 21CC 
competency in collaboration (S32). A key 
outcome of the study was the development 
of My Groupwork Buddy, which is a learning 
platform that allowed for the visualisation 
of students’ peer feedback to encourage 
students’ awareness of their team behaviours, 
teamwork reflection and goal setting. Trialled 
with secondary students as part of projects in 
Interdisciplinary Project Work, and Design and 
Technology, the digital formative assessment 
approach explicitly examined team processes 
and enabled students’ peer-rated teamwork 
competency to improve. The results of the 
study show that 21CC outcomes, particularly 
collaboration, were developed with the digital 
formative assessment approach.

Collaborative learning with appropriate 
scaffolds enable the development of 
students’ 21CCs

Collaborative learning with appropriate 
scaffolds helps in the development of students’ 
21CCs. This point was supported by the results 
of 35 local studies7. The studies suggest that 
21CC learning requires collaborative learning 
with scaffolds appropriate for its target learners, 
context and learning outcomes. In particular, 

examined in the study. Another study (S56) 
demonstrated how peer-assisted learning 
(in terms of reading aloud to another peer) 
helped LPLs with reading difficulties identify 
and assess their reading difficulties--these 
can help in the development of 21CCs such 
as communication and metacognition. Peer-
assisted learning, in the context of this study, 
provided opportunities for the students to read 
aloud and actively negotiate the meaning of 
what they read and become more aware of 
their reading difficulties during the process of 
reading. 

Moreover, a few studies have developed new 
forms of formative assessment strategies, 
which are useful in characterising 21CCs and 
assessing their development. For example, 
one study created an open-source immersive 
environment as a new form of formative 
assessment in Geography, Social Studies and 
Craft & Technology for primary and secondary 
students from all streams (S37). Guided by 
the theory of disciplinary intuitions, students 
worked with incomplete or inconsistent 
immersive environments and were given 
scaffolded opportunities to express their 
emergent intuitions and make their thinking 
visible about the respective content. The 
study concluded that the intervention resulted 
in the development of students’ 21CCs in 
terms of deepening learning, and enhancing 
collaboration and SDL. This was manifested 
when the students borrowed library books 
on the topic on their own accord for use in 

Lesson designs have an impact on students’ 21CCs development

key insights

7 S1, S4, S6, S7, S9, S11, S16, S17, S21, S22, S25, S27, S29, S30, S31, S32, S33, S35, S37, S38, S39, S41, S44, S47, S56, S59, S60, 
S61, S62, S67, S69, S70, S72, S73, S74.
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in Primary 3 to 5 Mathematics and Science 
subjects (S7). The approach entailed five 
stages: (1) Pre-Class preparation; (2) 
Individual Readiness Assurance Test (iRAT), 
(3) Team Readiness Assurance Test (tRAT); 
(4) Appeals; and (5) Mini-Lecture. Using 
qualitative observations and artefact analysis, 
as well as perception surveys, the results 
revealed that besides students’ collaboration 
skills, students’ SDL also increased through 
the intervention as student participants 
were empowered to extend their learning 
independently.

Dialogic learning approaches facilitate the 
development of students’ 21CCs

Dialogic learning approaches share much 
in common with collaborative learning 
approaches but emphasise talk among 
students (be it face-to-face or online) as the 
central element to extend students’ thinking and 
to develop 21CCs outcomes. Several projects 
explored and/or promoted dialogic learning 
approaches that help students to develop their 
21CCs. These were contextualised in various 
subjects such as English Language, Science, 
Geography (S3, S27, S39, S48, S49, S50, 
S51, S55, S65)8. One study framed dialogic 
learning in relation to informal learning (S23).

Dialogic classroom practices that were 
integrated in computer games were found to 
promote students’ and teachers’ confidence 
in their ideas. This relates to students’ 
development of cognitive and intrapersonal 

collaborative learning with loosely structured 
scaffolding for students is ineffective in 
promoting 21CC development, particularly for 
LPLs. This point was highlighted in a study on 
LPLs from Primary 4 (S33) whereby students 
provided with more well-structured scaffolds 
(i.e., selecting from a given list of choices), 
as compared to those provided with less 
structured scaffolds (i.e., freely generating 
their own examples to problem prompts) 
prior to completing a complex collaborative 
task, were observed to have more effective 
collaboration skills, such as questioning and/
or explaining to one another, challenging 
or debating with each other but coming to 
consensus, or initiating teacher support.

Similarly, teachers’ collaborative scaffolds 
(e.g., teacher facilitation of group work, 
providing group feedback, encouraging 
students to evaluate other groups’ ideas) were 
found to be strongly related to students’ self-
reported collaborative learning disposition 
(e.g., “I like group work”). This was reported 
by the large-scale CORE study, S9, which 
focused on the teaching of English Language 
for the primary and secondary levels, and on 
the teaching of Science for the primary level 
only.

Besides promoting collaboration 
competencies, collaborative learning with 
scaffolds also engendered the development 
of other 21CCs such as SDL. A Flipped-Team-
based Learning approach was implemented 

key insights
Lesson designs have an impact on students’ 21CCs development

8 The dialogic approaches used differ across studies. Besides different subject domains, study designs ranged from quasi-experimental 
designs with a comparison group, to mixed methods with one-group designs (measuring various time points). It is not possible to 
compare the approaches across subject domains.
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the students’ own voices, students taking 
responsibility to help each other within the 
classroom community of co-learners. 

Dialogic approaches also promoted greater 
production and exploration of ideas among 
students, which aligned to 21CCs of developing 
critical thinking and communication. In English 
Language, a series of studies (S48, S49, S50) 
developed students’ and teachers’ use of the 
dialogic strategies of “questioning the author” 
and “negotiating for meaning” in primary 
schools. These strategies emphasised 
exchanging ideas through authentic open-
ended questions and follow-up questions. 
Two of the studies (S48, S50) reported that 
students across achievement levels showed 
continued improvements between each of 
the three summative assessments (from 
beginning to middle to end of the year), with 
LPLs having greater gains than their higher-
achieving peers. Interestingly, these findings 
allayed teacher fears that lower-achieving 
students would be disadvantaged in the 
intervention’s tasks, enabling follow-up studies 
assessing sustainability of the intervention 
(S49, S50) to consequently change teachers’ 
views of reading comprehension from exam-
oriented to a broader perspective including 
“interpretation” and “understanding of author 
intent”. Another crucial finding was that 
the teachers who had longer experience in 
enacting the pedagogical innovation (i.e., 
negotiation for meaning) used the strategy 
more frequently and more smoothly, and with 
more confidence. The student results likewise 
showed that the intervention had a positive 
impact on student learning especially after 

21CCs. Students and teachers took more 
ownership of the learning processes and 
resources, and were able to make deeper 
connections between their own knowledge/
emotions/experiences and content/class 
knowledge/experiences. This finding was 
reported in one study, S3, that used a prior-
developed computer game, Voyage to the 
Age of Dinosaurs, to support secondary 
students’ Geography learning through dialogic 
classroom practices. The dialogic classroom 
was built on six design principles: 1) engaging 
students in group activities (developing 
epistemic communities); 2) starting with open-
ended questions that encourage the use 
of students’ preconceptions and their own 
approaches (setting up meaningfulness of 
the topic); 3) engaging students in activities 
that provide relevant experience (using the 
game or other tools); 4) requiring students 
to produce group or individual artefact 
(encouraging ownership of the process and 
product); 5) developing a sharing mechanism 
of the class (encouraging making ideas public 
and furthering conversation); and 6) engaging 
students in consolidation and linking activities 
(understanding the connections and gaining 
confirmation about ideas). Through these, the 
study connected in-game experiences with 
out-of-game experiences, in and out of the 
classroom, and encouraged learners to link 
their own ideas with geography concepts. This 
resulted in the following classroom practices: 
students asking questions that form the basis 
of discussions, students participating with 
their own thoughts and stake with the content, 
teachers helping to build knowledge using 

key insights
Lesson designs have an impact on students’ 21CCs development
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and outcomes including 21CC outcomes. As 
a reflective lever, students used ICT to help 
them share their learning with others. A total of 
21 studies9 described how ICT was designed 
and/or used to develop some aspects of 
student 21CCs. 

Frequent ICT use for schoolwork led to more 
SDL and collaboration. This was found in 
S62 which conducted a repeated cross-
sectional design complemented by case 
studies to examine the implementation of 
the 3rd Masterplan for ICT in Education from 
2010 to 2013 (N=8520 students). ICT for 
students’ schoolwork was facilitated by their 
teachers who had emphasised pedagogical 
uses of ICT. Case study results revealed that 
students understood SDL as taking ownership 
of learning, setting goals and monitoring 
progress. Also, there was more application of 
SDL beyond current school topics/learning, 
such as using the Internet to search for other 
interests outside of schoolwork in 2013 as 
compared to 2012. However, student goals 
tended to orientate towards examination 
results. Collaborative learning, which was 
equated with group work and projects, helped 
them to learn more ideas from others, to build 
social relationships and to develop leadership. 
However, the students also experienced 
various group problems, such as conflict, 
social loafing, confusion and distraction by 
group members. Despite these issues, the 
study demonstrates that students’ experiences 
of using ICT for their schoolwork in general 

the teachers had developed mastery of the 
pedagogy and students had longer exposure 
to the intervention.

Critical thinking was promoted alongside the 
construction of science knowledge through 
inquiry activities including dialogic activities. 
S65 implemented an integrated literacy 
inquiry model to develop students’ abilities 
in constructing scientific explanations. The 
results of the study show that students exposed 
to the intervention generated better scientific 
explanations. Based on baseline naturalistic 
observations, disciplinary literacy skills were 
found to be manifested in science inquiry 
activities through six approaches: (1) reading 
to explore a phenomenon; (2) discussing 
an activity or problem; (3) presenting an 
initial understanding; (4) learning essential 
vocabulary, concepts, epistemic practices; (5) 
writing explanations; and (6) communicating 
elaborations. The results of the study highlight 
the possibility of cultivating subject domain 
knowledge alongside 21CCs. 

Information Communication Technology 
(ICT) serves as an effective experiential 
and reflective lever for the development of 
students’ 21CCs

ICT tools were harnessed as an experiential 
and reflective lever for students, individually 
and collectively, to develop their 21CCs. As 
an experiential lever, students used various 
ICT tools to explore and learn varied content 

Lesson designs have an impact on students’ 21CCs development

key insights

9 S1, S3, S6, S10, S11, S15, S19, S25, S26, S36, S37, S38, S39, S41, S44, S61, S62, S64, S73, S74, S75
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that allows timepoint-based video annotations 
and rapid digital formative feedback in the 
form of teaching and learning dashboards. 
Videos with embedded scaffolding scripts, 
timepoint-based annotation, collaborative 
“live interactive comments”, self-tagging, 
and learning analytics were found to prompt 
participation from disengaged students and 
encourage them to deepen the quality of their 
annotations and comments. The visualisations 
of learning networks also allowed students to 
self-monitor, reflect and adapt their learning 
behaviour to task demands. In so doing, self-
regulated learning was cultivated as a key 
facet of the learning process. Quantitative 
findings from various trials showed that the 
intervention enhanced students’ self-reported 
critical thinking, creativity, curiosity, self-
efficacy and collaboration. Thus, through the 
students’ experience of CoVAA’s affordances 
and their social reflections, various 21CCs 
were developed.

Although many studies examined ICT tools 
for developing students’ 21CCs, only a few 
(e.g., S10, S12, S15 and S22) of these studies 
explicitly focused on students’ information 
skills, which is more commonly referred to as 
digital literacy. Noting the importance of digital 
literacy in the current global economic and 
education arena, more local research on this 
21CC is needed. 

could bring about the development of 21CCs.

In addition, many projects designed 
interventions with ICT as a lever for students’ 
experience and social reflection. In S73, 
students were encouraged, as part of Primary 
3 Chinese Language activities, to create 
artefacts on the ICT tool, MyCLOUD, through 
proactively observing, recording, making sense 
of and reflecting on their daily encounters 
in informal spaces relating to previously 
learned vocabulary/concepts. Subsequently, 
students engaged in online peer review on 
the system, reviewing and discussing each 
other’s postings. Teachers then facilitated and 
consolidated in-class discussions. The study 
found that students had more peer reviews 
and replies relating to enquiry, explanation and 
critique. The students also replied in new ways 
such as in terms of peer-regulation, technical-
support, sharing relevant experience, giving 
advice, and hypothesizing. These suggest 
that 21CCs such as critical thinking, SDL and 
collaboration can be fostered through digital 
platforms.

Similarly, ICT served as an experiential and 
reflective lever in the Collaborative Video 
Annotation and Analytics Environment (CoVAA) 
intervention project (S25), which involved 767 
secondary school students. CoVAA is a platform 

Lesson designs have an impact on students’ 21CCs development

key insights
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infused in different dialogic interactions at all 
levels. This paved the way for the development 
of an adaptive learning culture that, in turn, 
nurtured 21CCs. 

Similarly, a study conducted in three schools 
(S58) found that one of the key socio-
cultural leverages that fostered adaptivity 
in Singapore schools was the use of 
metalanguage—a common shared language 
between teachers and school leaders to 
make sense of pedagogical innovations 
(e.g., metalanguage of context, leadership, 
creativity and curriculum). This articulation 
of ideas, concepts and symbols of 21CCs 
teaching and learning beyond the regular 
classroom discourse permeated all levels of 
the organisation and sustained the school 
vision of pedagogical change. Schools that 
lacked this metalanguage to frame and 
describe the teaching and learning changes 
were found to have curriculum innovations 
with limited scope and depth. 

The importance of using a common 
metalanguage around 21CCs is also 
underscored by S53, which employed a 
cross-comparative case study methodology 
to compare a Singapore secondary school 
with a counterpart school in the US in 
relation to the teaching and learning of 
English Language and Literature, Science, 
Mathematics and Humanities. The study 

key insights

Whole school approaches develop students’ 21CCs

Visible and pervasive 21CC school 
curriculum and discourses develop 
students’ 21CCs 

Another enabling factor for the development 
of students’ 21CCs is a school-wide approach 
that is geared towards enacting visible and 
pervasive efforts at perpetuating 21CC 
curriculum and discourses in the school. 
Discourse focalised around 21CCs includes 
dialogue and interactions amongst school 
stakeholders (such as school leaders, 
teachers, students, parents) about what 
constitutes 21CCs, understandings of 21CCs 
aspects, and pedagogies and practices for 
21CCs.

The abovementioned point is supported 
by the results of a study involving a 
whole-school innovation project, which 
developed and enacted an arts-anchored 
21CCs curriculum. The school consistently 
articulated its curricular aim of producing 
creative and “non-routine” problem solvers 
(S57; Tan, Ponnusamy, Bascal, Lum, 2013). 
This championing was consistently reflected 
in the school’s vision, goals, assessments, 
teacher professional development (PD), as 
well as classroom interactions. Greater fluidity 
changed teachers’ epistemic beliefs towards a 
21CCs pedagogy of disciplined improvisation 
but within the boundaries of fixed curriculum 
standards (S57). The essence of 21CCs was 
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illustrates how the Singapore school’s vision, 
which was connected to critical, creative, and 
caring thinking, was systematically infused 
into the whole school curriculum through the 
development of a framework. As there was an 
emphasis on cognitive aspects, the study also 
highlighted the need to account for capabilities 
(opportunities, freedom and agency) and 
capacities (to perceive, understand, empathise 
and defend or find solutions to engage with 
or empower others with global and ethical 
capacities).

In the context of LPLs, S15 identified some 
school leaders who supported the development 
of a student self-directed ICT curriculum 
that departed from MOE Normal Technical 
(NT) Computer Applications curriculum, with 
higher order thinking-infused tasks and peer 
collaboration. This support from school leaders 
facilitated a more meaningful integration of 
digital media into classrooms across subjects, 
exposure to critical and creative thinking 
through discussion and negotiation, stronger 
likelihood of SDL due to students’ better 
understanding of the classroom activity and 
expectations, and higher student engagement 
in classroom tasks.

key insights

Whole school approaches develop students’ 21CCs
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solving activities to engage and challenge 
students’ conceptual understandings, and 
focus students’ depth of thinking. Many of 
these activities helped build students’ cognitive 
competencies (i.e., inventive and critical 
thinking) and intrapersonal competencies.

An eight-week STEM-based intervention 
involving design-based inquiry was 
implemented (S35) to enhance Secondary 2 
Physics students’ (N=37) creative problem 
solving ability in terms of designing and 
implementing several experiments to arrive at 
the optimal prototype of a microbial fuel cell. 
The results of the study show that students 
consistently used evidence-based reasoning 
to justify their design decisions and were able 
to seamlessly engage in scientist-engineer 
approaches, while simultaneously adopting 
constructor-critique roles, which embodied 
the desired indicators of hands-on and minds-
on learning in science. Compared to a control 
group, a self-reported survey showed that 
the intervention enhanced students’ scientific 
procedural skills, management of scientific 
procedural knowledge, integrative thinking 
and reflective learning. This study showed 
that it was possible to cultivate students’ 
creative problem solving competency without 
compromising the learning of Physics content.

In Mathematics, an instructional design 
called Productive Failure (PF, S42) provided 
opportunities for Secondary 1 to Junior College 
students (N=4,768) to persist, struggle and 
even fail at complex problem solving tasks that 

key insights

Strategies that help students develop both 21CCs outcomes and subject 
domain mastery

To address the second LES question, we 
found that several studies examined the 
development of the dual outcomes of 21CCs 
and subject domain mastery. S22, a baseline 
study, reported a strengthening relationship 
between 21CCs learning outcomes and 
discipline-specific knowledge acquisition over 
time (2010 versus 2014) at the secondary 
level. This is suggested by the stronger 
correlations in 2014 than in 2010 between 
disciplinary achievement in mathematics and 
21CCs student learning outcomes, namely 
information management, conscientiousness, 
inventiveness and oral communication 
(S22). The increasing associations between 
mathematics achievement and 21CCs 
provides evidence for a tighter coherence 
of academic and non-academic student 
outcomes in Singapore education over the 
years. It is, however, worthy to note that this 
achievement-21CC association was at best 
in the fair range and still needs an additional 
boost.

Discipline-based student-generative 
approaches strengthen students’ 21CCs 
and subject domain outcomes

Through emphasising discipline-based 
student-generative approaches, students 
benefited not only in terms of subject domain 
outcomes but also in terms of 21CCs outcomes. 
This was seen in six projects (S29, S35, S42, 
S43, S64, S65). These projects were all 
STEM-based and emphasised student-driven 
ideas in various discipline-based problem-
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celebrates diversity in students’ ideas and 
fosters collective knowledge-building for 
the community. To achieve this goal, Ideas 
First introduced a community knowledge 
space or representation space and designed 
curriculum resources for knowledge-building, 
as well as representation tools (e.g., think 
cards) for tinkering with ideas. The study 
reported shifts in classroom practices towards 
collective knowledge-building and idea 
improvement (related to domain mastery), 
greater student elaborations and queries for 
refining ideas during discourse (related to 
cognitive competency), and better alignment 
of knowledge-building activities with key 
disciplinary concepts. 

Socio-emotional learning interventions 
tend to be effective in fostering a broad 
range of 21CCs and subject domain 
outcomes 

Socio-emotional learning (SEL) interventions, 
which help students to be more aware of their 
socio-emotional competencies, produced 
weak to moderate effects in improving 
students’ 21CCs and subject domain mastery. 
These results were shown by three studies 
that used quasi-experimental research design 
(S16, S17, S20) and one study (S4) that used 
a combination of quasi- and true-experimental 
research designs. 

S16 developed an intervention that focused 
on enhancing primary students’ SEL and 
metacognition by building teachers’ capacity 

were beyond their skills and abilities. The PF 
instructional design comprised two phases: 
a group-based problem-solving generation 
and exploration, where students generated 
their own ideas, followed by a teacher-led 
consolidation and knowledge assembly 
phase. The results of the study show that 
students in the PF condition outperformed 
those in the direct instruction condition 
in terms of both cognitive competencies 
(i.e., procedural fluency, complex problem 
solving and representational flexibility 
related to critical thinking), as well as domain 
mastery (i.e., conceptual understanding). 
This finding was consistently found across 
students with varying abilities, grade levels, 
scaffolding conditions and mathematical units. 
Additionally, student outcomes were higher 
when students collaborated and generated 
their own solutions compared to individual 
work. Students’ production of representations 
during group problem-solving was correlated 
with how much they gained in domain mastery. 
These developments in cognitive aspects of 
21CCs were achieved without short-changing 
subject domain mastery.

Another illustration of the dual benefits that 
can be derived from discipline-based student-
generative approaches was seen in S43, which 
focused on a Science programme called Ideas 
First. The programme draws upon knowledge-
building principles and was enacted in 15 
Primary 3 and 4 classes from 2006–2012. 
The program focused on creating a learning 
culture that promotes student-driven inquiries, 

key insights

Strategies that help students develop both 21CCs outcomes and subject 
domain mastery
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skills training programme. Participants of the 
computer game showed significantly higher 
scores on social skills knowledge than the 
control group, which did not participate in the 
online game. 

Lastly, an SEL intervention study (S4) focusing 
on self-management (i.e., goal setting) 
successfully increased NA and NT students’ 
use of adaptive learning strategies (i.e., those 
that promote deep learning and elaboration), 
helped in preventing the decline in their intrinsic 
motivation to study, and improved students’ 
academic performance in Mathematics. In 
addition, the study also provided evidence 
that interventions focusing on interpersonal 
competencies (i.e., gratitude) can enhance 
students’ well-being (i.e., life satisfaction) 
and improve students’ achievement, albeit 
marginally.

These results suggest that SEL interventions 
can benefit students across achievement 
levels in terms of both 21CCs and subject 
domain outcomes.

Learning analytics-based tools can serve 
varied functions to support 21CC and 
subject domain outcomes 

Learning analytics (LA)-based tools can serve 
various functions: as formative assessments, 
metacognitive resources and pedagogical 
tools (see Annex C). As shown by those five 
studies, the LA-based tools offer real-time 
assessment of student competencies which 
are valuable for teachers in terms of providing 

to infuse SEL in classroom lessons. The study 
is grounded on the idea that as students 
become more aware of their feelings, 
thinking and learning processes, the more 
able they are to regulate their emotions, 
dispositions and behaviours. The intervention 
improved students’ SECs significantly, 
particularly relationship management and 
self-management. Moreover, the SEL 
intervention also promoted positive subject 
domain outcomes, as indexed by students’ 
mathematics achievement. When the 
intervention was implemented in secondary 
schools (S17), the results show that the 
intervention prevented the erosion of SECs 
(i.e., relationship- and self-management, 
self-efficacy and persistence), particularly for 
Normal Academic (NA) students; however, the 
intervention did not have any significant effect 
on students’ achievement. In both studies, 
SECs were found to be positively associated 
with metacognition and that metacognition 
consistently mediated the relationship between 
SECs and achievement. Furthermore, 
teachers’ skills in scaffolding the SECs in a 
preferred subject domain had a greater impact 
on students’ SEC development in the same 
subject domain. These results suggest the 
crucial role of teachers in students’ SEC and 
knowledge development.

S20 demonstrated that cultivating 
intrapersonal competencies could be achieved 
using online platforms. The study developed 
a computer game, Socialdrome, that is based 
on a comprehensive social problem-solving 

key insights

Strategies that help students develop both 21CCs outcomes and subject 
domain mastery
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lies on how these tools can be made more 
accessible to teachers and customisable to 
varied domains. Addressing this issue would 
allow greater utilisation and adoption of 
such tools in developing student-responsive 
pedagogies and gauging student progress in 
developing 21CCs.

feedback, generating evidence of students’ 
learning trajectories, and making pedagogical 
decisions. The use of LA demonstrated how 
information is a powerful resource that can be 
used in diverse ways: for SDL and knowledge 
acquisition, co-creation and validation. 
LA-based diagnostic data can be used as 
metacognitive resource in terms of self-
monitoring and group monitoring.

WiREAD (S27) is an example and has been 
shown to support subject domain and 21CC 
outcomes. This web-based collaborative 
critical reading and learning analytics 
environment was co-designed with English 
Language teachers harnessing two key 
learning affordances: (i) multimodal social 
dialogic learning space; and (ii) dynamic visual 
learning analytics. The intervention explicitly 
developed students’ cognitive competencies 
of critical reading skills, deepened reading 
engagement levels, and promoted 
intrapersonal competencies of SDL in the 
trial findings as compared to a control group. 
Moreover, there was a marked improvement 
in the quality of critical discussion within the 
class, which is a subject domain outcome. 
The intervention also enhanced teacher-
student relatedness. The results of the study 
also indicate that the students’ motivation and 
engagement had been heightened as a result 
of their awareness of their learning profiles 
through the dashboard visualisation.

Despite these promising developments, LA-
based tools still remain largely resource-
intensive and domain-specific. The challenge 

key insights
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needs to be continually promoted among all 
stakeholders, including policymakers, school 
leaders, teachers, students, and parents.

Surprisingly simple teacher dispositions such 
as showing care and concern to students, 
affect students’ 21CC development. As a start, 
increasing teachers’ awareness about the 
ease, benefits, and possibilities of developing 
students’ 21CCs can help teachers’ subsequent 
adoption of strategies geared towards 
cultivating 21CCs. 21CC-enabling mind-sets 
can be further strengthened by establishing 
teacher-leader PD programmes (pre-service 
and in-service) that seek to enrich teachers’ 
and leaders’ values and beliefs about 21CCs. 
While the pre-service programme at NIE is 
well grounded in the V3SK10 model, equipping 
student teachers with the knowledge, 
values and skills needed for a teacher in the 
21st century classroom such as reflective 
and thinking disposition, metacognitive 
instructional strategies, communication skills, 
innovation and entrepreneurship skills, social 
and emotional intelligence, transitioning and 
working with school contexts and sites pose 
many challenges. Such pre-service courses 
could possibly emphasise strategic means to 
deal with these challenges and help modify 
teachers’ counter-productive beliefs pertaining 
to the compartmentalisation of 21CCs and 
academic learning. One way to do this is to 

Recommendations

Taking into account the key insights derived from the NIE studies, some recommendations for 
how the Singapore education system can do better to promote 21CCs and go into potentially 

productive research directions are offered.

How can the system do better?

Foster 21CC-enabling mind-sets, including 
integrating 21CC and subject domain 
mastery, among teachers to provide more 
opportunities for 21CCs development

Nurturing 21CCs is often perceived as 
discordant with preparing students for high-
stakes exam performances. As highlighted in 
the first insight on page 9 (Teacher dispositions 
influence students’ development of 21CCs), 
teachers’ dispositions towards 21CCs, 
affect students’ 21CC development. Limited 
understanding of 21CCs or deficit views 
about learners impede opportunities for the 
development of students’ 21CCs. Teachers’ 
inhibitions can manifest in their epistemic beliefs 
about developing subject domain knowledge 
and 21CCs separately from each other. They 
may also believe implicitly or explicitly that 
not all learners can benefit from developing 
their 21CCs, in particular LPLs. Additionally, 
students who have experienced several 
years in our education system are already 
enculturated to certain ways of perceiving and 
thinking. They too need awareness of these 
21CC-enabling mind-sets. To be mindful of the 
equal priority of 21CCs with subject domain 
mastery for all learners, this message should 
be emphasized and made explicit through 
more specific holistic communication, such 
as, “every child a 21CC learner and domain 
expert.” This messaging of 21CCs importance 

9 https://www.nie.edu.sg/te21/index.html
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at many levels (policy, schools, professional 
learning communities, etc.), there are still 
several challenges. When experiencing 
progressive lesson designs, students and 
teachers may have a tendency to “relapse” to 
conventional ways of learning. They may also 
relegate 21CC-related activities to homework 
or neglect such activities in favour of what they 
might consider more academic work. Thus, 
besides the messaging of 21CCs, support for 
21CCs development needs to be provided 
constantly and synergistically.

While some 21CC-enabling strategies are 
easier, many others are more complex and 
come with their own sets of challenges and the 
constraints of everyday schooling. Curricular 
and practical support needs to be provided for 
teachers to infuse 21CCs in their lessons in 
view of everyday constraints. The curriculum 
needs to foreground 21CCs for all students. 
Practical support through demonstrating ways 
to overcome the difficulties of implementing 
21CCs-enabling lesson designs should be 
made more prominent including logistical 
arrangements. Exemplar case studies of 
21CCs-related real-life success stories about 
all profiles of students, teachers and schools 
could be provided.

Although four lesson designs are highlighted 
in this synthesis, it is not our intent to compare 
them. Instead they serve as contextualised 
means for 21CCs development. Each design 
(as well as many other sound 21CCs designs 
that were not as examined in the studies) may 
require some shift in mind-set, reframing of 
perceptions, and unlearning and relearning of 

cite the studies mentioned in this LES that 
provide concrete examples of how 21CCs and 
academic learning can be both supported in 
classroom teaching. Teacher professional 
development programmes can continue to 
follow through these efforts to make it easier 
for teachers to provide more opportunities for 
their students’ 21CC development.

Regarding LPLs, 21CCs interventions 
presumed to cater specifically to high or 
medium academic achievers can in actuality 
be effective for learners across different ability 
levels. Research findings show similar results 
for LPLs and other students, suggesting that 
ability to engage in and benefit from pedagogy 
involving 21CCs is not dependent upon levels 
of content mastery or academic achievement. 
Therefore, given generally low expectations of 
LPL abilities, intentionality is needed to give 
LPLs greater access to approaches involving 
21CCs as instructional strategies or learning 
outcomes. Moreover, providing teachers such 
evidence is likely to make them more open and 
eager to integrate 21CCs in the curriculum for 
LPLs. Such a shift in teacher practice would 
likely increase 21CCs development for LPLs, 
thus improving instructional effectiveness and 
system equity.

Provide consistent and synergistic support 
to develop 21CCs in students

There seems to be an unintended resistance 
to new ways of teaching and learning by some 
students and teachers, as indicated by several 
studies from which insights on page 12 to 17 
were drawn from. While much has been done 

Recommendations

How can the system do better?
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pedagogies and/or research. By providing 
such synergistic support, a more conducive 
environment for teachers will be provided to 
help teachers make 21CC-enabling changes 
in their classrooms.

In sum, support to nurture 21CCs in students’ 
needs to be cognizant of the challenges 
involved. Policymakers, school leaders and 
teachers should adopt a long-term approach 
at strategic and implementation levels, 
synergising existing resources and support 
in the greater ecosystem, across curricular, 
pedagogies, assessments and policies.

Create school-level shifts toward 21CCs 
development

It is challenging for a single teacher to 
facilitate 21CC changes in a school. It is more 
sustainable and pervasive if an entire school 
of teachers are in it together, promoting 
comradery and open discussions about 
21CCs, enacting curricular-wide pedagogical 
innovations, providing whole school timetabling 
and scheduling for 21CC activities and strong 
leadership support. While we recognise that 
many of these shifts are already happening, 
drawing from the insight on page 18 (Visible 
and pervasive 21CC school curriculum and 
discourses develop students’ 21CCs), good 
leadership direction in the foci of 21CC goals 
and curriculum can help to shift schools 
towards greater 21CC proficiency. Leadership 
that favours the development of students’ 
21CCs, as exemplified in NIE studies, 
involves spearheading and modelling the use 
of a shared 21CCs discourse through 21CC 

behaviours. These require time and effort from 
teachers to adapt and/or change. 

Teachers require time to understand and 
make sense of the 21CC-enabling lesson 
designs that may differ from their current 
knowledge of teaching and learning. They 
need to integrate new with old understandings 
and apply them to practice, which can be 
an effortful endeavour. This, in essence, 
requires teachers to continually invest in 
enhancing their 21CC-oriented pedagogical 
content knowledge, which involves the 
awareness and recognition of the potential 
of discipline-focused and 21CCs-focused 
pedagogical approaches in fostering both 
domain mastery and 21CCs outcomes and 
how such approaches may share common 
features (e.g., collaborative learning, dialogic 
or self-reflection). The added ICT component, 
in the use of ICT designs as an experiential 
and/or reflective lever, further complicates the 
situation. Technological Pedagogical Content 
Knowledge, the interacting knowledges 
of technology, pedagogical and content 
knowledges, of teachers is essential in any 
lesson that uses ICT. Moreover, teachers 
need to gain the confidence needed for new 
pedagogical innovations. All these suggest 
that a protracted period including time for 
teacher PD, is needed for these changes. 

A further way to mitigate the issue of time 
constraints is to set aside protected time for 
21CC activities. This will allow teachers the 
opportunity and space to try out 21CC-enabling 
lesson designs and engage in new forms of 

Recommendations

How can the system do better?
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focus of the study was not clearly aligned 
to 21CCs development. It highlights the 
delicate and constant need to articulate clear 
academic and non-academic outcomes while 
being intentional in how they can accentuate 
and complement each other. Attention needs 
to be paid by multiple stakeholders (teachers, 
school leaders and policymakers) to the 
development of cultures for learning—not 
necessarily for increasing academic learning, 
but also for increasing students’ stakes as 
responsible citizens and participants of their 
community, nation and world.

Invest in platforms where learning 
analytics and related tools can be spread 
and adapted more easily

As presented in Table 2 and the insight on 
page 22 (Learning analytics-based tools can 
serve varied functions to support 21CC and 
subject domain outcomes), research studies 
have produced a list of assessment tools 
including the use of learning analytics, which 
have been shown to be helpful in various ways 
and/or validated in large samples of local 
students. To further enable the approaches 
and also reduce the issues such as difficulties 
of assessing 21CC, choosing and using ICT, 
multiform platforms can be put forth for these 
tools.

A possible multiform platform needs to handle 
the physical infrastructure and cost issues 
of the tool such as hosting the tool on a 
secure yet accessible server. It also has to 
attend to the maintenance, deployment and 
customisation of the tool. Several special 
manpower pairs (a technical-infrastructure 

curriculum frameworks. The shared language 
can then permeate the interactions at various 
levels and sections of the school community. 
The emphasis on the integration of 21CCs in 
the curriculum also helps increase buy-in and 
ease of implementation.

Another promising approach would be 
leadership-in-the-middle, which puts teachers, 
teacher-leaders and schools-leaders in the 
middle of schools and communities to act 
as champions of school-based or networks-
based innovations (Kwek, Hung, Koh & Tan, 
2017). Teachers may also take part in various 
forms of distributed leadership either as 
leaders of formal team structures or of a fluid or 
emergent form of leadership, which is defined 
by expertise and creativity in the context of a 
specific situation. According to earlier studies 
on school leadership, this approach can make 
possible the generation of initiatives that can 
be tackled more broadly or improved upon 
(Pont, Nusche & Moorman, 2008). Leadership 
training in these cases can involve not only 
those in the top portion of the leadership 
hierarchy but also those in the middle (Pont 
et al., 2008).

Build learning cultures that nurture both 
21CCs and subject domain mastery without 
compromising either

In presenting the three insights on pages 20 
to 23, we have identified studies that were 
able to demonstrate evidence of 21CCs and 
subject mastery improvement. However, 
there were certainly more studies that did 
not examine both 21CCs and subject domain 
outcomes. This was because the intent or 

Recommendations
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person as well as pedagogical-policy person) 
can be raised to support a set of similar tools 
for economies of scale. For instance, 21CC 
survey measures (e.g., PERI and CORE 
surveys, Critical Thinking Test, Thinking 
Disposition Questionnaire, School Resilience 
Scale, and New Media Literacy) which can 
be used to assess a wide range of 21CCs, 
particularly those that are usually covered 
in 21CCs frameworks, can be housed in an 
easily accessible assessment bank, supported 
by the suggested special manpower pairs. 
Moreover, some studies offer alternative ways 
of assessing 21CCs, such as through a digital 
formative assessment approach or a game-
based approach. These alternative forms of 
assessment may need different skillsets (e.g., 
data literacy, learning different measures) and 
are inconvenient or time-consuming to adopt. 

How can the system do better?

Recommendations

Having platforms for the hosted tool as well as 
special manpower pairs to support this would 
make it much easier for teachers and other 
interested parties to use and adapt them. There 
is therefore need for policymakers and school 
leaders to provide such multifold platforms to 
support and encourage educators to adopt 
and actually use such 21CCs assessments 
tools.
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decisions, which better address barriers to 
equality. These studies are also timely given 
the policy shift from streaming to subject-
based banding, which could affect educational 
opportunities for learners of various profiles.

More research on understanding and 
facilitating less examined 21CCs and 
contexts while pursuing sustained 
engagement with more examined ones

Relative to other 21CCs, civic literacy, global 
awareness and cross-cultural competencies, 
information skills (including digital and media 
literacy), metacognition, and the core values, 
respect, responsibility, integrity, care, resilience 
and harmony have been less examined in 
NIE studies. These areas are pertinent in 
matters regarding digital work, international 
competencies, cultural intelligence, and other 
21CC-related areas. For instance, global 
competency will be in the spotlight soon due to 
PISA 2018’s Global Competence Assessment. 
There has also been limited studies examining 
21CCs in co-curricular activities and informal 
education. Noting these gaps, we encourage 
more research in these less examined 21CCs 
and contexts. At the same time, research on 
the more examined 21CCs can be sustained 
in a deeper manner, such as advancing 
means and techniques of assessing 21CCs or 
comparing 21CCs across subject domains.

Facilitate longer trajectories of research

There appears to be a need for a longer 
trajectory of research that has stages for 
exploration, development, implementation, 

More research on understanding and 
developing 21CCs for all profiles of learners

Many studies have shown that all learners are 
able to engage in and, more importantly, benefit 
from 21CC-enabling strategies. However, the 
beliefs and orientations of the teacher (and 
others) can be potential stumbling blocks. 
Research on how to effectively and efficiently 
engender positive change in such beliefs is 
needed. Further research on the interaction 
of student-teacher-21CCs can be examined, 
especially to identify specific values and 
beliefs. 

Additionally, compared to the mainstream 
students, there are relatively few 21CCs 
studies focusing on students attending the 
lower tracked courses and those with special 
needs. The dearth of studies of students from 
other profiles contributes to a lack of clear 
understanding of students’ capabilities and 
needs associated with 21CCs. As a possible 
starting point, we advocate for more studies on 
LPLs that are focused on teaching approaches 
and learning designs that could help enhance 
opportunities for 21CCs development.

As internal and external indices 
(Mukhopadhaya, 2014; Ng, 2014) highlight 
high income and educational inequality in 
Singapore, it is pertinent to focus efforts on 
more equitable research (research across 
diverse groups/achievement levels). These 
21CC-focused interventions could be 
complemented with policy-related studies. It 
is important to gain a better understanding of 
all learners to support evidence-based policy 

What research gaps exist in our local corpus?

Recommendations
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Emphasise the research and evaluation of 
21CC and subject domain outcomes 

Several projects focused on the development 
of potentially powerful innovations to develop 
21CCs. However, evidence for the effectiveness 
of such innovations in terms of both 21CCs 
and subject domain outcomes needs to be 
more rigorously established. One way to do 
this is for new studies to adapt existing 21CCs 
metrics identified in this report; this approach 
could allow comparison of old and new results. 
Researchers can also follow-up on existing 
projects with more rigorous assessment (and 
indicators) and/or evaluation of the impact of 
their innovations on the dual outcomes using 
validated measures and pertinent research 
designs. Examining a broader range of 
outcomes—both 21CCs and subject domain 
outcomes—serves as a recognition of the 
importance of these attributes for nurturing 
future-ready learners and helps dissolve the 
compartmentalised perspectives that were 
surfaced in this LES. 

Develop more shared and robust 21CCs 
metrics and analytical tools

Although the section on page 8 (Tools 
for characterising and assessing 21CCs) 
suggests that NIE projects have made 
inroads in measuring 21CCs, developing 
varied forms of assessment tools and utilising 
large validation samples, more analytical 

validation, scaling and diffusion. A few local 
studies have systematically progressed from 
an exploratory or baseline study to other 
types of studies for a better understanding of 
prevailing conditions and perceptions related to 
21CC in schools and/or classrooms, followed 
by an intervention study for examining the 
impact of a 21CCs pedagogical innovation, and 
concluded with a diffusion study for broadening 
the reach and visibility of the innovation (e.g., 
network of schools, professional development 
programs, pre-service teachers’ training). 
The project-maturation process is compatible 
with the structures within the educational 
ecology—moving from smaller learning 
communities (micro) to bigger ones (meso-
, exo-, macrosphere) and ensuring that the 
vision is consistently communicated at all 
levels. In particular, the scaling process is 
complicated due to varied contexts and 
demands. While many 21CC studies in the 
synthesis had elements of scaling, ultimately, 
they were more interventionist in nature, and 
had to re-contextualise and/or adapt existing 
learning designs to spread to more classrooms 
and schools. Fundamentally, new pedagogies 
of 21CC learning take time to cultivate and 
cannot be instantly achieved with one-off 
projects. Therefore, some funding schemes 
(i.e., using stage-based fund release) can be 
created that could allow a longer timeline for 
studies—to cover a wider range of research 
stages from baseline to diffusion. 

What research gaps exist in our local corpus?

Recommendations
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analysing the non-linear properties of learning 
networks. Other analytical techniques, such 
as a complex systems approach, may be 
required.

Greater synergies can be created by 
expanding frames and understandings of 
21CCs and exploring interactions across 
21CCs categories, as well as the interactions 
between discipline-specific and generic 21st 
century learning outcomes. This effort can 
lead to a more integrated understanding 
of 21CCs. Such expanded and integrated 
understandings can help in the formulation of 
learning designs and environments that favour 
21CCs development.

tools need to be developed and more robust 
assessment approaches need to be utilised. 
A robust assessment approach requires 
operationalizing 21CCs and setting out specific 
ways of capturing them using multimodal 
approaches or using a combination of tools. 
Multimodal assessment tools can better 
capture the complexities of 21CCs Ground-
breaking assessment tools, including but not 
restricted to multi-modal, biometric tools and 
analysis, would require new theorisation of 
21CCs constructs, their components and the 
interactions among these components. In 
selecting, developin, and utilising such complex 
21CCs assessment tools, context and culture 
are important considerations, and thus local 
validation of such tools is necessary (Soland, 
Hamilton & Stecher, 2013). In addition, these 
localised customizations would be useful for 
schools’ self-reference improvement.

A number of OER projects have started using 
learning analytics to assess 21CCs and this 
opens the possibility of gathering extensive 
data from learners, on top of self-reported ones. 
However, it may also make data collection and 
analysis tedious. Research projects need to 
be highly selective about the kind and extent 
of data to be collected. Another challenge is 
the danger of reducing measures of 21CCs 
to mere numbers without indicators that more 
accurately define the construct. Standard 
statistical techniques may not be suitable for 

What research gaps exist in our local corpus?

Recommendations
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approaches, socio-emotional learning 
interventions and varied 21CCs-tools, not 
only in cultivating 21CCs but also in promoting 
subject domain mastery. The way forward is 
for teachers and other stakeholders to harness 
these strategies and resources to engage in 
purposeful efforts to deepen the connection 
between 21CCs learning and disciplinary 
learning thereby creating a mutually reinforcing 
ecosystem that generates a dual advantage 
for learners to navigate the increasingly digital 
VUCA world.

Conclusion

The LES has identified 119 local studies 
related to understanding, teaching and 

learning of 21CCs. The studies have examined 
a wide range of 21CCs that can be effectively 
organised into cognitive, intrapersonal, 
interpersonal and intra/interpersonal 
competencies. Teacher dispositions, lesson 
designs, and whole-school approaches were 
identified as key enabling factors of student 
21CCs development. Evidence has also 
been provided upholding the effectiveness 
of discipline-based student-generative 
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annex a: Study Details
S/N Principal Investigator 

(PI)'s Contact
(* PI not at NIE)

Title of Study Type of Study Tier Participants Methods Project 
Closure 
Date

Notes

1 Aw Guat Poh, Wong Lung 
Hsiang (de-facto) / Mae 
Quah
lunghsiang.wong@nie.
edu.sg

My Chinese Language ubiquitous learning Days 
(MyCLOUD) [NRF2013-EDU001-EL015]

Intervention 2 Primary schools [4]
- Teachers [53]
- Students [1,116]

Quantitative: One-group pre-
test-posttest experiment

2016 Low Progress 
Learners

2 Bacsal Rhoda Myra Garces
rhoda.bacsal@nie.edu.sg

Reading Lives and Practices of Singapore Teachers 
and the Use of Multicultural Children's Literature to 
Promote Socio-emotional Learning [OER 15/14 RB]

Exploratory 1 In-service, pre-service and 
higher-degree student teachers 
[345]

Mixed Methods 2017

3 Beaumie Kim* Playing and Learning with Dinosaurs In and Out 
of School Boundaries: Games, Discourse, Shared 
Spaces for Earth Science Education [OER 29/09 
BK]

Intervention 2 Secondary school [2]
- Students [580]

Mixed Methods/Design-Based Re-
search
Quantitative: Survey
Qualitative: Video

2013

4 Caleon Imelda Santos
imelda.caleon@nie.edu.sg

Nurturing Positivity: A Positive Psychology Inter-
vention to Enhance Well-being, Engagement, and 
Achievement among At-Risk Students [OER 06/13 
RBK]

Intervention 1 Secondary schools [5]
- Secondary 1 students [520]

Quantitative: Quasi-experiment (2 
groups); True-experiment (2 groups)

2017 Low Progress 
Learners

5 Caleon Imelda Santos
imelda.caleon@nie.edu.sg

Turning Achievement Around: Predictors of Aca-
demic Resilience of Academically At-Risk Students 
in Singapore [OER 42/12 ISC]

Exploratory 2 Secondary schools [23]
- Students [1,469]

Mixed Methods 2018 Low Progress 
Learners, 
Assessment 
Tool

6 Chai Ching Sing* (de-facto) 
/ Mae Quah

Learning Analytics in Idea Garden [NRF2015-
EDU001-EL023]

Intervention 1 Primary school [1]
- Students [630]

Mixed Methods
Quantitative: One-group experiment 
(unclear if there was pretest)
Qualitative: Interviews
(actual quantitative and qualitative 
approaches not specified in report)

2017 Assessment 
Tool

7 Chai Ching Sing* (de-facto) 
/ Tan Si Hua

Flipped Team-Based Learning for High Ability learn-
ers [NRF2015-EDU001-EL029]

Intervention 1 Primary school [1]
- Teachers [4]
- Primary 3 to 5 Classes [6]

Mixed Methods: 
Quantitative: Survey and ratings 
based on rubrics 
Qualitative: Observations and focus 
group discussion

2016

8 Chan Chee Yeen Melvin
melvin.chan@nie.edu.sg

Secondary Quantitative Analysis of Core Research 
data (2004-2010): A Multilevel Study of Academic 
Achievement and 21st Century Competencies [OER 
20/14 CCY]

Explanatory 1 Secondary analysis of existing 
datasets
- Primary 5 and Secondary 3 
students

Quantitative 2018 Assessment 
Tool

35
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(* PI not at NIE)

Title of Study Type of Study Tier Participants Methods Project 
Closure 
Date

Notes

9 Chan Chee Yeen Melvin
melvin.chan@nie.edu.sg

Core 3 Research Programme: A Quantitative Study 
of Learning and Teaching in Singapore Classrooms 
[OER 29/15 CCY]

Explanatory 2 Primary schools [16]
- Teachers [120]
- Students [2,923]
Secondary schools [16]
- Teachers [109]
- Students [4,009]

Quantitative On-going Assessment 
Tool

10 Chen Der-Thanq Victor 
victor.chen@nie.edu.sg

New Media Literacy of School Students in Singa-
pore [OER 32/09 VC]

Baseline 2 Primary schools [30]
- Students [2,757]
Secondary schools [22]
- Students [1,822]
Junior Colleges [3]
- Students [173]

Quantitative 2014 Assessment 
Tool

11 Chen Der-Thanq Victor 
victor.chen@nie.edu.sg

Through the Lens of the School:  School-based 
Curriculum Innovation (SCI) [OER 14/11 VC]

Baseline 2 - Primary schools [3]
- Secondary schools [6]
- School leaders and teachers 
[225]

Qualitative 2016

12 Csilla Weninger csilla.
weninger@nie.edu.sg

Media Literacy in the Teaching of English in Singa-
pore [OER 50/12 CW]

Exploratory 2 Secondary schools [18]
- Teachers [237]
- Students [160]

Mixed Methods 2017

13 David John Hogan* Life Pathways Analysis Project [OER 39/08 DH] Baseline 2 Study 1
Secondary schools [39]
- Students [11,208]
Study 2
Primary and Secondary schools 
[30]
- Students [893] (matched 
sample)

Quantitative 2014 Assessment 
Tool

14 De Roock Robert Santiago 
robert.deroock@nie.edu.sg

The influence of a collaborative PD programme on 
teachers’ self-efficacy and its sustainability in teach-
ing low progress students [OER 09/16 WLY]

Intervention 2 Secondary schools [1]
- Teachers [15]

Qualitative: Ethnographic Study 
(Interviews and field notes)

On-going Low Progress 
Learners

15 De Roock Robert Santiago 
robert.deroock@nie.edu.sg

Investigating Digital Literacies as 21st Century Com-
petencies among Normal Technical Students [OER 
03/17 RDR}

Baseline 1 Secondary schools [1]
- School leaders and teachers 
[6]
- Students [100]

Mixed Methods On-going Low Progress 
Learners

36
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16 Ee Leong Choo, Jessie* Empowering Metacognition Through Social-Emo-
tional Learning [OER 18/09 JE]

Intervention 2 Primary schools [3]
- Teachers [76]
- Students [586]

Quantitative: Quasi-experiment (2 
groups) with Interviews

2013 Assessment 
Tool

17 Ee Leong Choo, Jessie* Equipping Secondary Students with Metacognitive 
and Social-Emotional Competency Skills to Meet the 
Challenges of the 21st Century [OER 40/09 JE]

Intervention 2 Secondary schools [3]
- Teachers [108]
- Students [975]
- Parents [528]

Mixed Methods
Quantitative: Quasi-experiment (2 
groups)
Qualitative: Observation, interviews

2014 Low Progress 
Learners, 
Assessment 
Tool

18 Gregory Arief D Liem
gregory.liem@nie.edu.sg

Participation in School-Based Co-Curricular Activ-
ities and Student Development: A Motivation and 
Engagement Perspective [OER 09/13 GAD]

Explanatory 1 Primary schools [14]
- Students [1,648]
Secondary schools [14]
- Students [2,242]

Quantitative 2019 Assessment 
Tool

19 Ho Mei Lin, Caroline* Engagement, Expression and Embodiment: Bridging 
Multimodal Literacies and Language Arts Through 
Constructing an Interactive Virtual Museum [OER 
26/08 CH]

Intervention 2 Secondary school [1]
- Teachers [3]
- Students [158]

Mixed Methods/Design-Based Re-
search
Quantitative: Survey
Qualitative: Classroom observation, 
interviews, student reflections

2012

20 Huan Swee Leng, Vivien
vivien.huan@nie.edu.sg

Social Problem-Solving Skills Gaming for Children 
[OER 42/08 VH]

Intervention 2 - Primary students [160] Quantitative: Quasi-experiment 2013

21 Hung Wei Loong, David
david.hung@nie.edu.sg

The Implementation of a Broad-Based, Inquiry-Ori-
ented Curriculum within a Singaporean Senior 
School Context: Transitional Experiences, Challeng-
es and Enablers [OER 52/12 LJY]

Exploratory 1 Integrated Programme School 
[1]
- School leaders [6]
- Teachers [20]
- Students [71]

Mixed Methods 2017

22 Hung Wei Loong, David
david.hung@nie.edu.sg

A Quantitative and Qualitative Study of Learn-
ing and Teaching of Mathematics in Singapore 
Classrooms (Preparation for Core 3 Research 
Programme) [OER 11/14 LWO]

Explanatory 2 Primary schools [17]
- Teachers [87]
- Primary 5 classes [98]
Secondary schools [17]
- Teachers [95]
- Secondary 3 classes [134]

Mixed Methods 2018 Assessment 
Tool

23 Jan Ming-Fong* Fostering Collaborative Dialogic Arguments with 
Games [OER 09/11 JMF]

Exploratory 1 - Teachers (Primary and Sec-
ondary) and researchers [39]
- Secondary students [32]

Design-Based Research, Case Study 2015
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24 Jennifer Pei-Ling Tan* Assessment and Teaching of 21st Century Skills 
(ATC21S) Singapore Trials: Collective Creativity 
and Collaborative Problem-Solving Competencies 
among Secondary School Students [OER 59/12 
TPL]

Baseline 1 Secondary schools [5]
- Secondary 1 and 3 students 
[580]

Mixed Methods 2017 Assessment 
Tool

25 Jennifer Pei-Ling Tan* Using a Collaborative Video Annotation and Ana-
lytics Environment (CoVAA) to Enchance Flipped 
Classroom Pedagogical Practice and Foster Stu-
dents’ Conceptual Understanding, Social Knowl-
edge Construction and Self-Regulated Learning 
[NRF2015-EDU001-IHL09]

Intervention 3 Secondary schools [2]
- HODs [2]
- Teachers [7]
- Students [767]

Mixed Methods
Quantitative: True experiment (2 
groups)
Qualitative: Focus group discussions

2018 Assessment 
Tool

26 Jennifer Pei-Ling Tan* Primary Education Review & Implementation (PERI) 
Policy Initiatives and the Development of 21CC Stu-
dent Learning Outcomes: A Follow-Up Quantitative 
Evaluation Study (2014) [OER 11/13 TPL]

Evaluation 3 Primary schools [49]
- Principals and school leaders 
[401]
- Teachers [1,464]
- Primary 2 students [5,369]
- Primary 5 students [6,934]

Quantitative 2018 Assessment 
Tool

27 Jennifer Pei-Ling Tan* 
(de-facto) / Albert Lim NASS

WiREAD NASS Research CI3 [NRF2013-EDU001-
EL019]

Intervention 3 Secondary schools [5]
- Teachers [15]
- Students [907]

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Multiple data sources

2017 Assessment 
Tool

28 Kiss Tamas* Fostering Cross-cultural Communication and Un-
derstanding in the English Language Writing [OER 
19/14 TK]

Exploratory 1 Secondary schools [3]
- Teachers [6]

Mixed Methods 2018

29 Koh Hwee Ling, Joyce* 
(de-facto) / Chai Ching 
Sing* (de-facto) / Looi Chee 
Kit (de-facto) / Wee Toon 
Huey
cheekit.looi@nie.edu.sg

Building Blocks for Developing 21st Century Com-
petencies
Research Project 1: Building epistemic repertoire 
through computer-supported knowledge creation 
among primary school students
Research Project 2:  Bridging Formal and Informal 
Learning Spaces for Self-directed Inquiry Learning 
in Science
Research Project 3:  Leveraging on a self-contained 
diagnostic module, embedded in a computer-sup-
ported collaborative learning environment, fostering 
knowledge creation among primary school students 
[NRF2011-EDU002-EL005]

Intervention 3 Primary school [1]
- Teachers [27]
- Students [640]

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Interviews, student 
artifacts

2015
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30 Koh Noi Keng* Experiential Learning in Authentic Learning Envi-
ronments: An Impact Study of Retail Experience for 
Active Learning (Real) [OER 11/09 KNK]

Intervention 1 Secondary schools [25]
- Students [345]

Mixed Methods
Quantitative: Quasi-experiment
Qualitative: Interviews, discussions

2012 Low Progress 
Learners

31 Koh Ruilin Elizabeth
elizabeth.koh@nie.edu.sg

Exploring Teamwork Beliefs and Competencies 
in Technology-enabled 21st Century Classrooms 
[OER 62/12 EK]

Exploratory 1 Secondary school [1]
- Teachers [7]
- Students [281]

Mixed Methods 2017

32 Koh Ruilin Elizabeth
elizabeth.koh@nie.edu.sg

Integrating My Groupwork Buddy into the classroom 
to enhance student team collaboration and teacher 
pedagogical practice [NRF2015-EDU001-IHL08]

Intervention 3 Secondary schools [2]
- Teachers [20]
- Students [303]

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Multiple data sources

2018 Assessment 
Tool

33 Lam Rachel Jane* Preparing Students to Collaboratively Solve 
Community and Global Issues: Focusing on Low 
Progress Learners [OER 06/15 RJL]

Intervention 1 Primary school [1]
- Primary 4 students [175]

Quantitative: Quasi-experiment (2 
groups)

2018 Low Progress 
Learners

34 Lee Shu Shing
shushing.lee@nie.edu.sg

Situating and Contextualising Professional Develop-
ment for Sustained Practice and Learning in School 
[OER 07/14 WLY]

Evaluation 1 Secondary school [1]
- School leaders [5]
- Teachers [57]
- Secondary 2 students [120]

Mixed Methods 2019 Assessment 
Tool

35 Lee Yew Jin
yewjin.lee@nie.edu.sg

Hands-on and Minds-on Learning of Science using 
a Microbial Fuel Cell [OER 01/12 LYJ]

Intervention 1 Secondary and Integrated 
Programme schools [2]
- Students [57]

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Multiple data sources

2016 Assessment 
Tool

36 Lim Yang Teck, Kenneth
kenneth.lim@nie.edu.sg

The Starling Project: Representations of Collab-
orative Learning Through the Development of an 
Education-Focused Client Viewer for Second Life 
[OER 05/09 LYT]

Intervention 1 Secondary schools [9]
- Students [680]

Qualitative: Interviews 2012 Low Progress 
Learners

37 Lim Yang Teck, Kenneth
kenneth.lim@nie.edu.sg

Extending the Six Learnings framework for curric-
ulum design in Virtual Worlds [NRF2011-EDU002-
EL004]

Intervention 2 Primary and Secondary stu-
dents

Mixed Methods
Quantitative: One-group pre-
test-posttest experiment
Qualitative: Observation, interviews, 
assessment

2013 Low Progress 
Learners

38 Lim Yang Teck, Kenneth
kenneth.lim@nie.edu.sg

Extending the Six Learnings curriculum design 
framework and the Disciplinary Intuitions theory of 
learning [NRF2013-EDU001-IHL02]

Intervention 2 Primary and Secondary schools 
[16]
- Teachers [93]
- Students [2,100]

Qualitative: Interviews 2017

39 Lim Yang Teck, Kenneth 
(de-facto) / Principal of 
NASS
kenneth.lim@nie.edu.sg

A. Promoting Inquiry-Based Learning with a SMILE 
(Stanford Mobile Inquiry Learning Environment)
B.  Newsroom: Web-based Platform for Structured 
Academic Controversy  [NRF2011-EDU002-EL006]

Intervention 3 Secondary school [1]
- Classes [3]

Quantitative: One-group pre-
test-posttest experiment

2016
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40 Looi Chee Kit
cheekit.looi@nie.edu.sg

Design for Scalability: From a Class Intervention to 
a Level Intervention [OER 16/10 LCK]

Intervention 2 Primary school [1]
- Teachers [7]
- Students [320]

Qualitative: Multiple data sources 2013 Low Progress 
Learners

41 Looi Chee Kit (de-facto) / 
Mae Quah
cheekit.looi@nie.edu.sg

Inquiry-based Seamless Learning in Primary Sci-
ence [NRF2013-EDU001-EL018]

Intervention 3 Primary schools [10]
- Teachers [30]
- Students [630]

Mixed Methods
Quantitative: Quasi-experiment
Qualitative: Multiple data sources

2016

42 Manu Kapur* Designing for Productive Failure [OER 50/08 MK] Intervention 3 Schools (Secondary to Junior 
College) [11]
- Students [4,768]
- Teachers [75]

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Classroom observations, 
interviews, student artifacts

2013 Low Progress 
Learners, 
Assessment 
Tool

43 Manu Kapur* STEP* for the Future: Investigating Pedagogical 
Change in New Approaches to Learning and Teach-
ing in the Knowledge Age [OER 18/10 KB]

Intervention 2 Primary school [1]
- 15 classes

Mixed Methods
Quantitative: Quasi-experiment 
Qualitative: Classroom observations, 
interviews, student artifacts

2015

44 Mark Charles Baildon
mark.baildon@nie.edu.sg

Using Web-Based Tools to Support Source Work 
and Inquiry in Social Studies [OER 51/08 MB]

Intervention 3 - Secondary students [300]
- Secondary teachers [10]

Qualitative: Multiple data sources 2013

45 Mark Charles Baildon
mark.baildon@nie.edu.sg

Designing, Developing & Scaling the Critical Web 
Reader [NRF2013-EDU001-IHL01]

Intervention 2 Secondary schools [5]
- Teachers [16]
- Students [411]

Quantitative: One-group experiment 
(unclear if there are pretest and 
posttest)

2016 Assessment 
Tool

46 Ning Hoi Kwan Flora* Assessing Singapore Students’ Creative and Critical 
Thinking – A Preliminary Study [OER 38/12 NHK]

Baseline 1 Primary schools [9]
- Students [1,041]
Secondary schools [10]
- Students [1,334]

Quantitative 2015 Assessment 
Tool

47 Onishi Pamela Grace 
Costes
pamela.onishi@nie.edu.sg

Community Music Education: Towards the Develop-
ment of New Pedagogies for the 21st Century [OER 
01/14 OP]

Intervention 1 Secondary schools [3]
- Music specialist teachers [3]
- Secondary 2 and 3 students 
[177]

Mixed Methods
Quantitative: Quasi-experiment (2 
groups)
Qualitative: Multiple data sources

2018 Low Progress 
Learners

48 Rita Elaine Silver
rita.silver@nie.edu.sg

The Impact of Negotiation for Meaning on Reading 
Comprehension Among Singapore Primary Stu-
dents [OER 29/08 RS]

Intervention 2 Primary school [1]
- Teachers [11]
- School remedial teachers
- Research team members [2] 
as teachers in experimental 
group 
- Students [183]

Mixed Methods
Quantitative: True-experiment (with 
three groups)
Qualitative: Audio and video record-
ings

2012 Low Progress 
Learners
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49 Rita Elaine Silver
rita.silver@nie.edu.sg

Comprehending Reading Comprehension: An Inter-
vention in P4 Reading [OER 09/10 RS]

Intervention 2 Primary school [1]
- 3 levels of education (Primary 
3, 4, & 5)
- Teachers [9]

Mixed Methods
Quantitative: Quasi-experiment (2 
groups)
Qualitative: Teacher interviews, 
teacher reflection, teacher ques-
tionnaire, surveys, artefacts, video 
recordings

2015

50 Rita Elaine Silver
rita.silver@nie.edu.sg

Reading Discussions and Reading Comprehension: 
Sustainability in Teacher Development and Opportu-
nities for Student Learning [OER 40/12 RS]

Intervention 2 Primary school [1]
- Teachers [12]
- Primary 2, 4, 5, and 6 students 
[307]

Mixed Methods
Quantitative: Quasi-experiment
Qualitative: Multiple data sources

2017 Low Progress 
Learners

51 Seah Lay Hoon
layhoon.seah@nie.edu.sg

IASA: Investigative Analysis and Structured Argu-
mentation for seeding critical thinking and inquiry 
skills for the 21st century [NRF2015-EDU001-IHL07]

Intervention 3 Secondary schools [2]
- Teachers [6]
- Students [148]

Quantitative: Quasi-experiment and 
Case Study (with Lesson Observa-
tions)

2017

52 Sim Boon Yee Jasmine
jasmine.sim@nie.edu.sg

Towards Engaged Citizens: Singapore Students' 
Civic Knowledge, Participation, Attitudes and Per-
ceptions [OER 35/08 JS]

Baseline 2 Secondary schools [18]
- Students [3,008]

Mixed Methods 2012 Assessment 
Tool

53 Suzanne Choo Shen Li
suzanne.choo@nie.edu.sg

Education for Twenty-first Century Global Capaci-
ties: A Comparative Case-study of Two Schools in 
Singapore and the United States [OER 60/12 CSL]

Exploratory 1 Secondary schools [2]
- Teachers [42]
- Secondary 3 and 4 students 
[240]

Qualitative 2016

54 Tan Aik Ling
aikling.tan@nie.edu.sg

Partnership For Change Towards Science as Inquiry 
in Elementary Science Classrooms: Collective Re-
sponsibility of Teachers and Students [OER 20/10 
TAL]

Intervention 2 Primary schools [43]
- Teachers [194]

Mixed Methods
Quantitative: One-group experiment 
(unclear if there was pretest)
Qualitative: Multiple data sources

2014 Low Progress 
Learners

56 Tan Chee Soon
cheesoon.tan@nie.edu.sg

A Two-Tiered Approach to Supporting Pupils with 
Reading Difficulties in P3 Mainstream Classrooms 
[AFR 02/14 TCS]

Proof of concept 1 Primary school [2]
- Teachers [10]
- Primary 3 students [60]

Design-Based Research, Mixed 
Methods

2017 Low Progress 
Learners

57 Tan Liang See* Arts Research on Teachers and Students (ARTS): 
Pedagogies and Practices, Phase 2 [OER 08/10 LC]

Exploratory 2 Pre-tertiary specialised arts 
school [1]
- School leaders and teachers 
[180+]
- Students [900]

Case Study 2014

58 Tan Liang See* Arts Research on Teachers and Students (ARTS3): 
Cultures and Leverages in Nurturing Adaptive Ca-
pacities [OER 44/12 TLS]

Explanatory 2 Secondary schools [3]
- School leaders, teachers and 
students [370]

Case Study 2016
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59 Tan Liang See* Curriculum Innovation and the Nurturing of 21st 
Century Learners [OER 54/12 TLS]

Explanatory 1 Secondary and Integrated 
Programme schools [4]
- Teachers [79]
- Students [843]

Mixed Methods 2017

60 Tan Liang See* Curriculum Perspectives and Leadership in Inno-
vations for the Nurturing of 21st Century Learners 
[OER 27/15 TLS]

Explanatory 2 Integrated Programme Schools 
[5]
- Teachers and school leaders
- Students [1,250]

Case Study Awaiting 
Closure

61 Tan Seng Chee
sengchee.tan@nie.edu.sg

Evaluation of Implementation of IT Masterplan 3 
and Its Impact on Singapore Schools - Instrumenta-
tion and Baseline Study (Project Completed) [OER 
03/08 TSC]

Evaluation 1 Primary schools, Secondary 
schools, Junior Colleges/Cen-
tralised
Institutes [110]
- School leaders [95]
- Teachers [4,352]
- Students [7,508]

Mixed Methods, Case Study 2010 Assessment 
Tool

62 Tan Seng Chee
sengchee.tan@nie.edu.sg

Evaluation of IT Masterplan 3 - A Nationwide Longi-
tudinal Study [OER 21/09 TSC]

Evaluation 3 Primary schools [50], Second-
ary schools [50] and Junior 
Colleges/ Centralised Institute 
[10]
- Students [8,400]
- Teachers and school leaders

Mixed Methods 2015

63 Tan Yuh Chaur Leonard
leonard.tan@nie.edu.sg

Developing 21CC Through Band: An Exploratory 
Study of the Four Cs [OER 17/15 TYC]

Exploratory 1 Primary school [1]
- Teachers [9]
- Students [82]
Secondary school [1]
- Teachers [10]
- Students [108]

Qualitative 2019 Assessment 
Tool

64 Tang Kok Sing* Harnessing Popular Media for Science Learning and 
Critical Literacy [OER 05/12 TKS]

Intervention 1 Junior College [1]
- Teachers [2]
- Students [53]

Qualitative: Ethnographic Study (Mul-
tiple data sources)

2014 Assessment 
Tool

65 Tang Kok Sing* Developing Disciplinary Literacy Pedagogy in the 
Sciences [OER 48/12 TKS]

Intervention 2 Secondary schools [2]
- Teachers [4]
- Secondary 3 and 4 students 
[232]

Mixed Methods
Quantitative: One-group experiment 
(with pretest and several posttests)
Qualitative: Multiple data sources

2017

66 Teo Beng Chong
bengchong.teo@nie.edu.sg

My Math Homework PAL [NRF2015-EDU001-
IHL10]

Intervention 2 Primary schools [3]
- Teachers [3]
- Students [40]

Quantitative: One-group pre-
test-posttest experiment

2018 Assessment 
Tool
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67 Teo Beng Chong
bengchong.teo@nie.edu.sg

Seeding Innovation for the Community with Rapid 
Prototyping
* Phase 1 [NRF2013-EDU001-IHL03]

Intervention 3 Secondary schools [15]
- Teachers [45]
- Students [2,200]

Qualitative: Multiple data sources 2016

68 Teo Tang Wee
tangwee.teo@nie.edu.sg

Examining Normal Academic/Technical Students’ 
Science Learning from a Sociological and Cultural 
Lens [OER 51/12 TWT]

Exploratory 2 Secondary school [39]
- Secondary 1 and 2 students 
[4,582]

Mixed Methods 2016 Low Progress 
Learners

69 Toh Tin Lam
tinlam.toh@nie.edu.sg

(M-ProSE) Mathematical Problem Solving for Every-
one [OER 32/08 TTL]

Intervention 2 Secondary school [1]
- Students [150]

Mixed Methods
Quantitative: One-group Quasi-ex-
periment
Qualitative:  Participant observation, 
interviews, video-taping

2013

70 Toh Tin Lam
tinlam.toh@nie.edu.sg

Mathematical Problem Solving for Everyone: Infu-
sion and Diffusion (MInD) [OER 22/12 TTL]

Intervention 3 - Secondary and Integrated 
Programme schools [5]
- Students [500]
- Pre-service teachers [60]

Mixed Methods
Quantitative: One-group Quasi-ex-
periment
Qualitative:  Participant observation, 
interviews, video-taping

2017

71 Wong Hwei Ming
hweiming.wong@nie.edu.sg

Qualitative Study of PERI Holistic Assessment Im-
plementation in Primary Schools [OER 11/16 WHM]

Evaluation 1 Primary schools [11]
-Teachers [63]
-Students [106]
-Principals [13]
-Vice-Principals [13]
-HODs [27]
MOE HQ officers [14]

Qualitative, Case Study 2018 Low Progress 
Learners

72 Wong Lung Hsiang
lunghsiang.wong@nie.edu.
sg

A Mobile-Assisted Game-Based Learning Environ-
ment to Improve Pupils' Chinese Character and 
Phrase Learning [OER 06/10 WLH]

Intervention 1 Primary school [1]
- Teachers [6]
- Students [31]

Qualitative/ Design-Based Research: 
Multiple data sources

2013

73 Wong Lung Hsiang
lunghsiang.wong@nie.edu.
sg

MyCLOUD - A Seamless Chinese Language 
Learning Environment Leveraging on Ubiquitous 
Technology and the Construction of Mental Lexicon 
[OER 17/10 WLH]

Intervention 2 Primary school [1]
- Students [37]

Mixed Methods/Design-Based Re-
search
Quantitative: Achievement tests, 
survey
Qualitative: Multiple data sources

2014

74 Wong Lung Hsiang
lunghsiang.wong@nie.edu.
sg

LI-nterChange: Towards a Contextual- and 
Social-mediated Seamless Language Learning 
Practice with Multiple Learning Pathways [OER 
14/14 WLH]

Intervention 1 Secondary schools [2]
- Teachers [8]
- Students [86]

Mixed Methods
Quantitative: Quasi-experiment (2 
groups)
Qualitative: Multiple data sources

2018
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75 Wong Lung Hsiang
lunghsiang.wong@nie.edu.
sg

A Mobile Assisted Language Learning Environment 
to Improve Primary School Pupils' Attitudes and 
Competencies in Chinese Proverb Learning and 
Writing [OER 14/09 WLH]

Intervention 2 Primary schools [4]
- Teachers [10]
- Students [300]

Mixed Methods/Design-Based Re-
search
Quantitative: Achievement tests, 
survey
Qualitative: Multiple data sources

2012

76 Yeo Ai Choo, Jennifer
jennifer.yeo@nie.edu.sg

Designing a Physics Curriculum for Developing 
Students' Science Competencies [OER 11/11 JY]

Intervention 1 Junior College (JC) [1]
- JC 1 students [2 classes]

Qualitative/ Design-Based Research: 
Multiple data sources

2015 Assessment 
Tool

77 Caleon Imelda Santos
imelda.caleon@nie.edu.sg

Lessons from Resilience-Nurturing Environments: 
Classroom Practices of "Turnaround" Teachers 
[OER 28/15 ISC]

Explanatory 2 Secondary schools [9]
- Teachers [115]

Mixed Methods On-going

78 Chee Yam San
yamsan.chee@nie.edu.sg

Level Up: Enhancing Classroom Teaching and 
Learning with Game-Based Learning [OER 02/11 
CYS]

Intervention 3 Secondary schools [5]
-Teachers [11]
-Students [294]

Qualitative: Multiple Case Studies 
(dialogues with teachers)

2014

79 Chen Wenli
wenli.chen@nie.edu.sg

Pre-Service Teachers in a Ubiquitous Computing 
Environment: One-to-One Technology Enhanced 
Learning (TEL) [OER 21/08 CWL]

Baseline 2 - Pre-service teachers [1554] Mixed Methods 2014

80 Cheung Wing Sum
wingsum.cheung@nie.edu.
sg

Use of Information Technology: Identifying the Key 
Competencies Expected of Pre-School Teachers 
[OER 03/13 HKF]

Exploratory 1 Preschool principals, parents 
of preschoolers, preschool 
educators [106

Mixed Methods 2017

81 Chow Jia Yi
jiayi.chow@nie.edu.sg

An Investigation of Nonlinear Pedagogy and Its 
Application in Singapore Schools [OER 15/09 CJY]

Intervention 2 Primary school [1]
- Students [133]

Quantitative: Quasi-experiment and 
True experiment (2 groups)

2014

82 Chow Jia Yi
jiayi.chow@nie.edu.sg

Nonlinear Pedagogy and its Relevance for the New 
PE Curriculum [OER 21/14 CJY]

Intervention 2 Primary schools [2]
- Teachers [4]
- Students [187]
Secondary schools [2]
- Teachers [4]
- Students [224]

Mixed Methods
Quantitative: Quasi- or true-experi-
ment 
Qualitative: Focus group discussion, 
interviews.

Awaiting 
Closure

83 Christina Lim-Arasaratnam
christina.ratnam@nie.edu.
sg

Exploring the Designing of a Growth Mindset Curric-
ulum in a Singaporean School [OER 15/15 CL]

Baseline 1 Secondary/ Integrated Pro-
gramme school [1]
- Principal and school leaders 
[11]

Case Study 2019

84 Chye Yen Leng Stefanie
stefanie.chye@nie.edu.sg

E-Portfolios as a Tool to Assess and Promote 
Student Teachers’ Learning and Development [OER 
06/11 ZMM]

Evaluation 1 PGDE student teachers [28] Qualitative 2016

85 Doris Choy
doris.choy@nie.edu.sg

Enhancing Preservice Teachers' Professional 
Growth Through Reflections Using Videos [OER 
23/08 GP]

Intervention 2 - Pre-service teachers [327] Mixed Methods
Quantitative: Quasi-experiment
Qualitative: Multiple data sources

2013
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86 Eugene Iruthayaraj Dairi-
anathan
eugene.d@nie.edu.sg

An Examination of Creative Music Making in the 
General Music Programme (GMP) [OER 36/08 ED]

Exploratory 2 Survey: In-service teachers 
[672]
- Primary teachers [573]
- Secondary teachers [98]
Intervention: In-service teachers 
[7]
- Primary teachers [5]
- Secondary teachers [2]
Reflective sessions: In-service 
teachers [49]
- Primary teachers [42]
- Secondary teachers [7]

Mixed Methods, Case Study 2013

87 Huang Junsong, David
junsong.huang@nie.edu.sg

Investigating the Generation-First-Instruction-Later 
Method for its Effects on Learning and Transfer - A 
Proposal to Study Analogical Reasoning as the 
Generation Task [OER 02/15 HJS]

Intervention 1 Secondary schools [2]
- Students [153]

Quantitative: True experiment Awaiting 
Closure

88 Hung Wei Loong, David
david.hung@nie.edu.sg

Metacognition Within the Zone of Regulatory 
Development: Investigating the Dialectics Between 
Self- and Socio-Regulation in Traditional and Online 
Communities [OER 19/09 DH]

Intervention 2 - Teachers
- Primary students [30]
- Secondary students [120]
- Polytechnic students [4]
- Parents
- Coaches

Qualitative: Multiple Case Studies 
(Multiple data sources)

2013

89 Hung Wei Loong, David
david.hung@nie.edu.sg

Investigating Identity Becoming Trajectories Within 
the Interplay of Spatial and Social Dimensions of 
Affinity Spaces [OER 31/09 DH]

Exploratory 2 Secondary schools [4]
- Students [14]

Qualitative 2014

90 Hung Wei Loong, David
david.hung@nie.edu.sg

Investigating School-based Co-Curricular Activities 
as Contexts for Expanding Learning Spaces [OER 
31/12 LA]

Exploratory 1 Secondary schools [2]
- Teachers [27]
- Secondary 3 students [203]

Qualitative 2016 Low Progress 
Learners

91 Hung Wei Loong, David
david.hung@nie.edu.sg

Study of Developing a Framework for Understand-
ing Relationships Between Formal (Schools) and 
Informal (Communities) Learning Environments 
[OER 23/10 DH]

Exploratory 2 Primary schools, Secondary 
schools, Communities of 
practice
- School leaders and teachers
- Students

Case Study 2014

92 Jennifer Pei-Ling Tan* Development of an Outdoor Education Curriculum 
in Singapore through a "Deliberative" Perspective - 
Inclusion of the Commonplace of the Teacher [OER 
43/12 MT]

Exploratory 1 Primary and Secondary School 
Teachers
-In-service [80]
-Pre-service [120]
Follow-up Interviews
-In-service teachers [15]
-Pre-service teachers [14]

Mixed Methods 2015
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93 Koh Hwee Ling Joyce* Developing Teachers’ Technological Pedagogical 
Content Knowledge for 21st Century Learning 
(TPACK-21CL) Through Design Thinking [OER 
05/13 KHL]

Intervention 1 Primary schools [2]
- Teachers [94]

Mixed Methods
Quantitative: One-group pre-
test-posttest experiment 
Qualitative: Video recordings, reflec-
tions

2017

94 Lazar Stankov* Non-cognitive Skills and Singaporean Students: 
International Comparisons [OER 48/08 LS]

Exploratory 2 - Secondary students in Singa-
pore [800]
- Secondary students in other 
countries [7,000]

Quantitative 2012

95 Lee Ngan Hoe (wef 1 Jan 
2016)
nganhoe.lee@nie.edu.sg

Translating Productive Failure in the Singapore 
A-level Statistics Curriculum [DEV 03/14 MK]

Scaling and 
Translation

3 Junior Colleges [14]
- Teachers [61]
- Students [1,191]

Mixed Methods 2019

96 Lim Yang Teck, Kenneth
kenneth.lim@nie.edu.sg

“Worlds in Your Pocket” – Building towards a 
self-sustainable multi-school diffusion of the Six 
Learnings/ Disciplinary Intuitions learning pro-
gramme [NRF2014-EDU001-IHL05]

Intervention 2 Secondary schools [4]
- Teachers [17]
- Classes [15]

Qualitative: Interviews 2017

97 Lim Yang Teck, Kenneth 
(de-facto) / Xu Weiming
kenneth.lim@nie.edu.sg

Java Simulation Design for Teaching and Learning 
[NRF2011-EDU001-EL001]

Intervention 1 Junior Colleges [5]
- Teachers [44]
- Students [2,111]

Mixed Methods
Quantitative: One-group pre-
test-posttest experiment
Qualitative: Interviews

2014

98 Looi Chee Kit
cheekit.looi@nie.edu.sg

Infusion, Dissemination and Evolution: Seeding an 
Innovation from One School to a Few Schools [OER 
26/12 LCK]

Intervention 1 Primary schools [5]
- School leaders and teachers 
[12]

Mixed Methods/Design-Based Re-
search
Quantitative: Teacher pre and post 
survey
Qualitative: Multiple data sources

2015

99 Lum Chee Hoo
cheehoo.lum@nie.edu.sg

Images of Practice in Arts Education in Singapore 
[OER 07/10 LCH]

Exploratory 2 - Arts educators/artists [24]
- Schools [24 total: 1 Preschool, 
13 Primary, 1 International, 
1 Tertiary, and 8 Secondary 
schools]

Case Study 2014

100 Manu Kapur* Building Teachers' Capacity for Assessment for 
Learning of 21st Century Skills in Mathematics 
[OER 03/11 MK]

Intervention 3 Primary, Secondary schools 
and Junior Colleges [9]
- Teachers [92]
- Students [2,982]

Mixed Methods/Design-Based Re-
search
Quantitative: Survey and tests
Qualitative: Multiple data sources

2016 Low Progress 
Learners

46



annex a: Study Details
S/N Principal Investigator 

(PI)'s Contact
(* PI not at NIE)

Title of Study Type of Study Tier Participants Methods Project 
Closure 
Date

Notes

101 Mark Charles Baildon
mark.baildon@nie.edu.sg

Developing, Implementing & Researching Signature 
Programmes in the Humanities: The Historian’s 
Lab & The Sustainability Learning Lab [NRF2015-
EDU001-IHL12]

Intervention 2 Secondary schools [7]
- Teachers [10]
- Students [1250]

Mixed Methods
Quantitative: One-group pre-
test-posttest experiment 
Qualitative: Focus group discussion, 
lesson observation

2017

102 Seah Lay Hoon
layhoon.seah@nie.edu.sg

Building on Teachers' Knowledge About Students' 
Language-related Challenges in Science [OER 
65/12 SLH]

Intervention 1 Primary school [1]
- Science teachers [3]
- Primary 4 students [147]

Qualitative: Multiple Case Studies 
(Multiple data sources)

2016

103 Seah Lay Hoon
layhoon.seah@nie.edu.sg

Understanding How Teachers Design Lessons in 
Response to the Language Demands of Science 
[OER 16/14 SLH]

Intervention 1 Secondary school [1]
- School leaders [6]
- Secondary 3 students [70]

Qualitative: Case Study (Multiple data 
sources)

2017

104 Sim Boon Yee Jasmine
jasmine.sim@nie.edu.sg

Citizenship Attributes for the 21st Century: A Study 
of Singapore Teachers' Perceptions in Comparative 
Perspectives [OER 19/10 LWO]

Baseline 2 Primary and Secondary schools 
[30]
- Teachers [1,606]

Mixed Methods 2016

105 Subramaniam s/o Ramana-
than
subramaniam.r@nie.edu.sg

Investigating Conceptual Change and Its Associa-
tion with Secondary School Students' Epistemologi-
cal Beliefs [OER 40/08 RS]

Intervention 2 Secondary and Junior College 
schools [17]
- Students [>700]

Quantitative: Quasi-experiment 2013

106 Tan Aik Ling
aikling.tan@nie.edu.sg

Enhancing Inquiry-Based Teaching Through 
Collaboration Between Pre-Service and In-Service 
Teachers [OER 04/09 KM]

Baseline 1 - In-service teachers [41] from 
primary schools [5]
- Pre-service teachers [50]

Qualitative 2011

107 Tan Lip Thye, Michael
michael.tan@nie.edu.sg

Characterising Epistemic Engineering Practices in a 
School Makerspace [OER 12/14 MT]

Exploratory 1 Secondary schools [2]
- Adult volunteers of deisgners 
and engineers [6]
- Students [26]

Qualitative 2018

108 Tang Kok Sing* Formalising Disciplinary Literacy Teaching in Pri-
mary Science through a Writing-to-learn Approach 
[OER 06/14 TKS]

Intervention 1 Primary school [1]
- Teachers [2]
- Primary 4 and 5 students [135]

Qualitative: Multiple data sources 2017

109 Teo Chin Soon Peter
peter.teo@nie.edu.sg

Exploring the Dialogic Space in Teaching: A Study 
of Pre-university Classroom Talk in Singapore [OER 
04/12 TCS]

Baseline 1 - Junior Colleges [7]
- Integrated Programme 
schools [2]

Qualitative 2015

110 Toh Tin Lam
tinlam.toh@nie.edu.sg

MAthematics is Great: I Can And Like (MAGICAL) 
[DEV 07/14 TTL]

Intervention 1 Secondary schools [3]
- Teachers [6]
- Secondary 1 students [120]

Mixed Methods
Quantitative: One-group pre-
test-posttest experiment
Qualitative: Observation and inter-
views

2018
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111 Toh Yancy* Scaling As Innovation: Diffusion Models In The Sin-
gapore System [NRF2014-EDU001-IHL06]

Scaling and 
Translation

3 Primary, Secondary Schools 
and Junior Colleges [14]
- School leaders and teachers

Case Study 2018

112 Towndrow Phillip Alexander
phillip.towndrow@nie.edu.
sg

Multimodal Literacy in English Language and 
Literature Teaching: The Design, Implementation 
and Evaluation of a One-to-One Wireless Laptop 
Programme in a Singapore High School [OER 27/08 
PT]

Intervention 2 Secondary school [1]
- Teachers [9]
- Students

Qualitative: Case Study (Multiple data 
sources)—more than 2 data sources

2011

113 Wong Lung Hsiang
lunghsiang.wong@nie.edu.
sg

Towards a Seamless Language Learning Frame-
work: Enculturating Learners to Practices of 
Bridging Language Learning Spaces Mediated by 
an Integrated Technology-transformed Learning 
Environment [OER 61/12 WLH]

Intervention 1 Primary school [1]
- Chinese teachers [16]
- Primary 3 and 4 students [250]

Quantitative: Quasi-experiment (2 
groups)

2016

114 Wu Longkai
longkai.wu@nie.edu.sg

Establishment of a Maker Space to Promote Stu-
dents' Interests in Science and Technology as well 
as Playful Learning [DEV 04/14 WLK]

Exploratory 1 Secondary schools [3]
- Secondary 2 students [100]

Case Study 2017

115 Wu Longkai
longkai.wu@nie.edu.sg

Framing questions for inquiry: An implementation 
study of a minimalist designed innovation (SMILE) in 
Singapore schools [NRF2015-EDU001-IHL11]

Intervention 2 Primary schools [2]
- Teachers [6]
- Students [92]

Quantitative: Quasi-experiment 2017

116 Yang Chien-Hui* WebQuest: A Useful Teaching Tool to Promote 
Higher Order Thinking and ICT Integration in ECSE 
Teacher Preparation [OER 10/09 YCH]

Exploratory 1 - Pre-service teachers in Singa-
pore [233]
- Pre-service teachers in USA 
[61]

Mixed Methods 2012

117 Yeo Ai Choo, Jennifer
jennifer.yeo@nie.edu.sg

Understanding the Development of Students' Ab-
stract Concepts in Electromagnetic Induction Using 
Visualisation-based Instruction [OER 13/08 JY]

Exploratory 1 Junior Colleges [2]
- Students [182]

Mixed Methods 2012

118 Zhang Baohui* Sustaining and Scaling up Modeling and Visual-
isation Technologies Enhanced Inquiry-based 
Science Learning (MVT II) [OER 22/08 ZBH]

Intervention 2 Secondary schools [4]
- Teachers [29]
- Classes [9]

Mixed Methods
Quantitative: Quasi-experiment
Qualitative: Multiple data sources

2012

119 Zuiker Steven John* Glocalising Quest Atlantis: Globalising and Localis-
ing an Interactive Digital Medium for Learning and 
Teaching [OER 17/08 SZ]

Exploratory 1 Secondary schools [4]
- Students [413]
Primary school [1]
- Students [1]
Teachers
- In-service [40]
- Pre-service [18]

Design-Based Research, Mixed 
Methods

2012

 

* Principal Investigators have left NIE

All 119 studies were examined and identified for 21CC outcomes, if any.

Studies in blue are the 76 studies which were found to be more relevant and drawn from to derive findings in the LES report.
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annex b: phases of education 
and subjects

Phase of Education Preschool Primary Secondary Junior Colleges Integrated Programme/ 
Pre-Tertiary Specialised

Polytechnic/ 
Tertiary

International

Number of Studies 2 53 74 13 8 2 1

Subject English Mother 
Tongue

Mathematics Science Humanities Co-curricular 
activities

Others

Number of Studies 30 14 30 47 23 5 27

Notes:

• English refers to English Language, English Literature and Language Art.

• Mother Tongue refers to Mother Tongue and Mother Tongue Literature.

• Humanities refers to Social Studies, Geography and History.

• Others refers to Art/ Aesthetics, Design and Technology, Food and Nutrition, Elements of 
Business, Music, Project Work, Character and Citizenship Education, Physical Education 
and Preschool Curriculum.

Table B.1. Phases of Education

Table B.2. Subjects
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annex c: assessment tools

Principal Investigator’s 
(PI) contact 

Title of Study (The study 
number according to Annex A)

Items Description of Assessment 
Tool 

Participants

1. Ning Hoi Kwan Flora Assessing Singapore Students’ 
Creative and Critical Thinking – 
A Preliminary Study (S46)

20 The Critical Thinking Skills 
Test: Measures components 
of critical thinking: analysis, 
induction, evaluation, inference 
and deduction

High degree of rigour in 
validation involving 2,375 
Primary and Secondary 
students

Convergent validity established 
with other measures of critical 
thinking (Cornell Critical 
Thinking Tests, California 
Critical Thinking Skills Test)

2. Manu Kapur Designing for Productive Failure 
(S42)

Not specified Problem-solving Test (in 
Mathematics)# : Measures 
students’ procedural fluency, 
complex problem solving, 
data analysis competency, 
representational flexibility and 
transfer

4768 students from 11 schools 
(S1 to JC), 75 teachers

3. Mark Baildon Designing, Developing & Scaling 
the Critical Web Reader (S45)

Not specified Critical Web Reader# : Online 
source-based activities that 
can assess thinking skills (e.g., 
making inferences, evaluating 
claims and evidence)

411 secondary students

Validation information not pro-
vided in final report

Note. #Validation information not provided in final report.

Table C.1. Objective Measures of Cognitive and Intrapersonal Competencies (3 tools)

Principal Investigator’s 
(PI) contact 

Title of Study Items Description of Assessment 
Tool 

Participants

1. David Hogan Life Pathways Analysis Project 
(S13)

33 Core 1 Survey: Measures 
students’ agency, confidence and 
optimism, agentic skills, internal 
locus of control, self-esteem

Moderate degree of rigour in 
validation involving 9,000 P6 
students

2. David Hung A Quantitative and Qualitative 
Study of Learning and Teaching 
of Mathematics in Singapore 
Classrooms (Preparation for 
Core 3 Research Programme) 
(S22)

48* Core 2 and 3 Surveys: Measure 
cognitive skills (deep processing 
skills, multi-modal literacies), 
intra-personal skills (mathematics 
self-beliefs, mastery approach 
goals, performance approach 
goals, student agency, self-
regulation), and inter-personal 
skills (oral communication, 
teamwork/collaborative skills, 
social/leadership skills)

Moderate degree of rigour in 
validation involving 3167 P5 
students and 3519 S3 students 
in 2014 (Core 3)

3. Chan Chee Yeen 
Melvin

Secondary Quantitative Analysis 
of Core Research data (2004-
2010): A Multilevel Study of 
Academic Achievement and 21st 
Century Competencies (S8)

4. Chan Chee Yeen 
Melvin

Core 3 Research Programme: A 
Quantitative Study of Learning 
and Teaching in Singapore 
Classrooms (S9)

5. Jennifer Pei-Ling Tan Primary Education Review & 
Implementation (PERI) Policy 
Initiatives and the Development 
of 21CCs Student Learning 
Outcomes: A Follow-Up 
Quantitative Evaluation Study 
(2014) (S26)

200* PERI Survey: Measures 
academic collaboration, 
communicative fluency, 
leadership, self-directed 
learning, mastery learning 
goals, performance goals, 
persistence, problem-solving, and 
inventiveness

Moderate degree of rigour in 
validation involving 12,303 
primary students (5,369 
P2 students and 6,934 P5 
students)

Table C.2. Self-report Measures of 21CCs (12 tools)
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6. Ning Hoi Kwan Flora Assessing Singapore Students’ 
Creative and Critical Thinking – 
A Preliminary Study (S46)

24* Thinking Disposition 
Questionnaire: Assesses open-
mindedness, critical thinking, 
inquisitiveness, systematicity, 
cognitive maturity, analyticity, 
flexible thinking, creative self-
efficacy and reflective thinking

Moderate degree of rigour in 
validation done involving 2,375 
students (1,041 P5 and 1,334 
S3)

Convergent and discriminant 
validity established using 
confirmatory factor analysis 
(CFA)

7. Tan Seng Chee Evaluation of Implementation 
of IT Masterplan 3 and Its 
Impact on Singapore Schools 
- Instrumentation and Baseline 
Study (S61)

6 Self-directed Learning with 
Technology Scale (SDLTS): 
Measure students’ self-
management and intentional 
learning

Moderate degree of rigour in 
validation done involving 2078 
P3 and 901 P4 students who 
were randomly selected

Convergent and discriminant 
validity established using CFA

Instrument was applied on 7508 
students

8. Imelda Caleon Turning Achievement Around: 
Predictors of Academic 
Resilience of Academically At-
Risk Students in Singapore (S5) 

16 School Resilience Scale (SRS): 
Measures academic and social 
dimensions of school resilience

High degree of rigour in 
validation process involving 
1,035 S2 students

Convergent validity established 
with existing measure of 
general resilience, predictive 
validity –well-being, social 
relationship and motivation 
(Generally stable over 2 years)

9. Ee Leong Choo, 
Jessie

Empowering Metacognition 
Through Social-Emotional 
Learning (S16) 

63 Socio-Emotional Learning 
Questionnaire: Measures 
students’ self-awareness, social 
awareness, self-management, 
relationship management, 
responsible decision-making, 
metacognition, effort goal, ego 
goal, and work avoidance goal

480 P4 students and 1440 S1 
and S2 students

10. Ee Leong Choo, 
Jessie

Equipping Secondary Students 
with Metacognitive and Social-
Emotional Competency Skills to 
Meet the Challenges of the 21st 
Century (S17)

11. Chen Der-Thanq 
Victor

New Media Literacy of School 
Students in Singapore (S10)

60* New Media Literacy instrument 
measures media literacy across 
the following dimensions: 
consuming skill, understanding, 
analysis, synthesis, evaluation, 
prosuming skill, distribution, 
production, creation and 
participation 

Moderate degree of rigour in 
validation done involving 2757 
primary students and 1822 
secondary students

Convergent and discriminant 
validity was established using 
CFA.

12. Jasmine B.-Y. Sim Towards Engaged Citizens: 
Singapore Students' Civic 
Knowledge, Participation, 
Attitudes and Perceptions (S52)

13 Citizenship: Personally-
responsible citizenship, 
participatory citizenship, civic 
knowledge and civic analytical 
skills

3008 S3 students

Information on validation not 
provided in the final report.

13. Gregory Arief Liem Participation in School-Based 
Co-Curricular Activities and 
Student Development: A 
Motivation and Engagement 
Perspective (S18)

23 Multiple survey instruments: 
Focused on leadership, 
teamwork, general confidence, 
academic resilience, 
communication skill, lifelong 
learning, prosocial behavior, 
society-oriented goal

1648 primary and 2242 
secondary students, 967 
students over three time points

Minimal information on 
instrument validation: Only 
Cronbach alpha reliabilities 
were provided

14. Lee Shu Shing Situating and Contextualising 
Professional Development for 
Sustained Practice and Learning 
in School (S34)

Not 
specified

Watson-Glaser Critical Thinking 
Appraisal (UK version), Wallach-
Kogan Creative Thinking Test: 
Measure creative thinking and 
critical thinking 

120 students, 55 teachers

High degree of rigour in 
validation done by the 
developers of the instrument

annex c: assessment tools
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15. Tan Yuh Chaur 
Leonard

Developing 21CCs Through 
Band: An Exploratory Study of 
the Four Cs (S63)

19 Multiple survey instruments: 
Focused on creativity, critical 
thinking, collaboration, and 
communication, grit, achievement 
goal orientation (individual and 
collective)

82 primary and 108 secondary 
students

Moderate rigour of validation 
reported in an earlier study. 
Only Cronbach alpha 
reliabilities were provided in the 
present study. 

Note. *Includes a compendium of scales that can assess competencies in at least 2 key areas or 
domains (cognitive, interpersonal, intrapersonal, and intra/interpersonal).

Principal Investigator’s 
(PI) contact 

Title of Study Frameworks 
and Scoring 
Rubrics

Description of Framework or 
Rubric

Participants

1. Jennifer Pei-Ling Tan Assessment and Teaching of 
21st Century Skills (ATC21S) 
Singapore Trials: Collective 
Creativity and Collaborative 
Problem-Solving Competencies 
among Secondary School 
Student (S24)*

Collaborative 
Creative (CC) 
framework

Can be used to characterize 
interaction of student dyads 
in a computer-supported 
collaborative problem solving

Three dimensions of 
collaborative creativity: 
metacognitive (reflexivity), 
cognitive (divergent and 
convergent production), and 
socio-communicative skills 
(pro-social interaction). Drawn 
out from 141 synchronous 
online chat logs of ATC21S 
Research

580 secondary students

High degree of rigour in 
validation: content/face 
validity intercoder reliability, 
and predictive validity were 
established. 

2. Yeo Ai Choo, Jennifer Designing a Physics Curriculum 
for Developing Students' 
Science Competencies (S76)

Interaction 
during 
Argumentation 
Task 
Framework

Can be used to characterize 
12 forms of interaction that 
pre-service teachers engage 
in during argumentative tasks 
in science: agreement, stating 
claims, seeking clarification, 
providing explanations, figuring 
it out loud, sharing information, 
offering alternatives, sharing 
perspectives, persuasion, 
disagreement, asking 
questions, and raising strategic 
and procedural issues

61 JC students

Moderate rigour in the 
validation: Content validity 
was established based 
on different theoretical 
perspectives, multiple 
research cycles were done to 
refine the framework, coding 
was carried out by two coders.

Pedagogical 
moves during 
argumentation 
framework

Can be used to characterize 
pedagogical moves that 
facilitate argumentation to 
evaluate and refine students’ 
explanatory models in 
physics classes: clarification, 
evaluation, explanation, 
modification, exploration, 
referencing conventions, 
focusing, and meta-
representation

Table C.3. Frameworks and Assessment Rubrics Developed in 21CCs projects (4 tools)

annex c: assessment tools
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3. Tan Kok Sing Harnessing Popular Media for 
Science Learning and Critical 
Literacy (S64)

Framework of 
Multiliteracies

Serves as a scoring rubric 
for evaluating digital posters 
that were produced in Junior 
College 1 physics classes, 
the 3-point rubric reflects 
four levels of multiliteracies: 
situated practice, overt 
instruction, critical framing, 
and transformed practice, 
examining validity and reliability 
of information 
(Based on New London’s 
Group, 1996)

53 JC students selected 
from 231 participants of 
intervention 

Moderate evidence of validity 
provided: Content validity was 
established based on different 
theoretical perspectives; 
interviews were used to 
validate the scoring of the 
posters using the rubric. 

4. Lee Yew Jin Hands-on and Minds-on 
Learning of Science using a 
Microbial Fuel Cell (S35)

Roles in 
Scientific 
Practice 
framework

Can be used to characterize 
scientist-engineer and 
constructor-critique roles 
of physics students as they 
engage in creative problem 
solving

20 JC students and 37 
secondary students

Limited evidence of 
validity: Content validity 
was established based on 
a theoretical perspective 
presented in an earlier work

Note: Scale domains covered include cognitive, interpersonal and intrapersonal, * framework or 
rubric can be used to assess competencies in at least 2 key domains

Principal Investigator’s 
(PI) contact 

Title of Study (The study number 
according to Annex A)

Description of LA Tool Participants

1. Koh Ruilin Elizabeth Integrating My Groupwork Buddy into 
the classroom to enhance student team 
collaboration and teacher pedagogical 
practice (S32)

Learning analytics to assess 
teamwork competencies, 
metacognition, and goal-setting

223 secondary students. 
Moderate rigour in validation: 
Theoretical basis and design 
principles established, feedback 
from users solicited

2. Jennifer Pei-Ling Tan Collaborative Video Annotation and 
Analytics (CoVAA, S25)

Allows real-time assessment of level 
of participation, social connectedness 
within learning network, 
metacognition and self-regulation. 

767 secondary students. 
Moderate rigour in validation: 
Theoretical basis and design 
principles established, feedback 
from users solicited

3. Jennifer Pei-Ling Tan WiREAD NASS Research CI3. (S27) Measures and shows visualizations 
of student self-directed learning and 
collaborative engagement

907 secondary school students. 
Moderate rigour in validation: 
Theoretical basis and design 
principles established, feedback 
from users solicited 

4. Teo Beng Chong My Math Homework PAL (S66) Uses learning analytics to increase 
slow-progress students’ awareness 
and accuracy of problem solutions 
in mathematics [monitoring/
metacognition] 

160 primary students and 4 in-
service teachers

5. Chai Ching Sing (de-
facto) / Mdm Mae Quah

Learning Analytics in Idea Garden* (S6) Uses learning analytics to give 
students feedback on meaningful 
learning, generated ideas, vocabulary 
usage, and social network metrics in 
class. 

393 primary students

Note: Scale domains covered include cognitive, interpersonal, intrapersonal, and intra/
interpersonal *Learning analytics-based tools can be used to assess competencies in at least 
two key domains.

Table C.4. Learning Analytics Tools for the Assessment and Promotion of 21CCs (5 tools)

annex c: assessment tools
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