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to reinvent the wheel. As Dr. Goh Keng Swee would say to 
me, “Kishore, no matter what problem Singapore encounters, 
somebody, somewhere, has solved it. Let us copy the solution 
and adapt it to Singapore.” [italics added]

In education, Singapore has pragmatically looked at the 
systems in the world, east and west, adapting the right 
“wheel” for its use. But how has this adaptation fared? What 
really happens in the classroom because of or in spite of the 
prescribed mathematics curriculum—the intended adaptation 
of best practices? Is there anything really Singaporean that 
has emerged from this adaptation? These are questions that 
a major programmatic research project is looking into with 
regard to secondary mathematics education in Singapore.

Mathematics education researchers from Singapore’s 
National Institute of Education (NIE) are always cognizant that 
their research should have an impact in the schools. Their 
research should lead to better pedagogy and learning in 
the classrooms. They often work closely with the Ministry of 
Education to help teachers implement good pedagogies and 
use research to design such pedagogies or investigate their 
viability. Examples of such research are those on reasoning 
and communication in the classroom, mathematical modelling 
and analogical transfer in delayed instruction. Overarching 
educational issues such as motivation are also studied in the 
context of the mathematics classroom.

To showcase some of mathematics education research 
done by NIE, a series of presentations was given at the OER 
Mathematics Seminar held at the Academy of Singapore 
Teachers on 14 September 2017. The fi ve presentations will be 
covered in this sixth volume of OER Knowledge Bites.
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I n t r oduc t i on

The good performance of Singapore students in 
international benchmark assessments such as TIMSS 

and PISA has put the spotlight on what happens in Singapore 
mathematics and science classrooms. A common lens 
through which some have attempted to explain the Singapore 
and East Asian phenomenon is a dichotomy between East and 
West—a dichotomy purportedly of product against process 
and a dichotomy of rote learning against meaningful learning 
(Leung, 2001).

Gilardoni (2017), writing in the South China Morning Post, 
however, describes an East Asian perspective that embraces 
both sides of a dichotomy:

While Westerners see two (apparently) opposite concepts 
as irreconcilable, the Chinese see them both as part of 
something bigger and therefore can synthesise them into a 
new concept. The best example of this mental pattern comes 
from the Chinese language itself where the word for “crisis” is 
the combination of the words “danger” and “opportunity”. By 
being comfortable with ambiguity, the Chinese can therefore 
merge two opposite perspectives and create a new one … 
We can see this cultural attribute playing out in some political 
concepts developed in the past few decades, such as “one 
country, two systems” and the “socialist market economy”. 
For many Westerners, these concepts would be considered 
nothing less than illogical oxymorons but for the Chinese, 
they simply refl ect a holistic and dialectic integration of 
opposites that open the way to a new and original perspective 
on things; a perspective that is not based on an abstract and 
dogmatic analysis of reality but on pragmatic adaptation to 
a specifi c context. The Chinese don’t think in terms of “or” 
but rather “and”: not “state or market” but “state and market”, 
not “competition or cooperation” but “competition and 
cooperation”.

Kishore Mahbubani (2015), Dean of the Lee Kuan Yew School 
of Public Policy supports the idea of pragmatism in his 
Huffi ngton Post article:

So why did Singapore succeed so comprehensively? The 
simple answer is exceptional leadership … Lee Kuan Yew …, 
Goh Keng Swee …, and S. Rajaratnam. This exceptional team 
also implemented three exceptional policies: Meritocracy, 
Pragmatism and Honesty. Indeed, I share this “secret” MPH 
formula with every foreign student at the Lee Kuan Yew School, 
and I assure them that if they implement it, their country will 
succeed as well as Singapore. Meritocracy means a country 
picks its best citizens, not the relatives of the ruling class, to 
run a country. Pragmatism means that a country does not try 

I n t r oduc t i on
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Berinderjeet Kaur is Professor, and Tay 
Eng Guan, Toh Tin Lam, Leong Yew 
Hoong and Lee Ngan Hoe are Associate 
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Mathematics Education Academic 
Group at the National Institute of 
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A study of school mathematics 
curriculum enacted by competent 

teachers in Singapore secondary schools 
is a programmatic research project at NIE 
funded by MOE in Singapore through 
the Offi ce of Education Research. 
The main goal of the project is to 
collect a set of data for two studies to 
research the enacted secondary school 
mathematics curriculum. The model of 
the curriculum enactment process is 
guided by the framework proposed by 
Remillard and Heck (2014, p. 709) shown 
in Figure 1. The two studies are:

 » Study 1: Pedagogies adopted by 
experienced mathematics teachers 
when enacting the curriculum.

 » Study 2: Experienced secondary 
school mathematics teachers’ use 
of instructional materials for the 
enactment of the curriculum.

The project comprises a video 
segment and a survey segment. The 
video segment of the project adopts 
multi-camera and multi-perspective 
approaches (shown in Figure 2). The 
approaches are guided by the renowned 
complementary accounts methodology. 
30 secondary mathematics teachers 
and 600 students are participating in the 
video segment of the study. Another 600 
secondary mathematics teachers are 
participating in the survey segment which 
is guided by a self-report questionnaire 
approach.

The project is presently on-going. To 
date, 19 teachers and about 200 students 
have participated in the video segment of 
the project. We present some preliminary 
fi ndings as follows:

Study 1

After scanning through the video-
recorded lessons of 4 of these teachers 
from 2 different schools, an attempt was 
made to code the lessons by types and 
phases. In this phase of analysis, the 
coding is intended to establish a valid set 
of such codes to examine the pedagogies 
adopted by these experienced teachers 
when enacting the curriculum. The 
presentation will share the preliminary 
fi ndings from the coding of 21 enacted 

lessons from these 4 teachers from the 2 
schools. The fi ndings are obtained from 
an observation of patterns of pedagogical 
approaches adopted throughout these 
21 enacted lessons for the 4 teachers. 
It will set the stage for the analysis of 
the rest of the enacted lessons and the 
next level of analysis which will examine 
the pedagogical practices from the 
perspective of the 5 inter-related aspects 
of the Singapore Mathematics Curriculum.

Study 2

In the current phase of analysis, we 
examine in-depth the practices of 
each teacher with respect to their use 
of instructional materials. Beyond the 
conventional rhetoric of Singapore 
teachers’ use of instructional materials 
for students’ practice towards procedural 
fl uency, we have found interesting use 
of these resources in ways that are 
insuffi ciently accounted for in the current 
research literature. In particular, we report 
two of these preliminary fi ndings: 1) using 
notes to “make things explicit”; and 2) 
sequencing practice examples to support 
mathematical reasoning.

In addition to the two studies, a 
programmatic level research question is 
also being explored. The question is: 

How does the pedagogy of competent 
teachers in Singapore secondary 
schools compare with that of 
mathematically powerful classrooms 
advocated by Schoenfeld (2011)?

Figure 1. Model of the curriculum enactment process (Remillard and Heck, 2014, p. 709).

Figure 2. Documenting mathematics lessons 
using multi-camera and multi-perspective 
approaches.
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From the study of lessons enacted by 
2 of the teachers, it was apparent that 
for all the 4 aspects of the dimension—
the Mathematics indicators crafted by 
the researchers—were apparent in the 
episodes of the lessons of the 2 teachers, 
though with varying density. The four 
aspects of the dimension were:

 » Were the mathematical goals of the 
lesson apparent?

 » Were important ideas in the lesson 
connected with those in past and 
future lessons?

 » How were math procedures in the 
lesson justifi ed and connected with 
important ideas?

 » Were students engaged with 
mathematical ideas during 
lessons?

The on-going fi ndings of the project serve 
several purposes. They provide timely 
feedback to mathematics specialists 
in MOE, inform pre-service and 
professional development programmes 
for mathematics teachers at the NIE, 
and contribute towards articulation of 
“Mathematics pedagogy in Singapore 
secondary schools” that is evidence-
based.
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Berinderjeet Kaur is Professor with the 
Mathematics & Mathematics Education 
Academic Group at the National Institute 
of Education. Her primary research 
interests are in the area of classroom 
pedagogy or mathematics teachers and 
comparative studies in mathematics 
education.

In 2006, the revised framework for 
mathematics to be implemented 

in 2007 by MOE expanded the scope 
of processes to include mathematical 
reasoning, communication and 
connections. Textbooks used by schools 
in 2006 lacked suitable mathematical 
tasks that emphasised reasoning and 
communication. Therefore, a project 
(CRP 06/06 BK) to develop mathematics 
teachers was carried out. The project 
addressed two main areas, namely:

 » crafting of mathematical learning 
tasks that draw on concepts and 
processes to engage students 
in reasoning and communication 
during mathematics lessons; and 

 » designing of lessons, the 
objective of which was to teach 
for understanding (i.e., making 
meaning of facts and transferring 
knowledge to other problems, tasks 
and domains).

The project engaged mathematics 
teachers in professional development 
(PD) with the aim to improve their 
classroom pedagogy; supported them to 
work in small communities at the school 
level and put into practice their learning; 
guided them in self and peer evaluation 
for infusing knowledge and skills 
acquired during PD in their classrooms; 
and ultimately improve student learning. 
It also enthused and supported them to 
contribute towards the development of 
fellow teachers in Singapore.

More than 40 teachers from 10 schools 
(5 primary and 5 secondary) participated 
in the project. A requirement for school 
participation in the project was that there 
needs to be a minimum of 4 teachers per 
school, with pairs of them teaching the 
same grade level and course of study, 

and they had to participate as a group.
The duration of the project was 2 years. 
The design of the project was framed by 
rigorous research fi ndings. It had fi ve key 
elements—content focus, coherence, 
duration, active learning and collective 
participation. 

Teachers in the project worked at two 
levels, project and school. At the project 
level, they attended periodic workshops 
conducted by university professors (Prof 
Kaur and Dr Yeap Ban Har). During these 
workshops they were introduced to new 
knowledge such as the nine strategies 
for engaging students in reasoning and 
communication and crafting of suitable 
tasks to do so. The strategies were: 

1. What number makes sense? 
2. What’s wrong? 
3. What would you do? 
4. What questions can you answer? 
5. What’s missing? 
6. What if? 
7. What’s redundant? 
8. What’s the question if you know the 

answer?
9. What’s the question?

Teachers were also introduced to the 
“why”, “what” and “how” of teaching 
for understanding. At the school level, 
teachers worked as a group to infuse their 
learning into classroom practice. 

Figures 1 (above) and 2 (on the next page) 
show two examples of tasks created by the 
teachers for their lessons. More examples 
are available in the resource books shown 
in Figure 3 (following page), which were 
part of the deliverables of the project—
resources “for teachers by teachers”. The 
project also contributed towards worthy 
presentations and publications (see list of 
publications in the following page).

A signifi cant scholarly contribution of the 
project has been the hybrid model of 
professional development that led to more 
development work with teachers in the 
Teaching for Metacognition Project (AFD 
02/14 BK) which has also contributed 
towards the professional development of 
mathematics teachers in Singapore. 

Figure 1. What’s wrong? Task for Secondary 2 students.



8 |  OER Knowledge Bites

List of Publications
Kaur, B. (2015). What matters? From a 

small scale to a school-wide intervention. 
Mathematics Education, 47(1), 105–116.

Kaur, B. (2013). The EPMT project - 
Integration of “new” knowledge into 
classroom practice of mathematics 
teachers. In Kim, S. S., Choe, Y. H., Kwon, 
O. N. & Suh, B. E. (Eds.) Proceedings 
of the 2013 International Conference on 
Mathematical Education (pp. 3–15). Seoul, 
Korea: Korean Society of Mathematical 
Education.

Kaur, B. (2011). Enhancing the pedagogy of 
mathematics teachers (EPMT) project: A 
hybrid model of professional development.
The International Journal on Mathematics 
Education, 43(7), 791–803. 

Kaur, B. (2011, OCT). Teaching how to fi sh: 
A model of professional development for 
mathematics teachers. Keynote Address, 
MATHED International Conference in 
Mathematics Education 2011, Olongapo 
City, Philippines.

Kaur, B. (2011, June). Some “what” strategies 
to engage students in reasoning and 

communication in the primary mathematics 
classroom [Keynote Address]. Mathematics 
Teachers Conference 2011. Singapore.

Kaur, B. (2010). Enhancing the pedagogy 
of mathematics teachers (EPMT): An 
innovative professional development 
project for engaged learning. The 
Mathematics Educator, 12(1), 33–48.

Kaur, B. (2010). Learning by refl ecting - A 
pedagogy for engaged mathematics 
learning. In Westbrook, M. et al. (Ed.), New 
Curriculum New Opportunities (pp. 29–35). 
Melbourne: The Mathematical Association 
of Victoria.

Kaur, B. (2010, OCT). Enhancing the 
pedagogy of mathematics teachers to 
emphasize reasoning and communication 
- A PD project that integrated expert 
knowledge into practioner practice. In 
Cheongju National University of Education 
(Ed.) Proceedings of the Professional 
Development as a Key to Instructional 
Improvement and School Reform 
Conference (pp. 39–51). Chungbuk, Korea: 
Cheongju National University of Education.

Kaur, B. (2010, JUN). Pedagogy for Engaged 
Mathematics Learning. Keynote Address, 

Kaur, B. (2018). Reasoning and 
communication in the mathematics 
classroom. OER Knowledge Bites 
Volume 6 (pp. 7–8). Singapore: 
National Institute of Education.

How to Cite

Eggs-cellent?

Mrs Lee has a farm. She collects eggs from her farm every day.

        Day            Number of eggs collected

      Monday              23

      Tuesday              17

      Wednesday         8

      Thursday              5

      Friday                 10

 » What’s the question if the answer is 5?

 » What’s the question if the answer is 25?

 » What’s the question if the answer is 6?

 » What’s the question if the answer is 30?

Old MacDonald had a Farm

There are 5 cows and 12 ducks at a farm.
Each cow has 4 legs and each duck has 2 legs.

 » What is the question if the answer is 17?

 » What is the question if the answer is  7?

 » What is the question if the answer is 20?

 » What is the question if the answer is 44?

Figure 2. What’s the question if you know the answer? Task for 
Primary 1 students.

Figure 3. Resources for teachers.
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By Eric Chan

Eric Chan is a Lecturer with the 
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Academic Group at the National Institute 
of Education. His research interests 
include children’s problem solving and 
mathematical modelling.

Children’s co-construction of 
knowledge is a highly valued 

aspect in mathematics education. 
Learning Experiences (LEs) that are 
factored in the current syllabus is a 
stepping stone towards creating more 
opportunities for children to work in pairs 
or groups to explain a concept, skill or 
mathematical step to one another. There 
is, however, little in terms of “constructing” 
something from a given problem situation 
that brings out the essence of reasoning, 
communicating and making connections 
in a richer way. After all, to construct 
knowledge implies the need to go beyond 
explaining something; the discourse 
has to embrace a wider repertoire of 
mathematical reasoning behaviours. 

Mathematical Modelling for 
Children

Mathematical modelling activities are 
case-based activities for children to 
make sense of a real-world or simulated 
real-world situation through constructing 
some mathematical representations of 
the problem situations. In other words, 
children are to recognise problem 
situations as “mathematisable” situations 
and generate models to represent the 
problem situations as a problem-solving 
endeavour. The problem situations may 
be data-laden and not as well-structured 

as that of textbook word problems 
which increases the need for children to 
discuss and clarify details as they deal 
with ambiguity, and wrestle with strategy 
choices and decision-making. 

In this light, the need to make assumptions, 
hypothesise, formulate relationships, 
test, compare, analyse, revise, argue, 
justify, interpret and verify their solutions 
become the mainstay of the modelling 
process. During modelling, children also 
often encounter a state of disequilibrium 
(somewhat beyond their zone of proximal 
development) but this is where productive 
arguments are likely to surface which 
in turn provides the affordances for 
children to work towards a consensus as 
they fine-tune their solutions. Also, the 
models that the children produce vary 
in sophistication; simple representations 
that may be in the form of a description 
to suggest how things work, a table to 
show comparisons, a graph to show 
relationships or a mathematical solution to 
explain their decisions. During modelling, 
the process of expressing, testing and 
revising the models is often more highly 
regarded than the product that the 
children come up with at the end.

The teacher plays an important role in 
facilitating the learning process. Often, 
mathematical ideas get missed out when 
children work in groups due to noise, 
when they are not well articulated for 
others to understand, or even when a team 
member has been by-passed. By actively 
listening to the children’s interaction, the 
teacher helps to revoice, elicit, support 
and even extend the children’s thinking. 
Sometimes, the feedback offered enables 
the children to make some breakthroughs 
thus enabling them to review, revise and 
refine their models.

Children’s Readiness

The case studies involved Primary 5 
pupils. Having gone through the syllabus 
content, the pupils would have acquired 
an understanding of foundational 
mathematics concepts as well as the 
ability to perform arithmetic operations. 
This puts them potentially in a vantage 
position when it comes to working with 
modelling activities as they attempt 
to apply what they have learned in a 
novel real-world problem situation. The 
design of the modelling activity based 
on some modelling principles as well 
as what the pupils should be capable 
of accomplishing would also make the 
modelling endeavor more meaningful. 

Classroom Implications

Working on modelling activities is 
deemed by some researchers as future-
oriented approaches to problem solving. 
Problem-solving is not just about coming 
up with a strategy to solve a problem but 
to have a more productive way of thinking. 
Engaging children in modelling activities 
is thus seen to enrich the discourse 
for deeper mathematical talks towards 
generating models for decision making. 
Moreover, working on modelling activities 
provides children with a glimpse of how 
things work in a “messy” world and how 
they may play a part in interpreting their 
solutions about the real world albeit in a 
simplistic manner.

Children enjoy working with their peers. 
Modelling activities provide an excellent 
opportunity for them to engage one 
another while at the same time, to have 
fun working to complete the task. Teacher 
facilitators offer support and feedback 
to affirm and extend the children’s 
thinking. In this respect, it will require the 
teachers to have advanced preparations 
(e.g., training) so as to be sufficiently 
acquainted with such activities to exercise 
their facilitation skills well. 

Chan, E. (2018). Mathematical modelling 
for children. OER Knowledge Bites 
Volume 6 (pg. 9). Singapore: National 
Institute of Education.
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By Sasha Raj Lawrence and Huang Junsong David

Sasha Raj Lawrence is Research 
Assistant, and Huang Jungsong David 
is Assistant Dean (Research Strategy) 
and Research Scientist with the Office 
of Education Research at the National 
Institute of Education.

Within the classroom, efforts 
are continuously placed into 

preparing our students to overcome tasks 
and challenges that they may face in 
the future in both education and the real 
world. However, it is unlikely that we can 
prepare them for every single situation 
possible. As such, we look to analogical 
transfer—the transfer of knowledge from 
a well-known source to another—as a 
possible technique to address this gap. 
If students have a good understanding 
of the source, and of how to transfer 
and apply the knowledge to a new set 
of problem, this process can help them 
deal with tasks and challenges that are 
beyond the classroom boundaries.

Analogical Transfer to Aid Learning

This study examined Analogical Encoding 
(AE) and Generating Analogues (GA), 
which promote analogical transfer. AE 
involves explicitly comparing the relational 
structures of two problems, thereby 
discovering their relational similarities, 
so as to transfer knowledge from one 
to another. GA involves generating 
analogues (e.g., the water current as an 
analogue to the electricity current) as 
a way to activate and differentiate prior 
knowledge for subsequent instruction 
and analogical transfer.

Within our study, we also assessed 
isomorphic (e.g., two- versus two-
variable) and non-isomorphic (e.g., two- 
vs. three-variable) word problems. Non-
isomorphic problems are more complex 
and demand more cognitive resources 
as they have only partial mappings, or 
similarities, in relational structures. 

These transfer mechanisms were 
examined with the backdrop of delayed 
instruction—the theory that students 

who solve problems before receiving 
instruction (i.e., delayed instruction) attain 
better learning outcomes compared to 
after receiving instruction. This theory 
stems from research on Preparation for 
Future Learning and Productive Failure.

The Study

Using a delayed instruction setting, 
the 2x2 study compared AE and GA 
for their learning and transfer effects 
when students independently work on 
isomorphic (Study 1) and non-isomorphic 
(Study 2) problems. 

The task difficulty in Study 1 was low.  
Students were assigned to AE2-2 
(comparing two-variable problems) or 
GA2-2 (generating two-variable problems 
from a given two-variable problem), prior 
to instruction. The task difficulty in Study 
2 was high. Students were assigned 
to AE2-3 (comparing pairs of two- and 
three-variable problems) or GA2-3 
(generating three-variable problems from 
a given two-variable problem). All the 
conditions were followed by instruction 
on formulating algebraic equations for 
two-variable problems. A post-test to test 
analogical transfer was then conducted 
on formulating algebraic equations for 
problems that involved different numbers 
of variables. 

For Study 1, the AE2-2 outperformed 
the GA2-2 condition, whereas for Study 

2 it was the opposite; GA2-3 condition 
outperformed the AE2-3 condition. In 
other words, when the task difficulty was 
lower (Study 1, isomorphic), evaluation 
was a better learning strategy than 
generation. When the task difficulty 
was higher (Study 2, non-isomorphic), 
generation was a better learning strategy 
than evaluation.

Implications for the Classroom

Task difficulty (two- vs. three-variable 
problems, isomorphic vs. non-isomorphic) 
and generativity (generating analogies 
vs. evaluating given analogies) influence 
delayed instruction. When adopting 
delayed instruction as a teaching tool, 
preparatory activities with a high level of 
task difficulty could be coupled with a 
higher degree of freedom of generation. 
Those with a low level of task difficulty 
could be coupled with a lower degree of 
freedom of generation.

Further data analysis will be conducted to 
better understand students’ conceptual 
understanding and cognitive processes 
enacted.

Lawrence, S. R., & Huang, J. D. (2018). 
Analogical transfer in mathematics. 
OER Knowledge Bites Volume 6 (pg. 
10). Singapore: National Institute of 
Education.
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By Melvin Chan

Melvin Chan is Research Scientist with 
the Office of Education Research at 
the National Institute of Education. His 
research interests include adolescent 
identity formation, assessment, baseline 
studies and student self-beliefs.

While academic outcomes form 
the basis of assessment across 

nearly every aspect of learning and 
performance, non-academic outcomes 
are as important for promoting critical 
thinking and self-regulatory competencies 
(Lipnevich & Roberts, 2012).

Among the range of key 21st century 
competencies, education scholars have 
identified academic motivation as an 
important enabler of academic success—
why students do well and succeed in 
school. More than just a personality trait, 
academic motivation is influenced by 
the social comparison process because 
students’ assessment of their own 
competence goals reflect not only their 
individual levels of competence, but also 
how their competence will be perceived 
and scrutinised by others.

As students’ academic motivation is for 
the most part modelled and shaped within 
the environments in which learning takes 
place (Anderman, Gray, & Chang, 2012; 
Dijkstra, Kuyper, van der Werf, Buunk, & 
van der Zee, 2008). This suggests that 
the motivational climate of the classroom 
has a profound and pervasive influence 
on student learning.

When educators establish motivation in 
classrooms, however, they often face a 
pedagogical conundrum with respect 
to how students ought to be motivated. 
Should teachers emphasise the intrinsic 
rewards of learning, or should students 
be motivated to outperform their peers 
in tests and examinations? Would 
teacher messages about the negative 
consequences of examination failure 
motivate or demoralise students? 

One of the most active areas of research 
on academic motivation is the study of 
achievement goal orientations in which 
two main classes of goals have been 
operationalised as mastery (i.e., intrinsic) 
and performance (i.e., extrinsic). Students 
who adopt a mastery approach focus 
on developing competence through 

the acquisition of new knowledge and 
engaging in challenging tasks for the 
pursuit of deep learning.

On the contrary, students who adopt 
performance approach goals develop 
competence by striving to outperform 
others. Although early research favoured 
the focus on mastery goal approach, 
recent literature supports a multiple-
goal perspective (e.g., Huang, 2011); 
both mastery (intrinsic) and performance 
(extrinsic) goals work in tandem to 
promote active learning and achievement. 

Notwithstanding, important questions 
remain with respect to the combination 
of goals that best optimise different 
educational outcomes. 

In a series of recent studies, scholars have 
expressed concerns about conflicting 
findings of mastery and performance 
motivation (e.g., Senko, Hulleman, & 
Harackiewicz 2008); the former does not 
always contribute to positive outcomes, 
while the influence of performance 
motivation is sometimes positive, 
sometimes negative. While these findings 
contribute to deeper understandings 
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about the theory of motivation, they offer 
little for solving the practical concerns 
faced by educators. 

Recognising the limitations of the mastery-
performance dichotomy, a second 
dimension of achievement motivation 
was proposed (Elliot & McGregor, 2001). 
The authors postulated that competence 
is developed not only on the basis of the 
individual and normative standards that 
individuals evaluate their ability, but the 
extent to which motivation is adaptive 
depends also on whether competence is 
positively or negatively valenced. In other 
words, motivation can be oriented either 
by the pursuit of positive outcomes or the 
avoidance of negative events.

When motivation is positively valenced, 
students adopt both mastery and 
performance approach goals. Positively 
valenced students (i.e., strong 
endorsement of both mastery and 
performance approach goals) not only 
display a deep interest for learning, 
they are also academically competitive. 

On the other hand, students who adopt 
avoidant goals focus on avoiding 
feelings of incompetence or failure and 
are sensitive to negative evaluations 
by others. While negative appraisals 
or reinforcements may be seen as an 
effective strategy to motivate students, 
for example, emphasising to students 
the negative consequences of poor 
performance and how failure would limit 
future aspirations, a major concern is 
that avoidant students would intentionally 
avoid learning situations that elicit 
negative emotions and evaluations. In 
addition, avoidant students are also 
more likely to prefer working on tasks that 
require minimal mental or physical effort.

Fortunately, research in educational 
psychology indicates that motivation 
is for the most part malleable and self-
determined (Deci & Ryan, 2000) and it is 
possible for adaptive learning motivation 
to be promoted through meaningful 
motivational interventions.

For instance, teachers ought to challenge 
(not threaten) students to better their 
performance (Putwain, Symes, & 
Wilkinson, 2017): “You can attain this 
grade if you…” or “You can do well if 
you...”. Examples of threat messages 
include, “You will fail if you don’t…”, 
“You should be very worried if you…”, 
or “You won’t get a good job if you...”. If 
performance motivations work, employ 
them selectively to individual students, 
but not to the whole class. 

Finally, Hulleman and Barron (2015) 
offered a range of time-tested 
contextually appropriate interventions 
that could serve as a useful guide for 
educators: expectancy value and control 
beliefs (e.g., emphasise connections to 
real-world applications; the “what” and 
“how”; focus on effort, achievable goals); 
utility and interest value (emphasise 
importance of and completing class 
work, of getting good results; the “why”; 
provide encouraging feedback, use 
relevant materials); and goal-setting and 
psychological well-being (encourage and 
teach students to set and revise goals, 
be mindful of anxiety triggers due to fear 
of failing, failure to cope and group work 
where students compete and compare 
rather than cooperate). 
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Enhancing Student Motivation

Learning from Failure

Strengthening Students’ Math 
Communication Skills

Students in their primary school years who 
expressed dislike or anxiety towards mathematics 
have the tendency to maintain this negative 
perception even up till their upper secondary years. 
What are some ways educators can address this?

The benefi ts of productive failure is highly touted 
but is it effective and does it work for everyone? On 
the right are some takes:

It is important to equip students with the ability to 
use the correct terms for effective mathematical 
communication in the classroom. The following are 
some methods educators can use to help students 
be more profi cient in the math language.

1. Increase student attention: Use various pedagogical 
tools instead of just one as it can help reduce anxiety in 
learners.

2. Allow students to experience success: Constantly 
praise and reward students over their good work can 
motivate them to move on to greater challenges.

3. Emphasise on hands-on activities during lessons: Move 
away from performance-centred pedagogies to allow 
time for more hands-on pedagogies. 

1. Challenge at the right level: Students who are given 
tasks and challenges that matches their level of ability 
tend to benefi t most from this pedagogical approach.

2. Differentiated instruction: For the notion of “one size 
fi ts all”. For productive failure to occur, educators must 
design tasks that are suffi ciently challenging and yet 
also doable for average-performing students. This 
might mean that the tasks can differ from one student to 
another.

1. Speak with clarity: Speaking slowly and emphasising on 
key words when explaning mathematical concepts can 
allow students to understand and grasp mathematical 
terms better.

2. Utilise the whiteboard: For more complex mathematical 
terms, make them more visually appealing for students 
by writing them on the whiteboard.

After the series of talks at the seminar, Associate Professor Tay Eng Guan chaired a 
panel discussion consisting of panelists Prof Berinderjeet Kaur, Associate Professor 
Leong Yew Hoong, Dr Melvin Chan, Dr David Huang and Dr Eric Chan. Below are 
some highlights extracted from the discussion.
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Teach i ng  T i ps  A r i s i ng  f r om  t he  Sem ina r

LEARNING POINTS
The series of presentations from the Math Research Seminar has surfaced 3 teaching 
tips informed by local research for the mathematics classroom. Math educators may 
fi nd the following tips and ideas for classroom useful.

1.
Fostering 
Students’

Reasoning and
Communication

By Berinderjeet Kaur

2.
Motivating 

Students Using 
the Right Goals

By Melvin Chan

3.
Motivating 

Students through 
Lesson Design

By  David Huang, 
Melvin Chan, Eric Chan, 

Berinderjeet Kaur

Try adapting textbook questions using 9 “What” strategies (see p. 7) to foster 
deeper reasoning and communication. For example, the “What’s wrong” 
strategy presents an incorrect solution and asks students to identify and 
explain the errors. In one school, the use of this strategy was also associated 
with major improvements in exam scores.

Resources: For sample materials and more, refer to these books co-authored 
by Prof Kaur:

 » Pathways to reasoning and communication in the primary school 
mathematics classroom

 » Pathways to reasoning and communication in the secondary school 
mathematics classroom

 » Pedagogy for engaged mathematics learning

These books are available for loan at LIBRIS (for NIE staff) and the National Library 
Board, Singapore.

 » Engage students with relevant classroom materials and good examples. 
Harnessing students’ attention in the classroom is key to reducing 
anxiety when learning math. 

 » Performance goals are important, but don’t over-emphasise them. 
Encourage personal and mastery goals—communicate the importance 
of learning well for oneself, rather than for others.

 » Challenge, not threaten, students to do better.  For example, saying “You 
can attain this grade if you work hard” is better than “You will fail if you 
don’t work hard”.

 » If performance motivation seems to work, be selective and assess its 
appropriateness. Use this strategy on selected students, not on the 
whole class.

 » Engage students with relevant classroom materials, a variety of tasks 
(e.g., getting students to generate new problems) and good examples. 
Harnessing students’ attention in the classroom is key to reducing 
anxiety when learning math. 

 » Increase opportunities for students to work with friends and hands-on 
activities such as Model-Eliciting Activities (complex, open and non-
routine problems situated in real-world contexts).

 » Pose harder questions gradually. Low-progress learners may be 
motivated during lessons, but become demoralised by exams. 
Allow students to experience more success as that helps build their 
confi dence.
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