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Tr ans l a t i ona l  Spec i f i c a t i ons  o f  Neu r a l - I n f o rmed  Game-Based 
I n t e r ven t i ons  f o r  Ma thema t i c a l  Cogn i t i v e  Deve l opmen t  o f 
Low-P rog ress  Lea r ne r s :  A  Sc i ence  o f  Lea r n i ng  App roach
By Azilawati Jamaludin1 & David Hung

1Azilawati Jamaludin is Assistant 
Professor at the Office of Education 
Research, National Institute of Education 
(Singapore). Her research interests 
are in applying the science of learning 
to education, with current projects on 
theories of learning, neuroscientific 
games and education innovation impact.

The challenge of levelling up 
low progress (LP) learners in 

Mathematics, particularly those who 
continue to struggle despite multi-pronged 
behavioral intervention approaches, 
remains a prevalent phenomenon in 
schools. A 20-year analysis of the PSLE 
Mathematics trend shows at least 13% of 
every annual population cohort who do not 
attain a minimum of fifty percentile points 
during the annual PSLE assessment 
(DataGovSg, 2019). The study of children 
who consistently attain low achievement 
scores in mathematics is challenging 
because there could be many underlying 
reasons for LP Math, both cognitive 
and affective, which include language 
difficulties, sensory processing deficits, 
inappropriate instructions, poor attitude 
towards mathematics, high anxiety or 
lack of home support. These factors may 
be exacerbated if the child has other 
specific learning differences such as 
attention difficulties, sensorial disorders 
or other underlying deficits that affect his/
her cognitive and affective development 
(Steedly, Dragoo, Arefeh, & Luke, 2008). 

In recognising that LP learners in Math 
may constitute a heterogeneous group 
with diverging profiles and potentially 
dissociable characteristics (Bartelet, 
Ansari, Vaessen, & Blomert, 2014; Wong, 
Ho & Tang, 2014), this study adopts a 
Science of Learning (SoL)1  approach to 

harness novel research methods of neural, 
psychobehavioral, and social measures 
to facilitate early identification and 
remediation for young children struggling 
with math. Specifically, in enacting an 
ecological framework that recognises the 
interrelations between factors at different 
analytical levels as equally important to 
the influence of factors within a single 
level (Hung, Lee, Toh, Jamaludin, & Wu, 
2019), the study aims to provide a more 
precise identification and remediation 
of low progress trajectories in Math (see 
Figure 1 above).

Our SoL ecological framing is aimed 
towards recognising the interrelations 
between i) micro individual level, through 
investigating cognitive characteristics, 
affective dispositions and imaging neural 
activations and functional connectivity; 
ii) meso–social level, through analyzing 
home, school and social factors; and 

iii) macro level, through foregrounding 
evidence for research to practice 
translation. 

The objectives of this study are:

1. Characterise and validate deficits 
and mechanisms of low progress 
Math learner population  

2. Investigate growth and performance 
change (neural and behavioral) over 
time 

3. Develop an account of the role 
interventions play for learners’ 
remediation

As we work towards more systematic 
approach(es) to understanding the 
problems of LP students, this research 
aims to establish a replicable method 
for identifying and tracking LP learners 
across crucial schooling transitions 
that is timely and necessary, through 
ecologically valid methods. In combining 
the use of behavioural, social and fNIRS 
neurological measures, this study can 

Figure 1. A Science of Learning ecological framework.

1 The OECD defines SoL as a term that describes the type of scientific research possible when neuroscience, psychology, cognitive physiology and/or other 
relevant disciplines joins with educational research and practice to study how people learn.
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lend new depth to the literature of early 
discrepancies in academic performance. 
It will have implications on not only the 
way in which precursors or struggles of 
math learning may be identified earlier 
but so too for early interventions that may 
be tailored and personalised to bridge 
achievement gaps and in predicting 
mathematics dysfunction before it 
compounds into lifelong struggles. Such 
interventions are optimally personalised, 
engaging, adaptive and predictive 
(PEAP), and the long-term objective is to 
bridge research into the cascading effects 
of PEAP interventions and remediation for 
LP learners. 

What Do These Mean for Practice? 
Through an ecological SoL approach, the 
aim is to optimise learning and maximise 
the potential of every learner through 
drawing connections between biological 
structure and processes, contexts of 
learning, and impactful educational 
outcomes.

Characterising underlying neurocognitive 
mechanism of math struggles yield 
specifications for empirically-based 
intervention design principles. Yet over 
and above students’ learning outcomes, 
effective intervention designs also entail 
establishing collaborative partnerships 
with educators. 

In recognising the crucial role teachers 
play in the implementation of effective 
classroom intervention strategies, the 

development of both learners and, in 
parallel, extending teachers’ professional 
competencies are key for educational 
system impact. Translating our research 
findings into practice, an online MOOC 
platform for educators functions as both 
a dialogic and development space for 
extending pedagogical repertoires using 
SoL approaches. 

As an example, teachers can gain access 
to video case studies of students working 
on mathematics tasks and analyse 
the nature of their difficulties and math 
struggles. Screencasts of brain images 
of different learners and their respective 
neural development explanations, as well 
as links to neuroscientific math games 
and lesson plans on how the game can 
be introduced in class will be available. 
Additionally, teachers using the platform 
can also share and compare their 
experiences through online discussion 
forums, which serve as an opportunity 
for them to reflect on their own Math 
practices and learn collaboratively from 
one another.
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