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FOREWORD

We are delighted to release our first Core Curriculum, knowing that many of our target beneficiaries
would benefit from it. As we tirelessly continue our effort to ensure that we are delivering
evidence-based education for all of our target beneficiaries, we hope that our Core Curriculum will
offer a robust framework for us to develop high-quality learning games.

Supporting our target beneficiaries to develop the necessary skills useful for the workforce of the
future is a challenging task. To achieve our mission, we will always need a data-driven and
research-informed team of researchers, educators, technologists, and game developers who are
committed to solving education inequality around the world.

That is why we highly appreciate the many people including our team members who have contribut-
ed to the process of formulating the Core Curriculum through the preparation of materials and by
providing constructive feedback and advice for improvement.

Talitha Amalia
Director, Education and Development
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VISION, MISSION
& VALUE

Vision

Enable people to empower themselves.

Mission

Build an open platform that provides everyone
access to effective education.

Education is a basic human right, and everyone
should have access to quality and effective education.
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OVERVIEW

Solve Education! was founded at the end of
2015 as a nonprofit organisation that focus-
es on developing new technologies to help
young people increase their learning motiva-
tion and thrive in the 21st-century knowledge
economy'. The organisation targets the
world’s most marginalised young people who
are out-of-school and/or fail to access an
education which can provide them with the
critical thinking and problem-solving skills
they need to enter the 21st-century workforce
and transform their lives. The children and
youth who are at the highest risk of being left
behind are those who face barriers linked to
poverty, diversity politics, gender, disability,
armed conflict and displacement. Inadequate
access to quality education entrenches
cycles of inequality by preventing disadvan-
taged children from attaining the skills to
change their economic situation.

Since the organisation’s vision is for future
generations to have equal access to the
knowledge economy, there is an urgent need
for an educational framework and platform
that are accessible to students regardless of
their socio-economic background and geo-
graphical and cultural boundaries. Globally,
many students without access to quality
schooling (about 263 millions) have access

to low-end smartphone and broadband tech-
nology (70% of the world population by
2020)2. Solve Education! leverages the phe-
nomenon of smartphone and broadband
penetration to create an educational game
app that is hoped to answer the problems
with the current education system which
perpetuates social inequality. It uses game
mechanics and artificial intelligence to
provide engaging educational opportunities
in the form of a game-based educational
application which runs on low-end smart-
phones and intermittent internet. The game
app builds in real-life incentives by directly
linking success in the game to opportunities
on our online employment platform in the
hopes of improving students’ income pros-
pects in a knowledge economy.

[ Peter Drucker popularised the term knowledge economy in
the 1960s, and it refers to the recognition of knowledge that
drives the economy. The term 21st-century knowledge
economy used in this context relates to the debate within
the education field about how demands in the marketplace
of today have influenced the education system and culture

around the world. For example, this phenomenon was
discussed in the OECD Report in 1996.

The data is taken from the 10th Annual Cisco Visual
Networking Index in 2016.




BACKGROUND

& OBJECTIVES

Since the organisation’s founding, Solve
Education! is committed to delivering
evidence-based education to support young
people regardless of their geographical and
socio-economic backgrounds to access the
21st-century knowledge economy3. To do
this, young people need critical, analytical
skills, and confidence in their ability to learn,
adapt to changes, and solve problems.

Solve Education! realised that the issue
above has been long recognised by innova-
tors who often see problems as opportuni-
ties. More and more educational technology
companies have begun to imagine and
design educational products that are only
affordable to a particular market. In many
cases, current educational innovations
perpetuate the cycle of inequality by prioritis-
ing the needs of the privileged students who
can afford their products and services.

Moreover, there are two significant challeng-
es which have been insufficiently addressed
by the educational technology industry. The
first of these revolves around learning moti-
vation. The vast majority of the existing
products assume users’ motivation to learn.
Solve Education! understands that when
students are marginalised from the current

education system, it is nearly impossible to
be motivated to learn the skills necessary to
thrive in the future. With this in mind, the
organisation uses evidence from successful
game developers to create a game so engag-
ing that students become addicted to play-
ing, and to learning. Once that motivation has
begun to grow, the path is set for students to
develop a deeper kind of motivation to
become a life-long learner.

The second challenge is about the infrastruc-
ture. Most education technology products
are created for well-developed broadband
networks, running on high-end devices. Most
broadband networks in emerging markets are
not well developed and the most sophisticat-
ed access point is a low-end smartphone.
Solve Education! believes that there should
be an approach that benefits the majority of
the people on the planet. Software systems
for ed-tech can be designed to function in
low bandwidth, with intermittent connectivity,
and using low computer-power. To develop
such technology is a challenging task and
one which is rarely tackled because of its low
monetary returns compared to the provision
of ed-tech solutions for markets with a higher
disposable income.
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Solve Education! believes that when one can
modify traditional pedagogical approaches to
ride on prevalent technologies and broad-
band networks, one will be able to create a
scalable and sustainable approach to educa-
tion for large numbers of the young, especial-
ly the world's most marginalised. To do that,
a robust curriculum framework was designed
to ensure that students achieve satisfactory
learning outcomes.

The core curriculum serves a basis for its
pedagogical approach which is delivered to
its educational game app. It is designed to
help students to become successful inde-
pendent learners, confident in their ability to
learn and solve problems. It also describes to
Solve Education!’s content developers what
is to be taught and the quality of learning
expected of students as they progress in
their learning journey. Solve Education! draws
on the instructional best practices and modi-
fied them to adapt to students’ academic and
social needs.

B The changing nature of work that affects education around
the world is explained by Tony Bates in his book ‘Teaching in
a Digital Age’ in 2015. Educators are forced to re-examine
teaching and learning to better support students to thrive in

today's globalised and technology-led society.




TARGET

STUDENTS

Solve Education! targets young people age
15 years old and above as its beneficiaries
and prepares them with the knowledge and
skills relevant to the 21st-century market-
place.

According to the 2016 UNICEF report on
Education, the total number of out of school
young people had risen to an estimated 263
millions, including those of upper secondary
school-age. Approximately 26 million of them
would never enter school, 23 million would
begin schooling late, and 12 million have
already left school. Based on existing trends,
an estimated 69 percent of young people in
low-income countries are not expected to
learn basic primary-level skills by 2030, con-
trasted with only 8 percent of young people
in high-income countries.

This problem is often exacerbated by the fact
that 168 million young people are trapped in
child labour. Many of the young people
trapped in jobs that fail to offer a fair income,
security and safety in the workplace, are the
ones who struggle most to access the bene-
fits of education. Solve Education! is commit-
ted to providing an opportunity to receive
quality education for the world’s out-of-
school youth as well as for the millions for

whom the traditional means of education are
not effective.The focus is driven by the prob-
lems and challenges faced by youth around
the globe who are marginalised from both
education and employment. Young people,
especially the out-of-school groups, are more
vulnerable to be left behind and trapped in a
cycle of poverty. The core curriculum is
specifically designed to indicate how impor-
tant evidence-based education is in changing
the lives of these young people. Equipping
young people with fundamental knowledge
and skills relevant to the workforce of the
future is vital to securing the well-being and
productivity of individuals, families and
societies (ILO, 2015).



STUDENT'S KEY

COMPETENCIES

The Core Curriculum is aimed at inculcating
among students the following six key competencies:

01 Communicative
M Competence

Students are expected to use a language
not only correctly (based on linguistic
competence) but also appropriately (based
on communicative competence). They
need to be able to receive and transmit
information based on the context. They
need to be able to use proper reasoning
and judgement to decide whether particu-
lar information is correct. They also need
to be able to choose the most effective

method of communication for each circum-
stance they encounter.

02 Critical Thinking
N Skills

Students are expected to analyse and
assess thinking with a view to improving it.
They need to be able to restructure think-
ing as a result of investigation and evalua-
tion. To do this, students need to be
equipped with the knowledge of the under-
lying structures in thinking (the elements
of thought) and the basic intellectual
standards for thinking (universal intellectu-
al standards).
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03.

Students are expected to eliminate prob-

Problem Solving
Skills

lems and obstacles using accurate infor-
mation and proper reasoning. They need to
be able to recognise changes in different
situations and apply appropriate knowl-
edge to prevent or solve a problem. They
also need to be able to make a sound
decision by considering the risks and
consequences that affect their lives and
their surrounding.

Familiarity with
New Technologies

05.

Students are expected to be familiar with
different new technologies. They need to
be able to differentiate, choose, and use
these technologies that are relevant to the
basic needs in today's marketplace.

Collaborative
Skills

04.

Students are expected to become capable
of working with others to achieve a
common goal. They need to participate,
exchange ideas and share responsibilities
with others. They respect competing views
and nurture positive relationships. They
need to be adaptable, willing to compro-
mise and value the contributions of others.

Development of
Life-skills

Students are expected to apply necessary
skills to help them thrive in life. Grit, disci-
pline, and diligence are among other valua-
ble skills for students to possess. These
three skills are required for students to
excel in learning and to work as well as to
strengthen social relationships. After
completing their learning journey, students
are expected to develop grit, discipline, and
diligence so that they can adapt to chang-
ing social and job working circumstances.



KEY DESIGN

PRINCIPLES

Solve Education! aims to create a self-requlated educational
platform that can increase students’ engagement and retention
as well as encourage their independent and life-long learning
mindset. To achieve that, two key design principles were adopted:

01 LM-GM Framework
B for Serious Games

While doing research and modelling in
2016, Solve Education! was inspired by
Serious Games design®. A serious game
(often called an applied game) is an educa-
tional technology terminology for a game
which has a purpose other than just pure
entertainment. Serious games have been
recognised by the scientific community to
have instructional potential. However, like
any other technological innovations that
always evolves, serious games design is
just a beginning of a proper use of gaming
technologies for education. Because of
this, providing teaching and engineering
methods for building serious games is
required to provide both fun and effective
learning experiences—pedagogy-driven
serious games.
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Learning Mechanics

[ Instructional j[ Guidance ]

KEY DESIGN PRINCIPLES

Game Mechanics

J( roeray )

[ Demonstration j[ Participation ]( Action/Task ] [ Cooperation J( Collaboration )

[ Generalisation/ j[ Observation ]( Feedback ] [Selecting/CoIIecting) [ Tokens ) (Goods/lnformation]
Discrimination

Question & Answers

Explore J ( Identify J ( Discover J

[ Cascading j ( Cut Scene/Story ]

Information

Question & Answers Communal Discovery

[ Plan ( Objectify ] [ Strategy/Planning ] [ M:s:g:::zm ) Pareto Optimal Appointment

( Hypothesis j ( Experimentation ]

Repetition
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[ Game Turns J( Action Points j ( Levels ]
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J( Assessment J
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Solve Education! uses the Learning
Mechanics-Game Mechanics (LM-GM)
framework (see Annetta and Bronack,
2011; Belloti et. al, 2011; Hirsh-Pasek,
2015; Kapp, 2012; Shapiro, 2014) for seri-
ous games to translate learning
goals/practices into the mechanical
element of gameplay, serving to an instruc-
tional purpose besides that of play and
fun. Through the LM-GM framework, it is
possible to evaluate the effectiveness of a
given game and better understand how to
implement it in educational settings.
Taking this into consideration, developing
a good core curriculum design is neces-

Figure 1: LM-GM Checklist

sary to identify and highlight the game’s
main pedagogical features, and link them
with its entertainment elements. The
curriculum is then checked and compared
with the game mechanics using the LM-GM
model checklist as illustrated below. The
ultimate goal of doing this is to maximise
the capability of the game app to engage
and retain students in learning.

B} Bellotti, F, Ott, M., Arnab, S., Berta, R., de Freitas, S., Kiili, K., &
De Gloria, A. (2011, October). Designing serious games for
education: from pedagogical principles to game mecha-
nisms. In Proceedings of the 5th European Conference on
Games Based Learning. University of Athens, Greece (pp.
26-34).
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Data-driven Approach
02 to Increase Learning
Motivation

= Solve Education! Approach

® B9

Lots of Result

retention

Figure 2: Learning Analytics Portal’s Landing Page

To optimise the potential of serious games
design, Solve Education! uses data to
enable students to become motivated and
independent in the learning process (An-
netta and Bronack, 2011). Through the use
of the learning analytics® that is built as an
extended platform for the game app, the
team has invested in data collection and
storage and development of context-sensi-
tive algorithms which are all-important to
improving teaching efficacy. Solve Educa-
tion! is devoted to overcoming barriers that
limit students access to education, and as
such marginalise them from the economy,
through a mobile phone gaming app.

The team'’s focus is on finding ways to
make learning compulsively engaging on a
platform that allows it to reach those who
need it most. The implementation of
data-driven approach is hoped to cater to
the needs of the individual students and
provide them with evidence-based educa-
tion. By collecting data on student learning
behaviours and activities, the team is able
to respond to students’ needs and modify
the game app according to what promotes
the best learning. Solve Education!
believes that educational data can improve
the quality and value of the learning experi-
ence on the app.

| Greller and Drachscler (2012) in their book ‘Translating
Learning into Numbers' provides a framework of how to

design a tool (learning analytics) to help educators better

improve the learning process, not just students but also
other stakeholders within the education field.
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Solve Education! is experimenting with game
mechanics, artificial intelligence, social
media, and data to create an educational
game app for its target beneficiaries. The app
that is called Dawn of Civilization is an
Android-based educational game app devel-
oped that is designed to provide young
people, aged 15 onwards, with easy access to
knowledge and skills. The app runs on
low-end smartphones and intermittent inter-
net (online/offline access) and is designed to
engage students’ hunger for learning and
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improve income prospects in a knowledge
economy. Dawn of Civilization aims to
engage and retain young people in a stimulat-
ing learning environment by creating an app
that offers a sense of novelty and virality.
Currently, the app is only available for
Android smartphones since data shows us
that most of our target beneficiaries are more
likely to have or access Android devices than
other portable devices.
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In 2017, Solve Education! launched the beta mini-games are essentially the curriculum,
version of the game app with three English designed to help students learn knowledge
mini-games designed to teach vocabulary. and skills in an engaging way.

The game app was created collaboratively
with over 100 youth in Indonesia. The collab-
orators helped choose the name of the game,
the first graphics and design of the app.
Dawn of Civilization architecture is divided
into two significant parts: a meta-game and
an unlimited number of mini-games/bite-
sized lessons. The meta-game, the fun part,
Is designed to retain students so that they
will continue learning. In the meta-games,
there is a city simulation game where
students can create and manage a city as a
mayor. They can construct a building, place
landmarks in their town, or earn taxes from 6
their citizens. To build things in the city, they
need resources and reward cards, which can
be obtained by playing the mini-games. The



LEARNING

AREAS

The learning areas taught in the core curricu-
lum covers both literacy and numeracy.
Literacy and numeracy are vital in preparing
young people to thrive in the 21st-century
knowledge economy; helping them within
education and entering employment (see
Burroughs and Smagorinsky, 2009; Christen-
bury and Smagorinsky, 2011; Frankenstein,
2001; Ginsburg et. al, 2006; Stacey, 2015;
Stromquist, 2005). They lay the foundation of
active participation in the society and lifelong
learning. They are the key to help young
people become self-flourished adults in the
data-driven and interconnected world.

This chapter clarifies each learning area
taught in the core curriculum. In each learn-
ing area, aims articulate the knowledge and
skills each student is expected to accom-
plish, learning strands offers an overview of
what is acquired during the learning process,
and performance descriptors describe
students’ learning performance that is the
result of the explicit learning instruction at
the end of each learning interval.
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LEARNING AREAS

Language & Literacy

At first glance, literacy would seem to be a
simple concept that everyone understands.
In actuality, the concept of literacy and what
it means to be literate is influenced by aca-
demic research, public policy, cultural con-
text, and institutional agenda. Solve Educa-
tion! defines literacy as the ability to acquire
a language, construct meaning, and commu-
nicate thoughts and intention appropriately
on a daily basis. The definition is aligned with
the organisation’s vision to help future gener-
ation access the knowledge economy.
Through acquiring a language, and being able
to exploit it in a proper manner, one can open

the doors to unlimited opportunities. ‘Literacy

skills are fundamental to informed deci-
sion-making, personal empowerment, active
and passive participation in local and global
social community’ (Stromquist, 2005, p. 12).
If taught correctly, the empowering potential
of literacy can translate into increased
self-esteem, socio-political participation in
society, and economic growth (UNESCO,
2006).

The question is, ‘what language should be
taught first through the game app?’

Solve Education! leverages pervasive access
to broadband and Android smartphones to
engage young people, especially the world’s
most marginalised, to learn the knowledge
and skills they need to thrive in the 21st
century knowledge economy. Today, there are

many free online educational resources that
can be accessed to learn advanced practical
skills like coding, graphic design, data analy-
sis, or even life skills.

However, those resources mostly use English
as the language of instruction. That is why it
is fairly difficult for young people especially
from the emerging markets whose native
language or second language is not English
to compete with those who can speak Eng-
lish. Understanding that, it is clear that to
strive and thrive in today’s world, young
people need to be literate in English. Acquir-
ing the English language helps young people
to be confident in their ability to communi-
cate, creative and imaginative, and informed
and engaged global citizens.

Having said that, Solve Education! does not
deny the importance of mother tongues and
that learning in one’s mother tongue is one'’s
right. However, due to the organisation’s
understanding that its beneficiaries live in
different geographical locations and speak
different languages, Solve Education! decid-
ed to go with English, first.

The English learning plays an important role
in the development of overall literacy skills
which support young people to become a
thoughtful consumer of information through
all media formats in today’s globalised world.
Through acquiring English, they can under-
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stand, analyse, communicate, or even chal-
lenge the information they get. English can
also help them build and strengthen the
relationship with people all around the world.

With that in mind, Solve Education! begins its
literacy education by building a strong foun-
dation of the English language for all of its
students. English is both a learning area in
its own right and the medium for teaching
numeracy. Fluency in the English language is
an essential foundation for success in the
learning journey and job market.
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Aims

The English curriculum aims to enable students to become functional in English and to ensure that

students:
B Acquire a wide vocabulary;

B Listen with comprehension;

B Read easily, fluently and with good understanding;

B Use grammar and knowledge of linguistic conventions for reading,

writing and spoken language;
Bl Write clearly, accurately and coherently;

Bl Speak articulately and appropriately.

Strands

Phoneme and Word Knowledge

Students’ acquisition and command of the
English sounds and vocabulary are key to
their learning progress. Students should be
enabled to differentiate sounds and recog-
nise meanings in English and store those
concepts in their long-term memory. They
should also make links between known and
new vocabulary and discuss the shades of
meaning in similar words with others. Moreo-
ver, it is vital for students’ comprehension
that they understand the meanings of words
in different contexts.

Textual Communication

Reading and writing skills are vital to support
students' acquisition of knowledge and
textual communication skills.

Students should be taught to read fluently
and be encouraged to read for pleasure. They
should be taught the correct use of grammar
so that they can read comprehensively and
write coherently and cohesively. Reading
comprehension is built through a combina-
tion of a word reading process and extensive
reading. It means that students should start
from understanding letters represent sounds
in spoken words to comprehending meanings
in long texts. Writing skills are built from
quick spelling to composition. Effective
composition involves forming, articulating
and communicating ideas, and then organis-
ing them cohesively and coherently for (a)
reader(s).
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LEARNING AREAS

Spoken Communication

Students’' spoken communication skills are
vital for developing their vocabulary and
grammatical competence as well as improv-
ing their reading and writing skills. They
should learn to justify ideas with reasons;
ask questions to check understanding; devel-
op vocabulary and build knowledge; negoti-
ate; evaluate and build on the ideas of others,
and select the appropriate register for effec-
tive communication. They should be taught
to give well-structured descriptions and ex-

planations and develop their understanding
through speculating, hypothesising and
exploring ideas. Ensuring students' confi-
dence and competence in listening and
speaking is critical for their learning
progress.

Performance Level Descriptors

Solve Education!’s English curriculum follows
the Common European Framework of Refer-
ence (CEFR) to describe students’ perfor-
mance level. CEFR was published in 2001 by
the Council of Europe to provide a common
basis for the elaboration of language sylla-
bus, curriculum guidelines, textbooks, and
including tests across Europe. It has been
translated into 40 languages and is now
widely accepted as one of the most compre-
hensive and reliable sources of language
teaching reference and used by educators
around the world. The main aims of the CEFR
are “to encourage reflection by users over the
way their current practice meets the real
world language needs of their learners and to
provide a set of defined common reference
levels (A1-C2) as points of reference to facili-
tate communication and comparisons”
(Council B EAQUALS, 2010, p. 6) The classifi-
catory scheme of the CEFR is useful to help

formulate and review curriculum objectives,
content, testings, syllabus definition, material
organisation, and even certification of profi-
ciency that can be made specific to the local
context.

The six reference levels of the CEFR has been
adapted to Solve Education!’s teaching con-
text by adding an opening level below A1 and
omitting C2 levels. The first reason for doing
that is because of many of Solve Education!
target beneficiaries do not even have knowl-
edge of the Latin script. The second is
because Solve Education! understands its
technological limitation to provide compre-
hensive teaching contents and assessment
tools for C2 level. It is also important to note
that students are considered to be ready to
enter job market when they have reached B2
or C1 level.



§olvz LEARNING AREAS

=ducation!
The CEFR-based performance descriptors are provided as follows:

Opening (Pre A): Students can demonstrate an understanding of basic communication using

predictability and fundamental concepts of the English phonological processing system.

. Breakthrough (A1): Students can understand familiar everyday words and expressions as
well as very basic phrases with the purpose of satisfying concrete type needs. They can
introduce him/herself and others as well as answer and ask personal questions such as
where he/she lives, people he/she knows and things he/she possess. They can interact in a
simple manner given the other person talks slowly and clearly and is willing to help.

. Waystage (A2): Students can understand complete sentences and frequently used expres-
sions (e.g. personal and family information, shopping, local geography, employment). They
can exchange simple and direct information to communicate familiar and routine matters.
They can describe aspects of his/her background, surroundings and issues in areas of imme-
diate basic needs in simple terms.

. Threshold (B1): Students can understand the main points of clear, standard input on familiar
matters encountered in everyday situations such as work, school and leisure activities. They
can deal with most circumstances that arise when travelling in an area where the language is
spoken. They can produce simple and coherent texts based on topics which are familiar or of
personal interest. They can describe personal experiences, events, dreams, hopes and ambi-
tions as well as briefly give reasons and explanations for their opinions and plans.

. Vantage (B2): Students can understand the main points of complex texts or speech arising
from both concrete and abstract concepts, including technical discussions in his/her field of
specialisation. They can interact fluidly with native speakers with a degree of fluency and
spontaneity. They can produce clear and detailed texts while capable of evaluating and
explaining their viewpoints on various issues.

. Effective Operational Proficiency (C1): They can understand a broad range of demanding,
longer texts, including the ability to draw out implicit or nuanced meanings. They can pos-
sess the ability to express him/herself fluently, spontaneously and use the language flexibly
in a social, academic and professional context. They can produce clear, well structured and
detailed text on complex subjects as well as showing clear evidence of control in use of
organisational patterns, connectors and cohesive devices.
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Numeracy

The term numeracy, initially characterised as
a reflection of literacy, was first introduced in
1959 in the UK Crowther Report (Rogers,
1980). Since then the definition of numeracy
and what it means to be numerate have been
contested. Solve Education! defines numera-
cy (Mathematical literacy) as the ability and
confidence to engage with numbers and data
to make mindful and reasonable decisions on
a daily basis. A numerate student has the
awareness and confidence to know when and
how to apply quantitative and spatial under-
standings in real everyday situations. It is
utmost important to equip students with
quantitative understandings because it can
help students to develop a sense of the
magnitude of numbers, use numbers in
real-life situations, estimate amounts, inter-
pret statistical information, recognise
patterns, and determine probability. Teaching
spatial information is also critical in helping
students to become aware of and visualise
shape and space from different perspectives,
measure time, weight, height, or amounts,
determine location and direction, and inter-
pret and create maps and schematic
diagram. The goals are really helping
students be more competent and confident
to use numbers and data in both daily life
and workplace. Poor numeracy in young
people can affect their level of confidence
and self-esteem. Those who are not numer-
ate will struggle to in every aspect of their
lives be it at home, school, or work. People

need to use maths when they go grocery
shopping, commute to work, decorate a
room, or decide whether to buy discounted
items or not. Most of the decisions in life are
based on numerical and spatial information,
and to become a good decision maker people
need to be numerate.

Living in a knowledge-based economy like
today, people both young and old are present-
ed with (un)limited access to numerical data
that can sometimes be quite overwhelming
to take. Although, we know that computers
can do most things a human

can do, or even do a better job at doing math-
ematical processing, people need to be
numerate to be able to distinguish data and
interpret them correctly. Solve Education!'s
mission is to prepare young people for the
workforce of today and the future, and to be
prepared for that means to be numerate.
When young people fall behind in numeracy
early on, that will make them fall behind other
learning areas necessary for job market
because the failure is usually compounded
over the years. That is why Solve Education!
puts a high value on numeracy.
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Aims

The numeracy curriculum aims to enable students to have the conceptual understanding and proce-
dural knowledge to use numbers and think mathematically on a daily basis and ensure that

students:

B Eliminate the “I can’'t do Math” mindset;

B Gain confidence and perseverance in solving basic mathematical problem(s);

l Able to use the mathematical knowledge and skills to meet the varied demands

in personal and professional settings;

B Practice the capacity of adaptive reasoning which include local thought, reflection,

explanation, and justification.

Strands

Contextual and Situational

Understanding

Many young people or even adults are una-
ware that most of our day to day activities
involve numeracy. This problem is perpetuat-
ed by the current education system which
emphasises on the teaching activity (text-
book oriented learning) rather than learning
activity (linking numerical problems with
students’ daily life) (Sutama and Narimo,
2013). Students should be taught to recog-
nise that “mathematical ideas are embedded
within meaningful contexts and may be
represented in a range way or example, by
objects and pictures numbers and symbols,
formulas, diagrams and maps, graphs and
tables, and texts” (National Centre of Literacy
and Numeracy for Adults, 2013, p34-35).

Using representational models, strategies,
and familiar problem-solving contexts in
numeracy learning processes will help
students enhance their critical thinking and
decision making skills. When students can
bring the contexts to the learning process
and bring what they have learnt to solve real
situational problems, it should be a “proving”
ground for their improved skills.

Conceptual and Procedural Knowledge
According to a study conducted by
Rittle-Johnson et al. (2001), competence in
math requires knowledge of both conceptual
and procedural knowledge. Conceptual and
procedural knowledge does not develop in an
all-or-none fashion, with the acquisition of
one type of knowledge preceding the other.
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Both conceptual and procedural knowledge
develop in gradual, back-and-forth process.
So neither type of knowledge is fully devel-
oped at the beginning or the end of the study.
Studying just one type of knowledge in isola-
tion may lead to an incomplete picture of
knowledge and may obscure important
change processes. Therefore, students
should be taught in a way that can help them
go back and forth between understanding
abstract conceptual knowledge and concrete
procedural knowledge.

Adaptive reasoning and problem-solving
skills

The ability to apply diverse strategies to
manage quantitative situational problems is
required throughout one’s life. Although
some strategies are acquired through
non-formal learning (through experience and
self-invented methods), good problem-solv-
ing skills are usually derived from the ability
to re-construct reality in a mathematical way
(modelling or mathematising) which is usual-
ly gained from good learning instructions. To
do that, students need to be equipped with
adaptive reasoning skill. According to Kilpat-
rick et al. (2001, p. 129), adaptive reasoning
can be defined as “the capacity to think
logically about the relationships among
concepts and situations”. Therefore, students
need to be taught to recognise logical con-
nections between each element in situations
and make generalisations about their rela-
tionship. Once they see the connections, they
need to be taught to choose a particular
solution method and with a justification that
will help them solve the problem in a reason-

able manner. For example, it is vital for
students to have very strong arithmetic skills
because by learning arithmetic they can
recognise recurring patterns and complete
analogies.

Precision and Accuracy

In order to choose the best approach to
solving a situational problem, students
should begin by making a decision that is
precise and accurate. Precision in mathemat-
ics is defined as how close the different
measured values are to each other. Accuracy
in mathematics is defined as how close a
measured value is to the actual value. Take
for example in football, when a player always
hits the right goal post instead of scoring,
then he/she is precise but not accurate. It is
important to teach students to focus on
getting the truth (answer) to a mathematical
problem to avoid ‘false precision’. To practise
the skills of precision and accuracy, students
should be taught to ask very specific ques-
tions to guide them solve the problem. As
illustrated by the National Centre of Literacy
and Numeracy for Adults (2013, p. 36), the
questions can include, ‘How accurate do |
need to be?’, ‘What tools (such as a calcula-
tor, a measuring tape, or pen and paper)
should | use?’, ‘What units do | need to use?'.

Beliefs & Attitudes

Positive beliefs and attitudes are the first
steps to success in math. However, most of
the time math teachers encounter students
who are not confident and afraid of learning
math. According to Judy Willis (2010), some
of the factors that cause negative beliefs and
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attitudes towards mathematics include past
failures in learning math that result in low
self-expectations, parental bias against math,
feeling inadequate to succeed at math learn-
ing, failure to engage math through learning
strengths, and fear of making mistakes.
These beliefs and attitudes if not addressed
can promote stress, decrease learning moti-
vation and levels of participation, boredom,
low tolerance for the challenge, failure to
keep pace with the lessons, behaviour prob-
lems, and avoidance of continual learning
which is necessary for subsequent profes-
sional success. Therefore, it is utmost impor-
tant to change these negative beliefs and
attitudes so that students can get the maxi-
mum benefits of learning math. There are
many ways to form students to turn the
negativity into positivity. First, students need
to be taught why it is important for them to
learn math. The explanation should be con-
textual and practical so that students can
easily relate to it. Second, before students
become interested in the learning, they must
feel comfortable with it. Ensuring a safe
environment for learning is necessary to
build students’ motivation, resilience, and
coping strategies when they learn. Lastly,
developing a strong foundational knowledge
is vital to help students achieve mastery in
each topic. When students are allowed to
re-learn and re-test each math concept, they
will develop their self-reliance and independ-
ent learning attitude. Once the door to nega-
tive beliefs and attitudes is closed, students
can start seeing math as an accessible and
valuable tool for them to understand the
world they live in and solve problems in it.
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Performance Level Descriptors

Solve Education!s Numeracy curriculum follows the OECD’s Programme for International Assess-
ment of Adult Competencies (PIAAC). PIAAC covers pedagogical design and framework that are
suitable to measure individual’s ability to use, apply, interpret, and communicate mathematical
information and ideas. PIAAC emphasises on measuring the critical skills need to be possessed by
individuals to survive in a world where quantitative and mathematical information is inevitable.

The PIAAC-based performance descriptors are provided as follows:

PRE LEVEL 1

Students can carry out simple processes such as counting,
sorting, perform basic arithmetic operations with whole
numbers or money, or recognise common spatial

representations.

LEVEL 2

Students can apply two or more steps or processes
involving calculation with whole numbers and common
decimals, percentages and fractions; simple measurement
and spatial representation; estimation; and interpretation of
relatively simple data and statistics in texts, tables and

graphs.

LEVEL 4

Students can do analysis and more complex reasoning
about quantities and data; statistics and chance; spatial
relationships; and change, proportions and formulas. They
may also require understanding arguments or be communi-

cating well-reasoned explanations for answers or choices.

LEVEL1

Students can carry out fundamental mathematical process-
es in familiar, concrete contexts where the mathematical
content is explicit. Tasks usually require one-step or simple
methods involving counting; sorting; performing basic
arithmetic operations, and identifying elements of simple or

common graphical or spatial representations.

LEVEL 3

Students can apply number sense and spatial sense;
recognising and working with mathematical relationships,
patterns, and proportions expressed in verbal or numerical
form; and interpreting data and statistics in texts, tables

and graphs.

LEVEL 5

Students can integrate multiple types of mathematical
information where considerable translation or interpretation
is required; draw inferences; develop or work with mathe-
matical arguments or models, and critically reflect on

solutions or choices.




ASSESSMENT

& EVALUATION

Solve Education!’s approach to assessment
and evaluation always begins with its educa-
tional values. It reflects an understanding
that every student progresses according to
their own pace and alignment with the learn-

ing objectives that were set in the curriculum.

The assessment and evaluation methods aim
to measure learning outcomes and at the
same time use the data and information
collected to enhance students’ development
progress and accomplishments. The assess-
ment should enable students to strengthen
their learning motivation and enable them to
recognise their highest potential to achieve
success in learning.

Since the curriculum is delivered through
many units (mini-games) in which each unit
contains several different lessons, Solve
Education! assesses and evaluates the learn-
ing processes and progress through forma-
tive and summative assessment. The forma-
tive assessment is in forms of diagnostic
testings that are specifically designed for
each learning area, and summative assess-
ment in forms of bonus games that are
presented after they complete each learning
mission (learning level). First, the concept of
diagnostic testings in education is borrowed
from the medical field to identify a disease

through patient’s symptoms. It allows the
doctor to assess the potential threat that can
jeopardise the patient’s life and give the right
treatment to tackle that. In this context,
diagnostic testing is used, prior to instruc-
tion, to assess individual students’ strengths,
knowledge, and skills that they have. Estab-
lishing these permits Solve Education! to
feed the right contents (adjust the curricu-
lum) to each student, and meet each his/her
needs. Second, bonus games allow students
to see if they have made progress in learning.
The results of the bonus games can give
students an overview of how well they are
performing and determine if they can unlock
other mini-games to continue learning.
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Question Recycling System

In order to enhance the learning processes in In this context, this model is applied to the

the app, Solve Education! has developed a app so that students can be fed the right

Question Recycling System based on the content in the right timing for effective learn-

Spaced Repetition Model”. This model is ing.

often used in the traditional model of teach-

ing/Iearning WhiCh imp|ementS increasing Space Repetition Model is a technique for effective

int | fti bet b t . memorisation and practice of skills. Each concept or skill is

Intervals of time between subsequent review presented periodically using increasing intervals of time to

of a previously learned Concept in order to allow the concept and skill stored in student's long-term

exbloit the psvcholoaical spacing effect memory. Ausubel, D. P, & Youssef, M. (1965). The effect of
P psy g P g ’ spaced repetition on meaningful retention. The Journal of

General Psychology, 73(1), 147-150.

Spaced Repetition Model

e @

Recall Percentage
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The Spaced Repetition Model is crucial in
enhancing the brain’s capacity to move each
learnt concept from Short Term Memory to
Mid Term Memory, and then to Long Term
Memory that is utmost important in learning.
The Question Recycling System is used to
support both formative and summative
assessment in the app and can work on
various learning concepts in both literacy and
numeracy (see Ausubel and Youssef, 1965;
Settles and Meeder, 2016).

It works through the use of an algorithm
which monitors students’ retention accuracy
and prompts students to answer questions
just as they are about to forget the particular
learning concepts. More importantly, the
Question Recycling System is implemented
to better support students learning offline. It
is applied on the client’s side (on the
student’s phone) with the server supporting
the accuracy of the system.

Learning Analytics Portal

Investment in data collection and storage
and development of context-sensitive algo-
rithms are all-important to improving teach-
ing efficacy. Solve Education! is devoted to
overcoming barriers that limit student access
to education and focus its energy to find
ways to make learning compulsively engag-
ing on a platform that allows it to reach those
who need it most. As a human-centred tech-
nology, Solve Education! ensures that we

Solvz Learning Analytics

Solve Education!

cater to the needs of our individual students
and provide them with evidence-based edu-
cation. By collecting data on student learning
behaviours and activities, we are able to
respond to their needs and modify the game
app according to what promotes the best
learning. We believe that educational data
can improve the quality and value of the
learning experience on the app.

Figure 6: Students’ Success Scorecard

@ First Time Playing @ Last Time Playing
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Four key metrics are used in the Learning Analytics Portal as part of the curriculum evaluation
process are explained below:

. The Popularity of Minigames: We evaluate learning intensity of each individual student (how
engaged are users with the mini games in the app?) and the length of study (how long do
users play these minigames, in minutes?) to compare the popularity of mini games among
users.

. Periodical Learning Intensity: We detect students’ passive behaviour or inactivity indicating
that they are not interested in learning/playing. After receiving and analysing the information,
we can respond by notifying students (users) on their phone, or sending emails to invite them
to continue playing the game.

Student Success Scorecard: We show each individual student’s learning progress using a
periodical line chart.

Learning behaviour. This metric is used to illustrate students’ soft skills i.e. grit, diligence,
and discipline.

Activity Tracking System: We track students who quit the game more than 30 days of play-
ing.
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