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Abstract. Supporting a quality basic education incorporating the 215 century curriculum to
reach out to all including the marginalized groups has been a key priority globally including
SEAMEQO regions, especially for the past few decades. However, in the advent of the digital
era with plentiful resources accessible from a multitude of blended-mode platforms, there
are countries with limited resources such as accessibility to Internet connection still facing
the problems to access to quality education. Attempts were made to meet the aspirations of
Education for All (EFA) and Sustainable Development Goals (SDGs) over the past few
decades through basic education reform. This article aims at analyzing the historical
revolution of implementation of basic education for the past 2 decades, examine effective
strategies that bridge the digital divide and showcase exemplary practices involving
countries with potential local wisdom. Mixed-method design matrix is used involving
systematic review, analysis on governmental official documents as well as case analysis
through ‘Dominant model in qualitative research’. The implementation of basic education as
a system-wide approach as well as effective strategies to enhance essential skills in basic
education in line with SDGs was analysed using Cross-Case Analysis chronologically over
the past more than two decades. Subsequently, Within-Case Analysis was conducted to
showcase exemplary practices to integrate local wisdom in the respective educational
systems in Cambodia, Malaysia, and Indonesia. This study was able to illustrate the practical
significance of all co-authors who are the practitioners organizing the events as reported with
research findings as analysed that are worth pondering for them to continue the efforts to
organize project-based programmes with the development of basic education based on local
wisdom. Most of the output was in line with all the Sustainable Development Goals (SDGs)
especially No. 4 (Quality Education), No. 5 (Gender Equality), No. 11 (Sustainable Cities
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and Communities) and No. 17 (Partnerships for the Goals). Due to the various programmes
that were elaborated in this paper being initiated at different points of time as the main
constraints faced in terms of time and resources available, only selected cases were reported.
Moreover, some of the activities were conducted during 2020 when all the countries were
facing the constraints of being unable to conduct on-site events due to pandemic. But the
lesson learnt that even robotics competition could also be conducted online raised one
question to be pondered, ‘should basic education be implemented also based on local wisdom
in collaboration with industrial partners to promote work or study from home’? More future
research should be conducted to ensure that students acquire values and skills with
meaningful lifelong learning to ensure inclusive and quality education is also the focus of
SDG4-Education 2030 that emphasizes on lifelong learning approaches.

Keywords: Basic education reform, Local wisdom, Sustainable Development Goals
(SDGs), Case analysis

1. Introduction

1.1. Background and Overview

Basic education is defined somewhat differently by various nations globally. Generally,
the development of attitudes, competencies, knowledge and values as common elements and a
basis of lifelong learning had been used to define basic education that is revolved around core
themes by numerous corporations. For example, pre-primary education was included by some
countries as part of basic education (see Department of Foreign Affairs and Trade (DFAT) 2015
[1)).

Supporting a quality basic education incorporating the 21% curriculum to reach out to all
including the marginalized groups has been a key priority globally including SEAMEO regions
especially for the past few decades. Various efforts were made in the global educational settings
through the guide from the implementation of policy framework as reflected in the SEAMEO
Education Agenda priority areas No.2 ‘Addressing barriers to inclusion’ and No.7 ‘Adopting a
21%-century curriculum’ by SEAMEOQO Secretariat [2]

However, in the advent of the digital era with plentiful resources accessible from a
multitude of blended-mode platforms, there are countries with limited resources such as
accessibility to Internet connection still facing the problems to access to quality education.
Attempts were made to meet the aspirations of Education for All (EFA), Millennium Development
Goals (MDGs) and subsequently Sustainable Development Goals (SDGs) over the past few
decades through basic education reform [3]. This article aims at analyzing the historical revolution
of implementation of basic education for the past 2 decades, examine effective strategies that
bridge the digital divide and showcase exemplary practices involving countries with potential
local wisdom.

The subsequent sections review related literature with the framework and problem
statements that guide the direction of this study.

1.2. Review of Related Literature

1.2.1. Essential (Thinking/Technology/Life) Skills Enhancement and Promotion of Quality

Education in Line with SDGs

Education is increasingly seen not only as an agent of providing capacity building platform
for human resource development or nation-building but also as an agent of change with the
enhancement of thinking skills through values-based education [4], project/problem-based
learning [5] and inculcation of essential skills for global citizen irrespective of their ethnic groups,
nationality, socio-economic status and living environment or locality.



Over the past decade, the definition of learning space has become broader with the
emergence of digital and non-digital learning tools. Studies were conducted by a group of
researchers on how sustainable living could be promoted through the development of blended-
mode platforms that focus on three essential skills, i.e., thinking, technology and life skills with
sharing of resources in easily accessed e-platforms for cross-cultural learning opportunities [6].
The development of life skills that include entrepreneurial, survival and work skills was also made
possible in the advent of the digital era with the accessibility of blended-mode platforms and
digital tools. Research on an international benchmarking study such as PISA 2009 involving New
Zealand and Malaysia [7] also shed some light on the importance to integrate transdisciplinary
studies such as ‘Science, Technology, Reading, Engineering, Arts, Mathematics’ (STREAM)
education to promote quality education in line with SDG No. 4.

1.2.2. Values-based Sustainable Education (VaBSE) and Global Citizenship Education
(GCED) that Enhance Students’ Motivation to Master Essential Skills

In developing countries such as in the South Asia region, there are three main roles of basic
education, i.e., to drive economic growth, lessen poverty and minimize inequality. Hence, in order
for all global citizens to have a good quality of life, education is an essential need [8] along with
other basic needs such as air and water. Realizing such crucial needs in human’s life, the Human
Values-based Water, Sanitation and Hygiene Education (HVWSHE) was initiated by SEAMEO
in collaboration with UN-HABITAT [9] to promote values-based sustainable education through
teaching and learning activities related to water education.

Since then, regional and national ‘Training of Trainers’ events for HVWSHE with
subsequent Research and Development (R&D) activities were conducted and such initiatives were
echoed by practitioners through cycles of reflective practices to implement teaching and learning
activities in the classroom and school levels [10]. It is hoped that through these activities, learners
were instilled with attitude, behaviours, and values with innovation as well as the commitment to
human rights, peace and sustainable development that support responsible global citizenship in
line with the aspirations of Global Citizenship Education (GCED) [11].

To reduce inequality in education, students of both genders in all localities, whether in
urban or rural areas should be motivated to participate in various student-centred learning
programmes incorporating essential skills in basic education to achieve their life goals.
Psychologists believe that a student’s motivation to learn is influenced by a number of
values/beliefs, interests and attitudes that can be positive or negative in their effects. Highly
positively motivated students would believe that the task is of value (value beliefs), also with high
expectations that they would achieve success (expectancy and self-efficacy beliefs) [12].

1.3. Problem Statement and Rationale

Over the past few decades, there were various arguments about the types and effectiveness
of basic education programmes globally in the population scattering around the far-flung region
of each continent. For example, it was found that project-based interventions are generally not
sustainable. Whereas suggestion was made that effective, country-led approaches with system-
wide support for basic education reform could result in more transformative change. Apart from
considering the aspects of accessibility, efficiency, equity and quality of education, there are four
main areas to be considered by Ministries of Education. These include: (1) the management of the
institution and human resource development database (e.g., with data on deployment, experience,
qualification and record of teacher’s professional development); (2) budging/fiscal management
systems that include operational, policy and strategic planning; (3) evaluation and research
activities that are able to analyse the priorities and success in education with availability of system
monitoring including an accurate and robust Education Management Information System (EMIS)



(e.g., with statistics on schools, teachers and students with their learning performance); (4)
Communications systems that include ICT infrastructure [3].

Disparity and inequality continue to be topics of discussion over the past few decades.
Studies showed that at the primary level, most of the Western Asia and African countries still had
37% of disparity with female schooling age children from the poorest families were among the
highest groups who did not enter a classroom. Other limiting factors that exclude children from
basic education opportunities included disability, displacement of refugees, ethnicity, language,
rural living areas to name a few as reported in UNESCO 2016a [13]. What’s more with the rapid
development of Information and Communication Technology that is only available in certain
communities but not for others. With the interruptions of various unprecedented events such as
the impact of natural disasters [13] and the outbreak of pandemic that needs the attention of human
and financial resources in all affected countries, the penetration rate of basic education
incorporating technology-enhanced learning is also questionable.

In fact, the efforts made to enhance essential skills in basic education should start from the
early years to prevent potential dropouts from the educational systems. Studies also showed that
the inclination of secondary school learners’ interests to pursue further education, as well as their
aspirations in their career choice, had been very much dependent on the opportunities given in
education as reported by Zainal et al. [14]. However, studies, as reported in UNESCO 2016b [15],
revealed that there was a slowing of universal enrolment with the last 9% of out-of-school primary
children were still being denied of their basic human right to education, hence greatly limiting
their future opportunities.

Various global efforts were made to set plans with the allocation of resources to eliminate
the disparities in basic education. An example is The World Inequality Database on Education
(WIDE) which helped to identify marginalised and vulnerable groups from each country which
was published by the Global Education Monitoring Report [16]. In addition, continuing
tracking/monitoring and sharing of exemplary practices could also shed some light towards
enhancing essential skills in basic education for a sustainable future.

1.4. Aim and Research Question
The ultimate aim of this article is to analyze the historical revolution of implementation of
basic education for the past 2 decades, examine effective strategies that bridge the digital divide
and showcase exemplary practices involving countries with potential local wisdom.
The research questions that underpinned this study were:
(1) How was basic education being implemented as a system-wide approach over the past 3
decades?
(2) What are the effective strategies for the implementation of basic education for a sustainable
future?
(3) Are there exemplary practices that could showcase the integration of local wisdom in the
educational system of the countries?

2 Method

This article reports on the authors’ experiences in enhancing essential skills of Basic
Education among the youths in the SEAMEO region through various national and international
programmes over the past few decades. ‘Mixed-method design matrix’ is used involving
systematic review, analysis on governmental official documents as well as case analysis through
‘Dominant model in qualitative research’ [17][18]. Using ‘Type 4’ multiple-case design, mixed-
mode of data analysis with embedded multiple units of analysis [19] of data collected from
interviews, observation and documentary analysis were implemented. This paper examines how



basic education was implemented the essential elements of effective implementation strategies as
well as exemplary cases that fulfilled SDGs.

A systematic review [20][21] was first conducted by selecting literature through
numerous databases involving evaluation/synthesis of all available evidence. Whereas a case
study is a variation of an ethnography in that the researcher provides an in-depth exploration of a
bounded system (e.g., an activity, an event, a process or an individual) based on extensive data
collection [22][23]. Web-based service providers and search engines e.g., Research Gate, Google
Scholar and Scopus were also used including various studies published in indexed/peer-reviewed
e-journals, e-books/online databases such as the International Journal of Computer Applications
(IJICA); LearnTechLib; Open Praxis; to name a few. between 2000 to 2019. These include topics
or keywords i.e., ‘Basic Education, project-based activities, programme-based learning,
transdisciplinary studies, STEM, congress, scientific/technology investigative projects, robotics’,
to name a few.

The papers being selected through systematic review were scrutinized and summarized in tables
using mixed-mode of qualitative/quantitative research methods on the content that were in line
with the Research Questions. Tables were also used to summarize the analysis of findings from
‘Cross Case Analysis’ (CCA) that looks for essential elements between the category
characteristics or common patterns to use integration mechanisms [24] and Within-Case Analysis
(WCA) that elaborates/examines each particular case independently [25]. In this research, the
essential skills in basic education are examined through CCA with its implementation of
national/international programmes being traced over the past few decades. Whereas selected
country-based cases are exemplified through WCA with a critical review or in-depth elaboration
of the revolution of basic education reform in terms of policy or planning of the implementation
of wide-scale or system-wide programmes that enhance essential skills in basic education

[11[21(3].
3 Result and Discussion

This section provides in-depth discussions with the illustration of cases in response to
Research Questions (RQ) 1 to 3.

3.1. Implementation of Basic Education as System-Wide Approach in Chronological Order

Since 1997, the SEAMEO Regional Centre for Education in Science and Mathematics
(RECSAM) implemented the ‘Search for SEAMEO Young Scientists’ regional programme
involving secondary school students in 10 SEAMEO member countries as a system-wide
approach to introduce basic education. The Centre also worked closely with a local partner
Universiti Sains Malaysia (USM) in which the second co-author was the Director of Basic
Education Research Unit (BERU) that also promoted project-based programmes, one of which is
‘School Industry Programme Initiative’ (SIPI). In the advent digital era, ICT integration was
introduced as the whole of system communication and official websites were set up to promote e-
learning and blended learning to reach out to a wider audience in the SEAMEO region and beyond.
Among the portals developed included the ‘Southeast Asia Regional Capacity-Enhancement Hub’
(SEARCH) [26] in the first 12 years’ period from 1997 to 2008 as well as ‘Learning Science and
Mathematics Together’ in a Borderless World [LeSMaT(Borderless)] [21] starting 2015.

The following Table 1 summarizes cross-case analysis on the system-wide programme-based
learning related to basic education implementation from 1997 to 2008, and 2009 to 2020
respectively.



Table 1. Cross-Case Analysis on Implementation of Basic Education in System-Wide Programme-based Learning in
Chronological Order

12-Years’ period 1997 to 2008 2009 to 2020
(Institution based) | Regional Centre University-based Regional Centre University-linked
System-wide “‘Search for ‘School Industry SSYS; and UMS Special Fund
programme- SEAMEO Programme ‘Learning Research Grant
based Young Initiative’ Science and | Scheme: STEM
management Scientists’ (SIPI)(till 2000), Mathematics’ ina | Modules for Rural
(SSYS) regional Basic Education Border-less Primary Schools; and
programme Research Unit World’ ‘Robotics Competition-
(BERU) [LeSMaT based Learning’
(Borderless)] (R-CBL)
Target group Secondary School teachers and School teachers | Primary school
(human resource | School teachers students in and students in teachers and pupils at
development) and students in underpriviledged 11 countries rural schools in Sabah

10 countries

areas locally

and schools interested
in the robotics

competition
Policy/ strategic/ | Five-year (1) BERU, USM | Five-year Two-year research
operational development collaborating ~ with | development and | project under UMS
planning and strategic | (2) Human Resource | strategic  plans | Special Fund Research
plans were | Division of Penang | were prepared for | Grant Scheme
prepared for | State Government; | each phase of | (SDK0026-2018),
each phase of | (3) Penang | R&D activities | Two- year robotics
R&D activities | Education involving SSYS | research project under
involving  the | Department; (4) Free | and LeSMaT | the collaboration of
SSYS regional | Trade International | regional primary schools,
programme. Industrial programmes. secondary schools and
Cooperation. UTeM in the
International Robotics
Competition.[44][45]
System An evaluation of | The organisation of | An online | Integration of 5E
monitoring, scientific activities such as | learmming hub in | (Engagement,
evaluation and | creativity and | carnival, workshop, | SEARCH for | Exploration,
research problem-solving | camp, etc. .to | youth science and | Explanation,
behaviours  of | monitor, evaluate | mathematics Elaboration,
SSYS and conduct R&D | researchers [26] | Evaluation)
delegates  was | activities. as well as other | instructional model in
made [27] hyperlinks enhancing rural
websites and e- | primary and secondary
forums. school students’
knowledge and
attitudes towards
learning STEM [46]
The whole of | SSYS website | Setting up of e- | Website and | STEM integrated
system hyperlinked to | learning website for | social learning | teaching and learning
communication SEARCH [26] | schools platforms for | modules using
including  ICT | portal LeSMaT Robotics as a tool [47]
infrastructure (Borderless) [21]




3.2. Effective Strategies to Enhance Essential Skills in Basic Education in Line with
Sustainable Development Goals (SDGs)

Section 3.1 elaborated on how basic education was implemented as a system-wide approach
chronologically within 12 years’ periods from 1997 to 2008 and 2009 to 2020 respectively. The
section will illustrate how effective strategies were implemented to enhance essential skills in
basic education in line with Sustainable Development Goals (SDGs). Apart from the SIPI
programme that was implemented by BERU aiming to promote the values-based initiative for
deprived schools mainly for industry-technology driven activities towards the advanced country
in the first 12 years’ period, the modular approach to teach STEM also aimed at enhancing literacy
and local wisdom of primary learners in rural schools using various low-cost teaching aids as the
most recently introduced university-linked system-wide programme.

In the advent of the digital era, the blended-mode activities were also conducted aiming at
enhancing essential skills. A blended-mode robotics competition was also conducted in 2020 using
a virtual platform due to a pandemic that caused the inability to conduct this event that was used
to be an on-site event.

The following Table 2 summarizes a cross-case analysis on efforts made by regional centres
and universities to incorporate strategies for enhancing essential skills in basic education that are
in line with Sustainable Development Goals (SDGs).

Table 2. Cross-Case Analysis on Strategies to Enhance Essential Skills in Basic Education in Line with SDGs following

Chronological Order
12-Years’ 1997 to 2008 2009 to 2020
period (Strategies) Regional Centre University-based Regional Centre University-linked

‘Search for SEAMEO ‘School Industry ‘Learning Science and | STEM-Module for Rural
System-wide Young Scientists’ Partnership Mathematics® in  a | Primary School; and
project-based (SSYS) regional Initiative’ Border-less World’ ‘Robotics  Competition-
programme programme (SIPI), Basic [LeSMaT (Borderless)] based Learning’
Education Research (R-CBL)
Unit (BERU)
Thinking  skills Thinking Modular Thinking (e.g., Decision | Higher Order Thinking
enhancement (Mathematics and approach to enhance making) skills Skills (HOTs)  and
Science learning) thinking (scientific Computational Thinking
skills thinking/ PBL) skills Skills
Technology Web-based learning in| Computer literacy e- | Study skills for Openand | STEM integrated
skills integration | a blended-mode| learning skills with | Distant Learning teaching and learning at
platform handphones  being rural primary and
sponsored secondary schools
Life skills | Life (e.g., | Life (especially | Life (e.g., learning/ | Contextual based
inculcation participation in Co- | workplace writing/ publishing) | teaching and learning at
curriculum) skills communication) skills rural primary and

skill using English
language facilitated

secondary schools

by factory (industrial

partner).
Values-based Water and Values | Values-based VaBSE [28] as subtheme | Contextual based
Sustainable Education (WAVE) | initiative for | in  Edmodo  social | teaching and learing at
Education or HVWSHE [9] deprived schools | learning rural primary and
(VaBSE) mainly for industry- secondary schools

technology  driven

activities towards an

advanced country
Global Human rights | Human rights | Human rights awareness | Human rights awareness
Citizenship awareness is | awareness including | is incorporated  in | is incorporated in
Education incorporated in the | access and equity in | modules modules
(GCED) WAVE module education




3.3. Exemplary Practices that Showcase Integration of Local Wisdom in the Respective
Educational System

Analysis of historical development of institutions revealed that the types of project-based
programmes were revolved from purely on-site during the conduct of events [e.g., ‘Search for
SEAMEO Young Scientists’ (SSYS) regional congress] to blended-mode integrating technology-
enhanced learning digital tools and e-platforms [e.g., ‘Learning Science and Mathematics
Together’ in a borderless world or LeSMaT(Borderless)]. This is reflected in Table 3 that
summarizes a within-case analysis on exemplary practices in the selected system-wide
programme(s) implemented by the Regional Centre and university. Subsequently, elaboration will
be made on four case exemplars related to the integration of local wisdom in project-based
activities (PBA) presented by SSYS delegates from Cambodia and Malaysia.

Table 3. Within-Case Analysis on Exemplary Practices in Selected System-Wide Programme(s) following Chronological

Order
Case/ Strategies/Approaches Essential Skills Enhancement
Exemplar Local wisdom PBL/VaBSE Thinking Technology Life
SSYS system- | Identification A composite Scientific thinking Application of | Communication skills in
wide  project- pf NaHSO; testing | organic filterto | skills in | science concepts | documenting  experimental
based on bean [29], combat water experimentation and | (e.g., Chemistry, | results, preparing research
programme Penang Nutmeg | pollution [32]in | investigation. Biology) in daily | reports, disseminating
(Selected project [30] and | SSYS 2006 [33] | Higher-order (critical/ | life (agriculture, | findings, etc. [36] as part of
projects  from Prawn pond creative) thinking [34] | combating public science education [37]
Cambodia and sludge as an pollution, etc.)
Malaysia) organic fertilizer [35]
[31]
SIPI system- | Human resource Project-based Scientific and Basic computer Life (work/ communication)
wide support to learning module | problem-solving skills literacy with skills among students of low
programme enhance local incorporating during project-based hands-on e- socio-economic status (SES)
wisdom from values [34] learning learning
industries

LeSMaT Learning output | Learners’ output | Scientific, higher-ordey Application of | Communication skills in
(Borderless) reflecting local | integrating and  problem-solving science concepts | documenting experimental
system-wide wisdom (e.g., | Values-based skills during project{ (e.g., Biology, | results, preparing research
programme ASEAN Sustainable based activities (PBA) Health  Science) | reports, disseminating
(Indonesia & | landmark using | Education and problem-based using Augmented | findings, publishing, etc.
Malaysian) AR tools by | (VaBSE) in | learning (PBL) Reality (AR) tools

Indonesian LearnT-

delegate [38] SMAIET [39]
STEM module | Optimization of | Contextual Higher Order | Blended-mode Communication  skills in
for primary and | locally available | based teaching | Thinking Skills | and fully documenting experimental
secondary teaching and learning at | (HOTs) online results, preparing research
schools  using | materials  for | rural  primary during pandemic reports, disseminating
‘Robotics teaching and | schools findings, publishing, etc
Competition- learning to
based Learning’ | promote
(R-CBL) integrated
(Malaysian) STEM

curriculum

SEAMEO ministries of education have set long term plans for basic education quality
improvements’ programmes since the inception of SEAMEO in 1965. Like many other countries,
the Ministry of Education, Youth and Sport in Cambodia identified strategies to improve the
quality and efficiency of education for all school-age children. For example, the Education




Strategic Plan 2014-18 focuses on strengthening the quality of and access to a comprehensive
nine-year program of basic education involving an effective quality framework, Child-Friendly
Schools approach with a protective learning environment, curriculum reform, improved teaching
practices as well as learning assessment system that linked to curriculum standards and various
teacher development programmes [40]. The country’s participation in student-centred learning
programmes with the presentation in events such as SSYS regional congress also started since the
first SSYS that was conducted in 1997. An exemplary students’ investigative project that
showcases the application of local wisdom can be seen in the output of the project team led by
Chroeng and Hean [29]. Students used their own wisdom to apply what they learnt in Chemistry
to identify the harmful effect on human health by Sodium Bisulfite (NaHSO3) that was used as a
chemical substance to make agricultural products such as vegetables fresher. They understood that
when sodium bisulfite is added to vegetables, it will become white colour and causes an
unfavourable effect on human health if the vegetable is consumed. This is because sodium bisulfite
has the potential of a violent exothermic reaction, for example, if mixed with acid, sulfur dioxide
is liberated with an increased pH. If mixed with strong oxidizing agents upon reaction with other
agents, it could yield sodium sulphate as a moderately strong reducing agent. This Cambodian
project team presented the findings from their experimental findings on how NaHSO; was
identified through testing on the bean as an example of a vegetable.

The second case exemplar is the Malaysian students’ project entitled ‘The experiment of
Penang nutmeg: It’s growth and conditions’ by Wong and Chew [30] in which the second co-
author was also one of the project advisors. The project team members were aware that the
planting or farming industry of nutmeg (which was a precious local agricultural product before)
was diminishing with a lot of old trees were replaced by other agricultural products suitable for a
tropical climate such as durian. Using their wisdom they explored the scenario and set their top
prioritized research question that guided their investigation as ‘Why not planting nutmeg this but
shifting crops to durian planting instead? Among their R&D activities included providing
background information; conducting surveys among farmers and consumers to assist in the
understanding of causes or factors contributing to the decline of farmer’s interest to cultivate
nutmeg; creating awareness on the possibility of extinction of this economic activity and
proposing solutions to reverse the decline. The project team conducted an experiment to explore
if the growing of nutmeg seedlings can be done with different success rates in numerous types of
soil conditions. Their experiment also observed and discovered diseases that affected the growth
during the stage of seedlings that were divided into two trays with a recording of their growth. A
field study was conducted to record the growth stages of nutmeg trees post in stages of about 6 to
8 weeks. Farmers with local wisdom and futuristic thinking were interviewed. The findings
revealed that the farmers justified that nutmeg planting had not been productive with low
economic value and was replaced by planting durian that needs 20 to 30 years to grow but with
more economic values in the long run. The project team also conducted data gathering and
documentation of information on the average produce per year, the duration of planting and stages
of growth before the first harvest. The project team also identified the Cambial rot problem faced
by the farmers by recording their successful efforts to surgically remove the Cambial rot with
treatment using fungicide that contains Captafol.

The next two case exemplars related to organic products and environmental conservation
are the Malaysian students’ projects entitled ‘Prawn pond sludge as an organic fertilizer: Phase II’



by Larry Ellee [31] as well as ‘A composite organic filter to combat water pollution’ by
Muhammad Arif and Muhammad Mursyid [32] respectively. The former project [31] explored the
use of pond sludge as a safe organic fertilizer to replace chicken manure for the types of vegetables
studied involving local wisdom of the prawn farming industry to grow three-leaf vegetables
(Brassica sp.) and tomato (Lycopersicum esculentum) with proper measures adhered to. For
example, the prawn pond sludge contains Nitrogen (1.1%) and Phosphorus (0.7%) for plant
growth. Heavy metals (Copper [Cu], Zinc [Zn], Cadmium [Cd], Lead [Pb], Nickel [Ni],
Chromium [Cr]) concentrations of sludge did not exceed the Malaysian Department of
Environment (DOE) and European Legislation of maximum permissible level. The concentrations
of heavy metals (Cu, Zn, Cd, Pb) in all vegetables did not exceed the maximum permissible level
of the Malaysian Food Act.

The organic filter designed by Muhammad Arif and Muhammad Mursyid [32] also
complied with the requirements of Malaysian DOE such as suspended solids (SS) and turbidity
that were below 40 ppm after the sewage was treated using the composite organic filter they
invented. The project team members applied their local wisdom by using economical and plentiful
waste materials such as coconut husk fibre, hair and rice husk to build a composite organic
adsorbent as well as individual adsorbent that were tested and successfully implemented to combat
river pollution by treating wastewater containing grease and oil. Four columns, each containing a
different organic filter, were used. The analysis revealed that the percentage of oil adsorbed by
coconut husk fibre, hair, rice husks, and the composite adsorbent were found to be 90%, 80%,
90% and 90% respectively.

The last case exemplar is the implementation of an integrated STEM curriculum through
Robotics Competition-based Learning (R-CBL). The objective of this project is to enhance
students’ learning in STEM subjects and to embed their interests towards STEM [48]. This newly
enhanced project was introduced to the primary schools and secondary school educators through
the Integrated Robotics STEM Module, as an emerging learning platform to enable students to
cope with skills that are essential for success in the 21st century. This project can strengthen the
21st century problem-solving and social skills that are critical for success in further studies and
future careers including creative and critical thinking, collaborative teamwork skills, interpersonal
communication, and problem-solving [49]. There is a total of 8 robotics projects designed in the
Integrated Robotics STEM Module. The effectiveness of this module was evaluated using the
Robotics Competition-based Learning (R-CBL) framework, which was carried out in the year
2018 and 2019, in the International Robot Olympics Malaysia. During the competition, the
educators have focused on the integration of 21st-century competencies in the subject in the scope
where robots are deployed on their students [44][50]. The R-CBL is aligned with the STEM
integration and the idea of inter-disciplines, which cultivate the higher-order thinking skills while
enhancing the students’ interest in STEM subjects. As the result, the students who were
participated in this project demonstrated their creativity, design ideas and develop problem-
solving skills through challenging and educational robotics competitions, such as Robot SUMO,
Robot Cleaner, Robot Archer, Robot Racer and Robot Bowler [44][45].

4 Conclusion

4.1 Summary and Implications



This study was able to illustrate the practical significance of all co-authors who are the
practitioners organizing the events as reported with research findings as analysed that are worth
pondering for them to continue the efforts to organize project-based programmes with the
development of basic education based on local wisdom. Most of the output was in line with all the
Sustainable Development Goals (SDGs) especially No. 4 (Quality Education), No. 5 (Gender
Equality), No. 11 (Sustainable Cities and Communities) and No. 17 (Partnerships for the Goals).
The global developmental priority to educate girls with transformative effects can be reflected in
case exemplar No. 2 which was elaborated earlier in which the SSYS project team members
consisted of female students’ experimentation of the growth and conditions of Penang nutmeg. In
fact, many investigative projects presented in SSY'S regional congresses were developed based on
the local wisdom of the project team members or delegates, many of whom involving female
students but not elaborated in this study. The implication of Gender Equality is not just for
economic or social aspects, literature also revealed that there were lower rates of infant mortality
and malnutrition in countries with more gender-equitable education. [41] While it is vital that
countries make additional and special initiative targetting education for female students, these
efforts will only work in the context of a wider focus based on universal basic education for all
children to reduce the gap of education for students of all gender and locality, i.e., urban and rural
areas. [15]

A number of strategies were identified in the educational institutions as an alternative to
address the challenges to quality basic education, among which the conversion of delivery mode
from fully on-site or face-to-face into blended-mode that involve both on-site and online has been
a pertinent approach in the digital era especially during the recent outbreak of a pandemic. All
countries globally are encouraged to ensure at least nine years of compulsory education as part of
their provision of 12 years of free, publicly funded equitable quality education under the UNESCO
2030 Education Framework for Action [15].

Since project-based programmes incorporating basic education curriculum and local
wisdom were proven to be effective with evidence-based findings as reported in this study, an
implication that could be pondered is to consider flexible and complementary quality strategies to
be pursued. Perhaps some provision of new instructional materials accessible to all families of
school-going children should be made more widely accessible with guidance and monitoring from
experts. The roles of supervision of learners’ output should also be redefined with remedial
activities in all years to assist weak learners who are unable to cope with the entire curriculum.

4.2 Limitations and Suggestions for Future Studies

This article reports part of the ongoing study to explore how essential skills in basic
education could be enhanced and evaluated through innovative pedagogical approaches
incorporated in e.g., technology-enhanced project-based programmes sustainably without being
affected by any unforeseen circumstances such as the outbreak of pandemic with implications on
Human Resource Development (HRD) in line with SDGs that are worth pondering. Due to the
various programmes being elaborated in this paper were initiated at different points of time as the
main constraints faced in terms of time and resources available, only selected cases were reported
through cross-case analysis, within-case and exemplary case analysis. In addition, some of the



activities were conducted during 2020 when all the countries were facing the constraints of being
unable to conduct on-site events due to pandemic.

But one lesson learnt from this study is that even robotics competition could also be
conducted online, this raises the question of ‘should basic education be implemented also based
on local wisdom in collaboration with industrial partners to promote work or study from home’?
In fact, all the lessons learnt from various case analyses as reported in this study should be
pondered into for more future research to be conducted to ensure that students acquire values and
skills with meaningful lifelong learning outcomes that assist them in playing a positive role within
their own societies, coping with rapidly changing world as well as contributing to the development
and the growth of the economy in their countries. Ensuring inclusive and quality education is also
the focus of Sustainable Development Goal 4 (SDG 4) [1]. Hence future research should be more
focused on SDG4-Education 2030 that is focused on lifelong learning approaches with efforts to
increase and expand access, equity, inclusion as well as outcomes and quality of learning at all
levels [15].

Since Human Resource Development (HRD) is very much dependent upon the number and
types of citizens who received a basic education and specialized training, efforts to promote their
creative ability should be continued ongoingly through values-based technology-enhanced
blended-mode programmes that introduce transdisciplinary science education [42] including
aspects such as ‘Science, Technology, Reading, Engineering, Arts, Mathematics’ (STREAM).
More efforts should also be made to ensure quality in basic education that include aspects i.e., (1)
Child-centred pedagogy with active teaching and learning processes; (3) Curriculum content that
is appropriate and relevant to the present and future lives of learners; (4) Learning environments
that are supportive, child friendly and of quality; (4) Precise assessment on the quality outcome
of learning to inform practice, to obtain an understanding of successes that meet established
learning standards as well as challenges faced at the individual, educational settings and national
levels; and (5) Quality learners who are healthy and ready-to-learn. [41][43].
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