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Abstract: Surfing the Fourth Industrial Revolution is an elegant way to bridging human
and machine intelligence through learning systems that support creativity and innovation
among students. The students with science, technology, engineering and mathematics
(STEM) skills can develop required advance systems by bringing together artificial
intelligence and everything in the digital economy. Hence, by actively doing STEM
activities, students can explore the extent of their creative and analytical thinking through
multimedia as example using Google Classroom. By applying the Social Constructivism
Theory as proposed by Vygotsky and Bronfenbrenner’s Cultural-Ecological Transactional
Theory in the education framework, this study aims to discover the implementation of
STEM activities and its effect on students’ academic resilience. The data is collected from
a group of experts using the fuzzy Delphi technique for the usability of the module that
implements STEM activities. It is found that academic resilience can widen the inner
strength of the students from four aspects which are social support, social skills, planning
priority behaviours and goal efficiencies. In conclusion, by conceptualising digital learning
in implementing STEM activities can produce quality students who can compete globally
and mastering technological developments.
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INTRODUCTION

As we enter the 4th Industrial Revolution, the conversation about the future
of Science, Technology, Engineering and mathematics (STEM) education
must centre around both what we teach and how we teach it. The 4th Industrial
Revolution represents a non-linear break with previous economic orders.
Beginning with earlier Industrial Revolutions based on advances in steam-
powered transportation and mechanical production (late 18th century), standardised
electrically powered mass production (late 19th century), and the computer
revolution (late 20th century), then continue by the 4th Industrial Revolution
which is the integration of digital, physical, and biological systems (Schwab,
2017). Further, these technologically driven shifts have the potential to further
drive economic inequality, and to concentrate wealth and power amongst a small
set of companies and individuals as well as policymakers worldwide that focusing
on increasing the number of diversity of STEM students. So how can we better
apply a technological change lens to understand the future of STEM education as
an industry?

Therefore, we should expand the scope of STEM education, to ensure that students
learn to evaluate and respond to the social, economic and political consequences
of their work. By actively doing STEM activities using the module, students can
explore the extent of their creative and analytical thinking through multimedia
as example using Google Classroom. In addition, all STEM activities encourage
students to bring out their hidden artistic selves, and express themselves in ways,
they had never been able do before. However, we need to start seeing computer
screens not simply as information machines, but also as a new medium for creative
design and expression. The more student learn about the abilities of technology,
the more creative they become.

Furthermore, all the STEM activities that being integrated with arts disciplines
provide the innovation, entrepreneurial attitude, emotional and social intelligence
required for widen the inner strength of four aspects on student’s academic
resilience. It is similarly emphasising the importance of developing non-cognitive
skills in students: skills like perseverance, conscientiousness, team working
and interpersonal skills by using the four aspects that we focusing on academic
resilience which are social skills, social support, goal efficiencies and planning
priority behaviours. All these are needed to enhance academic resilience among
STEM students.

This paper will cover all STEM activities that are in line with the needs of the
industrial revolution and thus form a resilient student. Resilience is needed in
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society so that they can face the changing environment in mastering technological
developments and have a high degree of competitiveness and thus able to compete
globally to face the industrial revolution.

LITERATURE REVIEW

Resiliency is not only the ability to survive in difficulty, but also as a therapy. Thus,
resilience is a multidimensional construct that can optimise one’s function and is
the basic concept for positive psychology (Seligman & Csikszentmihalyi, 2000,
p. 55). According to Reivich and Shatté (2002), resilience is the ability to provide
productive feedback when facing obstacles or trauma. Hashim, Ahmad and Yusof
(2014) stated that resiliency is a source of strength to face the challenges of life and
ability to adapt the stresses either internally or externally. By doing STEM activities,
their academic resilience will increase when they survive in any situation and faced
with adversity or challenges experienced in learning has led to the key to success,
excellence and satisfaction of learning. It is found that the crucial thing about this
review is to revise whether the four aspects including social skills, social support,
goal efficiencies and planning priority behaviours can drive the whole direction of
STEM education to fulfil academic resilience contexts. Many of STEM students
are found to be lacking in creativity, communications skills, analytical and critical
thinking, and problem-solving skills (Teo & Wong, 2000; Tan, 2000). So-called
soft skills such as: judgement, empathy, persuasion, the ability to collaborate and
communicate, and be flexible, adaptable and resilience are just a few of the skills
that machines are unable to replicate (Letellier, 2018).

Fortunately, the seeds of this educational revolution are already sprouting. As
example, Stanford University develop an entirely new curriculum that gives the
next generation of technologists, engineers, scientist and mathematicians with its
deep links to the tech industry with Program in Technology and Humanity. This
is a good first step, but much more must be done (Baker, 2018). All these early
initiatives can gain a deeper understanding of STEM students how technology
affects humanity. Which STEM skills will be the most critical for humans to have
in the future?

Since the STEM idea was first introduced in the United States in the early 90’s,
one of the ideal STEM goals was to train students to collaborate and communicate
in carrying out learning activities (Bunyamin, 2016). By applying the Social
Constructivism Theory as proposed by Vygotsky (1978), student practicing
communication skills (social skills) will get better at asking for help and expressing
what they need, and over time they will develop the skills and confidence to tell
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the others more clearly what they have learned in class or while doing their STEM
activities. Indeed, Vygotsky posited that knowledge can be constructed through
social interactions (Fung, 2017). Healthy communication is vital to thriving
workplace communities, and it’s essential for effective collaborative classrooms as
well. In STEM education, empathetic communication is a fundamental ingredient
for success. Whether teacher or student must be able to take highly technical
knowledge and describe it in a clear and simple way for others. If students learn
to express ideas in a persuasive way and respond gracefully to reactions to their
opinions, they’ll be able to promote innovation and social change through fields
that they learned. Teacher may not be able to see the outcomes of bolstering
students' communication right away, but the transfer to real-world situations will
one day be undeniable.

To study a student’s academic resilience then, we must look not only at the
student and their immediate environment, but also at the interaction of the larger
environment as well. Social support is another important factor that have been
implemented in a variety of STEM education to help promote greater engagement
of student in STEM education (Rosenthal, London, Levy, Lobel, & Herrera-
Alcazar, 2011). As Bronfenbrenner (1979) points out about Cultural-Ecological
Transactional Theory that looks at a student’s development within the context of
the system of relationships that form his or her environment. Community benefits
because they are an important part of curriculum support as they bring in their
expertise to drive student innovation and curiosity about real-world situations
regarding STEM education. Findings that tested participants in four adolescent
school settings by University of Alabama in year 2012, suggest that students who
perceive greater social support for math and science from parents, teachers, and
friends have more positive attitudes toward math and science and a higher sense
of their own competence in these subjects (Rice, Barth, Guadagno, Smith, &
McCallum, 2013).

Another perspective that influence student’s academic resilience is all about
goal efficiencies and how it is managed. Each student are born with their own
leadership powers and as they grow up some of them keep their talent active while
others unconsciously keep it dormant (Mestre, 2008). The goals efficiencies in
STEM education plan will support building and maintaining the STEM pipeline,
reducing the number of STEM professionals who choose to leave this field and
keeping competitive with industry and other countries also seeking STEM talent.
This proven by neuroscience research and hence, all teachers and parents need
to realize this potential and try to make them become great and revolutionary
creativity in many ways (Akyeampong, 2018). In this study, google classroom is
used as technological tools that help enhance student’s leadership when students are
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responsible in determining team goals in each STEM activity as well as reporting
them through their respective websites and sharing the experiences they have
shared with other friends that can be of great help to teachers in this endeavour.
Well, in this modern era of technology, the solution becomes very simple, to utilise
technology to keep student’s character intact and flowing.

To deliverthe STEM education aspirations as outlined in the related policy, Ministry
of Education (MOE) together with Ministry of Science, Technology and Innovation
(MOSTI) and Ministry of Higher Education (MOHE) are currently developing a
National STEM action plan which involves all government agencies in Malaysia
and in collaboration with private sectors (Mohd Shahali, Ismail, & Halim, 2017).
Thus, a strong planning in STEM education is becoming increasingly recognized
as a key driver of opportunity, and data show the need for STEM knowledge and
skills will grow and continue into the future (Ministry of Education [MOE], 2013).
Those graduates who have practical and relevant this skill precepts embedded
into their educational experiences will be in high demand in all job sectors. It
is estimated that the New Economic Model (NEM) aims to create 1.3 million
jobs in STEM discipline in various sectors by 2020 for our country, enabling
infrastructure and supporting the development of industrial clusters (MOE, 2013).
Specifically from all literature review above, an analytical look at the concept of
academic resilience in STEM education was still lack so this study can prove that
these four elements; social skills, social support, goal efficiencies and planning
priority behaviours are able to enhance students' academic resilience which is very
important in the industrial revolution.

METHODOLOGY

A module is developed to discover the implementation of STEM activities and its
effect on students’ academic resilience. A module is a set of studies or programs
which have been systematically planned and organised to achieve a number of
objectives. The purposes of a module are to identify clearer objectives of the
teachings and to arrange activities more systematically (Russell, 1973; Mohd
Noah & Ahmad, 2005). Module design is not only for inside classroom learning
process, but also for activities outside the classroom (McArdle, 2007). A module
can be developed by using two approaches. First, the module development can be
based on the study of certain theories, models, literature or the consensus of the
experts. Second, the module development can be adapted from the other existing
modules or models to suit the needs of the study (Milano & Ullius, 1998; Richey
& Klein, 2007).
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Development research involves along this development of module consist of
several phases and steps. Development of the module engaged with certain models
of module development that suit the module objective. An appropriate model of
this study is the adaption of ADDIE Module Development Model. The ADDIE
model is chosen because the model is the most frequently used for teaching module
design, furthermore its sequence of systematic teaching design processes and is the
basis of other design models (Ali, Ibrahim, Abdullah, Surif, Abdul Talib, & Saim,
2015).

Based on the model, the module development in this study can be segregated into
five phases:

First Phase: Analyse System Requirements (Literature analysis and needs
analysis)

Second Phase: Define Education Training (Design of the module)
Third Phase: Define Course Objectives and Tests (Pilot study)

Fourth Phase: Plan, Develop, and Validate Instruction (Development of the
module)

Fifth Phase: Conduct and Evaluation (Evaluation of the module)

This research used content analysis and quantitative method. These methods were
used in order to identify whether the STEM activities that contains in the module is
necessary in fostering student’s academic resilience. Content analysis method was
implemented to explore the relevant theory and literature regarding the significance
to increase student’s resilience while the quantitative method involved distributing
to determine the views and expert consensus for the usability of the module.

The Fuzzy Delphi Method (FDM) was conducted to get verification from the
experts. Similar to Delphi technique, FDM is a procedure to determine the views
and expert consensus on something (Anderson, 1975; Brown, 1968; Dalkey,
1967). However, FDM application was applied to overcome the weaknesses in
the traditional Delphi technique such as the loss of data due to an iterative process
which usually takes a long time (Mohd Jamil, Siraj, Hussin, Mat Noh, & Sapar,
2014). Moreover, FDM is an approach which can avoid appointing a person who
is not an expert as it needs lesser respondents compared to Delphi technique which
requires large number of respondents (Siraj, 2008).
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Module POYO Development Questionnaires are given to the experts involved
and FDM was conducted to get verification from the experts. This study involved
11 experts which consist of Guidance and Counselling lecturers, Physics experts,
language experts, Module developer, comprising five males and six female
experts currently serving in secondary schools and university. Criteria for sample
selection are based on the skills and knowledge that they have in the own expertise,
specifically for secondary school students. The criteria to become an expert in this
study at least five year experiences regarding to their field. Jones and Twiss (1978)
stated that the number of experts for the application of Fuzzy Delphi Technique is
between 10 to 50 experts. This is also confirmed by Adler and Ziglio (1996) who
claimed that if the agreement and consistency of experts is high, the number of 10
to 15 experts is sufficient.

|| POYO (Proud of Your Own) module design for STEM activities ﬂ

Model ADDIE ¢ Theoretical Framework

- Based on Social Constructivism
Theory by Vygotsky (1978)

- Cultural-Ecological Transactional
Theory by Bronfenbrenner (1979)

Based on ADDIE’s Model (1998)

- Analyze System Requirements

- Define Education Training

- Define Course Objectives and
Tests

- Plan, Develop, and Validate
Instruction Module POYO

- Conduct and Evaluation (Proud of Your Own)

- The main element of

the module

- Content of the module

- Module objective

- STEM activities

- Formative assessment

- Reflecto games

Fun and match games

| POYO Module Development

|

v
| Requirement analysis phase ( SPSS : Data of Scale Protective Factor) ‘

|

v
‘ Phase Design & Module Development (Fuzzy Delphi : 11 experts) ‘

I

A4
| Evaluation phase (Student & teacher interviews) |

:

I Module POYO (Proud of Your Own) I

Figure 1. Conceptual framework of study (Source modified from Richey & Klein, 2007)
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RESULTS

Tables 2 and 3 shows the threshold (dm, n) for each item based on the expertise and
the overall percentage threshold for the consensus group of experts on the usability
of the module that implements STEM activities. Overall, all items agreed upon
by experts based on a percentage of the experts agreed. To ensure the usability
of the module for STEM's education and academic resilience needs, the data of
the findings must comply with the requirements for the established Fuzzy Delphi
(FDM) approach which are:

Triangular Fuzzy Numbers
1. Threshold value (d) <0.2

Condition 1 involves threshold value (d). To measure the expert group
agreement, the resulting threshold (d) value must be smaller or equal to
0.2. In the context of this study, three decimal places are used. So each item
containing threshold value (d) that does not reach value 0.3 and above will
be translated as ACCEPTED based on expert agreement. Determining the
threshold value (d) is based on the following formula:

d(m,m) =/ SLm = mY + (my =} + (m =,

2. Percentage consensus by experts > 75%

Condition 2 involves the percentage of expert group deals. This condition is
based on a traditional Delphi method approach where this percentage value
is determined based on the number of items containing threshold value (d)
which does not reach value 0.3 and above. This means that each item with
a threshold value (d) of equal or less than 0.2 will be ACCEPTED and
converted to a percentage value based on the traditional Delphi method.

In all, Module POYO Development Questionnaires that consist of 12 questions
were successfully returned and validated by all experts. The group consensus was
estimated. The distance between two fuzzy numbers was calculated by measuring
the deviation between the average fuzzy evaluation data and the expert’s evaluation
data. The value of 0.135 is less than the threshold value of 0.2 set by this research
and is thus acceptable for the group consensus. To evaluate the group consensus,
criterion that is used was based on the condition that the group agreement is greater
than 75%. The average of criteria weights is 97%.
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DISCUSSION

As a result of the defuzzification score for each domain item to identify whether
the STEM activities that contains in the module is necessary in fostering student’s
academic resilience appears to be on the value agreed upon by all of them. It is
hereby found all of the items can be used in the process in designing guidelines
on the STEM activities that can widen the inner strength of the students from
four aspects which are social skills, social support, goal efficiencies and planning
priority behaviours and absolutely will increase student’s academic resilience. In
the context of learning through this module, students will be guided to actively
participate in the STEM activities and learning environment. According to the
researcher, when teachers present the STEM activities that integrated with the
tools of technology will drive students to collaborative activities or projects. This
is because, according to Harun and Tasir (2003), the Theory of Constructivism
provides guidance and principles that should be considered when developing a
technology based learning environment.

According to Baker (2018), there are several variables that can influence resilience
among students for example social ability, problem solving skills, independence
or self-reliance and have a distinct and clear goal. Furthermore, the aspects that are
emphasised in social skills are communication skills through STEM activities will
cause effective learning is an interactive process that gives students the opportunity
to interact, mutually support, carry out responsibilities and build self-confidence in
creating universal social development at school (Mohd Dazali & Awang, 2014).
In Nurul Salmi and Mohd Isa (2014) study, we found that there was significant
relationship between communication skills and academic achievement.

STEM students with low resilient levels usually lack social support and are often
subject to emotional changes such as feelings of low self-esteem, quietness,
irritability and low motivation. Poor social support can also complicate the situation
and cause problems (Tan & Sutan, 2013). Good social support quality relationships
will have positive implications for academic achievement (Mohd Salleh, 2003)
as a result of self-esteem received from various parties such as parents, teachers
and friends. Excellent academic achievement is influenced by parental support
for students who are able to educate and shape a good child's personality, thus
reducing disciplinary problems in school.

Besides that, the goal is important in STEM education because it is something
that a student needs to accomplish by implementing certain actions and is very
important to help motivate them in increasing their chances of success. Each
STEM students has a high goal, dreams and ambitions to gain excellence in their
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academics (Kamaruddin & Mohamad Rawan, 2010). Excellent students minimise
the use of time through initial planning and effective action in achieving the desired
goals in achieving learning excellence.

Final aspect is planning priority behaviours which affect by various factors
that influence the behaviour of individual STEM students as an example of
psychodynamic aspects in which the theory involving dynamically determined
through the intrapsychic or internal approaches themselves. In terms of biophysical
aspects, the behaviour is organically derived which is dependent on the individual
physical and determined by external factors. Without effective planning, optimum
results will not be achieved in producing a balanced, physically, emotionally and
intellectually student. In previous studies, students still need the help of teachers in
designing learning strategies in realising the goals they want to achieve.

CONCLUSION

For future studies, all information collected or respondent by students can be used
to improve planning on STEM education that can contribute a high impact on the
education system in line with the needs of the industrial revolution. STEM activities
require a much more blended learning experience, with skills such as creative
ingenuity and placing emphasis on design, entrepreneurship and ethics being
required alongside technical STEM staples. Furthermore, all the STEM activities
that being integrated with arts disciplines provide the innovation, entrepreneurial
attitude, and emotional and social intelligence required for widen the inner strength
of four aspects on student’s academic resilience. It is similarly emphasising the
importance of developing non-cognitive skills in students: skills like perseverance,
conscientiousness, team working and interpersonal skills by using the four aspects
that we focus on academic resilience which are social skills, social support, goal
efficiencies and planning priority behaviours. The results indicate that referring
to expert assessment, this module is in compliance with the estimated theory and
also best suited for developing STEM students’ academic resilience to achieve
maximum potential for inner strength of the students from four aspects which are
social skills, social support, goal efficiencies and planning priority behaviours. In
conclusion, by conceptualising digital learning in implementing STEM activities
can produce quality students who can compete globally and mastering technological
developments.
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