INTERNATIONAL JOURNAL OF

=l  NGADEMIC RESEARGH m §

WY pUSINESS & SOCIAL SCIENCES ey

Design Thinking for Creative Teaching of Chemistry.

Komathy Veerasinghan, Balamuralithara Balakrishnan, Muhd Ibrahim
Muhamad Damanhuri, Kumaran Gengatharan

To Link this Article: http://dx.doi.org/10.6007/IJARBSS/v11-i3/8979 DOI:10.6007/1JARBSS/v11-i3/8979

Received: 21 January 2021, Revised: 22 February 2021, Accepted: 06 March 2021

Published Online: 16 March 2021

In-Text Citation: (Veerasinghan et al., 2021)

To Cite this Article: Veerasinghan, K., Balakrishnan, B., Damanhuri, M. |. M., & Gengatharan, K. (2021). Design
Thinking for Creative Teaching of Chemistry. International Journal of Academic Research in Business and
Social Sciences, 11(3), 670-687.

Copyright: © 2021 The Author(s)

Published by Human Resource Management Academic Research Society (www.hrmars.com)

This article is published under the Creative Commons Attribution (CC BY 4.0) license. Anyone may reproduce, distribute,
translate and create derivative works of this article (for both commercial and non-commercial purposes), subject to full
attribution to the original publication and authors. The full terms of this license may be seen

at: http://creativecommons.org/licences/by/4.0/legalcode

Vol. 11, No. 3, 2021, Pg. 670 - 687

http://hrmars.com/index.php/pages/detail /IJARBSS JOURNAL HOMEPAGE

Full Terms & Conditions of access and use can be found at
http://hrmars.com/index.php/pages/detail/publication-ethics

670


http://creativecommons.org/licences/by/4.0/legalcode

INTERNATIONAL JOURNAL OF

RESEARCH

INTERNATIONAL f .. SOCIETY
O O EXPLORING INTELLECTUAL CAPITAL
ANDSOCIAL SCIENCES I N

(Y BISINESS & SOCIAL SCIENCES Seeres

Design Thinking for Creative Teaching of
Chemistry.

Komathy Veerasinghan?!, Balamuralithara Balakrishnan!, Muhd

Ibrahim Muhamad Damanhurit, Kumaran Gengatharan?
1Faculty of Science and Mathematics, Sultan Idris Education University, Malaysia, ? Faculty of
Sports Science and Coaching, Sultan Idris Education University, Malaysia
Email: komathy2112 @gmail.com

Abstract

The current problem in chemistry education is the lack of creative teaching in a chemistry
classroom. There is a lack of exploration in learning experiences that engage students in
realistic, thought-provoking problems, working with others, and applying their knowledge,
skills, and creativity to find solutions to real-world problems. One of the biggest challenges
for Malaysian secondary chemistry education is that few guidelines or models exist regarding
teaching chemistry creatively in the classroom. Therefore, this paper provided a systematic
and analytical strategy in mapping out and offering a critical review on design thinking in
education. Overall, this study recognized the gains that can be made from utilizing Design
Thinking in education, especially in the global quest of teaching 21st-century skills, and had
recommended using Design Thinking in the Lesson plan and Project-Based Learning. This
paper also suggested a need to pursue further studies on developing a Design Thinking
framework for creative teaching and how these could motivate and excite students and
themselves in the creative teaching of chemistry in the classroom.

Keywords: Stem, Chemistry Education, Creative Teaching, Design Thinking.

Introduction

According to the Ministry of Education, Malaysia (MOE), in 2015, there were only 90
000 (18%) students enrolled in the science stream out of the average of 500 000 from four
students, which is far away from the targeted 60%. Therefore immediate action should be
taken to overcome this problem. One of MOE's critical issues is the lack of new and attractive
teaching strategies in the classroom that could create interest in STEM (Science, Technology,
and Engineering & Mathematics) education among the students (Sadler, 2013; Ali et al.,
2015). It is identified that students of the current generation need fun and challenging
learning processes- newness- to create interest in a specific subject. Creative and innovative
teachers can bring newness in content selection, lesson plans, organize material, and create
assessment - overall pedagogy- that could help students develop essential knowledge and
skills on the subject matter and build attitude towards creativity (Starko, 2013). To do this in
the classroom, teachers need a solid grounding in creativity and innovation.
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As mentioned above, the low level of creativity among Malaysian chemistry teachers
and university chemistry student-teachers has been highlighted by the result of recent
researches (DeWitt & Alias, 2016). In this context, chemistry teaching and learning are facing
challenges because of the fundamental concepts that need to be developed in teaching and
learning, meanwhile, creative skills are also important to be developed. Chemistry is
considered a difficult subject since its characteristic of abstract concepts and relation to
students’ daily lives. Chemistry subject involves three representations of macroscopic,
microscopic, and symbolic representation (Treagust & Duit, 2008). These three
representations need to be discussed by chemistry teachers to develop a good understanding
of chemistry concepts. In addition to these characteristics, students used to teach for passing
the test by memorizing the facts and ignoring the concepts. Therefore, chemistry learning
becomes difficult and less meaningful.

In short, creative teaching is teachers having creativity and showing vivid and lively
teaching methods to make students interested in learning (Smith, Rama, and Helms 2018),
thus enhancing the teaching effectiveness of teachers and in return foster the creativity skills
among the students. The purpose of creative teaching in the classroom in the teachers' area:
(1) Enhancing teaching quality and effectiveness; (2) Having rich and diverse teaching content
and methods; (3) Having a diversified student assessment and; (4) Achieving educational goals
and ideals. The focus of creative teaching is based on the trust that every student can learn
and be successful in life. A teacher should perceive each student as possessing unique
personality characteristics that can be more polished by using creative teaching methods.
Having an awareness of the process of learning is very helpful for teachers to identify the
problems students are facing in some of the subjects (Westwood, 2013).

In the creative performance model, Amabile (2018) highlighted that the creativity of
an individual could be divided into three main components: (1) domain-relevant skills, (2)
creativity-relevant skills, and (3) task motivation. In the first and second components of the
creative performance model, it is mentioned that an individual needs implicit or explicit
knowledge and appropriate skills for creating original ideas that can be obtained through
training and also via formal and informal education (Amabile 2018). Creativity can be learned,
and in the context of this investigation, exposure to the right tool to facilitate creative thinking
skills among the teachers is crucial to enable them to unleash their creative skills.

Design thinking is a powerful approach that boosts creativity and launches innovation
(Melles et al., 2015 & Smith, Rama, and Helms, 2018). This powerful approach could be
utilized as an important tool for teachers to create new and original teaching methods in a
classroom since the teachers who teach chemistry subjects facing challenges and under
pressure to design lessons that engaging and create interest in chemistry among students
(Foster, 2019). Thus, the design thinking concept could be utilized to overcome the problem
of infusing creative teaching of chemistry in the classroom. This process also enables every
teacher to bring out the maker in every student. (Koh et al, 2015) cited that design thinking
could be utilized effectively to transform teachers’ pedagogical beliefs and practices. This new
paradigm of pedagogy design; enables the fostering of creativity among the students. (Nelson
et al., 2016) mentioned that to promote creativity, teachers must embed creative pedagogy
in classrooms. With this creative pedagogy which is out of an old model of lesson design, the
teaching and learning process of chemistry subjects can be more meaningful and fun that
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instill interest in chemistry subjects. Design thinking able to bring out the maker's mind in
teachers.

Hence, to instill a deep interest in chemistry education among students, teachers need
to be highly creative when preparing and delivering their lessons to meet the requirements
and needs of students. Thus, chemistry teachers need to be exposed to a tool such as the DT
framework with which they can utilize to create interesting, efficacious teaching materials
and plan engaging learning activities in their chemistry classroom. The focus of the creative
teaching here is to develop original and new ideas of lesson plans by the chemistry teachers
using the DT framework designed. Equally important, the findings of this study, a type of study
that has not been well researched, can provide greater insight into the understanding of DT
as a potent tool to help teachers improve their current teaching practices for chemistry
subjects.

Stem Education

In globalization, digitization, and the fourth industrial revolution, the need for talents
in science, technology, engineering, and mathematics (STEM) is becoming more pronounced
to move the country forward. There is a general agreement about the importance of STEM
education globally, and reports cite the need for a workforce with STEM skills to drive
economic prosperity and the contribution that STEM can make in solving the 'wicked'
problems of the world via science and technology (World Economic Forum, 2016). STEM
education in its ideal form addresses more than merely academic and economic outcomes.
Personal, social, and economic development all required more than STEM knowledge and
skills. There is an understanding that STEM education should develop a set of personal
attributes that are variously known in the education sector as 21st-century skills, soft skills or
general capabilities include problem-solving, collaboration, creativity, and innovation
technology (World Economic Forum,2016). This is often associated with an inquiry-based
pedagogy. STEM learning is a predominantly social imperative. STEM is necessary to solve
real-world challenges, and we need people with strong STEM literacy to address the complex
problems facing the world. STEM literacy is a pressing economic issue. Future national
productivity demands workers able to fill STEM-related jobs to withstand global competition.
Most of the world's countries face the challenge of ensuring that young people develop the
level of STEM expertise required to confidently address these concerns ( World Economic
Forum,2018). While Australia appeared in the list of countries leading their regions in gaining
STEM-related skills (World Economic Forum, 2016), there is an ongoing fear of 'brain drain'
related to losing too many of the best graduates. A theme running through the STEM rhetoric
is that STEM jobs are 'jobs of the future' (Andrews, 2015). The World Economic Forum (2016)
counts STEM literacy as a measure of countries' future-readiness. In this context, the
challenge of STEM learning is building capacity in learners to thrive in the 'known unknown'
of future careers and communities.

According to the latest Organization for Economic Co-operation and Development
(OECD) Education at a Glance 2017 report, Germany has attained a leading position in science,
technology, engineering, and mathematics or STEM subjects. However, the report criticizes
stagnation in upward mobility in the country's education system. According to education at a
Glance (2017), 40% of first-year students in Germany's tertiary sector — mainly comprising
university studies and master craftsman programs — opted for STEM fields in 2015. This is
significantly higher than, for example, Mexico (32%), South Korea (31%), the United Kingdom
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(29%), Japan (21%), and Turkey (18%). The OECD average was a 27%STEM connector,
professional services company, and conducted an investigation that identified the
deficiencies and areas of opportunity in the teaching and Learning of Mathematics,
Technology, Science, and Engineering.

In Malaysia, to equip the students with the skills needed to face the challenges of a
changing global with the application of STEM, the MOE is responsible for ensuring an increase
in the ratio of students who wish to pursue scientific and technical fields. In the Malaysian
Education Blueprint (MEB) 2013-2025, the MOE has stated the five factors that cause the
decline. The quality of student outcomes in STEM education includes (1) Lack of awareness in
STEM education. (2) STEM subjects are considered problematic. (3) A reliable curriculum
content. (4) Less consistent with the quality of teaching and learning. (5) Old and inadequate
infrastructure. These factors or problems must be overcome so that MOE's desire in MEB
2013-2025 can be achieved.

Parallel to this, according to Ahmad et al. (2012), a total of 18% of Malaysian children
have limited prerequisite knowledge and skills in science classrooms; meanwhile, 55% of them
had limited prior knowledge in science. According to the Ministry of Science, Technology, and
Innovation (MOSTI, 2017), only 44.9% of Malaysians are interested in new scientific
discoveries. In contrast, far more Americans (87.0%) and Europeans (78.0%) expressed an
interest in these issues, exceeding Malaysians by 42.1% and 33.1%, respectively. As for the
Malaysian population, this proves that more than one-third of the children clearly expressed
a lack of interest in STEM. However, the interest in STEM in schools and, consecutively,
universities seem to be waning as reflected in the insufficient enrolment into the science
stream at secondary schools and the lack of suitable candidates for STEM-based programs at
universities. National STEM Movement chairman Datuk Professor Dr. Noraini Idris said this
disinterest in science and mathematics stemmed from uninspired teaching of the subjects at
schools, which had a continued impact at the higher-education level (Idris, 2019).

Nevertheless, the number of students who have chosen STEM fields has continued to
decline in recent years (Halim & Meerah, 2016). Currently, only 42% of middle school students
in Malaysia chose to do science, including technical and vocational programs at high school
(MOE, 2016). The percentage of middle secondary school students who met the requirement
to study science at upper secondary but chose not to increase to approximately 15% (MOE,
2013). The declining number of Malaysian students enrolling in the science stream is due to
many reasons: (i) STEM subjects are complicated and less attractive, (ii) STEM only for good
students, and (iii) STEM careers are 'less glamorous' (Jayarajah et al., 2014). These reasons
are mainly contributed by the school environment in the teaching and learning process in the
classroom. (Li, 2014) cited that schools are the most important place where students can be
inspired, reinforced their interest in STEM, and prepare them for the STEM workforce. Thus,
the integral of solving all the pertaining issues and problems related to STEM is the school.
The classroom is the leading platform for students to instill interest in STEM, in which interest
is the primary predictor of whether a student pursues his/her career path in STEM fields
(Regan & Dewitt, 2014). Loss of interest and negative attitude towards STEM subjects among
schoolchildren will affect the future of the STEM workforce and a country's development.

Today's students are tomorrow's leaders. Occupations in STEM-related careers are
some of the fastest growing and best paid of the 21st century, and they often have the most
tremendous potential for job growth. Like America, Germany, Australia, and Singapore strive
to keep up with the current and projected demand for STEM output. Malaysia must remain
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competitive in STEM fields, as we have mentioned so far. The best way to ensure future
success and longevity is to make sure that Malaysian students are well versed in these
subjects. Building a solid STEM foundation through the consistent quality of teaching and
learning-creative teaching is the best way to instill interest among students in STEM, which is
the primary predictor of whether a student pursues his/her career path in STEM fields
(Burnard, 2016).

Creativity in Stem Classroom

To teach and learn creatively is a goal that every teacher would want in class. Some
may have found their means in incorporating such values in their chemistry class. According
to the Malaysian Ministry of Education (MEB, 2013-2025), some are still struggling to carry
out their classes. Based on current observations (MEB, 2013-2025), the steps and pedagogical
approaches that Malaysian chemistry teachers are accustomed to for decades now might
impose a rigid structure to carry out what is deemed an effective classroom. Policies and law
enforcement relating to STEM education reflect the current state of affairs in the country. As
a matter of analysis and critically looking at the new Malaysian educational blueprint, there
are a few changes to introducing and including creativity in schools. However, there is also a
worrying perception of how creativity is viewed within the system so far. The Malaysian
national education system is currently undergoing a transformational shift through the
Malaysian Education Blueprint under the 11th Malaysian Plan that began in 2013 and is
expected to be evident by 2025. Within the pages of this blueprint, it is stated in the first shift,
that is to provide Malaysians with equal access for quality education of an international
standard where the school curriculum at both primary and secondary levels will be revised to
embed a balanced set of knowledge and skills such as creative thinking, innovation, problem-
solving, and leadership (MOE, 2013).

The blueprint is also stated about the four pillars for student aspiration that
encompasses knowledge, thinking skills, leadership skills, and bilingual proficiency. Among
these four pillars, what is further explained within the scope of 'knowledge' includes
encouraging students to develop their knowledge and STEM skills (MOE, 2013). Another
explanation within the scope of 'thinking skills' included creative thinking as part of the skills
every Malaysian student should master in school (MOE, 2013). How are Malaysian chemistry
teachers going to teach creative thinking if it was not included in their educational teacher
training at the beginning? Perhaps, the ministry ought to include changes within the teacher
training institutes and the educational blueprint at large. If enhancements were made
simultaneously, perhaps shortly, creativity would be more evident in classrooms throughout
Malaysia.

The theories that relate to creativity in teaching are often ambiguous to the practice
of creativity in classrooms. For example, using the scenarios brought forward in an article by
Grainger, Barnes, and Scoffham (2004), the current focus on reading, writing, and arithmetic
dominates the classroom time, and creative tasks are often perceived to be less critical. This
is also happening in current Malaysian schools, where the chase for better test results
outweighs the importance of introducing new methods to ensure students' joyfulness in
school. This also means that no matter how strong a point is delivered by theory and
introduced to chemistry teachers in their training, there is no guarantee that teachers would
know how to conduct creative teaching when they begin working in a public school.
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Even though teachers will keep on questioning the national education policies' visions
and goals, the show must go on. Malaysian chemistry teachers have found many ways to work
around the system to emphasize values through a variety of creative methods in a class (Lee,
2020). Creative teaching is defined as using imagination in teaching approaches to make
learning more exciting and effective (Ellingson, 2018). This can happen in any chemistry class
of any level depending on the teacher's creativity and how he or she handles the lesson.
Chemistry Lessons can match students' interests or tap into a standard memory among the
class students. This is a common way of teaching chemistry subjects that all teachers can
incorporate exciting games and activities into their lessons, set inductions, or get closure for
the class.

When creativity exists in schools, there will be a more conducive environment for learning
chemistry through joy and happiness (Starko & Krynski, 2020). So, how does a chemistry
teacher carry out creative teaching in regular classes? It is not easy to fulfill such creative tasks
in the chemistry classroom, primarily when the year's academic session deals with more
examination periods rather than hands-on and practical skills. Students often see memorizing
facts as the best way possible to cover the entire syllabus at once and regurgitate what they
have previously memorized to pass the significant ministry examination with flying colors that
may or may not bring positive outcomes later in life (Thomas & Budnik, 2017).

Many scholars argue that for students to be fully prepared for STEM careers, they should
engage in pedagogical practices that reflect the interdisciplinary, ill-defined problems that
scientists face (Sindia, 2015). In response, many countries have developed reforms and
initiatives to shape teaching and learning across STEM disciplines. A number of these are
interdisciplinary and integrative, with blurred boundaries among the four disciplines (Kidman
& Casinader, 2017).). Linking STEM subjects offers considerable advantages, notably getting
students to make sense of learning content across the four subjects while promoting critical
thinking and problem-solving skills (Jamil & Khairuddin, 2017).

Educators have shown that creative teaching has been useful in getting students to make
sense of learning science content within the science syllabus students study in school. This
creative teaching has mainly worked well for the academically less-inclined students. Amir,
Siew & Chong (2015) argues that while the prescribed science experiments in the secondary
school activity books for these students allow teachers to engage them in learning through
creative teaching, a large number of these experiments provide little room to foster and
reward these students for being able to showcase their creativity through knowledge from
science. In doing these experiments, students are seen to be going through a routine of steps
as instructed by their teachers, with hardly much opportunity for them to put their
imaginative and inventive skills to fair use (Steele & Whitaker, 2019). (Irwanto, 2018) These
students have been observed to ask questions about the relevance of learning some of the
skills and concepts taught in the experiment books. (Irwanto, 2018) cited an example of their
observation of students asking questions on how learning the vernier caliper's skills to
measure the internal and external diameter of a test tube and compact disc (as described in
their activity books) would be useful for them in their daily lives. Creative teaching in a
classroom could address some of these concerns motivating students to learn chemistry
(Silverman, 2015). However, the choice of the way of teaching to be presented to students
does matter. Ideas from educators have shown that creative teaching in the classroom that
kindles interest in students does make a difference in motivating them to be interested in
doing the subjects (Otte et al., 2019). However, very little research has explicitly examined on
creative teaching of chemistry in the classroom.
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Issues in Chemistry Education

According to Widodo (2018), chemistry education research focused on improving
learning activities in chemistry, mainly helping students understand the concepts of chemistry
and creating meaningful Learning. Thus, research in chemistry education, generally focused
on learning methods, to understand how learners and other aspects of learning such as
curriculum and assessment (Febriana & Arlianty, 2017). In this context, chemistry teaching
and Learning face challenges because of the fundamental concepts that need to be developed
in teaching and Learning. Meanwhile, these 21st-century skills are also essential to be
developed.

Chemistry is considered a tricky subject since its characteristic of abstract concepts
and relation to students' daily lives (Cardellini, 2012). Chemistry subject involves three
representations of macroscopic, microscopic, and symbolic representation (Russell, 1997).
These three representations need to be discussed by chemistry teachers to develop a good
understanding of chemistry concepts. In addition to these characteristics, students used to
teach for passing the test by memorizing the facts and ignoring the concepts. Therefore,
chemistry learning becomes challenging and less meaningful.

The education system's ability to develop and respond to this growing need for skills
is central to its integrity. It remains the center for job readiness for future generations of
workers. This has led to a restructuring of educational curricula, teaching, and test-taking,
though this has yet to be a unanimous process. Examples of these changes include better
curricula to support abstract knowledge on subjects, teaching that focuses on problem-based
learning, and testing to measure students' progression into their 21st-century skills mindset.
However, teaching skills such as self-direction, collaboration, and creativity are not a
straightforward or fully understood process (Odell & Kennedy 2020). Many studies have
presented a gloomy picture concerning science's learning styles, especially at the secondary
school level (Hofstein & Eilks, 2017 and Balaji, 2017). An essential claim is that science
education - particularly in chemistry - remains unpopular among students. Several of these
studies (Ingram, 2020; Diaz et al., 2018 and Nieswandt & Horowitz, 2015) infer that students
are insufficiently interested in chemistry and/or not motivated to learn chemistry concepts
and topics. Learners were frequently found to perceive chemistry as "irrelevant" both for
themselves and for the society in which they live. Science teachers in general, and chemistry
teachers in particular, are urged to make learning science (chemistry in our case) "more
relevant" to motivate their students better and interest them in learning chemistry (Hofstein
& Kesner, 2006).

According to Touli et al (2015), in the teaching of science in general and chemistry, the
primary mission is to help students understand the natural world and its phenomena from a
scientific approach. When it comes to understanding a particular process in chemistry, this
can be done by scientific experiments in the laboratory. However, to understand a particular
theory or concept, more hands-on activities are encouraged to develop the ideas in the
student's mind.

A teacher will change the students' mindset by exploring different methods and
teaching styles in chemistry class. Many teachers have researched the mole concept, atomic
structure, thermodynamics, electrochemistry, covalent bonding, ionic bonding, and gases for
some decades (Niaz & Luiggi, 2014; Yaman, Ayas & Calik, 2019; Fulmer, 2013). These
researches did not explore the creative teaching in chemistry. Educators assert that

677



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES
Vol. 11, No. 3, 2021, E-ISSN: 2222-6990 © 2021 HRMARS

knowledge is enhanced when students are actively engaged in the learning process. When
this is coupled with guidance and scaffolding from the instructor, students can better
understand science concepts (Muhlisin, 2017). If the teaching of chemistry is not done with
students actively engaged in class, the concept will not be embedded in the students' minds.

Alita & Ozer, 2017 state that the everyday use of teacher-centered teaching has
attracted attention. The traditional approach orients to memorizing make the students
accustomed to the prepared one negatively affect the sense of curiosity and causes raising
individual who does not question. Morais et al (2017) which states that in the school context,
the teachers are a source of information to students and act as role models for students.
Therefore, to realize that the curriculum into an opportunity to develop creativity, teachers
should use the opportunity to practice creative teaching practices in the classroom. Thus, it
could enhance creative thinking among students. There is no previous research being
conducted on creative teaching in chemistry. Therefore, it is essential to cultivate creative
teaching among chemistry teachers to make a meaningful lesson for students.

Table 1: Summary on issues in chemistry Education

Researchers Findings
Gabel, 1999 Must create a meaningful Chemistry teaching
Sirhan, 2007 Chemistry difficult due to its abstract concept
Treagust & Chittleborough, 2001 Chemistry- macroscopic, microscopic, and

symbolic representation
Hofstein, Eilks, Bybee,2011; Chemistry unpopular subjects
Holbrook, Rannikmae, 2007; and
Osborne, J., & Dillon, J. ,2008

Dillon, 2009 and Gilbert, 2006 Students are not motivated and irrelevant in their
perception to study chemistry.
Hassan Touli et al.,2015 More hands-on are required to understand

particular theory and concepts of chemistry
Dogar et al., 2011; Gurses et al., 2007; Explored different methods and teaching style in
Ozmen & Ayas, 2003 chemistry class but did not explore creative
teaching in the chemistry classroom
Correiro, Griffin & Hart, 2008; Martin- Actively engaged in the learning process with

Hansen, 2005; Lindquist, 2001 better instruction and guidance required for a
better understanding of chemistry concepts.
Gurses et al.,2015 The teachers-centered approach affects the

student's sense of curiosity of learning chemistry,
and they become passive

Design Thinking Approach for Chemistry Education

Design Thinking is a discipline that uses the designer's mindset and sensibility to satisfy
the end-users needs, thereby converting into customer value and market opportunity
(Barroca & Soares, 2017). In short, design thinking uses the sensibilities or mindsets and
methodologies often used by designers to create new ideas, solutions, alternatives, and
choices that satisfy the desires of the end-users or stakeholders. Design thinking is launched
by Stanford Design School (D.school) and the IDEO Design Consulting Company. The whole
set of design thinking is comprised of five steps : (1) empathize; (2) define; (3) ideate; (4)
prototype; and (5) test.
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Figure 1: Design Thinking Process
(Source: Stanford Design School)

Design Thinking has advocated taking humans as the core of thinking and design. The
method gets to know users and defines user demands through stages to trigger students'
creativity and inspiration and motivate them to present creative ideas with a prototype
quickly. Then, the ideas are improved through testing. Design thinking can realize the
objective of getting to know user demands procedurally, and new design ideas can catch the
design community's attention. Educators who have applied design thinking in education
argued that it promotes innovation, problem-solving, creativity, and collaboration (Jobst et
al., 2017; Anderson, 2012; Skaggs et al., 2009; Scheer et al., 2011; Watson, 2015; Caruso,
2011). Scheer and Plattner (2011) noted that design thinking effectively fosters 21st century
learning through its application in complex interdisciplinary projects in a holistic constructivist
manner. As a holistic concept to design cognition and Learning, design thinking allows the
participants to work successfully in multidisciplinary teams to solve difficult real-life problems
(Rauth et al. 2010).

Recommendation In Chemistry Classroom

A) Development of Lesson Plan using Design Thinking Tool

Teachers can use a design thinking approach to design their lessons. Teachers are, on the
whole, incredibly empathetic. They know what their students are experiencing, and they feel
it on a profound level. However, it is easy to get into a "program mindset," where you think
about ideal systems and forget about students' experience. Design Thinking gains momentum
as a mainstream framework in many countries today (Durall et al., 2020). The need to explicitly
teach the components of this construct is gaining attention. Empathy, the beginning stage of
the Design Thinking framework (Seidel, Victor & Marion, Tucker & Fixson, Sebastian, 2020), is
arguably the most important as it provides a foundation for all future learning in a project or
unit. Empathy is the critical notion required to tailor the need of students accordingly. This is
a human-centered approach as an essential starting point for any lessons. In this mode,
teachers observe students and their behaviors, interact with and interview them, and immerse
themselves in understanding the students' experience and perspective. These insights allow
teachers to approach the rest of the process with a more robust understanding of the context
and problem. Besides that, they can loosen the narrow, rigid process of traditional Learning
and tap into students' deep wells of creativity, encourage them to see slight problems from
inside the core of an issue, and make creative thinking essential to solving any problem.
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B) Project-Based Learning (PBL) using Design Thinking:

Teachers always face a daunting task to bridge their requirements for today with their
students' requirements for tomorrow. Project-Based Learning (PBL) and design thinking may
provide teachers with two avenues to scaffold their thinking and instruction as they move
toward innovating their classrooms. Project-Based Learning is an approach to teaching that
requires students to engage in real-world problems, develop innovative solutions to those
problems, and present their findings to their friends in the classroom or school. Design
thinking can be used as a framework for implementing Project-Based Learning effectively in
the classroom. The Design Thinking process scaffolds student thinking and provides essential
structure to guide students through an innovative thinking process. The design thinking
process adds a tight focus to a project; its straightforward step-by-step approach helps
students manage their work and create high-quality products and solutions. Design thinking
has added useful new tools and processes to the broader categories in education under which
it and PBL fall: constructivism and inquiry learning. Design thinking focuses on real-world
problems or needs. The process begins with understanding the real needs of students. The
next steps include defining the task and roles, decisions needed, and challenges expected.
Then comes idea generation, prototyping products/solutions, followed by testing to see if
they work or need revision. Scaffolding teachers and schools with a flexible framework on
lesson plans may help teachers implement PBL and Design Thinking within and across learning
areas. Both build 21st-century success skills, feature authentic assessment, and require
inquiry over time.

Table 2: Summary Of Design Thinking -Parallel To Project Based Learning.
Design Thinking Project-Based Learning

Empathy Entry event leads students to identify or become emotionally
engaged by an authentic problem or issue; they consider who
would benefit from the project or communicate directly with
someone to understand their needs.

Define The project is framed by a driving question or challenge/problem
statement. Roles, teams, and tasks are planned. Need to know the
list is created.

Ideate Students build knowledge and skills, then generate ideas for
products and possible answers for the question

Prototype Students create rough drafts, models, drawings, plans and develop
answers for the question.

Test Students make their work public and get feedback by engaging in

rounds of critique and revision.

Existing research has shown that design thinking can foster creativity and innovation,
mostly when set in a collaborative multidisciplinary, interdisciplinary approach to problem-
solving (Dogara et al., 2020). Carroll et al., 2010 proposed design thinking as an approach to
learning that focuses on developing students' creative confidence through hands-on projects
that focus on empathy, promoting a bias towards action, encouraging ideation, and fostering
active problem-solving. It is noted that its power as a tool for Learning comes in the ways it
can support a diverse range of interdisciplinary academic content.
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Conclusion

Chemistry teaching and learning in secondary schools in Malaysia have to become
more responsive and creative. Educators are being asked to teach and develop curriculum in
a manner far different from what they have been done and think creatively about their
teaching and curriculum. This is difficult for chemistry teachers who rely on traditional modes
of teaching, and it can be a struggle to teach differently. We have found that undertaking
creative teaching promises the intrinsic reward of fulfillment. We have suggested that the
Design thinking approach fosters creative teaching in the chemistry classroom.

As proposed in this study, the DT framework can be utilized as an important tool to
foster creative teaching among chemistry teachers in designing creative lesson plans, which,
when carefully implemented, can help students gain an efficacious, meaningful learning
experience. The use of the DT framework can help chemistry teachers think and act creatively
and innovatively to help them create effective and significant chemistry teaching activities. In
other words, DT framework can mold them into better chemistry teachers that can teach
chemistry subject to students creatively
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