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Abstract

This descriptive study aims to analyse the understanding of Education for
Sustainable Development (ESD) and the level of sustainability awareness among
pre-service chemistry teachers. The research subjects consisted of sixty-four
students who were pre-service teachers within the chemistry education study
program at one of the schools in the city of Tanjungpinang. The data collection
technique was carried out through a survey with an open-closed form instrument.
The survey data were analysed qualitatively. We considered aspects of
sustainability emotional awareness with an average score of 55.5% (medium
category), aspects of sustainability behavior and attitude awareness with an
average score of 68.2% (high category), and aspects of sustainability practice
awareness of 51.6% (medium category). The results of the analysis of the
understanding of ESD show that as many as 60.5% of pre-service chemistry
teachers don't recognize the conception of ESD due to no integration of ESD
ideas in chemistry lectures. However, once we explained ESD, the ESD concept
within the chemistry course was necessary to be integrated.
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1. Introduction

Education for sustainable development is the latest innovation in education reform,
starting from environmental and sustainable education [1-3] . The sustainability of
teaching is very abundant and required to prepare somebody to face the most
challenges of the twenty-first century. To improve the educational process,
chemistry educators have a responsibility to show students concerning the vital role
of chemistry in a sustainable future that's packaged in quality learning [4]. The
emergence of ESD as an international policy discourse has inspired active
discussion from various parties, especially in the field of environmental education
(EE) [5]. However, the two terms have different emphases. the emphasis on the
“social” aspect is the distinction between the terms ESD and EE, moreover as being
the main character of the ESD concept itself [6].

Quality learning can be enriched by research because learning will seem
undeveloped without research and research results. On the contrary, learning
enriched with research and results will become more innovative. This research-
oriented learning is learner-centered learning that aims as a continuing education
effort to integrate research into the learning process more than what has been done
thus far [7]. In conducting organic chemistry experiments, an experimental activity
design is required that focuses on the teaching process for students to "think like
chemists”, but still pays attention to work safety in a high-hazard environment such
as when working in a laboratory [8, 9].

Universities are responsible for providing graduates with good perceptions,
attitudes, and existence in line with the idea of ESD [10]. It also wants aid for brand
new techniques of their implementation. They may be well-received [11]. Organic
Chemistry courses in universities can teach students awareness that good
technology is a machine capable of combining many fields of understanding, such
as safe experimenting, knowledge of labor protection, and chemical compounds in
the laboratory [8]. Practical activities in Organic Chemistry can also be changed to
be more environmentally friendly, cheaper, produce less waste, and attract students
to tackling environmental problems [12]. The Organic Chemistry course is a
potential medium to provide sustainability consciousness that students in their
learning process should have, both inside the classroom and in the laboratory.

A field study is needed to investigate in-depth to get a comprehensive image of
the understanding of ESD and the level of sustainability awareness of students,
especially in chemical science courses. With this information, a recommendation
for future improvements will be obtained on how to train the sustainability method
for students. This can be following research that recommends the importance of
instilling the concept of sustainability in teacher education [13].

2. Literature Review: Waste in Organic Chemistry

Green and sustainable chemistry is an attempt to reduce or, eliminate waste
generation in the manufacture and application of chemicals. To manage waste
generation in chemical processes, it is important to have metrics to measure them.
The two important metrics are measuring the mass efficiency of chemicals [14] and
environmental factors [15].

The tendency of organic chemists to optimize the solvent for each step in a
multi-step synthesis leads to cross-contamination and difficulties in solvent
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recycling [16]. Figure 1 illustrates the manufacture of caprolactam by the
conventional process involving the production of cyclohexanone oxime by the
reaction of hydroxylamine sulfate with cyclohexanone, followed by sulfuric acid.
It is compared to the Sumitomo process involving two catalytic steps that yield two
water molecules and have the only co-product (free of salt with environmental
factors of less than 0.1) [16].
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Fig. 1. Sumitomo caprolactam process versus conventional process [12].

3.Research Methods

The subjects of this study were 64 students of prospective chemistry teachers at one
of the universities in Tanjungpinang city. The data collection uses an open-ended
and close-ended questionnaire with a purposive sampling technique for students
who have taken or are currently taking Organic Chemistry courses. Furthermore,
the data were analysed using descriptive statistics on two aspects that were
measured, namely the understanding of ESD developed by us and the level of
sustainability awareness adopted from the research before [17]. The measured
aspects are described in Tables 1 and 2. The grouping of level criteria from the
sustainability awareness aspect used consists of three criteria, namely high (interval
11-15; > 68%), medium (interval 6-10; 34-67%), and low (interval 0-5; < 33 %).

Table 1. Categories of aspects of understanding of ESD.

No ESD Comprehension Category Item

1 Knowledge of prospective chemistry teachers on Education 1, 2,3
for Sustainable Development

2 Implementation of Education for Sustainable Development 4,5, 6
in Organic Chemistry Lectures

3 Obstacles for prospective chemistry teachers in 7,8
implementing Education for Sustainable Development in
Organic Chemistry lectures

4 The urgency of integrating Education for Sustainable 9
Development in Organic Chemistry lectures
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Table 2. Categories of aspects of sustainable awareness.

No. Category Sustainability Awareness Item
1 Sustainability emotional awareness 1,2,3,4
2 Sustainability behavior and attitude 56,7,8,9
awareness
3 Sustainability practice awareness 10, 11,12, 13,14, 15

Figure 2 describes the procedure for this research, starting from the
preparation phase, the data collection phase, the data processing phase, the data
analysis phase, and the interpretation and decision-making/conclusion phases.

Profile of Understanding of Education for Sustainable
Development (ESD) and Sustainability Awareness among
Pre-service Chemistry Teachers

Preparation phase

Close-questionnaire

Data collection phase L
Open-questionnaire

PResearch respondents

_J Data processing phase
Pre-service chemistry teachers

Coding

Data analysis phase Datareduction

Descriptive statistical analysis

Interpretation and conclusion
-
phase

Fig. 2 Research procedure.

4.Results and Discussion

Four aspects are measured to find out how deep the understanding of prospective
chemistry teacher students is towards ESD. As many as 60.5% of 64 students stated
that they did not know anything about ESD, they were less interested in finding out
about ESD because they thought that during lectures, the term ESD was still not
conveyed, either in the form of real examples in learning or otherwise. they also
said that there were no courses that specifically integrated ESD in the learning
process. They expect a socialization program or training or the like related to ESD.
It is hoped in the future they can implement it for their students when they become
teachers at school. The concept of ESD can foster individuals who contribute to the
realization of a more socially, economically, and environmentally sustainable
society. The role of education needs to be expanded to include coaching in the
community to become accustomed to ethical behavior, integrity, morality, and
values. They can take responsible action in creating a better society [18].

Indeed, in its implementation in lectures so far, especially in the Organic
Chemistry course at one of the universities in the city of Tanjungpinang, the lecture
has not yet integrated matters related to ESD, for example in the Semester Learning
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Plan that was developed it still did not explicitly lead to ESD, this is supported by
statements from students of 60.5%. When explored further, it turns out that the lack
of knowledge and interest of students to find out about ESD is a separate obstacle
in implementing ESD, especially in Organic Chemistry lectures. Students have not
realized the urgency of ESD in supporting a continuous learning process. The
organic chemistry course requires a touch of sustainability in minimizing the
chemicals used to reduce the waste used after completing the practicum [19]. The
integration of ESD in this course should be a priority. The integration of ESD in
Organic Chemistry courses is important and must be realized immediately because
sustainable development brings added value to the content and processes in higher
education. This is also supported by the research before that the cultivation of ESD
needs to be carried out both in all areas of the curriculum and integrated into
compulsory or elective courses in study programs [13]. The educational process
should be a place to equip students to face various perspectives and contexts to
achieve environmental sustainability [20]. Instilling ESD at the university level
requires a great commitment from lecturers, students, and staff who must cooperate
and have the same perception of the concept of ESD itself [11]. The concept of
ESD is quite suitable to be integrated into science learning, and effective science
learning help students obtain the information needed for a sustainable world [21].
Based on the results of the analysis of the level of continuous awareness in terms
of frequency, the prospective chemistry teacher students are 39.1% (25 students),
26.6% (17 students) are at the medium level, and 34.4% (22 students) is at a low
level (see Table 3).

Table 3. Sustainability awareness level of prospective chemistry teacher students.

Criteria Interval % Interval f (%)
High 11-15 68 25 39.1
Medium 6-10 34-67 17 26.6
Low 0-5 33 22 34.4

64 100

Furthermore, the level of sustainability awareness of prospective chemistry
teacher students when viewed from each statement item belongs to relatively
medium criteria (55.73%). Students tend to have sustainability behavior and
attitude awareness at high criteria (68.2%), followed by sustainability emotional
awareness at the medium level (55.5%), and sustainability practice awareness at
the medium level (51.6%) (see Fig. 2).

Sustainability practice...

Sustainability behaviour...

Sustainability emotional...

0

Fig. 2. Sustainability awareness level of a pre-service chemistry teacher.

Sustainability behavior and practice awareness is the category that gets the
highest criteria among the other two categories. This is shown from one aspect of
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student awareness in daily behavior, namely bringing their shopping place when
shopping (75%). This awareness also indicates that students have tried to reduce
the amount of waste in their environment by collecting recyclable items (62.5%)
and have tried to reduce the use of plastic in their lives (59.4%). They have tried to
separate organic and non-organic waste according to the space provided (56.3%).

Students realize that separating plastic waste before disposal (59.4%) is
something they need to protect the environment. They also feel disappointed when
someone throws plastic waste carelessly (53.1%) and gas from burning garbage
(polluting the environment) (56.3%). Students have realized the importance of being
responsible for the environment (53.1%). More complete data is shown in Table 4.

Table 4. The average value and total percentage are based on sustainability

awareness.

No Statement Mean  Percentage Criteria
1 |try to separate plastic waste before throwing it away 38 59.4 Medium
2 | feel disappointed with the gas emitted from burning 36 56.3 Medium

garbage around my environment
3 | feel disappointed with the plastic waste that pollutes 34 53.1 Medium
the rivers around my environment
4 | realize the importance of being environmentally 34 53.1 Medium
responsible

5 | often study environmental issues, especially the 30 46.9 Medium
dangers of plastic waste through mass media

6 | try to separate organic and non-organic waste 36 56.3 Medium
according to the space provided

7 | try to separate organic and non-organic waste even 36 56.3 Medium
though there are no special containers provided in the
neighborhood

8 | try to reduce the amount of waste at home by 40 62.5 Medium
collecting recyclable items

9 I am working to reduce the use of plastic in my life 38 59.4 Medium

10 Itry to bring my shopping place if | want to shop at the 48 75 High

store

11 1| keep discussing environmental issues with my 37 57.8 Medium

friends

12 | compost food scraps into useful items like fertilizer 35 54.7 Medium
13 1 do not use plastic bags to wrap somethings 37 57.8 Medium
14 | convey the importance of protecting the environment 32 50 Medium

to my family members

15 | aminvolved in various environmental care activities 24 37.5 Medium

on campus
Mean 55.73 Medium

Indicator level: < 33 low; 34-67 medium; > 68 high

Although students have high sustainability behavior and attitude awareness and

sustainability emotional awareness in the medium criteria, their sustainability practice
awareness is relatively lower than the two categories. Students have not been able to
be involved in various events in their institutions related to environmental care
(37.5%), but they still tend to implement the awareness they have in themselves. Their
ability to discuss environmental issues and convey the importance of protecting the
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environment to their colleagues and family members is still lacking, while awareness
must be improved [2, 21, 22]. This indicates that the students are still lacking in social
activities, whereas in implementing ESD, 3 dimensions must be considered, namely
the social, environmental, and economic [21].

5.Conclusion

The results of the analysis of the understanding of ESD show that as many as 60.5%
of prospective chemistry teacher students do not know the concept of ESD because
there is no integration of ESD concepts in Organic Chemistry lectures. However,
after being explained ESD, all students stated that the concept of ESD in the
Organic Chemistry course was important to be integrated. Specifically, the
sustainability awareness of prospective chemistry teacher students at a university
in Tanjungpinang, Indonesia, is classified as "medium"”. Students already have
sustainability behavior and attitude awareness at high criteria (68.2%), followed by
sustainability emotional awareness at the medium level (55.5%), and sustainability
practice awareness at the medium level (51.6%).
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